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EBOOKBKMT.COM
Tai lién k¥ thudt mién phi

PHAN I

NHIET PONG LUC HQC KY THUAT

Chuong 1
CAC THONG SO TRANG THAI

Chit mai gidi o moi mdt treng thdi dugc xac dinh bing cac lhnng 80
bidu thi cho trang thai do. Khi lr4ng thai cia chit moi gisi thay doi thi
mit, hai hoac toan bd ciac thong sé dicu bién ddi theo. Trang that bdl kv
cia chit mdi giGi thuong duge bicu thi hang hd thong s& co ban la: 4p
sudt p: nhi¢t 0 T va the tich riéng v.

L. Ap suilt tuyét déi p: 13 lyc tac dung cia cac phin ti Iin dun vi 1
di¢n tich binh chifa:

P

O day: P - Lyc tic dung ciia cac phan wi (N)

S - di¢n tich binh chia (m?)
Pon vi do ap sudt 13 N/m? hay bar ma 1 bar = 10°N/m?
Ngoii ra con cac don vi khac thlrfm_é dung lLi:
9,81, 10" N/m* = 0,981 bar
132N« 43207 Bov

1al

1mm Hg

3
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Im H:0 = 0.1 at = 00981 bar. - Dt?rv"’%“” ©
1 psi =
A = 51 dai i bk - : aye O 05?
P sudt tuyét ddi trong binh chida duge tinh nhu sau: {

- Ap sudt binh chita lon hon ap sudt khi troi:

Pid = pd + Pkt
- Ap suft binh chia nho hon ap suft khi troi; -
Pl = Pxi- Dok
pra - Ap suit tuyét ddi
Pt - Ap suat khi i (do bang baromet)

? o/ pd - Ap sudt du (do bing manomet)
3 75—- Pek - Ap sudt chin khong (do bang chin khong ké)
> . -
{'fC 2. Nhiét d§: Bicu thi mic¢ dd ndng lunh cua vaL

Khi do nhi¢t dd ngudi ta thudng ding cic thang do nhift d§ sav day:
- Nhiét do bach phin 1°C '
- Nhi¢t dj tuyét doi { d¢ Kenvin) T°K.
- Nhi¢t do Farenheit ©°F. ,
Quan h¢ giva chﬁng nhu sau:
T°K = 273,15 + (°C

1
=—— (°F-32) + 27315

AL (°C) = 1L8AL(°F)

3. Thé tich 1 riéng v: 12 the tich cia mot don vi khéi lugng: |

V= —— m3/Kg :
: |

V- thé lich cia chit mdi gidi (m’)

G- khéi luyng cia chit moi gigi (Kg)
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Khdi hrgng ridng p:

i 1 B G (Ke/ 3
£ = Y g/m)
BAI TAP

Bai I-1— Ap suil thia trong 1o hoi 1a 0.3 at, chi s& cia bardmet 1a 725
mmHg. Ap suit thia trong 16 hoi s&¢ thay doi ra sao néu bardmet ning Ién
785 mmHg. Khi tinh todn ta coi dp sudt tuyér d6i trong 1o hoi kh(xhg doi va
nhi¢t dd ngoai trai 14 0°C.

Gidi: M‘&: y356 My \
Ap sudt tuydt d6i cia 1o hai Ly
Pkt P&l
725
P e + 03 = 1,29 at hay 1,234 bar
356

)

Ap sudt thia trong 16 hoi lic barémet chi 785 mmHg,
Rf{! = pP-pr

785
ng = 1,29 - = 0,22 at hay 0,216 bar
735,60

-

~l\\Ba‘i -2 — Xac dinh 4p sudt tuyét d@i cua khi trong binh néu chi G
mandmet cia nd bang 500 mmHg va ap sudt khi troi bang 750 mmHg;
nhi¢t dd khong Ehi tai cho dat dung cu do la 0°C.

Trd ldi: 1,69 at hay 1,666 bar

TBut I-3 — Xac dinh ap sudt khi troi ¢ 0°C bing N/m> vi bar néu ap -~
suat khi troi ¢ 30°C bdng 755 mmHg.

Tri loi: 10PN/m® hay 1 bar
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Bdi 1-4 — Chi s0 cua ap —
sudt thira trong budng (h. 1-3) TF
la 50 mm cGt nudc. Trong
budng 4y dat binh do dp suit
¢0 dj chan khong 13 180
mmHg. Ap sudt ngoai troi la » 750 ”""ﬂﬁ
750 mmHg dudi ohiét do
30°C. Hay Gm ap sudt tydt
ddi cua binh do 4p sudl. BA\N

Hink 1-3

Gidi:
Ap sudt tuyét déi trong phong (pr):
PF = Pkt + Pt
™M 50 mm cht nude = 3,8 mmHg,
pg = 750 + 38 = 753,8 mmHg
p suat luy¢t ddi cda binh do ap soit & 30°C:
Pb = Pg - Pek = 753,8- 180 = 573.8 mmHg
Quy v& 0°C: - . \\";;,
pb = ST3R(1 - 0,172. 10°%0) = 573.8(1 - 0,172.1030) = 570,9 mmHg,

Néu tinh ra at va bar ta cé;

20 0775 at hay 076 bar
b = —. = at ha »oar
N ETY S
@i 1-5 — Xac dinh 4p suit tuyét déi trong binh ngung ctia tudchin

hai, néu chi s6 cta chin khong ké trong binh ngung bing 705 mmHg va
chi s cia barémet bang 747 mmHg. Nhu,t do khong khi d cho dat thiét bj -
la 20°C ot o

bif

Trd loi: 0 06 at- hay 0 036 bar ¥

&

{ I-6 — Trén duong khéi ra cia 18 hm do dat thiét bi hat khéi ma
ap\sudt nho hon dp sudt khi trgi mét it. D& do 4p sudt cua khéi ra nguaoi
ta dat ap ké binh Gng nghiéng,goc dat a = 30°.Chit long ding trong ap ké
la dau hda 6 khdi lugng ricng p = 0,8 kg/l.Chidu dai coa Ong 1= 200 mm.’
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Xac dinh ap sudt tuyét déi ¢ duong khéi ra néu ap suat khi troi bing
745 mmHg. '

Trd Ioi: 739 mmHg,

Bai jﬁ‘—- Xac dinh 4p sudt ¢ day dudi

ciia tén lia (h. 1-4) dat bén tiu ngdm, néu
dd siu clia nd so vai mit nuwde 1a 15,5m va
ap sudt khi troi do bang bardmet thuy ngén
& nhigt do 253,15°K 1a 1 bar.

Trd ioi: 2,525 bar

Bdi I-8 — Chi s3 cta chin khong ké __

thiy ngdn ndi véi binh chia 1a pa = 420
mm khi nhiét do thiy ngin trong chin khong
"ké t = 20°C. Ap suat khi trgi theo bardmet thily ngin la 768 mm & nhiét
do t = 18°C.

Xic dinh 4p sult tuyét ddi trong binh theo at va bar.

Hinh 4

Gidi:
Ung dung bang 1 ta quy chi s clia chan khong ké va bardmet vé 0°C.
Khi d6 dé chan khong trong binh quy vé 0°C.
pek = 420 - 3,45.0,420 = 418,5 mmHg
va ap suat khi tréi quy v& 0°C: '

(3,45 - 2,59)
P = 768 - [2,59 +3 ———— 0,768

= 768 - 39, = 764,1 mmHg
Ap suét tuyét d&i trong binh quy v& at va bar:
7641 - 418,5 3456 - . 43‘1) o
= — = = 0,47 at hay 0,46 bar
P T T mss T s o ‘0 ‘

Bai [I-9 — DO chan khoéng trong binh ngung cua tudcbin Koi o6 chi s0
9,52m cot nuc; chi s3 bardmet thiy ngén bang 740 mmHg ‘Hay'xic dinh

ap suat tuyét ddi trong binh ngung bang at va,bar néu nhiét do ngoakirsi
la OOC ®

Trd Igi: 0,054 at hay 0,0529 bar
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Bii 1-10 — Trong Ong chin khdng ké chiéu cao cft thiy ngén la 570
mm & nhigt dd 20°C. Trén thiy ngin c6 ¢t nwde cao 37 mm. Ap sudt khi
trovi bang 728 mmHg ¢ nhiét do 15°C.

Xac dinh ap suit tuyét di trong binh.

Trd I0i: p = 0,213 at hay 0,207 bar

Chuong 2

KHI LY TUONG VA CAC DINH LUAT CO BAN
CUA KHI LY TUONG

Khi Iy tuéng la khi dugc xem nhu khdng c6 lyc twong tac gira cac
phan ti va thé tich ban than cua cac phén td bing khong, nghia la céc
phén tir cia khi 1y twong nhu nhifng chit diém. Trong thyc té, chét khi khi
& nhiét do cao va ap suit thip (loang) thi lyc tuong tac gifra cic phin tu
va thé tich ban thén rit nho ¢6 thé xem la khi 1§ twdng dugc.

Ta biét rang d6i vai khi 1§ tudng déu tuin theo cac dinh lnjt: Boi -
Maridt; Gay - Luytxac; Avdgadrd vi dinh luit Dantdng. D6 1a nhing dinh
luét co ban cia khi 1§ tudng.

1. Dinh luit Bdi - Mariot.

DGi v6i mbi chit khi nhat dinh, khi nhiét d khong dbi thi tich 8 gita
thé tich hodc the tich riéng v6i ap sudt tuyét dbi la mdt dai lugng khong
- doi: .

PV = const hojc pv = const.

2, Dinh luat Gay - Luytxac.

D3i voi mbi hugng khi xic dinh, khi ap sudt khong dbi thi ty s& gifia thé
tich hoac thé tich ri€ng ty 1¢ thudn véi nhiét do tuyét doi:

Vi Ty Vi Ti

v 'Tz ‘ Va T2
Khi két hgp dinh luat Boi - Maridt v Gay - Luytxac ta c6 phurong trinh
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Clapayrong - Mendéléep goi 14 phrong trinh trang thai Iy twong:
Phuong trinh trang théi khi 1y tudgng:
D6i voi 1 kg khi:

pv = = RT
DGi vai G kg khi:
-~ pV = GRT

D&i vgi 1 kmol khi:

pVu= uRT = Ru T
Trong doé: '
p - ap sudt tuyét dai (N/m?)
v thd tich riéng (m/kg)
T - nhiét do tuyét déi (°K)
V - th tich (m%)
Vi - thé tich kmol (m%)
R - hdng sd chat khi (J/kg.dd)
Ry~ hdng s& pho bién chit khi
u# - phin ti lugng cua khi
Ry 8314

R = =
H M

3. Dinh luat Avégrado.
Trong didu kién nhi¢t do va dp sudt nhu nhau thi cic chit khi khac
nhau cé cing thé tich s& c6 s6 cac phan (i bing nhau.

Khéi lugng cda mdt mol khi tinh bang kildgam, k¢ hidu 2 dioc goi la
kildgam mol hoac kildmol. Tu dinh Iudt Avogadrd ta thiy rang tich so uv
la thé tich 1 kmol khi ctia tdt ca cac chdt khi déu bang nhau, ky hiu Vu .
( ditu kién tiéu chuln (t = 0°C; p = 760 mmHg) thi th tich 1 kmol cta
tat ca cac chat khi d4u bing 224 m>, nghia Ia: :

Vu = uv = 224 m° tc/kmol.

Phuong trinh Clapayrdng déi vé6i 1 kmol khi ¢é dang

https://tieulun.hoptg.org
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pVu = u RT
¢ ddy uR =Ry =83143/kmol dj,goi 1a hing s6 phd bifn ciia moi chit khi
Nhu viy hing s& R d6i v6i ning chat khi 1a:

8314

A

J/kg.do

Khéi lugng riéng ciia khi & diéu kién tiéu chuin:

“
£ = - m3tc
= ¥

va thé tich riéng ciia chét khi ¢ diZu kién tiéu chulin

24
tc = —m [C/kg

BAITAP

Bdi 2-1 — Hai binh thong nhau c6 tiét dién ngang F nhy nhau (h. 2-1).
Binh bén trai dgt pitdng con binh bén phai ¢ ndp ¢ dinh. Khi d6 nudc
vao binh thi 4p sudt cua hai bén nhr nhau. ChiZu cao tit mat nuéc dén
ndp c§ dinh cia binh bén phai vi dén pittdng ctia binh bén trai nhr nhau
bing a = 10 ecm. Ap sudt bén trong cua binh 1a p = 1lat. Hoi cdn ning
pittdng 1én bao nhidu d& hiéu s§ giifa chidu cao tua hai mat nudce bing
10cm. Khi ning pittdng 1én thi nhiét db trong céc binh coi nhu khéng dbi.

(Gidi:

Ta got céc thong s6 ban diu cia
chit khi trén mat nuéc cia i hai binh
lic chua- dich chuyén pitti“)ng la p1, Vi
va Ti. ' i

D3i v6i binh bén phai khi ning
pittong Ién thi mic nwéc s ha xudng
va cdc thong s6 cua chéf khi lic d6 Ia
p2, Va. : ‘ :

Do nhiét do khong déi ta co:

p1Vy = pg‘Vz hay

10 | https://tieulun.hopto.org



P1 Vi
Vs o
a.F - thé tich khi chiém lic ban diu.

Py =

a day: Vy

a % rl ’ . "
V2= (a+ -:2——~ }F - thé tich khi chi€ém lic sau
Thay vio ta c6:

2

Py = — Py
3
Doi vai binh bén trai sau khi nang pittdng 1én mdt khoang x ta c6:
P1 Vi = P2 Va2
. aFp 2
g day: P2 = P2 - — =P2-30 =—— Pi-gp
F ' 3

Trong d6: p - khoi lugng riéng cia nude bang 1.10'3kgjcm3
V’; - the tich khéi khi chiém & binh béa trai
V3 = (—— + %) F
o= (—— 4+ X
) |
Nhu vy d6i v6i binh bén trai thi:

P1 Vi =p2V,
hay

a
Py aF = (Pz-ap-) (—2~ +x).F
Sau khi thyc hién phép tinh rdi don gian di ta tim dugc x 13 khodng
pittdng ning lén

- a{4Py + 3ap )

{ I4P] - 6ap

https://tieulun.hopto g



Thay s0 vao:
= 10,22 ¢cm

Khdi luqng riéng cua khi trong binh sé giam di miy lin néu
nhi¢t d0 ciia khi khong doi nhung chi s6 cua ap sudt thira ¢ trang thai diu
1a 17 at, con trang thai cuGi 14 2 at. Biét 4p suAt khi trdi bang 735,6 mmHg.

' 1
T 10k py = — . py

Mot binh ¢6 thé tich 0,5m> chia khong khi ap sudt 2 bar va

Lugng khong khi cin thoat ra khoi binh bao nhiéu dé d6 chin khong
cba n6 14 420 mmHg trong didu ki¢n nhi¢t do khong ddi? Ap suét khi troi
do bing bardmet thuy ngin 1a 768 mm, khi nhiét do thuy ngin trong dé
bang 18 C.

Trd Ioi: G = 1,527 kg

Trong xilanh c6 pitténg chuyén déng chiza khi 1y tudng, ap
sudt 4 0,2 at. Khi nhi¢t do khong dbi thé tich khi tang 1én sao cho dd
chin khong trong xilanh dat dén 600 mmHg.

Hoi thé tich khi sé thay dbi nhu thé nio qeu ap suat khi troi bang 780
mmHg va chigu cao cic cft thiy ngan da quy v& 0°C.

Trd Ioi: —— =52
. %

1kg 4l<3

co H Bdi 2-5 — Trong xilanh kin ¢ gita dat mot
& s A % - -

pittong c6 thé chuyén dong khdng ma sit (h. 2-

2). Bén phai xilanh chita 1 kg khi hydrd con phia

trdi chia 1 kg khi cacbonic hay xic dinh ty s8

thé tich ciia hai chit khi khi can bang.

Hinh 2-2
Bdi gidi:
Khi cin’ bdng thl ap sudt va nhiét dé6 & hai bén nhur nhau,
nghia la Pco, = PH, va TCO2 = Ty Hy

12 . https://tieulﬁn.hopto.org



Khi cdn bang ap suit ta ci:

Ri1, Til, Rco, Tco,
pHy = —————— = Pco,>
VH, Vco,
Rco, Tco, RH, Th,
hay =
Vco, VH,

Mit khéac do can bing nhiét do Tco, = TH, nén

Rco, Ry,

Vco, VH,
Do do:

Vi, Ry, 8314 8314 44
Rco, 2 44 2

S 2 . o . X . N . N N [s]

e 7 Khi khéi trong budng lda 10 hot duge lam lanh td 1200°C
dén 250°C,

Thé tich cia khi khoi s¢ giam di miy lin néu 4p suft cua né ¢ diu va
cudi duong ra nhu nhau?

Trd {0 2,82 lin

Bdi 2-7 == Trong xilanh ¢4 pittong chuyén dong chifa khi ¥ tudng vdi

ap sudt thia 0,198 bar. Héi thé tich khi ting 1&n miy fin néu ta djch

chuyén pittdng sao cho do chin khéng trong d6 1a 600 mmHg. Biét ring ap
suét khi trai do bing chitu cao cot thuy ngin quy vé 0°C 1a 780 mm.

v2
Trd loi; — =52
vl ’

Bdi 2-8'— Hay xac dinh thé tich riéng, trong lwgng riéng va khdi tugng
riéng (mdt dd) cua khi N2 dicu kién tiéu chuin va o ditu kién c6 ap suit
thra 0,2 at. Bi€t ap sudt khi trgi bing 780 mmHg; t = 127°C va g =
9,81m/s>. .

https://tieulun.hopto Btg
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Gidi:
1. (3 di2u kién tiéu chuin
Thé tich riéng:

22,4 224

Vie = = = 0,8 m’/kg
MN, 2
Khoi lwong riéng:
! . 1,25kg/m’
= B e——— ” m
£ Vic 0,8

Trong lugng riéng:

y=p.g = 125981 = 12,25 N/m>
2.0 twong hop thi hai:

RT 814 1. (127 + 273)
Vv = = .
780
P (0,29,81+ — )10°
750
! ! 1,04kg/m’
T rrerm— D eei—— o ¥ m
P v 0,96 g/m

=p g = 1,04981 = 102N/m’

~ @ Trong bong dén dién chia khi Na
(b.2:37D¢

Z*357D0 chin khéng trong béng dién khi nhiét
do trung binh 25°C va ap suit khi trai 760mmHg
la 200 mmHg. Khi d6t néng va dat dén ché dd
on dinh thi nhiét dj phin hinh ciu cia dén co t1
= 160°C con phin hinh try c6 t; = 70°C.

Tinh ap suit trong béng dén 6 ché do on
d;nh néu thé tich phin hinh cau bing 90 em? con
thé tich phin hinh try 15 o,

~ Trd loi: p = 785 mmHg. -

'+ ~fBai 2-10— Khi Nz hru df;mg qua dudng Sng
vai ugng thé tich V= 8m® /ph c6 ap suit

i4

= 0,96 m’/kg

Hinh 2-3

https://tieulun.hopto.org
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thira 1,96 bar va nhiét do t =40°C.
" Xac-dinh hru lugng khéi lwgng phiit cia khi N2 néu 4p suit khi tri
0,98 bar. _
Trd 1oi: 2,54kg/ph.

di 2-17 —/Khi cacbonic dugc bom vio binh chifa ¢6 thé tich V = 3m’
bing may-nén. Chi s§ clia mandmet trude va sau khi nén 12 0,3 at va 3 at;
nhiét dd tang t¥ t; = 45°C dén t2 = 70°C.

Xic dinh lu"ong khi cachonic da bom vao binh cha néu ap suit klu
tréi do bang chiéu cao ¢t thity ngin da quy vé& 0°C 13 700mm.
Trd loi: 11,8 kg.
Bai 2-12 — Trong b tiét kiém nhiéf mbi gio dua vao 200m’ khong khi
¢ nhiét do yy = 20°C.
Tinh thé tich gio cia khong khi sau khi ra khoi bd tiét kiém néu né
dugc dbt néng dén t2 = 300°C khi ap suit khong doi.

Gidi .
Theo dinh luat Gay-Luytxic ta c6:
Vi Ty
Vi T,
hay
v viTz 2000300 + 273)
2 = =
T 20+273
V2 = 398m’/h

Bdi 2-13 — 0,3m’tc khi Oxy chifa trong binh ¢6 dung tich 650cm> Xac
dinh chi s6 cda mandmet trong binh néu nhiét do cua kh1 dxy t = 200°C.
Ap suit khi troi do bing chidu cao cit thiy ngan da quy v& 0°C 1a 762mm.

Trd ioi: pt = 16,9 at.

1
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Chuong 3
HON HOP KHI

Trong thyc (& chit méi giGi thudng gap 12 hdn hop cia nhi¢u chit khi
ma givra chiing khong xdy ra phan ving héa hoc. Thi dy khong khi 13 hén
hop chi yCu cua hai chdt khi: Nz va Oz san pham chay cua budng dét
ciing 1a hén hgp cua nhidu chit khi.

Néu ta coi cac chat khi thanh phdn trong hdn hop la nhing khi ¥
twdng thi hon hop khi d6 cing xem [a mdt khi 1§ tuéng, nghia 1a c6 thé
ing dung duge tit ca nhing dinh ludt va phutmg trinh da nghién ciu cho
khi 1y tudng. Khi d6 ta c6:

- Doi véi 1 kg hon hgp khi
pv =RpnT
- D6i vii G kg
pV =GR T
¢ ddy Ran - hdng s& chit khi cua hdn hgp J/kg do.
- Déi vai 1 kmol
pVe =Ru T
Trong d6 Vie = van. pnn - thé tich cia 1 kmol hdn hop.
Ru = 8314 J/kg do - hing s3 phd blcn cua chit khi.
vhh - thé tich riéng ctia hdn hgp khi,
Hhh- khbi luqng ctia. 1 kmol hbn hgp.
De xac dinh Ruh vAd  pmn cin biét cac thanh phdn cia hén hop.
1. Thanh phin khéi leong: 1a ty so gira khoi lugng cua ting chat khi

trong hon hgp vai khi lwgng toan bé: —
. — Gi
& G
16
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oty

Gi - khéi lrgng cia chat khi thanh phin nac d6-trong hén hop
(kg). _ :
G - khdi lugng ciia hdn hop khi (kg) _

2. Thinh phin thé tich ri: la 1§ s6 gitra thé tich ctia ting chat khi
ndm trong hén hgp voi toan bd thé tich cia hdn hop khi trong digu kign
thé tich riéng phan cia ting chit khi ¢6 ap suit va nhi¢t do bing ap sual
va nhi¢t dé cua hda hop. :

Vi

= —

v
Vi - the tich riéng phin cua chét khi thinh phin (m?®)
© V- the tich cua hén hop khi (m®)

Ta cé: _
.&ri=1w‘1 l&Vﬁx\/"
i

Quan h¢ giga thz‘mh_ phin khéi lrgng va thinh phan the tich dirqc XAC
dinh theo céc cong thifc sau;

£

#i T Hi

%:Tu._ P:ﬁ Hi

=
o
=

,,9 f.f ((7;«@3

moen ;_Z' - T Tozme

.1

n _ Coe

Phuong trinh trang théi khi 1§ twong ap dung d6i véi han hop khi nhir sau:
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prcare e A by

g

L e

bai voi méél,l'nz”m hgp khi:pv = Ry T
D&i véi G Kg hdn hop khi pV = GRuyy T

Trong dé ' 8314
Rph =

P un

Ap suit cia hén hqp khi va phin ap sudt cua céc thanh phén trong
hdn hgp dugc thiét lip theo dinh luit Pantong;

n
p=§ pi

p - 4p suit cia hdn hgp khi
pi - phin 4p sufit ciia khi thanh phin.
Pi =tip
Ngoai ra trong thyc t€ ta con gap hdn hop ciia cac chit khi ddng thoi
c6 nhiét dd va 4p sudt khic nhau ma ta phan xic dinh trang théii cia hén
hop khi trong cac trudng hop:
1. Hon hgp ciia céc chét khi khi thé tich khong dbi:
Gia s trirGe khi hon hop cac chit khi chiém the tich V], V2,..., Vg co

ap sudt pi, p2,..., Pn va nhi§t d§ Ty, Ty,..., Ty thi cic thong s6 cua hdn hgp
khi dugc xac dinh bing cac cong thife sau:

a) Thé tich cia hén hgp-

V=§;'vi

b) Nhiét dd cia hén hop:

n
;Pi Vi
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2. Hén hgp aia cic ding khi:.
Cho nhi¢u dong khi hén hop vai nhau ma hru lvgng khéi va Iuu lugng
thé tich cia méi dong: G1, Ga,..., G, (kg/s); V1, Va,..., Vq (m3/s); véi cic

théng s6 twong wng 1a p1, pa,.., pa va Ty, Ty, Ty, Dong khi sau khi hén
hgp ¢ cic thang s3 sau: .

n
Go T = % GiCiT;

‘Hodc - n
P GiCuT;
T =

Gey
'Cvi - Nhigt dung riéng khi-lugng déng tich cia khi thanh phiin.
Cv - Nhi¢t dung riéng khGi huong déng tich cia hén hgp khi.

BAITAP

Bai 3-1 — M{t kildgam khong khi kho (gdm N v 02) ¢6 thanh phin
khéi qung la ENy = 76,8% vi ’goz = 23&2%. {M\

Hay xic dinh thanh phin thé tich, bdhg s chat khi, khi lrong phan ur
cia khdng khi va tinh phan ap suit cua céc khi N2 va Oz. Biét ap suit cua
khong khi p = 760mmHg.

Gidi .

Thaoh phian thé tich cua cic khi thinh phiin

g0, 232
' 1o, 32 '
o, =—— — = =021 = 21%
g02 gN2 o232 76,8 : :
—_= 4 — +
“o, N, 32 280
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en, 76,8
P 2802
oy - = 0,79 = 79%
* o, . o 232 . 76,8
o, FN, 2 802

Hang s0 chdt khi:

I
Ron = ; gi Ri = go, Ro; + gny Ry

= 0,232

: 8314 ‘ .
+ 0,768 ——— = 287 J/kg.dd
- 28,02

14

Khéi lwgng phin t:
n
Hhh = ;rilui = rOZ -u02 + er nuNz

‘—'l 0,21.32 + 0,79.28,02 = 28,9kg/kmol
Phan 4p sudt cia tdng khi:
- Ddi véi 02
Do, = ro,p = 021760 = 1594mmHg
- D1 véi kha Na:
PNy = TNyP = 0,79.760 = 600,6mmHg

>4 — Thanh phin th¥ tich cia san phim chdy khd ( khong chifa
hoi nude) nhu sau: CO2 = 12,3%; 02 = 7,2%; N2 = 80,5%.
Tim khdi lugng phan tit, hdng s& chét khi, khdi lugng riéng va thé tich
riéng ciia san phim chay khi P = 750 mmHg va t = 800°C.
Trd Igi: unn = 30,3 kg/kmol; R = 2743 Vkg do.
o\ Vih = 2,94 m¥/kg; pan = 0,34 kg/m’
% {di 3-3)— Trong mdt binh dung tich 125 m® chia khi d6t c6 ap suft P
". 307 Far va nhiét 4o ( = 18°C c6 thanh phin the tich la: Ha = 0,46;
CH4 = 0,32; CO = 0,15; N2 = 0,07. Sau khi ding mdt thoi gian, ap suit
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cta nd giam dén 3,04 bar va nhi§t ha xudng 12°C. Tinh luong, khi chay da

dung. rou THE; SRR, AR 5'1457 54,43
Trd laz’li)l @
Bii 3.4 — Cin nén hdn hqp khi ¢ thanh phin khdi luong gc(), = 18
%y 8o, = 12% va By, = 0% dén ap suat bang bao nhigu dé khi { =
180°C thi & kg hdn hgp khi do chi€m thé tich V =

Tra low: 2,46 bar

Bai 3.5 — Trong mit binh chia hai cht khi A q
va B dugc ngan cach boi mdt tim chdn. Khi A ¢ .-
(% tich V| = 0.5 m® va khéi lwong Ga=1.44 kg; 1 '
khi B c6 V2 = 0,25 m° va G = 0,464 kg (h. 3-1). R
Chét khi B c6 thé di qua tdm chdn con khi A khong 11 2
qua dugc. Hay tinh ap: sudt ban diu cua cac chit P I

khi p1, p2 ung vdi thé tich Vi, V2 va xac dinh ap
sudt sau khi hdn hop (lic bo tdm chdn) n€u nhi§t do cia hén hop 12
300°C; hai chit khi A'va B 1a khi Iy tudng c6 p, = 28 va pup = 2.
Gidi
Ap suit o ting thé tich trudc khi hon hop.

pa- Vi = GARAT - ’ AL

.
suy ra o
GaRAT - 144.8314 (273 + 300)
Pa = = : =. 4,9 bar
STV 288510°
vz\i . : - . ..
, Py 1V1 + V) = GBRBT
: hay. ’
G RB T 0,464, 8314. 573
Pg = = = 14,7 bar

Vi + V3 2 .0,75. 10

Ta lhay rﬁng ap suat clia chat khi trong the tich Vi sé bang 4p suat cua
khi A vd B,

PL = pA + pB = 49 + 147 = 196 bar ' _
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cOn 4p suit trong thé tich V2 bing 4p suét riéng cita khi B.

P2 = pB = 14,7 bar
Ap suat cia hén hop sau khi cdt tdm chdn

p(V1 +V2) = (Ga + GB)Ruyy T

Trong do
' Rhn = +
hh = g, Ra g Rg
8314 1.4 8314 0,464
Rhy = . + — . = 3222
' 28 1,904 2 1,904
T dé:

(GA + GB)RunT 1,904, 322,2. 573
Vi + Vs 07410
P 17,93 bar

@ M{t dong co khi lam viéc bing hén hop khi chay gdm mit
phin ki thap va tam phin khong khi tinh theo khdi lugng. Hay xdc dinh
thanh phan khi lugng va hdng s3 chdt khi ciia hdn hgp néu biét thanh
phin the tich cila khi thip l1a : rco = 7%, tH, = 48%, rcHy = 40%; N,
= 5%; thanh phin khdi lugng clia hdng khi: gN, = 0,768; 80, = 0,232.

Trd loi:  Bco= 0,02; gu, = 0,01; gcHy = 0,07

8N, = 0,695, 80, = 0,205
X @— Mol bmh chua duoc chla lam hai phin bing mét tim chin
cOf ich V; =

15m®; Vs = 1m®, Trong Vi chifa CO2 c6 ap sudt p; =
5atvanhiétdo(, = 30°C phan Vachta Oz co p2 = 2atvatz = 57°C.

Hay xic dinh thénh phan khon lsgng va thanh phin thé tich cua COz va

Oz. Tich khéi lugng phan 1t va hing s& chit khi cia hén hop sau khi da
b6 tdm chin.

H

©Trd Ioi gco, = 0849 €0, = 0,151
_rCOZ 0803 rOz = 0 197

~ T Tk = 447 Rep = 1993
@ 0,3913 khdng khi duge hén hop v6i 0,5 kg khi cacbonic, ca hai
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chat khi trudc khi hon hop ¢6 cac thong sG1a p = 6 at va t = 45°C. Tinh
phin ap suit cua khi CO2 sau khi hén hgp.

Trd Ioi: Pco, = 8,55 bar,

Bai 3-9 — Tim ap sudt cia hon hop néu khéi lugng cia né G = 20kg,

V = 4m’ t = 100°C va thanh phin thé tich cia hn hop 1a 1o, = 04;
fco, = 06. .

Trd Ioi: 4,05 at.

Bai 3-10 — Thanh phin thé tich ciia hén hgp khi: fco, = 0,12; 10, =
0.05; f1,0 = 0,03; 'ny, = 0,80.

Xéé dinh mat do, thé tich riéng ciia hén hop ¢ didu kign tiéu chuin;
tinh khdi lrgng phén t va hdng s§ ch4t khi cia hén hop; tinh (hanh phin
kh6i lugng cia tung chét khi trong hdn hop.

Gidi:

Khoi lugng phén ti cia hén hgp:

n .
MR, T pi = 0,12.44+0,05.32+0,03.18-+0,80.28 = 29,82kg/kmol
Hing s6 chat khi cia hén hop:

8314 ° 8314

| % 279 J/ke.dé
gnn 29,82 ®

Rop =
Khdi lugng riéng (mit d¢) cia hén hop & didu kién tiéu chuin:

Hhh . - 2982

= = ~ 1,33 kg/m’
o T T T TR
~The tich riéng cuia én hgp ¢ didu kién tidu chuln: R “’
TS 3
Vie = = —— = 0,752m’/kg
: - Pe 133

Thanh phin khéi lugng cta ting chit khi trong hdn hop: .
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Ico,  Hco, 0,12 . 44

£co, = = — = 0,177
i n 29,82
zlri.“ i
10, H0y 0,05.32
g0, = - = = 0,0536
- n 29,82

;l’if‘i

TH,0 HH50 0,03 .18

gH,0 = = = 0,0181
n 29,82
}l:ri.“ i
TNy MN, 0,80 .28
8N, = — = = 0,755
] n 29,82

| o XM :
Bdi 3-11 — Thanh phﬁn khoi l'tlrdng cua san ph%m chiy la
Hz = 1,5% ; COz = 109% ; N2 = 60,5% ; CO = 28%
Xic dinh thanh phin thé tich, mit dd va thé tich riéng cia hdn hop
khi p-= 1,96 bar va t ‘= 100°C. Tinh s kildmol cia hon hop.
' . Trdloi: ™Ny = 52,5% .......
. Vmn = 0,655 mkg; pne = 1,53kg/m’
. _ 41,4 kildmol -
Bii 3-12 — Tinh thé tich ciia 3kg hdn hop khi, biét thanh phan khéi
Wugng cia ching 3 go, = 04; gn; = 0,25 - Geo, = 0.4; nhit dd
cia hdn hgp U = 50°C ; ap sudt thira la 600 mmHg va ap sudt khi tedi
T60mmHg.
Trd loi: V = 2,38 m®

R
4
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Bdi 3-13 — Xac dinh khéi lugng cia 4m’ hon hop khi ¢6 thinh phin
the tich nhu sau: ro, = 0.4 Ny = 0,2; rco, = 04 Nhiét dO cua hdn hgp
= 50°C, ap sudl thita 0,4 at. Ap sudt khi troi 700mmHg.

Trd loi : G = 707kg
Bdi 3-14 — Trong mdt binh chifa khi CO2 Juge
“chia d6i boi mdt vach ngan (h. 3-2). O ngan bén trai
khi CO2 c6 cac théng s0 p1 = 430 mmHg; 41 =
170°C véi the tich Vi = 1m>; con ngan bén phai khi
CO; c6 cac thong s6¢ p2 = 940 mmHg, © =
Hinh 3.2 210°C voi thé tich V2 = 3m’.

Hay xac dinh 4p suft va nhi¢t d6 cta hén hyp sau khi 1y vach ngan.

Gidi :
Nhi¢t dd cia hdn hqp khi COa sat kHl !ay vach ngan:

n
Spi Vi 430.1 + 9403
1
T= = = 459°K
n pi Vi 430.1 940.3
+
© T 170 + 273 2270 +273

“Ap sudt cia hén hop:

430.1 + 940.3
1+3
fVi : '

Bdi 3-15 — Trong hmh A chia khl 02 khdi lugng Go, = 7,98 kg ¢ ap
suit tuyét doi Po, = 3§ at, nhiét d§ To, = 200°C. Trong binh B chiia khi
N2 ¢6 khéi lugng Gn, = 26,1 kg véi &p suét -
tuyét dSi Pn, = 10 at va nhiét do 1N, = 150°C.»

= 559 mmHg

Hai binh A vi B ndi v61 nhau bing dudng Ong B
¢6 van ngan cich C (h3-3). Al

Hay xac dinh 4p suit va nhiét dd cua hon )
hgp sau khi m¢ van C; khi tinh toin coi nhur Finh 3.3
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khong co trao dbi nhiét véi moi trudng ngodi.

Gidi:

Ta nhidn xét rang khi van C mo thi khi Oz va Nz sé¢ hdn hgp véi nhau
trong diéu kién thé tich khong dbi.

The tich ciia khéi khi O trude hén hgp:

Go,.Ro,.To, 798 8314, 473
Vo, = = 2m’
PO, 32.5.098 .10°

Thé tich ciia khéi khi N, truéc hdn hgp:

GNy RN, . TN, 26,1 8314 423 ,
VN2 = " = = 3,35m
£y, 28 0,98 .10, 10°

Nhi¢t d9 cia hén hgp san khi md van C:

n E
>piVi 5.2+ 10.335
1
T = = — = 435°K
o Vi 5.2 10. 3,35
i '
T T 473 423

Ap suit cia hén hgp tinh theo cong thifc sau:

G.R.T
Y,
& day: G =G1+Gz=798 + 261 = 34,08 kg
V=Vi+V;=24+335=53mn
n" s . o o
R = ¥ g Ri- hing s6 khi cia hdn hgp.
1

trong d6 g - thianh ph?in.kh(')'i__ lugng ciia ting chit tinh theo c&ﬁg thirc sau:

Go, 7,98
g0, = ———— = : = 0,234
Ga, + Gn, 7,98 + 26,1
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' ) 8314
Vay R = 0,234 + 0,766 —28_ = 2882 Vkg.dd

34,08. 288,2. 435
535.10°

Bai 3-16 — Trong binh A ¢6 khong khi & nhiét dd ta= 80°C va ap suit
PaA= 3,2 at; binh B ciing chia day khong khi c6 tg= 320°C va pg= 1,5 at.
Thi tich cia binh A VA = 100lit, con thé tich ciia binh B Vp = :JSht

. Hay xac dinh 4ap suat va nhiét d§ khong khi trong ca hai binh khi chiing
dugc thing véi nhau. qu_ nhu khong trao ddi nhiét vai moi trudng ngoai.
Trd loi: t = 112°C; p- = 2,65at -

Badi 3-17 — Hai binh A va B dugc ngan cich v6i nhau. Trong binh A
chira khi CO ¢ nhiét d§ 1500°C va ap suit 9,8 bar, thé tich bing 100 lit.
Binh L chita Nz ¢6 nhiét do 300°C, ap suat 19,6 bar, thé tich 50 iit.

Hay xac dinh ap suat va nhiét dd sau khi n6i hai binh v6i nhau; néu
khong ¢d trao dbi nhiét véi mdi truong ngodi, - )

- Trd l6i: T = 895°K; p = 13,54 bar
N Bai 3-18 — Dong khong khi 1 ¢6 fru luong khéi
X S~ lugng Gi = 120 kg/h véi nhigt 4ot = 500°C ilﬁn

' —*= &t ‘hgp v6i dong khong khi thi IF v6i luu lugng Gz
// " 210kg/h va t = 200°C (h. 3-4)

(t,,’t" Gia thict ring &p sufit cia khong khi trong cé ba

dong déu nhu nhau. Hay xic dinh nhiét 46 cia
khong khi sau khi hdn hgp dong 1 véi dong II. -

= 7,97 bar,

va p=

Hinh 34

Gidi:
Theo tinh chit clia cin bing nhiét ta co:

Co t = 81Cpp - 11 + £2Cpoy, - 2
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Néu coi nhiét dung riéng khong d6i nghia la Cpie =Cpyyp =Cpyy, = const

thi:
t = gity + gl
. G 120 12
U day: g1 = = =
G+ G2 120 + 210 33
G2 210 21
B G 6 w0 B
Viy nhiét do cua khong khi sau khi hén hop:
.12 21
t = — 500 +— 200 = 310°C
33 - 33

Bdi 3-19 — Dang khong kht ¢6 nhi¢t do 80°C do hén hgp cua hai dong
khong khi: dong lanh c6 nhiét d§ 0°C va dong ndng ¢6 nhiét 4o 900°C.

Hay tinh xem mudn c6 kg khong khi hén hop thi khéi hrgng cia mdi
dong 1a bao nhicu nu ap suit cia ca.ba dong déu nhwr nhau.

Trd l0ir G = 00827kg, = 0,9173kg.

Bdi 3-20 — Ba dong khi hdn hop vé6i nhau '
(h. 3-5) dong 1 13 khi O3 ¢6 Go, = 115 kg/h &
d nhiét 4o to, = 300°C dong I1 1a khi CO ¢6 \:" X

o

Gco = 200kgh v6i tco = 200°C con déng G \*
1 1a khong khi. €6tk = 400°C. Do hon hgp "2 0

ciia ba dong khi nay ma hén hqp khi ¢6 nhigt ~————0p =G b
dot = 275°C. //_——
S "ﬁy_V-
Xac dinh ru lugng, kho: luqng Gm\ ciia Gy’
khong khi néu bi€t rdng ap sudt cia Oz, CO Hiah 3-5 )
N .

va khong khi nhir nhau.
Trd loi: Gkk 97,8kg/h
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Chuang 4
NHIET DUNG RIENG

Nhi¢t dung riéng 1a nhidt lugng ¢in thi¢t cho 1 don vi chit moi @i
tang 16n4dd theo mdt qua trinh nao d6. Ky hi¢u:
C (KJ/kg.dd) - Nhidt dung riéng khoi lugng.
C (KI/m3.d6) - Nhiét dung thé tich,
(;;:(KJ/kmfrl:dQ) - Nhi¢t dung riéng mol.
Quan hé gida cdc loai nhi§t dung riéng:
Cu = uC = 24C
Trong tinh toan nhiét trén thyc € thuong su dung 2 dang sau:
1) Nhiét dung riéng 12 hing:
Trong nhing tinh todn khﬁnﬂg cin d{ chinh xic qua cao hoac khoang
bifn thién phig¢t dd khong lon, d¢ don gidn trong tinh toan ngudi ta thudng

xem nhidt dung riéng la hang 8. Can cif vao s nguyén i cia khéi kh1 Vi
phin fu lugng  cua khi dé tinh nhigt dung riéng cic loat

—C# va ’"—-—~— C .
C@',u =7 >€;§”M’—"‘%@)

2) Nhiét dung riéng bién thién theo quan h¢ dwing thing véi nhit
do: '

Khi can dé chinh xdc cao trong tinh todn hoac khoang bién thién nhiét
dd rit 16n thi thuong xem nhi¢t dung riéng phu thudc nhi¢t d theo quan
hé¢ dudng thang.

Tri 86 Cu tra & bang 1 phy lyc 1.

A A
cf? -4 ™
{1 Lz-1 At
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1,

Khi sit dung cic bang tr 3 dén 10 phin phy lyc thi nhigt dung. ridng
trung binh trong khoang nhi¢t dd ti t; dén 2 dwge tinh nhi sau:

ltz ,l]
Cl ~we-C.u |
CIlz _ o 0 }(

1 t2 -ty
DGI vai hf)_n hgp khi:

n
Chh = X &C,  kikgdd
Chh = 1& i C; k}/m3tc-d6

C,uim = nz rni G kJ/kmol.dj
1

BAI TAP

Badi 4.1 — Tim nhi¢t dung riéng trung binh khéi lugng dﬂng ap va thé
tich ddng tich ¥ t; = 200°C dén t» = 800°C cia khi N2 khi nhi¢t dung
riéng phy thude nhigt d§ theo quan hé duidng thing, &

-Giidi:
Tu bing phy chirong ta cé:

it

CPI 0,2446 + 0,00002115 1 kcal/kg.dd

t
o]

it

4]
Nhiét dung riéng trung binh tu 1) $én t; la:
12

N

[ = 0,2446 + 0,00002115 (200 + 800) = 0,266 kcal/kg do
1
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“‘

-‘i’""‘tﬁ."‘__” - .
Ty

vi

2
C| = 02171 + 0,00002643 (200 + 800) = 0,244 kcal/m’tc d¢
I
Bdi 4-2 — Xac dinh cac nhiét dung riéng mol, thé tich va khd; lugng
dang dp trong khoang ti 0°C dén 1300°C ddi v6i hén hop khi c6 thanh
phin thé tich sau:

rCo, = 8% ;rco = 2% ; 1N, = 85% vary, = 5%

Gidi: - '

Tu bing phy chuong ta tim duge nhlgt dung riéng mol ding ap trung
hinh ddi v6i ting chat khi.

1o

£ ‘ 1
= 32,067, C,up|12I = 30,288

o]

Cupxy

Do d6: nhiét dung riéng mol trung binh ddng ap cia hdn hgp tu 0°C
dén 1300°C la:

1306 'n‘
C,ﬂphhl = E‘:‘fi Cupi =

0

= 0,08.51,322 + 0,05.30,28% + 0,_02.32,427 + 0,85.32,067

130 . :
Ceipbh = 33,2 kl/kmol d§
(a]

Nhiét dung riéng thé tich ding ap trung bink ciia han hap:

C |1300

hh

o I:sou Hehh 33,2 .
"phh = = = 1,49 §
Pl 224 224 49 /m 40

Nhi¢t dung riéng khdi lwvgng ddng 4p trung binh cia hén h.Qp:
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c 1300

“#iphh

1300 s ) 33,2

phh = = - = 118 kl/kg.d¢
o Hhh 27,98

¢ day pnh - khi lrgng ciia 1 kmol hén hgp khi, upp = Z Ti {i.
#ah = 440,08 + 20,05 + 28.0,02 + 28.0,85 = 27,98 kg/kmol
Bdi 4-3 — Xac dinh nhi¢t dung riéng trung binh ddng tich cia khi N2
ncu biét nhi¢t dung riéng mol ddng 4p trung binh cua 06 theo cong thic:

t .
Cup = 6,8030 + 00003610 ¢

4]

{
Trd i Cy = {),194 kcaltkg.dd
Q
» Bdi 44— Tim nhiét dung riéng khéi lugng ddng ap trung binh va thé
tich ddng 4p trung binh ti 200°C dén 800°C cua hdn hgp khi ¢é thianh
phin the tich nhu sau COz = 12% ; 02 = 6% ; Hx0 = 5% con lai la khi
N2. Néu nhiét dung riéng phy thudc nhiét dd theo quan hé dudng thing.
Trd ldi: 0,258 keal/kg.dd
. 0,345 kcal/m3lc.d6
Bdi 4-5 — Trong mo( binh kin cé thé tich V = 300 it chita khong khi 6
o T — N . n " o
ap suat p1 = 3at va nhiét dj t; = 20°C.

Hai nhiét Iwgng cin cung cip 13 bao nhiéu dé nhi¢t dd cua khong khi
tang I¢n dén 120°C? Khi tinh 1a coi nhi¢t dung riéng L3 hidng s0 va nhidt
dung riéng phy thudc nhiét db. Tinh sai s6 tuong déi trong hai trudng hgp
do. '

Gidi:
Khai lugng khong khi chifa trong binh:

PV . 3.0981.10°03

= 1,05 kg

DGi véi khi hai nguyén tif (hi nhi¢t dung ridng 1a hing sG tink theo cong
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thiic:

Cuy = 209 kl/kmol.dd
Viy nhiét dung riéng khdi hyong ddng tich cua khong khi 1a:

0,723 ki/kg.dd

Nhiét lugng cin cung cip:

Qv = GG (2 - 11) = 1,05.0,723.100 = 75,815 kJ.
Khi tinh nhi¢t dung riéng phy thudc vao nhi¢t do ta c6:

Cv = 0,7218 kl/kg.d

Sai 83 tuong doi trong hai trudng hgp:

0,723 - 0,7218
0,723
Bdi 4-6 — Trong binh kin ¢6 thé tich 100 lit chita khong khi ¢ nhi¢t do
0°C va &p sudt 760 mmHg,
Hay tinh nhiét lugng cin thiét dé dot nong I¢n 200°C. Coi nhiét dung
riéng phy thujc nhiét do theo quan h¢ dudng thang.
7rd 10i: Q= 185 kJ
Bdi 4-7 — Khong khi duge lam lanh t 1000 dén 100°C khi wt
khong doi. ' =
Hoi nhi¢t hrgng cia 1 kg khong khi mat di 1a bao nhi¢u, nfu khi tinh
toan ta coi nhi¢t dung riéng 1 hing s va nhi¢t dung ricng phy thudc vio
ohi¢t d§. Tinh sai s§ cia truong hop thii nhit so véi trudng hgp thi hai.
‘ Trd (oi: q = - 236,5 kcal/kg

sai s 8%.

= 00016 %

*. Bdi 4-8 — Khi xy c6 cie thdng &3 ban diu p; = 8at, V| = 0,25m? va
t1= 100°C duge dit ndng Ién khi thé tich khdng doi dén 1z = 300°C. Xic
dinh nhiét lugng d& d&t néng néu nhiét dung riéng thyc ciia khi hai nguyén
tu:

Cuv = 4,59 + 0,000106 ¢ kcal/kmol.do

Trd Igi: Qv = 37,7 keal.
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. * Bai 4-9 — 4m® khong khi ¢ ap sudl thia p = 2al va nhiét 4o U =
<Y 20°C duge dot néng dang 4p dén1p = 120°C.
Xac dinh ohiét lugng cin thidt dé dét nong ndu nhift dung ricng la
hdng s6 va ap sudt khi trdi bang a1,

" Trd li: Qp = 1410 KJ.

Churong 5

DINH LUAT NHIET DONG THU' NHAT
VA CAC QUA TRINH CO BAN CUA CHAT KHiI

ewd e b e

1. Dinh luat ohiét dong thi nhat.
i Dinh lugt nhigt dong thi ohdt 13 truong hop ring cia dinh lujt bao

thang do co the 1o ddi nang lugng vor moi truong xung quanh (o nhang
dang khic nhau).
nhilt ¢ dang:

toin va bién héa{an lugng ap dung cho h¢ thing nhiét dong ma h¢

huong trinh tong quat cua dinh ludt nhi¢t dong thi

dq = du + dl
hn;}(‘
dy = di + dhy
DOI voi 1 qua trinh th;

hoac

q = A+ 2/‘(&

H https://tieulun.hopto.org



(¥ day: 4 - nhi¢t lugng tham gia vao qua trinh ( do chdt khi nhin hoac
nhd ra mdi truong xung quanh) J/kg.

Au - dd bién thién ndi nang cua chit khi. DSi vai khi 1§ tudng ¢ bl
k¥ qué trinh nao thi do bidn thién ndi nang dtu duge tinh bing cong thic
sau

0
Au = G (t2- 11} Jke
S

2 o " . . , cn g
C - nhi¢t dung ri¢ng trung binh ddng tich trong khoiang ohiét do 4 - 12
t
i - entanpi
1= + pv ke

Al - dQ bi¢n thién entanpi. V& KhiJ§ tudng va voi bat kv qua trinh ndo
thi dO bicn thi¢n catanpi déu duge tinh bing cong thie:

&
Al = Cp| (2-t1)
1

U - c¢Ong gian nd

ikt - ¢ong ky thudt

2. Cie qua trinh nhiét dong co ban.

1. Qué trinb ding tich: phuong trinh v = const

Quan h¢ giva cic thong so:

Lugng nhict tham gia qua tnnh:

Co(T2-T)) = Aulkg

(i.(![:{.ﬂ;_ 6.’;6\{, /_LT -~ é ﬂlfu ,

c £
- i~
1l I

Cong gian niv 12 = 0
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R e e

;
F
%
'
%
u
b
]

Cong ki thuat Iy = v(pz - p1) J/kg

Lii = Gl = V(p2-pnJ
% 2. Qua trinh ddng 4p: phuong trinh p = const
y  Quan h¢ gita cac thong sd:

Vi T

Lugng nhiét tham gia Qua trinh:
qz = Cp(T2-Ty) Jkg
Cong gian nd
2 = p(v2-v1) kg

Li2 = Gliz=p(Va-V)) 1}

QK 3. Qua trinh ddng nhi¢t: phuong trinh pv = const
Quan h¢ gira cac thong 8

P w2
p2 v
Cong gian nd:
v2 N |
Pz = lia = pviln — = RTIn J/ke

V2 1
L1z = pViln = GRTIn P J
Vi )

Cong ky thujt

he = Ip2
Lugng nhi¢t tham gia qui trinh

g2 = Ip2
/ 4. Qua trinh dogn nhiét (q12 = 0) phuong trinh pV* = const

N

~
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~ - A CP . A
S6 mu doan nhiét k = e
Y :

Quan h¢ gira cic thong s6:

ok k-l k-1 _
P fw) T2 E 22 ) K T2 (\ﬁ, e
o Pt 73 A P ’ 1 Y .
N _

Cing gian nd:

1
iz = ey (p1v1 - p2v2) = (Ty - T2} Jkg

k k-1

v 2
g = 2o Y
k-1 m

L2 =G. iz J
Cong ky thuat:
ke = kli2
Phuong trinh dinb luit nhi¢t ddng thi nhat di véi qua trinh doan
nhiét ¢6 dang: .
O =du + pdv = du + dl
du = -dl
Au = - 112
5. Qué trinh da bién: phuong trinh pv® = const

\ Quan h¢ gifra cac thong s3:

n n-l n-l
p2 V1)1 T2 Y5 T w)
pr \w/] Ty pI1 T V2

Cdng gian ng:

A |
iz — (ptvi - pov2) = (T1-Ta2) Jkg

n-1
https://tieulun.hopto.org
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,
:“ n-1
" | prvi 1 P2 n .
- 12 = -
! = |T\n) (e
{ L2 =G.lip J
\
# . :
’i Néu biét qi2 cd thé tinh cong theo cong thuc:
i -~
{ | k-1
) 2 = 12
i k-n a
i Cong ky thuit:
{ I = nlp2
E Nhi¢t dupg riéng
: ‘ n-k .
W Co =G — Vg d¢
: Lugng nhiét tham gia vio qua trinh:
qi2 = Cp (T2 - T J/kg
P Q2 =G Ly 220
12 = = L2
B ”‘112 k-1
S6 mi n xic dinh nhu sau: néu bid hai thdng 6 o trang thai dau va
cudi qua trinh
p!
ln—o
i n = pz
) v2
t In——
) vl
T2
In—
T
n-1= '
Vi
In~—
Vva

https://tieulun.hopto.org



BAITAP

& nén 3 kg khi métan (CHy) ngudi ta cin cong 800kJ. Khi
khi tang mdt lugng 595k). Xac dinh fugng nhi¢t va xét
xem do L lugng nhidt cung cip hay thai, xac dinh sy thay doi nhigt d va

entsnpi cta khi ncu nhidt dung riéng ding tich G = 26,48 kJ/kmol.dé.

Trd li: Nhict thai Qp = - 205 k)

AT = 120K ; Al = 782 kJ
Bdi 5-2 — Bom nhidt lugng thé tich 300cm” chifa diy Oxy & ap sudt 25
bar va ohigt do 293K, Ngudi ta dét 03¢ nhién li¢u c6 nhiét trj 25,1 Ml/ke.
Xac dinh ap sudt ya nhidt do cudi qua lrmh chay néu b6 qua trao doi
nhiét voi than hn; nhn,t luygng,

Nhi¢t fugng tda ra khi [doechay 0,3g nhicn li¢

/
0 = 0,3.25100. 107 = 753 kJ
Phan dng chay ; )
C+ 03 = C»
/? //(/(/{4/ 12g + 32g = 44g :
( =
03 + —0,3 =— 03
12
i wrng O2 tham gia phan iing chay —— 0,3 = 0,8¢ O2

https://tieulun.hopto.org
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Lugng COz tao thanh sau phan ung 03 = 11g CO

Lugng Oz ¢6 lic diu trong bom nhiél hrgng

pvV o 2510°03.10° 3
Go, = = = 98107 kg = 98¢
RT; 2314
32

Luong Oz con lai sau phan dng: 98¢ - 0,82 = 9g 02 Viy sau phan
ung chay 0,3g nhién Ly, ta ¢6 hon hgp 9g Oz va 1,1g CO2. Khéi lugng
hon hgp khi:

' G =9 + 1,1g = 10,1g

Nhi¢t dung riéng ddng tich coa hbn hgp

5 G 7 1,1
Cy = [-— 4,18 + 4,18 = 0,657 kJ/kg.do
32 7101 44

Viy:

Q 7,53
G.C, 1011020657
Nhiét di sau khi chay

AT = 1135°K

T2 =Ti + AT = 293 + 1135 = 1428°K"
Ap suilt sau khi chay ‘

T2 1428
P =pr—— =25 —— = 122bar
Ty 0

Bdi 5-3 — Trong binh kin th: tich V = 0,015m’ chira lugng khdng khi
véi ap sudt diu p1 = 2 bar va nhi¢t dd 1y =,30°C. Nhiét dj va ap swit sé
thay ddi ra sao nlu ta cung cho khong khi lwgng nhiét 16 k). Hay dc dinh
lugng bién dbi entropi ciia khong khi ( # = 29, nhiét dung riéng Coi I
hang s).
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f i _S,z’
-
N
A T,
oy,
4?1'4 a

. v .
Hinh 5-1 Hinh 5-2

Gldi:

Khéi hrgng khong khi

, p1Vi = GRT)
. V1 21000015 °
> 6= . = 0,0345 ke
) RTy

8314
e (30+273)
29
Nhiét d6 cudi qua trinh
Q12 = GG (T2-T) = GG (2 - y).

Q12 16.10°
+ = + 30 = 674°C
GCv

5
0,0345 — 4.18. 107
29

2 =

Cy - tra & bang phy chuong
Ap suit cudi qua trinh:
T 674 + 273

2 = Pt = 2 = 6,25 b
P P Ty 36 +273 a

Lugng bién thién entrdpi

A5 =G (Sz-8) (N
4
TS

, 6,25
AS = G.Coln -2 = 00345 == 41810%n —— = 282 J°K
p1 29 2

PR Xilanh c6 dwong kinh d = 400mm chira lwgng khong kbi V
= 0,08m” ap sudt p1 = 3 bar, nhi¢t d6 4y = 15°C. Haéi lyc tic dung lén

..

.
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pittong s¢ tang lén bao nhiéu néu khdong khi nhin lugng nhiét 80 kJ va
pitténg khéng chuyén dong.
- | Trd lgi: AP = 4,99.10°N
® i 5.5 ‘
di 5-5 Khong khi trong ddng co dot trong nén (6i 4p sudl 5 at va

nhi¢t G 227°C. Hoi ap suat d6 s¢ 12 bao néu ta cdp lugng nhiét ding tich
480 kcal/kg.
Trd loi: 32,2 bar.
Bdi 5-6 — Ngudi ta nung 1 kg khong khi trong diéu ki¢n ap suit khong
thay dbi p = 2 bar t shi¢t d t; = 20° {én t» = 110°C. Tinh the tich
cudi, lwgng nhi¢t cin cung cip va cong sinh ra, lugng thay ddi noi nang,

lugng bién thién entrépi va hay biCu thi trén dd thi T - s nhing dién tich
twong ung véi lugng nhiét, lugng thay doi ndi nang va cong thyc hién,

Gidi:
Thé tich cudi

8414
v = vy T2 24"'=RT1T2_ RT> 29 0.549 3/](
= = = = = m
. pT p 210° £

Lugng nhi¢t ¢in cung cip

7
quz = Cp(1z-1) = -2?4.18.103 (110 - 20) = 90,9.10° J/xg
Lygng thay ddi noi nang
3 : 3
Bu = C (- 1) = — 41810° (110 - 20) = 648.10° Jkg
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Cong thyc hién:

li2 = qu2 - Au = 90,9.10° - 64.8.10° = 26,1.10° J/kg

wn

Lugng bién thién entropi

T2

;
=— 41810 In = 271 J/kg°K

As =Cpln
T 29 293 =

_ CP,‘“-‘C.CV tra theo bang phy chuong

t (Bdi 5% Thé tich khong khi trong xilanh ¢6 dudng kinh d.= 600 mm
13 ="0),41 m> véi ap sudt p1 = 2,5 bar. Néu khong khi nhén lrgng nhidt
99,5 kJ trong dicu kién ap sudt khong dbi va pittong dich chuyén quing
duong 400 mm, hoi nhiét dé cudi cing la bao nhi¢u ? A

_ Trd I6i: 1z = 120°C

1 kg khong khi ¢ ap sudt p; = 1 at, thé tich v1 = 0,8m3/kg
fig nhiét 100 kcal/kg trong digu kién ap suft khong ddi. Xac dinh
nhiét d dau, cudi va thé tich cudi.

/, Trd 1o 1 = 0°C; t2 = 416°C; va = 2,02m”/kg

di 5—@— Khong khi trong xilanh gian né ddng phigt t = 20°C ok thé
tich Vi'= 1,5 m>, 4p sudt py = 5 bar dén V2 = 54 m’. Hay tinh lugng
nhiét cung cip.cong gian nd va lugng thay doi entrOpi. Bicu difn qua trinh
. trén dd thi p-v, T-s.

T
~F %
4 10)_
‘P" 7 T= WS* I A / 2
L] MNNNNS
< Kt i \\
’ P4 2 \J42 N
H Ere=p \\ NN
Hinh 55 v Hinh 5-6 s
Gidi:’
Ap suit cudi cing
Vi 5 1 1,39 b
RERT, T T

Vé6i qua trinh ddng nhit tacé L2 = Ly = Qr2
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Cong va nhiét lugng:

3

V2
Lz =Qu=mVi lnT = 510°.1,5 In = 96.10°)

1 15
Lugng bi€n thién entrdpi

V2 Qn  9610°
AS = GR In 2 = 3280 J°K

W,~\ Vi T 293
o W\ Bdi 5-10 31 kg khong khi dugc nén nhi¢t ¢ nhiét do t = 30°C tir 4p
: suat dau p1 = 1 bar dén ap sudt cudi p2 = 10 bar. Xac dinh the tich cudi,

cong nén, lugng nhiét thai.

Trd Ioi: va = 0,087 m’/kg; 2 = — 200 ki/kg

) q = - 200 kJrkg
/: Khong khi dugc nén doan nhiét trong miy nén ¥ ap
SUdt PT= 1 at dén 4p suit pr = 8 at. Hay xac dinh cic thong s& trang

thai cia khong khi sau khi nén va cong may nén ti€u thy voi 1 kg khong
khi; néu nhi¢t do khong khi trw6c khi nén t = 15°C.
| T
|
A ?
= 4

P -

Hinh 5.7 : Hinh 5-8 S

Gidi:

Cac thong s0 sau khi nén:

Th p1 /
k-1 14-1. )
P2 Yk 8\t
T2 = T ;— = 288 —i— = 288.1,811 = 522°K
1 ‘
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= 249°C

: a1 1
'pr ik RTy f p1 Y& 288 1\74°
v | S B e T VM 6,106 mke
j12) M p2 1.0,98.10 8
Cong may nén bing cﬁné ky thuét cua qué trinh 1-2 (xem h. 5-7); I
kli2

" y kel
2 k
iy = — RTy 1-(p ]
: Y.
: 14-1
14 {8 “ia
e = —— 287288 | 1- TJ =- 1,67.10° J/kg = - 167 ki/kg

Khéng khi trong xilanh & trang thai diu p1 = 6 at; 1
U khi gidan nd doan nhiét thé tich tang 1én gdp hai V2 = 2 V1. Hay
tinh trang thai ctia khdng khi sau khi gian nd va cong gian nd cia 1 kg
khong khi.

Trd loi: p2 = 2,22 bar; t2 = - 47°C

) iz ="P2,2 ki/kg
=~

Bdi 5~I — 1 kg khong khi c6 ap sudt va nhiét d§ ¢ trang thai diu p;

= 30°C. Sau khi bi nén doan nhi¢t 4p suit tang lén gdp mudi
lan. Hay xac dinh th tich, nhigt 36 sawkhi hEE VA cong nén.
— I

Trd l6i: t2 = 312°C; va = 0,171 mfkg
/
-

liz = - 202 kl/kg

Bdi 5-14 — 1 kg khong khi dwgc nén da bién (n = 1,2) trong miy nén

tf nhiét dd t1 = 20°C, p sudt p1 = 0,981 bar dén ap sudt p2 = 7,845 bar.
Hay xic dinh nhi¢t d§ khong khi sau khi nén, lugng bién doi ndi nang,
lrgng nhi¢t thai ra, cong gian ng va cong ky thuat
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}
fa 7
./// /‘ . 1
fu ==

1z —=

—

Hinh 5-9 Hinh 5-10
Nhi¢t d khong khi sau khi nén:

n-1
T2 1) ’
Ti pl

A n-1 1-%;,1
h=T 2 = 293{7’845\} S B
Ly  0.981
T2 = 293.1,415 = 414°K = 141°C.
Lugng bién doi ndi nang: ' S

- 5
Au = Cy (t2- 1)) = —:2-54,1_8.103(141 . 20) = 87200 J/kg

Lugng nhigt

qrz = Ca (T2-T1) = Gy x (T2 -Ty)

n-

¥

= 0,72.10° 121 = - 87200 J/kg

¥

P T-

Cang gian nd {cong nén),

. T
2 = RT| l—‘P- ;n

©on-1 3 \Pl’ )

\ N .
, : n.z.q
1 7845 )17
— 27293 | 1- |

1.2-1 0,981

H

- 174 .10 J/kg
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Tinhk cich khic theo dinh Iudt thi nhat:

2 = quz- Au = - 87200 - 87200 = - 174400 = — 174,4.10° J/kg

Viy sai sG do thudc tinh

0.4 1P

1
Al 0,41 I kg ~ —m—
5 174.4.10°

100% = 0,23%

Cane k¥ thual
em e nliz = 12 174,4.10°) = - 200 L ke
Bai 5-15 +— Cin phai nén lwgng khong khi 1l tich Vi = Wm’ tr ap
si ="0,9 bar; nhiét d6 t1 = 17°C dén ap sudt p2 = 7,2 har Hhv tinh
cong gian nd va s6 mi da bién n néu biét thé tich cia khong khi sau khi
nén Va = 1,77m’,
7 /"'"“\\ Trd loi:n = 1,2: Liz = - 1872 kJ.
ﬂ@‘rx \Bdi 5-16 =1,5 kg khong khi dwgc nén da bién td ap suit P = 0,9 bar,
nhi¢t do t; = 18°C dén ap suat P2 = 10 bar, nhi¢t do 12 = 125°C. Hay
xac dinh s& mi da bidn n, thé tich sau khi nén va lugng nhiét thai ra.
Trd lgi: n = 1,149 V2 = 0,171 m’
Q2 = - 195kJ

Chuong 6

St -

DINH LUAT NHIET DPONG THU' HAI

Dinh luit nhiét djng thi hai xac dinh chicu huéng tién hanh qua trinh,
thiét 1ap dicu kién bién héa nhift nang thanh co nang va vi vdy xdc dinh
cOng 1gn nhit c6 thé sinh ra cla cac ddng co nhi¢t.

o . . L . cnl am . P f

Bicu thic toan hoc cia dinh ludt nhiét dong thu hai ¢6 thé bicu dién
nhir sau:

dQ . .
ds a?o " (6-1)
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O diy  dS - do biéa thién entrdpi vd cing nho cia hé.
dQ - lugng nhiét v6 cing nho, hé nhin ur ngu;fm nhiét.
T - nhiét do tuyét déi coa ngudn nhiét.
DA4u cia b4t ding thic twong dng vdi qua trinh khong thudn nghich,
cOn trong cic qua trinh thuin nghich thi ta ludn ludn c6:

dQ
ds = = kcal/dd hay kJ/do
D3&i vai 1 kg khi ta cé:
dq .
ds = - kcal/kg.d) hay kJ/kg.dd

Thay dq theo cong thic dinh lust nhiét djng thi nhdl ta cé:

du + pdv
ds = T PV (6-3)-
T
Dai v6i khi Iy tudng thi:
CwdT +pdv
ds = ._Ld_,__r._p_ (6-4)

Trong tinh todn ta khéng xac dinh duge gid tri tuyét ddi clia entropi va
quy uéc ¢ didu kién tidu chuin (t = O°C va pie = 760 mmHg) § = 0.
Nhu vay néu coi nhiét dung riéng phy thudc vao nhiét dé theo quan hé
dudng thang:

C=a+bt
thi entropi & trang thai bat ky la:

T
s = ayln +Rin + b (T-273) (6-5)
3 te
T p
s = apln —— - Rln + b (T -273) (6-6)
273 Pte
s = avln + apln + b (T -273) (6-7)
tc tc
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Khi nhiét dung riéng 1a hing sb:

| L
4 s = Culn + Rln
§ 273 Vie
T
s s = Cpln ~ Rln P
& 273 P
v
s = Culn + apln
te Vl(‘

(6-8)

(6-9)

(6-10)

' DG bicn thién entropi ma chat khi bién doi trdng thai 1 dén trang

thai 2 trong qua trinh thudn nghich:

Khi nhi¢t dung ricng phy thugce nhiét dj theo quan h¢ dm‘mg thang.

T V2
As = 52— 51 = avn +RIn — + b (T2- Ty) (6-11)
2/
//;\,_ T: -Vl
T2 P2
As = 52 — st = apln ~ Rln + b (T-T)) {6-12)
) T Py
P2
As = s2 -5 = aJdn - (6-13)
P; _ V]
Khi nhiét dung riéng 1a hing so:
vz
s2 - 851 = G + Riln— {6-14)
T V] .
y T2 Pz
§2—8§] = Cpln— - Rln —- (6-15)
T Py :
V2
: s2+ 51 = Cln + apln (6-10)
; P V|
; Duéi day ta sé biéu dién cae qué trinh nhiét dong trong hé thong toa
do T - s. _ SR
3 , (nong nhur d6 thi P - v biu dién cong cia-qua trmh fhyc hién, trrong
| dothi T-s sé¢ biéu dién nhiét lugng tham gia vdo trong qua trinh,
N
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Theo céﬁg thitc (7-2) ta co:

a= J Tas (6-17)

thi dién tich bao bai duong cong qua trinh, hai dudng thiang ha ti hai
diém d3u vi cudi cia qué trinh xuéng tryc hoanh va truc hoinh (h.6-1) kA
nhi¢t hrgng tham gia vao qua trinh.- -
Ty d T T 2 %

I
T, -1
i
[

i

Sa,

s

! Hinh 6-1 Hinh 6-2 5

1. Qua trinh ddng tich

T2
Asy = Cyln (6-18)
Ti ‘
2. Qua trinh ddng ap:
T2
Asp = Cpln {6-19)
. Tt

o T (6-18) va (6-19) ta thiy ring qua trinh ddng tich va ding 4p dugc
bi€u di€n bing nhirng duong logarit trén dd thi T - s, nhung d§ doc cia
‘dudng ding tich sé I¢n hon duong ding 4p vi Cy < Cp (h6-2).
3. Qua trinh ddng nhiét.
D{ bién thién entropi trong qué trinh ddng nhiét:

\'2 | 4
e As =RIn = Rin (6-20)
T Vi P2
4. Qua trinh doan nhiét:
As =0»g = const (6—21)

Duong bidu dién song song tryc tung.

Qua trinh ddng nhiét va doan nhiét trén dd thi T - s dugc bidn dién
bang hinh 6-3 va 6-4, '

50
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Hinh 6-3 ' Hinh 6-4

Tz
As = Cln— (6-22)
T :
: n-k
Trong d6 : C=0C :
. : n-1 -

Nbu vy qua trinh da bién trén dd thi T - s ciing dugc bidu' difn bing
dudng 1ogarit. '

Cong lon nhit.

Cong c6 ich lon nhit dugc xac dinh theo cong thic sau:

Imax = ut = uz ~ To(s2 ~ 51} — po(v2 - v1) ki/kg
Trong cong thifc nay chi s8 1 va 2 tuong tng vGi trang thai diu va cudi
clia ngudn cdng tac, con cAc thong s§ véi chi s& o 14 cia moi trudng.

Nhur vy cac biéu thic: _ : -

uy —u2 va To (51 - 52)

12 gid tri cdng tuyét d3i cta qua trinh doan nhiét (k) vi ddng nhiét (7).
Cong thiic (6-23) c6 thé viét dudi dang sau:

Imax = Ik - IT — po(v2 — v1) kl/kg. (6-24)
BAITAP

BAi 6-1 — Tim entrdpi cta 1 kg khong khi khi p = 31 at va T =
136K, |
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a) Khi C = const. Theo cong thie (6-9)

s = Cpin - Rln L =
273 Py
1363 287. 2,303 31
s = 2,303 Ig - lg

273 10004180 1033

s = 0,39 - 0,076 = 0,314 kealkg.dd
by Khi C # const, phu thude vao nhi¢t do theo guan h¢ dudng thing
C = f{(T) = 0,2378 + 0,0000444 (T — 273) = 0,2257 + 0.0000444T

Theo cong thic (6-6) ta co:

T
3 + b (T - 273) - Rin {p/prc).

Twn
T

a_ln

w
|

) 1365
= 0.2257.2,3031lg—— + 0,0000444.1092 -

3

~ 2,303lg ——
1000.4,186 ’3 e 4,033

s = 0,32 kecal/kg.dd
¥ Bai 6-2— Xac dinh do bidn thién entrdpi cua 3 kg khi nito trong qua
trinh da bién khi nhi¢t do thay déi t 1y = 100°C dén 1z = 300°C. Chi 8
da bicn n = 12, nhi¢t dung riéng bing hdng s6. Bitu dién cac qua trinh
trong dd thi p~vvaT-s.
Trd loi: AS = - (1,956 kJ/do
Bai 6-3 ~— Xac dinh catropi cua sm’te khong khi ¢ 500°C néu biét trang
thii ddu ¢ ditu kién tGidu chuln, con qué trinh thay doi trang thai nhu sau:
a) dang tich; b) ddng ap; c)doan nhiét; d)da bién v6i s6 mi da bién n = 2,
BiGu difn tdl ci cac qua trinh Ay trén db thi p-v va T-S.

(iedi:
a) OQua trinh dang tich:

Sa = V[c. C‘vlﬂ

273

W
h
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209

¥

i
tn

£

Sa = 487 kJ/dd

773

Hinh 6-5
b) Qua trinh dang ap:

T
So = Vie. Cpln =

293

k4

Sh= 7 kI/do
c) Qué trinh doan nhit:
AS

hoiic - Sec
d) Qua trinh da bién:

Vie. C' | T
84 = . C'In
: ": -2

=3 2,303
24

i

{Tinh 66 s

773

lg-——.-

213

773

uC
=5 —— 2,303 lg——

224

Y

a day:

uC = uCy-
. n -

n-k

20,9

273 x -

2-14
2-1

-
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#C = 12,54 k}/kmol.dd

12,54 773
Sq = 5 —— 2,303 lg ——

2.4 273
Sa = 2,92 kJ/d)

Bii 6-4 — 20kg sin phim chay dugc lam lanh ding &p t 1600°C dén
200°C. ,

Hay tinh do bién thién entrdpi cita san phim chéy trong qua trinh lam
lanh: néu ta coi san phim chay chi gdm khi hai nguyén tf va liy nhiét
dung riéng 14 khéong dbi.

Trd loi: AS = 23 kJ/do
}0 Bdi 6-5 — Tinh d9 bién thién entrdpi cia 3kg khong khi:

a) Khi d6t nong ddng ap wt 0 dén 400°C

b) Khi d6t néng ding tich 1t 0 dén 880°C

c) Khi gian né ddng nhiét }am thé tich tang lén 16 lan

Khi tinh toan coi C = const. Bizu dién cic qua trinh trén dd thi p-v va
T-s. B

Trd 10i: a) ASp = 2,74 ki/dd
b) ASy = 3,13 kJ/dd
c) AST = 2,43 kJ/dd

- lkg khong khi dugc nén theo da bién td 0P8 bar va t =
207°C dEn 7,84 bar véi chi s6 da biénn = 1,2

Xic dinh nhiét d§ cudi, d6 bién thién entrdpi, nhiét lyong nha ra va
cong tiéu hao, '

Trd loi: t2 = 141°C; As = — 0,248 kI/kg.dd
7N 0 q=-838kkg ! = - 1738 ki/kg

¥ w 2kg khong khi ¢ trang thdi dau co t1 = 25°C va pt = 392
bar fan nd da bién dén t2 = — 37°C.

Tinh d¢ bién thién entropi clia qua trinh néu nhiét lugng cung cdp cho
chat khi trong qua trinh dy la 89,24KJ. Coi nhiét dung riéng I3 hdng s6.

Trd Ioi: As = 1,257 kJ/d)

https://tieulun.hopto.or
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Bai 6-8-< 1kg khong khi dugc nén doan nhiét lam thé tich cia né giam
di 6 Tan. Sau do lai d6t néng ding tich d& 4p sudt tang 1én 1,5 lin. Hay xic
dinh do bién thién entrdpi trong ca hai qua trinh d6 nfu coi nhi¢t dung
riéng khong dbi.
Trd loi: As = 0,2933 ki/kg.dd

Chuong 7
CAC CHU TRINH

Chit moi gidgi thay dbi trang thii mdt cach lién tyc rOi trg vé trang thai
ban diu, nhu viy ta néi ring chat mit glol thyc hién dugc mdt chu trinh
hay qua trinh kin.

Trén &b th! p-v. hinh 7-1, cbng cta chu trinh
duge biéu thi*bdng dién tich 1 -a-2-b-1.

C(’)ng 1a dlrang néu chu trinh tién hanh theo
chitu kim dbong ho va goi 13 chu trinh thuin
chicu. Ngugc lai cong 14 4m néu ti€n hanh thco
“chizu nguoc kim dong hd va goi 1a chu trinh
ngugc chidu.

Chu trinh thufn chitu (1o > 0) la chu trinh
cia cac djng co nhu;t Chu trinh nglmc chleu (lo < 0) la chuy trinh cua
cac thiét bi lam lanh. o

Cong ciia chu trinh tinh bing cong thifc

Hinh 7-1

= jai] = | a2}
Trong d6: q1 - hrgng nhiét chit mdi giéi nhan dugc tr mot ngudn nhiét
bén ngoai truyén cho.
q2 - lugng nhiét chit moi gidgi thai di.

D& bitu thi mifc dp hoan thi¢n clia qué trinh, bién nhlct thinh cong
trong cic chu trinh, ngudi ta ding mdt dai lugng goi 13 higu sudt nhigt

lat] —lal I

q1 Jarl
https://tieulun.hoptc').cs)rsg
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BAI TAP

Bdi 7-1 — Chu trinh cacnd tién hanh giifa 2 nhiét d§, Ty = 900°K; Ty
= 300°K. Ap suit 16n nhit ma chu trinh dat duge p1 = 60 bar, 4p sudt
nho nhit p3 = 1 bar. Hay tinh: 1) Cac thong s3 trang thai 6 cic diém dac
bi¢t cia chu trinh. 2) Lugng nhi¢t chit mdi gigi nhén va thai. 3) Cong chu
trinh. 4) Hiu sudt nhiét. )

Hay di¢u dién chu trinh trén dd thi p - v vd T - 5. Tinh v6i 1 kg chit
mdi gigi, k = 1,4, '

? )

4 2
WN
\\ f
\ﬂ"‘m\zl\
s
Hinh 7-3
 Gidi:
1. Xét qué trinh 2-3
_ , o
T, T pz) k
T3 T2 p3
Nk _
BT ‘1--_1‘)P . (’n)u
e 2 =P3 | ——
Py T2/ . - Tz
. R
. 900 .4-1> 4676 b
e S = 46,76 bar

Xét qua trinh 1-4
=

S s k-1
1, T ( P. w K
Ty T2 ._1.
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Pt Tk
—_— = — = 46,76 .
Py Tz | '
P a0
p4 _ == = ],284 bal’
46,76 40,76
p1vi = RT,
RT, 287.900 3
VI = ——— = = 00431 mkg
P! 60 1{) ’ o
' RT; 287.300 3
vy = = ———a— = (),861 m’/kg
;s L1
RT: B790_ _ 00853 3k
vy = = — = UUoosrm
p2. 46,76.10° :
RT> 287300 3
v = = — " = 0,670 m¥kg
D4 1,284

2. Nhiét chat m6i giéi nhin dugc:

Pl
q1 = qiz2 = RT} In —
P2
fo q1 = 287 .900 In
46, 76
q1 = 64200 J/kg
" Nhiét chit mdi gigi nha di -
i st X
g2 = g3 = RTz2ln P
p4 -
! &
qz = 287.300. In -
1,284
q2 = - 21400 Ykg

https://tieulun.hopto.org
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3. Cong cua chu trinh

= {qi{ - [q2| = 64200 - 21400 = 42800 J/kg
4. Hiéu suit nhiét cua chu trinh:

! T
Q2 T2
nlzl_;q_ =1_.—
,an T
300
m= 1-—— = 0,660
900

1 kg khong khi thyc hién chu trinh cacnd gitra nhi¢t d§ & =
= 30°C. Ap suit cao nhit cia chu trink py = 10 bar; ap sudt
thdp nhit p3 = 1,2 bar. Hay tinh thong s§ trang théi tai cic diém dac bigt,
lrgng nhiét chdt méi gidi thu vao va nha ra, cong va higu suat nhi¢t cua
chu trinh.

Trd loi: vi = 0,15 mYkg; v = 0,185 m’/kg
= 0,724 m’/kg, va = 0,582 m'/kg

p2 = 8,1 bar; p4 = 1,49 bar,
qi = 323 klkg; q2 = - 186 ki/kg;
lo = 13,7 kl/kg; m = 0,424

. Bdi 7-3 — So dd chu trinh thiét bi tudcbin khi vdi qua trinh cip nhiét
ddng 4p nhu hinh -4,

- Hay tinh: 1. Céc thong s8 trang thai
tai cac diém dic biét cia chu trinh.
Néu khong khi khi vio may nén co
nhit do 4 = 27°C, ap sudt p1 = 1
bar. Sau khi nén p» = p3 = 10 bar va
nhiét dd khong khi sau khi ra khoi
budng chiy t3 = 700°C.

2. Nhi¢t khong khi nhjn dugec v& - - Hinh 7-4
nha ra.

3. Cong cua chu trinh,

4, Hit,u suat nhiét cia chu triph, l

Hiy bi¢u dién chu trinh trén do th; p-v, T-s. Nhi¢t dung riéng cua
khong khi coi Ia hing sd.

https://tieulun.hbpto.org
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l Hinh 7-3 Hinh 7-6

Gidi

RT - 287.300 B 3
1. vi = = ol 0,861 m~/kg
pt 1.1

Xét qua trinh 1-2. MEF

/ k-1 . k-1,
T, [Pa V% P2 &
— = ——1 Ty =Tt -—
T _ P ',’ P :

04 o S

Ty = 300.10 ¥ = 582°K = 309°C
RT2 287 . 582

V2 = =
S op 10.10° -

Xét qua trinh 2-3.

= 0,167 m’/kg

v3 T3 T3

— == > Vv =V :
V2 T2 T2
. 937 .
vi =016 — = 0,279 m*/kg
o - 582 9\[
Xét qua trinh 3-4 -S . /
Ts Ps Kk P2 ok T H o
s ST
co T VP Py n

T4 =T3 — = 973 —— = 50 o= "229°C
T2 582 ’ \
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RTy 287 . 502 \
vy = = — = 1,39 m’/kg
i 1.10

2. Nhi¢t ma chit méi giéi nhin dugc:

qr = g2 = Cp(T3-T2)

7’41/

q = 391 = 3949 ki/kg
Nhiét ma chat méi giGi thaira
,(i- qQ = qut = Cp (T1-Ta)
R "
| 7418
A G = — 202 = - 204 kl/kg
,q\ e 29
SR A

3. Cong chu trinh
o =q1- {gz | = 394,9-204 = 1909 kl/kg
4. Hi¢u suit nhiét cia chu trinh '

a2l 204

=1- = 0,484

‘qt=1-

q1 3949
~— Hay xic dinh thong s& trang thii tai cac diém dac biét, lugng
nhi¢t ma chit méi giGi nhin va nha ra, cong va hidu sudt nhiét cia chu
trinh thi€t bj tudcbin khi vai sy chay ding ap. Néu cho biét: p; = 1 bar; 1
= 17°C; t3 = o0°C; P2 = 8 bar. Tinh vai 1kg khong khi, nhiét dung riéng
khong khi coi 12 hang sé.

Trd loi:  vi = 0,832 m/kg; v» = 0,188 m/kg
vi = (316 m3/kg; vy = 138 m3/kg;
qr = 352kl/kg ;q2 = -194 ki/kg
b =158klkg ;7 =45%
Bdi 7-5 — May nén mdt cap 1y trong hht hrang P 1 z
MW( nhidt dé 1 1
= 27°C. Ap sult cudi ¢ ong khi p» = 8 at. Hay ety
xac dinh-cong s SudMYﬂLﬁa_nmeg ] ’X 1
nude lam mat néu nhiét di cia mwc tang 1én 13°C. S =

60 _ https://tieulun.hopto.org



Cot nén da bifn n

1,2 va nhiét dung riéng coi [a hing s8.

Gidi:
Cdng may nén bang cong ky thudt cia qui trinh 12. Hinh 7.7
i Ak, “
n i gy oy
Lmn = Lkt2 = nkp2 = pive . -1
n- N o}
L™
nz
1,2 o 12 ,
= - —— 1.098. 10°. 100 (8 -1 = 2244007 J/h _
"Sno < .’I’.._ . ‘\"_p}q
Cong sudl may nén: _ f\\ . ,17 (5
Loa - 2,44, 107 5 :
N = = - = 6,78.10° W = 6,78 kW R
3600 “3i6. 1 o T
. o nln ¥
Nhiét khong khi thai di (~o
ey | n-k /
012 = (Cy (tz - t]) 4
l n-1 !
e e T T (}.2_‘ -
Tz 2 T3

Ty =<p1§{ -8

= 1,415

= 114 kg/h

T: = Ti1415 = (27 + 273) 1,415 = 424°K
t2 = 424 -273 = 151°C
p1 Vi 1.0,98. 10°. 100
piVi = GRTy -« G= =
.. RT 287. 300
g
o 1 {4,18‘; 3 1,2- 14 :
12 = N 151 - 27
On = - 102107 3 v

Lugng nude cin dé lam mat:

Q12 = Qnuse = Gnuse - C . At

1

https://tieulun.hoptg.]org



o
Q12 1.02. 107

G iT = 187 k h = 187 hl/h
nudc ClAL ﬁ“ g/ o M

‘t~ qu 7-6 May nén Iy tudng hdt lugng khong khl 250 m /h vai ap suat

p1 = = 25°C. Khong khi sau khi nén c6 dp suit p2 = 8 at. Hoi
cin 1 hmng nudc ldm mat bao nhiéu trong 1 gid néu nén la qua trinh da
bi€n n = 1,3, nhiét dd nudc lang 15°C n&nﬁ;t dung riéng khong khi coi la
hdng s5. . LJ:—L\ .

W Trd Idi: 175 lit/h

Bii 7-7 —Mé{/ nén mét cip c6 ty s& gilfa thé tich thira V; va the tich lam

vigcVilia = — =0,05. Nén lugng khong khi 400m’h th ap suat va

Vi

nhi€t dd p1 = 1 bar; ty = 20°C dén p2 = 7 bar. ”l 3 a

Qua trinh nén va gian ng khong khi 13 cic qua - n=43
trinh*da bién v6i n = 13. Hay xic dinh cong
sudt cla dong co phat dong may nén va higu

sudt the tich cia may nén. Néu hiéu suit hicu ° “I :4'-: : _4 .
dung may nén gmn = 0,7. Ve Vg = v
-h-]th-—— Vb -—'4
v " Hinh 7-8
Gidi: < V¢

Cong cung cip cho may nén L, xéc dinh bdi dién tich hinh 1234. Dign
tich ndy c6 thé tinh bang hi¢u ha; di¢n tich 1265 va 4356. Vay ta co:

[ Li2es | - | Lass |
¢n-1’
n p3 e’
~1}- — paVg | —— -1
' n-1 P4
. " Y .. i
Vip3 = pz; p4 = p1 nén ta cé
-~ B
n-1 :
n P2 n
Lo = p(Vi-Vg - -1
m )
.. ; /
0.3
1,3 e !
=——1100400 {7 . -1
03 ' ',‘

62 https://tieulun.hopto.org



Y

/m\f,_ v 3
. - L
]
n‘) - -y(jz
Vi Vi — V4 D/( {
1?\, = = -
V]v Vi e V [\{
LA - ., ’ : @ (W’ LW @-
Vii: thé tich 1am viéc thyc o .
Vi: thé tich 1am vige Iy thuyét | "
RT 287. 293 3
v = = = 0,858 m/kg
P1 1. 10°
Vi = V- v = vi - 005w
(1 + 0,05) n__ 088 0,817 m*k
\Y! -+ A = v-l, Vl = = - = R
v T 1,05 m ke
ve = vz = 0,05. vy = 0,05. 0,817 = 0,041 m’/ke
Xét qua trinh 3-4
L
\f v4 pP3 .o
R e
¥, 3 P4
\/(m. ) ' . /
o ' . A , 1.
3 Py i [ p2\n
Vg = vy . —— | =V /—,
Ny My or V\'( ' \m/ . \ p1 /
1.
va =0041.7 13 = 0,183 m/kg
Vay
0,858 - 0,183 0.8%6 %
= = 0,826 = 826
T ostn 0
\ 63

Yaure
R B
g d/g =98.10" I/h = 98000 ki/h -

Cong suit tiéu thy cia ddng co

e ——
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Hidu suat the tich #v cia may nén c6 thé finh bing cich khac
theo cOng thic
-

= 1-a [
‘~\ pi ;
L y

1-005 79 1] = 1005 (4467 - 1)

0,827 = 82,7%

Ty s& gitta thé tich thia va the tich lam vi¢c cia may nén _
0,05. May nén hit lugng khong khi véi p. = 1 bary t. =
27°C. Ap suét sau khi nén p2 = 9 bar. Nén va gian nd la qua trinh da bién

n = 1,3. Xac dinh cdng ticu thy doi véi im’ khong khi khi vio may nén va
higu sut the tich cia may nén.

Trd 166 1, = 28,6 kKJ/m> ; v = 80,

¥ Bﬁ)\ Ty 50 gitra the tich thita t

va the—trch lam viéc cia may nén mot : P4

cdp a = 0,05. Ap suit khdng khi vio 4.

may nén p; = 1 bar. Hay xac dinh ap 5,

suit khong khi 16n nhdt sau khi nén X‘ﬂ-

d¢ khi dé san lugng may nén bing '—*\fd

khong. Nén va gian nd coi 1a cac qua ®

trinh doan nhiét. . o

. . 4

Trd toi: 70,8 bar. Hinh 7-9

Bdi 7-10 — Cén chon may nén bao nhitu ¢ip, néu 4p sudt vao po = |
bar vi &p sudt ra khéi cdp cudi cing py = 120 bar. Gia thi€t 1a nén da
bi¢n vai n = 1,3. Nhiét d6 khi vao tdt ca cac cdp chon gidng nhau t, =
20°C. Nhi¢t dj 16n nhét sau khi nén cia tat ca cac cdp tmax = 120°C. Hay
xac dinh nhit do thyc sau khi nén va ty sd nén thye o mdi cip.

Gidi:

Ty <O nén & mdi cap khi dat gia tri tmax

64 https://tieulun.hopto.org



- m |
X=— = i
Po To j
393 ),
= _._._.}1-3-1 = 3,568
293
IR T R )
Po p1 p2 Py-t
pL = X.po AN
P2 = x.p1 = Xpo
P =xpo
g -E
Po
Py
LI 1g120
y = —F° -2 =37
Igx Ig 3,568
Ta chon 4 cdp (y = 4) viy ty s6 nén thyc
; P ST
x="" 2 _X'n = 3n
v Po
P1 =X .po =331 .1 = 331 bar
p2 =X .po = 331%.1 = 1095 bar
p3 =% .po =337 .1 = 3622 bar
ps = x' . po =331 . 1 = 120 bar
Nhi¢t d thyc sau khira khoi cdp
U1 =t2 =t3 = 4

https://tieulun.hopgsorg
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: ol 03
Ty =To.x " =293.33"

293, 1,318
T = 386,5°K; ' = 113,5°C

Bai 7-11 — May nén 3 cip hit lugng khdng khi 250 kg/h v6i &p suat
ban diu p1 = 0,95 bar; nhiét do t; = 17°C. Ap suit sau khi nén py = 80
bar. Hay tinh cong suit 1y thuyét cia may nén néu gia thi€t nén 1a qua
trinh doan nhiét.

Gidi: .
Ty s& nén trong mdi lan nén: o
3 80
X= %{——=438 .
f ] J 0,95 v
44 Vay ta cé:
2 3 4
B LR L R
Y2 p1 p2 p3
4 p2 = p1. 438 = 0,95438 = 4,16 bar
Hinh 7-10 V. p3 = p2 438 = 4,164,38 = 18,25 bar
Cong tiéu thy trong mdi cip vai 1 kg khong khi
. n-1 :
n t p2 Yo’ .E
lot = - 1l’1'~f1 p— -1t
n- 1
e )
] 2
2 . n . ]
= -—RT P2 —1)
n- ! : H
] ] \_Pl ; J
‘ r 04
14 SR

| | 14 .
-——. 287.290 1438 " -1y = -153klk
0,4 l\ ) &

3

Cong tiéu thy may nén 3 cip véi 1 kg
=3l = -3153 = - 459 kl/kg
Cong sudt Iy thuyét cia may nén:

459. 250
N = ——— = 318 kW
3600
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Bdi 7-12— Dong co dOt troag lAm viéc theo chu trinh Iy tuéng véi sy
chay ddng tich. The tich cong tac v = 0,006 m>, nhiét d§ vao t; = 20°C,
4p sudt vio pr = 1 bar. Thé tich rhira 16n nhit V, = V2 = 0,001 m°, Ap
suat lon nhat cia chu trinh p3 = Zbar. Hay tinh:

1. Nhiing thong s0 trang théi tai nhing di¢m dic trung.

2. Nhi¢t ma chat mdi giGi nhan va thai ra (coi nhiét dung riéng 1a hing
s0).

3. Cong cua chu trinh. -

4. Hiéu sudt nhiét ctia chu trinh.

Gidi: |
LVi=Vi+Vp= 0,007?1113 '
Xét qua tnmh 1-2

Hinh 7-12 s
Vi )k 14 ‘
p2=p; —| =17"" = 1524 bar
ron (% ey r
2y
N v = Ry
pi Vi 1. 10°.0,007
G= ——— = —— =0,00832kg
RT} 287. 293
mVz = GRT:
: 2Va 15,24.16°.0,001 L
- - Tr= P = = 640°K = 367°C
73 Of ;. GR 0,00832. 287
]7 W _ | https://tieulun.hopZorg
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¢

Xét qua trinh 2-3

P3

T3 P3 25
= = - T3 =Ti— = 640 —— = 1050°K
P2 T2 p2 15;24
= 777°C
.. o~ Tu hinh v¢ ta thiy:
Ti __fvz k1 {V3\k] Ty
T2 5\ Vi ]:. V4) - T3
s i i
T 293
Ty = T3 . — = 1050 — = 481°K = 208°C
Tz 644}
P k. K
4 _,T4 k-1 Tl\kl P
Ps T3 | REY ,' TP
P 1
Py = Py, — 25 ——— = 1,64 bar
P2 15,24
) 3 | o
L p, bar V, m i tC
1 i 1 0007 i 20
2 15, Co0m01 i 367
3 25 BTG R R £
4 | 1,64 5 0,007 ! 208 ;
2. Nhiét ma chit méi gigi nhan dugce
' 5.4,18
Q1 = GGy (13- 12) = 0,00832 10° (777 - 367)

68
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= 246.10° ) = 246 kJ

Nhiét ma chat méi

5418
0,00832 . 10° (20 - 208)
3. -L13K . -
3. Cong chu trinh " ' /r.
} ; ——
Lo =Qi-| Q2] =24-113 = 1,33k .
4. Hi¢u gudt nhi¢t chu trinh:
| Q: | ;13
mo=1- =1-—— =054 = 4%
' 2,46 -

»
* \ Bdi 7-13 — I-Iay Xic dmh hlcu suat nhi¢t cia chu trinh Iy tudng do g co\
dot trong véi sy chdy dﬁng tich. Néu bl€[ thé tich thia lan nhal t,=
0,002 m’ [h(. tich cdng tac Vh =0 00754 m>. :

- R Trd loi: 46,5%

P Chu trinh Iy tugng d{)ng‘""éﬁ’) d6t trong voi sy chay ddng tich
cf pr="1 bar; t; = 20°C, ty s8 nén & = 3,6, ty sO tang dpsudt A = 3,33

1. Xéac dinh cac thong 58 trang thd\ tai cac diem dac bidy caa chu trinh.

2. Tinh lugng nhiét chit méi gidi thu vio va nha ra.

ugng chit mbi gidi

5 ' ‘l}:{ Trd loi;

1. e ;) )\"'

P, bar v, m*/kg | t, °C v‘&
1 1 084 | 20
2 6,01 0233 216
3T 0,233 1357
4 333 | ' 0,84 704
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2.q1 = 822klkg ;q2 = - 493 kl/kg
o= 329kl/kg ; p = 4%
$ B Xic dinh hi€u suit nhiét va cong
cia chu trinh véi sy cip nhiét ding tich (h. 7-13).
Néu cho p1 = 1 bar, 1 = 0°C; p3 = 53 bar; ps
= 3,5 bar; lrong chit mdi gigi: 1kg khong khi.
Nhiét dung riéng coi khang thay dbi.
Trd loi: lo = 568 k/kg
M = 54%

Bai 7-16 — Chu trinh dong co d6t trong v4i sy cdp nhiét ding 5p duqc
biéu dién nhu hinh 7-14,

v |

2

8

Hinh 7-13

1. Xac dinh cic thong sO trang théi tai cic
3 diém dac trung.

2. Lugng chit mdi gi6i nhin va nha ra.
3. Cong va hi¢u sudt phiét cia chu trigh.

M Néu cho trudc:

.

v pt = lbar;t = 20°C
| e =127,p=2 k=14
Chit mbi gioi: 1kg khong khi, nhiét dung riéng coi 13 hing 3.

L
Hinh 7-14s :
-

Gidi:
1. Diém 1:
p1 = lbar; = 20°C
RTy 287. 293 3
Vl = = = 0’84 m /kg
p1 1. 10°
piém 2

Ty sG nén ¢ LI 12,7
v

we L 2B e ming
= — = — = (,066 m/kg.
T g
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RT 287. 810
v & - 0,066

L]

= 3,52. 10° N/m® = 35,2 bar

Py = p2 = 35,2 bar

Xét qua trinh 2-3:
i Ts 5
v2 - T2 P
vi = 2.va = 2.0,066 = 0,132 m’/kg.

Ty = 2T; = 2. 810 = 1620°K = 1347°C.

Diém 4:
V4 = vi - 0,84 m kg,
Xét qua trinh 3-4 '
' k 14
. p3 v4 084 1y~
LA = ) = 134
p w03 .
p3 352 '
‘p4 = —— =—— = 2,62 bar
13,4 134

Xét qua trinh 4-1

-L ’ - Ta o '
. —p-—-4—- T e -b"T4 = Tl 24:—..
o T P1
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N

475 cap nhiét diang ap (b.7-15). Néu cho

"y

2,62
Tg = 293 . 1— = 767°K

= 767 - 273 = 494°C

2. Lugng nhiét chat mdi giGi nhin

q1 =

‘ 7.4,18
Cp(T3-T) =

(1620 - 810)- = 818 ki/kg

Luwgng nhiét chit moi giéi nha

Q@ =-Clu-1) =-

18
—5— (494 20) = - 341 Wik

3. Cong chu trinh

bo=qi- |q2 | =818 - 341 = 477 ki/kg
Hiéu suat nhiét

i

qi

- b 477
_@- || Y

=— =— =058
q 818

Xac dinh hiéu suit nhiét cia chu

pt = 1bar;y = 0°C

p4 = 3,5 bar; p3 = S5bar Hinh 7-15

Chét mdi gidi: 1kg khéng khi, nhiét dung riéng 1a hing sd.

P Trd loi: 62%.
Chu trinh dong co d&t trong véi qua trinh cdp nhiét hon

inh 7-16, Cho biét cic thong s§

Copt = lbar;t; = 30°C;e=74=2; p=12
Hay xic dinh: : ‘ .

1. Cac théng s3 trang thai tai cac ditm dac bi¢t.
2. Lugng nhiét cdp va thai cia chu trinh.

72

Hinh 7-16

v 3. Cong v hiéu sudt nhiét cua chu trinh.
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Trd loi: 1. v = 087 m’fkg, w2 = 0,124m’/kg
v4 = 0,149 m3/kg; pg. = 15,2 bar;
- p3 = 30,5 bar; ps - 2,6 bar; tz = 387°C;~

B = 1047°C: uy =1311°C; ts = 511°C.
2 qr = T2 kkg q =~ 3782 kikg
3. lo-= 396 kl/kg; mo= 532%.

»r di 7-19.»< Chu trinh dong co dot trong voi qua trinh cdp nhiét hdn
hgp(h. 7-16). Cho céc thing s6 p1 = 0,9 bar, t; = 67°C; & = 10,

Luong nhi¢t cip cho chu trinh q1 = 1090kJ/kg, ap sudt lon nhit p3 =
45 bar. Coi chit méi gi6i 13 khong khi, nhiét dung neng coi 1a hing sb.
Tinh phin cip nhlcl ddng tich so vGi lugng nhlet ¢ip toan bd cho chu
trinh, : . .

: . Qv
Trd lvi: — = 0,675
q1

Chudng 8

HO1 NUGC VA PHUONG TRINH
CLAPAYRON CLOZIUT

1. HOL NUGC

1. Hoi bao hoa am.

a) B¢ kho vd dé dm.

Hoi 4m (bao hoa) la hén hgp giifa nude va hoi ¢ nhift dd bao hoa
(s6i). Nudc va hoi cia hén hgp trong mdt thé tich di cho c6 thé khéng
hon hgp v6i nhau (trang thai trong bao hoi cia 16 hoi) hodc 1a 1dn hop

véi nhau (lrang thai trong binh ngung tudcbin hm) D) kho dquc dinh
nghia bfmg bicu thic:
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Gn
" Gp + Gn

Trong d6:  Gn (kg) - khdi lwgng hoi bao hoa khd.
Gn (kg) - khoi lugng nudce bao hoa.

D) khd x 1a thong s§ trang thai co ban cia hoi im. N6 cho ta biét
lugng hoi bao hoa khé trong 1 kg hoi am. Do khé x thay dbi tr x = 0
(dudng gioi han dudi) dén x = 1 {dudng gi(’)i han trén).

Giatriy = (1-x) goi 1a d6 Am cia hoi im. N6 cho ta biét lugng nudc
bao hoa trong 1 kg hoi 4m,

b) Cdc thong s6 trang thdi cia hoi dm.

Céc théng s6 trang thai cia hoi im dugc xic dinh (rén cac dudng gidi
han dudi va trén. Ta sé doc dugc nhing gid tri d6 ¢ cac bang nudc va hoi
nudc theo 4p sudt hoic nhiét dd bao hoda da cho.

=(1-xv + xv" =V + x(v' - V)
Tu cong thiic néu biét vxta cb thZ tim dugc x

V)('V,

v W

Vi 4p suit p < 30 bar va x = 0,8 thi v rit nhéd 50 véi v" nén ta cb thé bé
qua v’ vi o

X =

Vx = v'x
Khoi lugng riéng:
S | 1
Px = Vi i xv" + (1 - X)V'
hosc gin ding
. 1
Pr=—a

Ngoai ra ta cé:

. . ]
=(1-%)s +x5" =g + x(s"-5) =¢ +x?
5
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r : nhiét héa hoi.
Ts : nhiét do bao hoa (soi).
= (1-x)u’ + xu" = v + x(u" - v)

Néu trong bang khong cé cac gia trj u" va U’ thi nol nang dugc tinh

bing bidu thic sau:.
Uy = iy - PVx

Trang thai hoi am dugc xac dinh khi biét 2 thong s6 trang thai bat ky
doc lap v6i nhau, thong thudng 14 ap sudt p va d) kho x. Trong ving hoi
im dudng ding ap va dwong ddng nhiét tring nhau. Digu d6 ¢6 nghia la
4p suit bio hoa ps va nhiét d6 bao hda ts Ia hai théng sO trang thai phy
thudc v6i nhau, biét mot cai ndy c6 thé tim ra dugc cii kia va ngugc lai.

" Quan h¢ phy thudc gira Ps va ts fugc néu lén trong cic bing nude va hoi
nudc, hodc véi cong thiic gin diing sau diy ta c6 thé biét dwgc quan hé dé

4 -
s =100, ps
2. Niréic va hai nudc bae hoa. '
Trang thii ciia nudce va hoi nudc bao hoa duge x4c dinh khi biét nhiét
dd hoac dp suit cia ching. Ti biang nwdc va hm.n\troc bao hoa theo nhigt
dd hodc theo ap sufit ta c6 thé tim dugc til ci cac thong s6 con lai.

3. Hoi qui nhuét.

O cing ap sudt, hoi qua nhit co nhlct dd t cao hon nhiét d§ cia hoi
bao hoa khd ts, Trang thii cia hoi qua nhigt duoc xic dinh khi biét hai
thfmg 8, vi dy ap.sudt va nhiét d. T bang nwdc va hot qua nhiét hojc
1t dd thii- s ta s& d& dang tim duge cic théng sG khac khi biét 4p swdt va
nhi¢t do.

{§
2. CAC QUA TRINH CUA HOI NUGC

1.Qué trinh ding tich:

a) Néu trang thai diu ia hm qua nhiét, trang thai cudi 1a hoi 4m, ta c6:
=w=wr+(l-0)v

4\9 —_~ *\"
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1)

Thanh phin cudi cing thudng rit nhé nén ta c6
thé bo qua va co:

vi=va= vl X i
AN\

Tw do: I i
| o X .
Vi ) FA ") 2

V2 ’ . L
Hinh 8-1

v
Y&  b) Néu trang thii diu va cudi la hoi im bio
hoa, ta cé:

viixr + (1-x)vr = viax2 + (1 - x2)v2
Néu ¢ mbi vé phuong trinh trén ta déu bo qua thianh phén thit hai thi:

X2 v'

X1 V“Z

)

Nhiét lugng trong qué trinh dédng tich

| A
B L %

2.Quéi trinh dﬁn\g ﬁﬁ.
a) Néu trang thai diu 13 hoi im bao hoa va trang
thai cudi 1a hoi qua nhiét ta ¢6
vi = v'xt + v(1-x1)
b) Néu trang thai diu va cudi déu 13 hoi 4m bao
* * hoa va ndu bd qua thanh phin (1 - x)v, ta c6

b)Z. Xl_V}

X2 v2
Hinh 8-2

Nhiét lugng trong qua trinh ddng ap
SR

il

gp = i2- 1y

CoOng gian nd

J——

b
)
il

2= p(v2-vy)
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3. Qua trinh ding nhiét

Trong viing hoi im dudng ddng nhiét va duong ddng 4p tring nhau nén
qué trinh ding nhi¢t va ddng 4p xay ra giGng nhau. Viy tuong ty nhu trén
(9 truong hgp b) ta cé cong thic: :

X1 \21

x V2

Nhiét lugng trong qua trinh ding nhiét ta xic dinh dé dang to dd thi
T -s.

qe = T(s2 - s1)
Clng gian nd
12 =qy Au = T(s2 --51) - (u2 - u1)
4. Qua trinh doan nhiét. ' .
Vi d5 chinh xdc tuong di cao ta c6.thé dung quan hé phy thudc sau
day déi véi hot nude.
p\rk = const
O day k xic dinh bing thyc nghi¢m.Ddi voi hoi bio hoa khd k = 1,135,
véi hoi am k = 1,035 + 0,1x (x: 6 khd), v6i hoi qua nhiét k = 1,3
D& xac dinh dd khé x ¢ trang thai cudi ta 6 thé
_ ding ddng thic sau day:

¥ $4

rxz -
S; = 82 =582 + -
t; . - 52 I3
Ts,: nhiét do bao hoa ing vdi trang thai 2.
5 . T dé ta co:
s ,
Hinh 8-3 §2 - 872

i

X2

Cong gian nd trong qué trinh doan nhiét.

2 = w-w = Dy
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BAI TAP
 Bdi 871 — Mandmet bao hoi ciia 16 hoi chi pr = 2,2 bar trong khi d6
bardmet chi pre = 757 mmHg. Hoéi nhi¢t dd hoi bao hoa kho khi ra khdi
bao hoi 14 bao nhiéu?
Gidi:

Ap suit trong bao hoi:

22 + Ll 321b
B -+ L. = —— = , ar
P=pThua 750

Tu bang ta c6 p1 = 3,2 bar 1 = 135,75°C
p2 = 3,3 bar tz = 136,82°C b

O ddy p cia ta ndm trong khoang gida p1 vi
pz nén ta phai ndi suy.

| Phuong phap ndi suyj_ N
Cho quan hé gitta 1 va 2 (xem h. 8-4) la quan

. s . 4
hé duong thing. Viy sau khi rdi tryc tung sang 4] 1?:_ vy 2l
phai mdt doan bing g1; ta c6 phuong trinh T
dudng thing 1-2 & hé toa dd méi v, p dudi Hinh 8-4
dang. o e
- t2-t
t =4 + (p-p1)
y e D
___-‘_—‘—-‘
136,82 - 135,75
= 135,75 + —————(p-3,2)
33-3.2
= 13575 + — (p - 32
ol (p-32)

k4

Véi ap sudt p = 3,21 bar ta c6 nhiét dd

1,07
v = 13575 + o (3,21 - 3,2) = 135857°C

b4

Nhiét dé hoi bao héa khé t = 135857°C,
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Badi 8-2 — Trang thai H20 c6 nhing thdng s& sau
a)p = 60at t=320°C
b)p = Sbar v = 030 m’/kg
¢)p = 30bar t = 230°C
Haiy x4c dinh nudc d6 o trang thii nao va cé duge xac dinh hay khong

Trd ldi: a) hoi qua nhiét
b) hoi 4m
¢) khong dugc xac dinh (nudc chira s6i)

Xic dinh nhiét d3, thé tich riéng, khéi lrong riéng, entanpi,
Cua hoi nudc bao hoa khd & ap suat p = 10 bar. / ;? £

€
Trdloi: = 179,88°C; v' = 0,1946 m/kg
p" = 5139 kgm® ;i = 2778 ki/kg;
' = 6,587 ki/kg.dd

@3— Nuéc trong binh séi & nhiét dd t = 110°C. Hay xdc dinh ap
suftkhinude soi. ' '

Trd idi: ps = 1,4326 bar.

’* Bdi 8 5 = Hay xic dinh nhiét d§ cda hoi a Am ¢ ap sudt p = 4 bar.
Trd I0i: 15 = 143,62°C

@ Nude duge dun t6i nhiét dd 190°C dudi ap suat 15 bar. Hdi
QG s0i chua? : AT T /{é 2

Trd lci:

R
Bai 87 — Ding db thi i - s d& x4c dinh 4n nhi§t héa hoi r clia nuéc &
4p sudt p = 20 bar. Hay so sanh két qua dé v6i bang.

Gidi:

Trén dudng p = const lay mdt diém A bt kv wng véi dd kho X nao dé
' V6i qua trinh ding ap ta co:
g=i-k=1-["x+ (1-x0i)

=(1-0"-1-%P = (1-9@G-7) = (1-9r

q i"-ix
s r= = '
Hinh 85 1-x 1-x
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Néu chon digm A véix = 0,9 td dd thii-sta cé:
i = 2801 ki/kg, ix = 2612 kl/kg

2801 - 2612
fo= " = 1890kJ/ke
1-09

Ty bang véi p = 20bar, r = 1891 kj/kg
Bdi 88 > Hoi Am ¢6 4p suit p = 16 bar, do kho x = 096, Hay xdc
dinhTac théng s3 trang thai con lai bing do thi.

Trd lgi: ix = 2716 kl/kg ; sx = 6,26 kl/kg.dd
ve = 0,121 m/kg; t = 200°C
X\ _Bdi 8- Hoi qua nhiét c6 ap suit p = 100 bar, nhiét dd Vt = 500°C.
Hay xac dinh cac thong s& trang thii con lai bing do thi i-s.
Trd loi: i = 3376 kIfkg; s = 6,6 ki/ke.do
v = 0,035 m’/ke

@ — Hoi bao hoa khd ¢ ap sut p =_3 bar. Hay xic dinh céc
thd trang thai con lai bang do thi i-s.

Trd lo@: ' = 2730 k/kg; s" = 7 kl/kg.dd
_ : \ V' = 0,6 mkg it = 135°C.
I . A - . p u A - .
C kkﬂat\&ﬂ —_)Hm am cd ap sudt p = 2 bar; d0 khié x = 0,9. Hay xac
dinh bﬁng tinh to4n thé tich riéngvy, entanpi iy, entrdpi s, va ndi nang uy.
Hay kiém tra cAc gia tri da tinh toan bing do thj i-s.

—

Gidi:
Ti bang nuée va hoi aude bao hoa theo ap suit ta co:

v = 0,0010605 m*/kg

V' = 0,8854 m/kg

P o= 5048 kifkg

i = 2707 ki/kg

s = 1,5302 ki/kg.dd | N
s = 7,127 kl/kg.dd : 3 s

Hinh 8-6
v =V + x(vV'-V)
0,0010605 + 0,9(0,8854 - 0,0010605) = 0,797 m’/kg

Il
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i =1+ x(-1)
5048 + 0,9(2707 - 504,8) = 2486,8 kl/kg
sy = & + x(s" -8
= 1,5302 + 09(7,127 - 1,5302) = 6,567 ki/kg.do. |
2486.10° - 2.10°. 0,797 = 2,3266.10° J/kg = 2326,6 kJ/kg.
Trén db thi i-s diém A la gia9 diém cia dudng ding 4p p = 2 bar va
dudng d§ kho x = 0,9 Wng vdi diém d6 ta doc duge gid tri iy, s, vk

Uy = ix - p\"x

i

#  Bai 8-12— Xac dinh entanpi v ndi ning cia hoi im khi p = 13 bar, do
kho x = 0,93,
Trd loi: iy = 2748,5 kl/kg
= 25413 kl/kg

Bai 8-13 — Mot binh thé tich V = 0,035 m” c6 chita G = 5 kg hoi bao

hoa am. Nhigt dd trong binh t = 310°C. Hay xdc dinh dd khd cua hoi
nudc x. ‘

Gidi:
v =V + x(v'-v)
Vy -
x =
\Y 0,035 3
Vy = —— |= 5 =0,007m/kg

Tt bang voi t = 310°C ta tim dwge

v = 0,001447 m¥kg; v' = 0,01832 m’/kg /
ro TA LA, . Ve — |
Vay dj kho: . \)/ K= ———
: NE T - ~ Y \//
0,007 - 0,001447 -~ N
x = = 0,33 |

0, 01832 - 0 ,001447
~

Q’ Bai 8-14 — Xéc dinh do kho clia hcu bao hoa 4m ¢ ap sudt p = 6 Bar;
v =03 mke. '

Tri loi: x = 0,95
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Bai 8-15— Bao hoi c6 thé tich V = 9m>. Hai phiin ba thé tich do chifa
diy nu6c bao hoa. Ap suit trong bao hoi p = 100 bar. Hay xic dich
lugng nuéc bao hdoa G, lwgng hoi bao hoa khd Gh va dé khd x.

Gidi:

Lugng nuéc trong bao hoi:

1 2 1 2 ¢

Gn = Pn Vn = e—— Vn =V = - = 4130 kg
vV’ 3 v’ 3 0,0014521

Lugng hoi trong bao hoi:
1 1 1 1 9 ]

Gh= phVh=—Vh=— V— = — ————— = 166 ke
v’ 3 v’ 3 0,01803

Ti bang p = 100 bar ta ¢c6 v = 0,0014521 mtke
V' = 0,01803 m’/kg
D khd x:
Gn 166
X = = - = (,0386
Gn + Gn - 4230 + 166

Badi 816 — Mot hrgng hoi im G = 1,4 kg/s & 4p sudt p = 20 bar, dd
khd x = 0,96, chuyén dong trong Ong v6i t8c dd « = 40 m/s. Hay xac
dinh dudng kinh trong cia dng.

Cridi:
- Tit phuong trinh lién tyc ta c6:

GV nd? xd? 1
= = w. = w —
= Pr=y v

Tu bang vdi p = 20 bar ta ¢6: v = 0,09958
ve= XV = 0,96.0,09958 = 0,0956 m’/kg
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4. 1,4. 0,0956
= — = (,0652 = 65mm
o .40

Bagi 8-17 — Mt lu-qng hoi G = 1,2 kg/s ¢ ap suit p = 16 bar chuyén
dong trong dng véi tdc dd @ = 30 mys. Hay xac dinh dudng kinh trong
ctia dng néu:

a)x =09
b) t = 350°C

I

Trd i0i: a) d = 754 mm
b)d = 944 mm
¥~ Bdi 8-18 — Xac dinh lugng nhiét cin dé nung 1 kg hoi bao hoa khd &
ap sudt p = 90 bar dén nhiét dd t =.500°C.

i Trd loi: 643 kl/kg

Bdi 8-19 — Xéc dinh lugng nhiét cin dé nung 1 kg hoi 4m & ap sudt p
= 100 bar, d khd x = 0,98 dén nhigt dd t = 480°C.

Trd loi: q = 621 kl/kg.

Bai 820 — Mot lugr hoi 4m G = 500 kg/h ¢6 dd khd x = 0,99, ap
suit p = 100 bar. bé‘hi qua bd qua nhiét, nhiét d¢ tang lén la t =
550°C. Bé qua sy mat mét v& ap sudt. Hay tinh Jugng nhiét ¢in cung cho
bd qué nhiét d6 néu higu sudt cia bd qua nhiét 5 = 0,984.

Trd Ioi: Q = 4.10° kJ/h

Bdi 8-21 — D) chin khoéng cia chin khong ké ¢ binh ngung tudcbin la
pek = 720 tor. Bardmet chi pxe = 1,001 bar. Mot lwgng hoi 4m G = 200
kg/s v6i d khd x = 0,872 tir tudebin di vao binh ngung. Hay xac dinh the
tich hoi 4m Vy 8i vio binh ngung. Thé tich cia hoi 4m 16n hon bao nhiéu
lin so vai th tich cia nudc ngung?

Gidi:
Ap suiit tuyét d&i trong binh ngung

1,001 720 0,04 bl
E— Kt - kK = i - — = A 1 ar
p Pkt - Pe 750

Thé tich hoi im Vi = G.w
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Tu bang vdi p = 0,041 bar sau khi da ndi suy ta cé

M

Vo= 3425 mikg; v = 0,0010042 m/kg
w o= xv' = 0,872 34,25 = 2987 mkg
Vi = 2002987 = 5970 m/s

Vi Yy 29,87

— e = = 29700
VoV 00010042

Vay thé tich hoi 4m t6n hon 29.700 Fin thé tich nuée ngung.

Bai 8-22 — Mt lugng hoi 4m Gn = 25 kg/s & ap sudt p = 0,03 bar va
dé khé x; = 0,83 di vao binh ngung. Hui trong binh ngung ngung ty trong
dicu kién ap sudl khong thay dbi tao thanh nudce bio hoa va chay ra khoi

binh ngung. Hay xic dinh lugng nuée lam mét cin thiét cho binh ngung,
Néu nuéc lam mat khi vao ¢6 t] = 12°C, khi ra c6 t» = 23°C.

Gidi:
Phuong trinh ¢in bing nhiét 7

Gnh g = Go. Cn(tz - [1)
T d6 ta suy ra

Gh g

. ——————— "_P_J_____,_.._—-——
Hinh 8.7 ———Cfty=tp— :
; ,______.’-———-"‘"'__'ﬁ_

i Ca: nhiét dung riéng cua nude, Cn = 1 keal/kg.dd = 4,186 ki/kg.do
| 8 Thet dung ¢

q i]x -1
: q=@{ +xir) -1 =xir
Tu bang véip = 0,05 bar ta c6 r = 2423 kJ/kg
q = 0,83.2423 = 2011 ki/kg.
Vay lugng nudc lam mat clin la:

25,2011

Gy =, = 1090 kg/s
4,186.11

Mot lugng hoi &m G = 30 kg/s v6i x = 0,89 di vio binh
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ngung. Ap sudt trong binh ngung p = 0,045 bar. Hoi trong binh ngung
ngung tu trong diéu kién dp sudt khong thay dbi. Hay xac dinh lugng nuée
lam mit can cho binh ngung. Néu nhiét d& nude lam mat tang lén At =
11°C

Trd loi: Gn = 1410 kg/s

Bdi 8-24 — Bag/ hoi 16 hoi ¢6 thé tich V = 12 m® chia lugng nude va
16.= 1 g 0 ap sudt-p =110 bar va nhi¢t d) bao hoa. Hay xac dinh
lugng nude bao hoa va tugng hoi bao hoa khd trong bao hoi.

Gn v

fl

Thé tich nuéc  Vq

Gh .V"

R

Thé tich hoi ~ Vp
Va ta co:
V=Vi+ Vh=0GnV + Gp v
G = Gn 4+ Gn - Gn—G Gn
Sau khi thé vio ta ¢o
= (G-Gp)V + Gh V' = GV + Gu(v' - V)

Lugng hoi sé la:

V-GV
Gh = " x
SV -y
Tit bing véi p = 110 bar ta tra dugc v = 0,001489 m3/kg
= 0,01598 m’/kg .
2 - 1800. 0,001489 : '
= = 643,2 kg
0,01598 - 0,01489
o b LA . ﬁiv 1,
Lugng nude bao hoa kho: P ¥
= 1800- 6432 = 11568 ke g l

Gt

7

deSZS-Hmamoapsuatp 0,1 bar, x = b L
0,86 di vao binh ngung hén hgp (h. 8-8). Nuéc lam
mat khi vao c6 nhiét dd t, = 15°C khi ra khoi binh Hinh 8-8
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T

ngung cung c6 nhiét dd bao hoa ts nhu nudc ngung. Hay xac dinh lugng
nwdc dm mat cin thiét néu lugng hoi 4m khi vio binh ngung Gy = 580
ke/h
Trd 10i: Gn = 9240 kg/h

Bai 8-26 — C6 hai binh gia nhiét A vi B nhur hinh 9-6. Binh A dugc

nung néng bing hoi c6 4p sult pa = 6 bar va nhiét do ta = 260°C. Binh

) B dugc nung néng bing hoi ¢ ap suat

$a ,tA ) ‘;g ?B;fB)"B pB = 1,2 bar, nhiét d§ tp = 140°C va

nuéc ngung ti binh A chuyén sang. -

1,7 60% Hay xac dinh lugng hoi khi vao hai
B G binh A va B néu biét:

-

I, N
| __"71 i Fig 1. Lugng nude can duge nung nong
Hinh 8-9 6 qua A va B: Gy = 8 kg/s va nung t
nhiét do 11 = 60°C dén tz = 110°C.
2. Nhi¢t d nuéc cin nung néng gitta A va Blat = 96,8°C.

3. Higu sudt cua binh gia nhiét 5a = 7 = 98%

Gidi:
Entanpi hoi & pa = 6 bar, ta = 260°C la
iA = 2975 kl/kg
Entanpi ctia nu§c ngung ¢ pA = 6 bar la

}

'a = 670,5 kl/kg
Lugng hoi clin di vao A la:
Gnltz - ). 4,186 8(110 - 96,8)4,186
Ga.-= — = = 0,195 kg/s
nalia - 'a) 0,98(2975 - 640,1) ,
Entanpi hoi vio binh B ¢ pp = 1,2 bar, tg = 140°C la
i = 2755 kl/kg:
Entanpi nudc ngung ra khéi B 6 pg = 1,2 ba; la
| = 4394 k.l/kg
Luogng nhlct do nuée ngtrng u} A sang B la:

QA = 7B. GA ("a'- 'B) = 0,98. 0,195(670,5 - 439,4) = 44,16 kl/s
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Ky hi¢u lugng nhit sinh ra do hai di vao B 1 g, ta c6 phuong trinh cin
bing nhiét cua B nhu sau:
ga + 9y = Gn (t - t1) 4,186
g, = Gn (t - t1)4,186 - ga = 8(96,8 - 60)4,186 - 44,16 = 1188,4 kJ/s
Lugng ho can di vao binh B la:
11824
Gp = = 0,523 kg/s
0,98(2755 - 439,4)
Bdi 8-27 — Hoi ti tudcbin di vao binh gia

641"4!1’

nhigt ¢6 ap sudt p = 6,5 bar, dj khé x = 094 G ’t’n
(h. 8-10). Nudc ngung ra khéi binh ¢6 nhiét do -t‘-“_/\/ t

t> nho hon nhiét dd bao hoa 2°C. Nude cdp ¢ nz & n
ap sudt pn = 100 bar, va nhi¢t do vido th = -t'g_

110°C, nhiét d§ ra tnz2 = 155°C. Hinh &-10

Hay xéc dinh lugng hoi Gy can thiét dé nung 1 kg nudc cip.
Trd loi: Gy = 0,098 kg hoi‘kg nudc.

@ Bai §-28 —{MJt binh c6 thé tich V = 0,5 m° chifa d}iy hot bao hoa khd
d ap sudt ps = 1,5 bar. Khi dé ra ngoai khong khi vat d6 ngudi di va co
nhiét dd t2 = 30°C. Hay xac dinh lugng nhi¢t nha ra va trang théi cudi
cta hai trong vit do.

Gidi: ‘ .
Diy 14 qua trinh lam ngudi ddng tich nén ta cé:
Vi=Vi=Vy=V.,
vi =V =vy =V

Tt dinh ludt I voi v = const'ta ¢6 nhigt hegng Q:

Q= Gln - m)
“Trong do i
v h Vv i
G = - =-—
v v

87
https://tieulun.hopto.org



AP T

:

trong dé

Ti bang véi p

Au=uwz-ur =i-i; + v(ps- pa)

i1 = 1"

2 =P+ x02-i)

L5 bar ta tra dugc:

Vi = 1,159 m¥kg; ' = 2693 ki/kg -

T bang véi t2 = 30°C ta tim dugc:

pz2 = 0,0424 bar; > = 12571 kl/kg;
i = 2556 kl/kg; v'2 = 32,92 m3/kg

Tit d6 thay s6 vao ta co:

0,5
G = = 0431 kg
1,159

VI=v2=v2+ x2(v2-v2)= xvh

v 1,159
X2 = = = 0,0352
v 32,93

....
=]
Il

i2 125,71 + 0,0352 (2556 - 125,71) = 211,25 kl/kg

uz - 13

Il

u-u = - 2313.10° Jkg = - 2313 ki/kg

Viy nhiét lugng Q 1a:

nhigt dj

' Q = 0,431(- 2313) = - W7 k)
Bat 829 <'Ngudi 1a 1am ngudi 1 kg hoi nuéc & ap suit p

= 300°C dén nhigt d§ t2 = 100°C trong didu ki¢n thé tich

khong thay dbi. Hay xac dinh hrgng nhi¢t do hoi nha ra.

211,25.10% - 2693.10° + 1,159 (1,5 - 0,0424).10°

A wf — Mot binh kin V = 1m® chita hoi bao hoa khd & 4p sudt p
= 10 Dar. Hay xic dinh trang thai

ra néu hoi trong binh ngugi dén 2 = 60°C.
Trd loi: x3 = 0,0253; p2 = 0,19917 bar;

Trd I6i: qv = - 2051 ki/kg

cudi cia hai (x2, p2) va lugng nhiét nha

q = -2276 ki/kg
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Bai 8-31 — Noi hoi chifa lugng hoi 3m Gy = 8000 kg 4p sudt p) = 4
bar, dj kho x1 = 0,0015. Ngudi ta cung cho né mot lugng nhiét Q = 300
kW trong di¢u kién dong tit ci cic van thi 4p sudt tang lén pz = 10 bar.
Hay xéc dinh thoi gian cin thiét d2 ning ap sudt Ién dén pa = 10 bar va
xac dinh dd khd xo.

Gidi:

Nhiét ma hot Am nhan dugc trong di¢u kién v = const sé ning ap suft
ti 4 bar 1€n 10 bar,

Ta cé:

OV =G (uX2 -llxl) Z‘G. AUx

Lugng thay doi ndi nang R

Auy = ixy - ixy + vx (p1 - p2)
Vix = V?-x = V¥x = const
vy, = V1+ x1(v'-vh).
Tu bang v6i p1 = 4 bar ta tim duge v1 = 0,0010836 m3/kg; V' = 0,4624 " nr
3 .
m/kg
vix = (,0010836 + 0,0015 (0,4624 - 0,0010836)
vix = 0,001776 m/kg.
Tuong ty nhir viy ta cé;
v = V2 + x2 (V'2-V2)
va di khd x2:
v - V2
3= —
v’y - V2
T bang véi p2 = 10 bar ta tim dugc:
v2 = 0,001273 m>/kg; v'2 = 0,1946 m’/kg
0,001776 - 0,001127

0,1946 - 0,001127

Il

X = 0,00335 -
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bmsr mtemmeBhe Lo

Entanpi iy:
I, = i"1 + xiry

Td bang vGi pt = 4 bar ta c6 "y = 604,7 klkg; 11 = 2133 kl/kg

iy = 604,7 + 0,0015.2133 = 6079 kl/kg
Entanpi iy, :
Iy = 12 + 00

Tu bang v4i p2 = 10 bar ta ¢6: i» = 762,7 ki/kg; r2 = 2015 kl/kg

iy, = 762,7 + 0,00335. 2015 = 769,4 kl/kg
Vay lugng thay doi ndi nang:

Auy = 7604 - 6079 + 0,001776 (4 - 10) 10°.10° = 160,4 ki/ke
)
Viy nhiét hoi nhan duge Q.

Qv = 8000.160,4 = 1,283.10° kJ = 1,283.10° J.
Thdi gian can thide:
Q- 1,283 10°

T = — = - 3 = 71,3 phit
Q 300. 107 60 ‘

6 kg hoi 4m c6 thé tich V = 0,6 m’ ap sudt p1 = 6 bar.
 Hag~#cdinh lugng nhiét cin dé ning 4p sudt hoi am én p2 = 10 bar

trong didu kién v = const,tim d khd x.
T Trd loi: x2 = 0,505; Qv = 2570 kJ
Bdi 833 — Nbi hoi thé tich V = 7m’
chita hoi am duéi 4p sudt p; = 20 bar, d§

A . - I M L
kho x1 = 0,9. Sau mot thai gian nhit dinh 1’}
nghi viéc trong ditu kién déng tat ca cac i p
van ngudi ta do 4p sudt khi dé duogc p2 = i,_! — > -

16 bar. Hiy xéc dinh lugng nhict nha cho il &
mﬁiﬁlruﬁng va d6 khd cia hoi o trang thai | )z( Nz
cudi ciing (dang dd thi i - 5), "L

H:nh 8-11
Gidi:

Day la quéa trinh ddng tich v = const nén nhiét lrgng sé la:
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Qv = G(UKZ - le) = G. AU:(
Trong d6 lwgng thay dbi ndi nang

AUx = ixz - ixl + v (Pl e PZ)
Trén dd thi i -s duéng ddng ap p1 cdl duong x) tai diém 1. Td diém do ta
fim duoc:
vi = 0,09 m/kg; - i, = 2610 ki/kg
Pudng ding Lich vi cdt dudng p2 tai diém 2, Tu diém nay ta tim dugc:

x2 = 0,78, ix, = 2380 kl/kg
Viy

Aug = 2380 - 2610 + 0,09 (20 - 16)10°. 107 = - 194 ki/kg

© Largng hoi am: ™ 230

v
G=—
v

7 77.9lk
- 09 - 3 g

H

Tu d6 lugng nhiét nha cho mdi trudng

Qv = - 77,9.194 = - 151.10" k)
Q" Bdi 8-34— Mot binh kin thé ‘tich vV =0, 2m’ chua mot lugng hoi a am @
ahiét do 1 = 180°C, db im y = 5%. Sau m{t thdi gian nhat dinh dé ra
ngoai khong khi nguoi ta do duge 4p sudt p2 = 9 bar. Hiy xic dinh d3
kho cia hoi ¢ trang thai cudi va lugng nhiét nhz’i ra ngoal mdi trudng
‘duing do thi i - s).
Trd Igi: x2 = 0,85; Qv = 298 k.

Bai 8-35 — Ngudi ta nung 1 kg hoi nudc ¢ &p suit p1 = 10 bar, nhiét
10 1} = 240°C dén t» = 320°C tromg diCu ki¢n ap suit khong thay doi.
Hay xac dinh {vgng nhi€t hoi nhin dugc, cong gian no va luqnglgh‘ay_,df')i
Qi nang cta hot. '

G:m
Tu dinh {uat l ta co:
dq = di - vdp
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Cht s

V61 qué trinh ddng ap

Qp = Al=1-1

Tu bang hoi nude ing véi p = 10 bar nhi¢t d§ bao hoa ts = 179,88°C
Vi ti > ts nén hoi ¢ diu bai da cho 13 hoi qua nhiét. Ding bang nudc
chwa s6i va hoi nudc qua nhiét
10 bar va 1 = 240°C ta cé: iy = 2918 kl/kg
10 bar, 2 = 320°C ta ¢c6 iz = 3091 ki/kg
Lugng nhiét hoi nhin duge

gp = 3091 - 2918 = 173 ki/kg

It

véi p

vl p

Cong gian né
2 = p(v2-w)

Tit bang nwéc va hoi nude qua nhigt
voipr = 10 bar; 1 = 240°Ctacé v
320°C ta ¢6 v2

cre L

0,2274 m’/kg;
0,2677 m3/kg.

voi p2 = 10 bar; 12

H
il

Vay
h2 = 10.10°(0,2677 - 0,2274) = 40300 J/kg = 40,3 ki/kg
Tu phuong trinh dinh Iuit I ta c6 lrgng thay dbi ndi nang Au = qp - li2
Au = 173 - 403 = 132,7 k/kg

Badi 836 — Hay xac dinh lugng nhiét cin thiét d& san xudt 1 kg hoi
nude nhigt dj t; = 600°C td nuGe 6 t; = 0°C, trong digu kién ap suat
khong thay d6i p = 20 bar.

Gidi:

Nhiét legng trong qua trinh ddng ap

o Gp = i2- i

1t la entapi cua nw6e ¢ 0°C; iy = C,. ty =0

T bang nuée va hoi bao hoa voi p = 20 bar ta thiy nhiét d9 bao hoa
t = 212,3'_10(3- Vitz = 600°C > t; nén hoi cda ta sau khi nung néng li
hoi qua nhi§t. T bang cho hoi qué nhiét véi p = 20 bar, tz = 600°C ta

tim duge iz = 3690 ki/kg.
Vay:

Gp = i2 = 3690 ki/kg
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Bdi 8-37 — Hui im ¢ &p suit p = 15 bar c¢é d& khu X = 08 (,Eln mot
lugng nhi¢t bao nhiéu dé ning do khd cua 1 kg hoi am dén x2 = 0,95
trong didu kién ap suit khdng thay dbi. T

. Trd loi: 292 kJ/kg
Bdi 8-38 ~—~ Mét lugng nudc cip Gn = 900.10° kg/h dua vao 10 hoi § ap
suit pi = 200 bar, {{ = 320°C. Sau khi nhin Jwgng nhiét Q = 1609.10°
ki/h & huongs Ita nude bién thanh hot va ra khoi 16 . Hay xic dinh rhiét

dd cua hoi khi ra khoi 1o, Néu bo qua sy mit mat ap suit do qua trinh
chuyén dong ctia nude va hoi.
Trd lgi: 498°C

Bdi 8-39 — Mot lugng hoi am Gy = 2500 kg/h & 4p sudt p = 20 bar do
kho x = 098 chuyén vao bd qua nhi¢t. Nhiét dé hoi sau khi ra khoi bd
‘qua nhiét t2 = 400°C. Hay x4c dinh lurong nhiét ma hoi nhin duge d b6
qua nhi¢t va ty s6 gida dudng kinh cia 6ng dan hoi khi vao va khi ra khoi
bd qui nhiét. Néu gia thi€t t3¢ dj hoi khi viao va khi ra khoi bd qua nhiét
bang nhau va khong ¢6 mat mat ip suat.

di
Trd toi: Qp = 1,25.10° kih; — = 081
. 2
~ ) Bai 8-4 Hoi bao hoéa khé ¢ ap sudt ) = 10 bar sau khi gldn nag
dang nhidt-4p suit p2 = | bar. Hay xac dinh ] u"qng nhiét cin cung cip cho
oi va cOng gian nd.

Gidi: | Ty o
Nhi¢t lugng trong qua trinh ding nhiét A // , Ry -
2 —
g 77z
= T(SZ - §l) . S
Tu dinh ludt I ta suy ra cong gian ng / .
: S
h2=qc- Au Hinh 8-12

Au = w-upu =i - pvi; U2 = 2 -pav2
O diytacosy =.5", 1 =1"1
T bang véi p = 10 bar ta co

b=t =t=17988°C = 180°C;v' = 0,1946 mkg = v,

[

https://tieulun.hopid.org =



"t = 2778 kl/kg; s"1 = 6,587 kl/kg.do
T bang voip2 = 1 bar; iz = 180°C ta ¢
v2 = 2,078 m /kg; iz = 2835 kl/kg; s2 = 7,743 ki/kg.dd

q = 453 (7,743 - 6,587) = 524 ki/kg

w1 = 2778 - 10.10°. 0,1946]10 = 25834 Kifkg
us = 2835 - 1.10° . 2,078.10° = 26272 kl/kg
Au = uz-u = 26272 - 25834 = 43,8 ki/ke
I1z = 524 - 438 = 480,2 kl/kg

Bai 8-41 — Hoi Am ¢ trang thai diu pi = 30 bar, x; = 0,97 sau khi
gian né ding nhiét ap sut ha xudng p2 = L5 bar. Hay xic dinh: a) Cac
thong s4 trang thai sau khi gian nd. b) Nhiét cung cap cho 1 kg hoi va
cOng gian ng.

Trd loi: a) iz = 2942 k)jkg; v2 = 1,54 m/kg
s2 = 7,78 k)/kg.dd
b) qu = 864 ki/kg; 2 = 712 kl/kg

Bai 8-42 — Hoi nu6c & ap suat p1 = 6 bar, 1 = 200°C. Sau khi nén
ddng nhigt thé tich 1 v2 = 0,11 m°/kg. Hay xac dinh cic thong s3 trang
théi cudi va lugng nhiét thai trong qu4 trinh nén.

i

Gidi:

T bang v6i 4p sut p1 = 6 bar ta tim dugc nhigt db bao hoa 15 =
158,84°C. Vi t; = 200°C > ts nén hoi nuéc da cho 12 hoi qua nhiét. O
nhigt dd t2 = 1) = 200°C ta c6 V' = 0,1272 m’/kg > v2 = 0,11 m’/kg nén
trang thai cudi 13 hoi m.

Vi vy tir bang hoi bao hda tng v6i tz = 200°C ta tim duge p2 =
15,551 bar.

TaCé\Q- x’yn 01 1}. 'I"” f“
v2 011
X} = == = \
v 0,1272 .
Lwrgng nhiét thai o~ -
qt = T(s2 - s1) $

Hinh 8-13
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Tw bang hoi quéa nhiél véi 6 bar va 200°C ta ¢6
s1 = 6,962 k)/kg.do
i4 tri s2 hogc tim duge ti do thi i-s hojc tinh 1t bang

= 5,8576 kJ/kg.dd
T Q= 473 (5,8576 - 6,963) = - 522,9 kl/kg 5
Bdi 843 — 2 kg hoi nude chi€m the tich Vi = 0,15 m> 8 pt = 8 bar
/giat ang nhiét dén Va2 = 0,35 m°. Xac dinh dé khd, céng gian ng,
lugng nhiét cin cung cép, lugng thay do: ndi nang.
Trd loi: x1 = 0,312, x2 = 0,726; li2 = 160 k)

Q.= 1690 kJ; Au = 1530 ki

Bdi 844 — Hoi mr(rc ¢ trang thai dau p1 = 8 bar t) = 240°C; gian no
doan nhiét dén p2 = 2 bar. Hay xac dinh trang thai cia hoi sau khi gian
nd va cong gian nd.

Gidi:
T bang ing véi p1 = 8 bar ta ¢6 s = 170, 42°C. Vit: > ts nén hoi da
cho 14 hoi qué nhigt. Vila qué trinh doan nhi¢t nén

v = 14
+ ‘ .
gjf s1 = s2 = const
fz’ ] " .
s2 = §2 + x2(s"2 - §72)
PR $2- 87
- . X2 = - " _
Hinh 8-14 s : -2
Céng trong qud trinh doan nhwt '
2 =- Au = u-u

(L/A il - pIvl; W2 = 12_’_«92‘_-"2__,‘ '

Ta bang hm qua nhigt véi py = 8 bar, i = 240°C ta tim dugc
= 2926ki/kg

~ 02867 m¥kg; 51 = 6,991 kifkg.dd = S z
Tu bang hoi bao hoa p2 = 2 bar ta c6: '

s'2 = 1,530 kJ/kg.dé;‘s"z = 7,127 kJ/kg . d0
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Sau khi thé s5 vao cac cong thic ta cé:

X =

6991 - 1,530 5461
- - 0977 '
7127 - 1530 5597 ( ,»%-

Gia tri iz, v2 duge tinh toan t bang hodc dothii-s i = 2636
kifkg;, va = 0,85 m'/kg 7 W

up = 2926 - 8. 10°. 0,2867. 10 = 2696 ki/kg
u2 = 2656 - 2.10°. 0,85. 107 = 2486 kl/ke
"T)s\ li2 = ur - w2 = 2696 - 2486 = 210 kl/kg

i — Hoi 4m & ap sudt p1 = 8 bar, x1 = 0,95. Sau khi gian ng
doan nhi¢t p2 = 0,4 bar. Hay x4c dinh d§ khd ciia hoi sau khi gian ng.

. . Trd 10i: x3 = 0,83
di 8-46 > 1 kg hoi nuéc gian nd doan nhiét tu trang thai ban dau m
= 30 bar; t1 = 300°C dén p2 = 0,5 bar. Hay tim cac gi tri v2, x2 va cong

glan ng.
Trd I6i: v2 = 2,76 m'/kg; x2 = 0,837
N\,
liz = 613 kl/kg

CHUONG 9
KHONG KHIi AM

Khong khi m 13 hdn hgp ciia khong khi khé va hoi nudc véi phan ap
sudt rat nho. Khong khi ngoai tréi bao gio ciing chiia mt phin hoi nuéc
vi viy no 1a khong khi &m.,

Khéng khi 4m c6 the Xem 13 hén hop khi 1§ tuéng va tudn theo phuong
trinh trang thai cia khi Iy trdng,

pV = GRT
va tuén theo dinh lut Dantong:
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P=p t Py
O day: p - 4p suit cia khong khi 4m.
pk - phin ap sudt cua khong khi khd.
ph - phan 4p suat cua’hoi nude.
Do d6 mhiét dd cua khong khi Am cing la nhi¢t do cia khong khi kho
va nhiét do cia hoi nyde chira trong khéng khi Am. Ta co:
= ‘¥+lh
Thé tich cia khong khi 4m bing thga, tich khong khi khd va bing thé
tich cia hoi nudc chifa trong khong khi am.
V = V=V

Cac théng s6 dac trung cia khéng khi 4m

1. D6 Am tuyét déi - 1a lugng hoi nude chia trong 1m> khong khi 4m
hodc 1a_khdi lugng riéng cia hoi ¢ phin 4p suit cia né-va nhiét do cua
khong khi.

== = X yom®
P v Vg/

2. Dé im twong d6i - 13 ty s6 gifa 4o Am tuyét d&i cia khong khi
chua bio hoa véi do im tuyét déi cua khong khi bao hoa & nhiét do Ay.
Ta cé:

Ph pu

p = —

Pmax Pmax

pn - phin dp sudt cia hoi nwée lic khong khi chwa bio hoa c6 dp Am
tuyét d6i pp. '

Pmax- phin 4p suat cla hoi nude hic khong khi bao héa co do im tuy€t
dOl Pmax.

3.D% chita hoi d - 13 kh&i hrgng cia hoi nuée chifa trong 1kg'kh6ng khi
khd, ' ' ' '

} Gn '
d = -a-;- (g hoi nude/kg khong khi khd)

9
https://tieulun.hop?o.org



Gn - khdi hrgng hoi nuc chia trong khéng khi im.
Gk - khoi lugng khong khi kh chita trong khong khi 4m
Cong thiic nay c6 the bicu dién duéi dang sau:

Gn Rg Ph R Ph

d"—'—' £ . [ p——

Gk Ry Pk Rh p-pn

Ph
P-Ph
4. Entanpi %

d =622 (g hoi nudc/kg khong khi kho)

Entanpi I ciia khoéng khi im dugc xic dinh bing tbng entanpi cua
khong khi kho vi hoi nuréc. Vay entanpi cia khéng khi Am tuong tng véi 1
kg khong khi khd bay (1 + d)kg khong khi im la:

1 =i+ dip
hozc
d.i
1= ig + —
néu d tinh theo g hoi nwéc/kg khong khi kho,
Entanpi ciia 1kg khéong khi khd dugc xic dinh ta bidu thifc:

ik = 1,00 kl/kg
Entanpi cia 1kg hoi nudc:

ih = 2500 + 2t kl/kg
Khi d6 gi4 trj gin diing entanpi cia khong kbi im 1a:

I = t+d(2500 + 2t) kl/kg khong khi khd
5. Nhiét d§ biio haa doan nhigtr .

Khi sdy nhimg sin phim khac nhau bing khong khi néng, d& chira hoi
ciia n6 s€ tang lén vi nuéc bdc hoi. Qua trinh dé goi 1a boc hoi doan nhiét
néu nhiét lugng cin d& bdc hoi chi lay tu khong khi xung quanh. Nhiét do
khong khi khi dy gidm xudng, dén lic khong khi bio hoa hoin toin thi
nhi¢t d§ hic d6 goi la nhiét dd bao hoa doan nhiét 7.
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6. Nhi¢t d¢ diém swong

Nhiét do diém swong (ts) 1a nhiét 45 ma tai d6 khong khi chwa bio hda
trd thianh khong khi bio hoa khi phin ap sudt cia hoi nudc trong dé
khong dbi.

BAI TAP

Bdi 9-F— Xac dinh do dm tuyét d&i cia khong khi néu phan ap suit
ciia hoi trong d6 pn = 0,14 at va nhiét dd t = 60°C. Ap sudt khi troi bing
760 mmHg,

Gidi:
Khi nhi¢t d§ t = 60°C thi 4p suit ciia hoi bao hda I3 pmax = 0,2031 at.g

Do dé khi phin ap suit p = 0,14 at thi khong khi chira bao hoa va hoi }a
hoi qua nhiét.

Theo bang cia hoi qua nhiét khi p = 0,14 atvit = 60°Ctacév =
11,16 m3/kg

Vay d6 am tuyét d5i cua khéng khi la;

! ! 0,0897 kg/m°
T m————— = e— m
P v 11,16

Mat khic néu xem hoi nuéc trong khong khi ém la khl 1y tudng thi
theo phuong trinh trang thai ta c6:

Ph 0,14. 0,98. 16° . 3
p = = : = 0,0895 m*/kg
Rn.T 8314
— 333
18

* o Bat 9-2— Trang thai cua khong kh1 am cé. cac thdng s8: t = 25°C; v
dd im twong déi ¢ = 0,6. Hay xac dinh phan ap sudt cua hoi nude trong.
khong khi Am. _

Trd loi: pr, = 0,019 bar
Bdi 9-3 — Nhiét dd khong khi im trong trudng hop the nhit t = 80°C
va trong tridng hgp th hai t = 120°C khi 4p sudt khi troi bing 745
mmHg. Hay x4c dinh¥néu phén 4p sut hoi nuée py, = 120 mmHg,
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Gidi: .

DGi v6i truong hop thi nhidt t = 80°C < s = 99°4 nén pmax = 0,483
= 355 mmHg. ' ' :

Do d6

120 = 0,34
LAY

D3i v6i truong hop thit hai t = 120°C > t; = 99°4 vA pmax = p =
745 mmHg, ' '
Do dé:
120 ot
AT
Bdi 9-4 — Nhiét do cia khdng khi 4m 13 20°C, nhiét do diém dong
suong clia né do bing ap ké ts = 10°C.

Hay xac dinh d6 im tuong ddi ¢, d@ chida hoi d va cntanp1 cia khong
khi 4m.

Trd loi: ¢ = 52%; d = 7,8¢ hoi nude/kg khong khi kha.
I = 39,76 ki/kg khong khi khd

Bdi 9-5 — Trong mit thlet bi téng hop dé lam lanh khong kh1 san
lugng cia né 1A 100 £H00m> khong khi trong mdt gio khi ap sudt p =
105N/m nhi¢t do t = 4°C va dd am tuong déi ¢ = 80%.

Khong khi di qua may lam lanh dugc lam lanh dén 0°C.

Xac dinh nhigt lugng can thiét ldy di d lam lanh khong khi va lugng
hm nréc bj ngung ty trén bé mat [am lanh.

Gidi
1. Xéc dinh phan dp sudt cua hoi nu6e chia trong khong khi truée khi™
1am lanh; -

Ph1 = ¢ Pimax

Pimax - dp sudt cia hoi nude bao hoa o nhlet dd cua hdn hop duogc xic
dinh theo ba_gg clia hm nl.rdc L s

100 :
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Tu bang ta c6 khit = 4°C

0,008129 bar = 812,9 N/m?

il

Pmax
Ta dé: _
P = 08 8219 = 650,3 N/m’
2. Tim d¢’chira hoi ciia khong khi trrde khi vao may lam lanh: pp

hl
di = 0,622 2
. P-pm
d = 0622 6503 0,00408 kg hoi nudc/ke khong khi
= 0,622, -0 =, ol nudc, ong khi
! 10° - 6503 & § iong

Entanpi cita khong khi am truéce khi vio méiy 1am lanh:
I ikt + dp.in kl/kg khong khi kho
I =t1 + (250 + 2t12 d;
h =4 + (2500 + 2.4) 0,00408 = 14,25 k/kg

3. Dé xic dinh cac thong s6 cia khong khi 4m ra khoi miy lim lanh
cin tim 3 chifa hoi cia khong khi bao hoa d’s khi 12 = 0°C.

H

B . 0,622 — 08
2 = 0,622 — = (, ETIVITY
P - P2max _ 10 -610,8
380 | o )
d?2 = ——— = 0,00383 kg hoi nudc/kg khong khi khé
99389,2

P2max - 4p sudt cda hoi nuéc bao hoa khi t2 = 0°C My ti bang hoi nudc:
P2max = 6018 N/m®. Dai lugng d’2 cung cé thé xac dinh theo db thi I- d. |
4. Xac dinb hrong nuéc giam xudng Ad ciia 1kg khong khi kho.
Ad = di - dz = 0,00408 - 0,00383 = 0,00025 kg hoi/kg khong khi kho
5. Tim lugng khong khi khé di qua:
PV (10°-650.3) 100000

G = =
~ RT 83144

277

I
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ﬂs— e e

G o 7100002896 7k
= = kg/ 'l = y S
83144277 4

R - hing 56 chit khi cia khong khi kho
M - khéi lugng phin ti cia khong khi kho
6. Xac dinh entanpi ciia khéng khi Am ra khéi may lam lanh khi nhiét do
0°C. :
L =i+ daup + Ad. 12
t2 + (2500 + 22)d2 + Ad . 12
= 0 + (2500 + 2.0) 0,00383 + 0,00025.0
2500.0,00383 = 9,57 kl/kg
7. X4c dinh d§ bién thién entanpi ctia khdng khi 3m dng véi lkg khong
khi khé khi 1im lanh n6 trong may lam lanh.
Al =[ I - 11£= 9,57 - 14,20 = 4,63 ki/kg
* 8. Tim nhiét lugng tba ra cia toan by khong khi khi di qua may lam
lanh trong 1 gidy.
Q= Gs(l2- I} = 347(- 463) = - 161 kl/kg
9. Xéc dinh lugng nude roi xudng be mat bd phin lam lanh:
© Gne = Gs Ad = 34,7.0,00025 = 0,00867 kg/s = 31,2 kg/h.
Bai toan nay c6 thé gidi nhd'dd thiI-d

Y Bai 96 — Trang théi cia khong khi 4m duwgc xic dinh bing cic thong

58 sau: &p sufit khi troi p = 10°N/m>, nhiét do t = 15°C, phan 4p suit cia
hoi ne6c Py = 1270 N/m? ( = 9,5 mmHg).

Xic dioh d§ im twong d6i ¢ , d6 4m tuyét dGi pn, mit d khong khi
khé px, mit d) cia hoi pp, mdt dd cia khong khi 3m p, nhiét d§ diém
swong s, hdng s6 chdt khi cia khong khi im R, do chifa hoi d va entanpi
I

Trdloi: ¢ =0746  ; py = 0,009 kg/m®
opn = 0,0096 kglm3 ok = 1,2 kg/m3

s = 105°C p = 1,209 kg/m®

d = 0,00798 kg hoi/kg khong khi; R = 287 ki/kg. d6
I =351 k/g
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+ Y Bai 97 — Nhigt d cla khong khi im t = 25°C va nhigt d§ diém
swong ts = 20°C.
Xac dinh do im twong déi cia khong khi ¢, entanpi I, d§ im tuyét dGi .

ph, d chifa hoi d, phan Ap suit cia hoi pn. Khi giai ¢6 the diung dd thi I-

d. ,
‘Trd loi ¢ = 75%; 1 = 63 kl/kg;
pn = 0,01725kg/m* d = 0,015 kg hoi nuéc/kg khong khi khd;
ph = 2337 N/m?

Bdi 9-8 — Trong budng hén hgp c6 hai dong khong khi hdn hop voi
nhau. Dong thd nhat ¢6 khéi lwong G1 = 10.000 kg khong khi c6 cic
thong s6 11 = 20°C va g1 = 60%, dong thif hai G2 = 30.000 kg khong khi
vOi cac thong s8 t2 = 50°C vi 92 = 50%. Xac dinh cic thong s6 cia
khong khi trong budng sau khi hdn hop. Khi giai st dyng db thj I-d.

Gidi:
"® Theo dd thi I- d d6i v6i khong khi khi ti = 20°Cva p1 = 60% ta cb:
I = 41,87 kl/kg (10 keal/kg) va d = 0,080kg hoi/kg khong khi khd.
Khity = 50°Cva @2 = 50% ta co: ' |
Iz = 159 kJ/kg (38 keal/kg) va d = 0,042 kg hoi/kg khong khi khd.
Theo didu kién ciia bai todn ta c6:

D) chifa hoi cia khong khi sau khi hn hop 1a:

di + adz (9 + 3. 42) 10°
1+a 1+3
Entanpi cita khéng khi sau khi hdn hgp:

dnn = = 0,0338 kg hoi/kg khong khi khd

I + alz 41,87 + 3. 159
1+a 1+3

Khi di c6 gié trj ciia cic dai lugng don va Iy theo db thi I-d ta Gm
~ duge cac théng s6: '

thh = 42,5°Cvd p = 0%

Inp = = 130 kl/kg
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Giai bang ¢b thi:

Theo cac tri 8 I3, di, Iz vi d2 trén
dd thj I-d tuong tng /6i cic diém 1 va 2
(h. 9-1).

N&i cic diém tim dugc bing dwong
thidng va theo quy tdc canh tay don:

Khoi lugng cia khong khi sau khi
hén hop sé 1a
10000 + 30000 = 40000 kg

Khi dé

A-2 10000 1

1-2 40000 4

Clifa doan thing 1-2 lam bén phin, ta duge diém A ng v6i trang thai
ciia khong khi sau khi hén hop hai dong,

thh = 42,5°C; gbhh = 60%; Inh = 130 ki/kg

Bai 9-9 — Khong khi ¢ trang thé‘i_.g"vc’ri _céc thong s6: t1 L= 30°C, P =
80% dugc lam lgnh dén nhiét 4o dong swong t> va sau d6 lam lanh dén 13
= 10°C. - :

- Xac dinh cic thong s con lai & trang théi 1, 2, 3 (ding dd thi 1-d),
lugng nwée ngung duge Ad = ds - da.

- Néu gia nhiét cho khong khi t& trang thai 3 (13 - 10°C) lén dén 4 =
6§°C thi ) dm twong dBi p4 bang bao nhiéu? Néu t trang théi 1 gia nhiét
dé dén trang thii 5 c6 do Am tuong d6i ps = ¢4 thi.nhiét d 1a bao
nhiéu? Bi¢u dién trén dd thj I-d. ’

Trd loi:
-dy = 22 g/kg khong khi khé I = 88,8 kl/kg.
=ty = 260(3 &2 = di.

-d3 = 8 g/kg khomg khi khd Iz = 293 ki/kg.
-p4 = 65°Cly = 888 ki/kg  ds = ds.
g -ts = 84°C Is = 133,8 kl/kg.
Bdi 9-10 — U trang thai 1 nhigt d nhi¢t k& kho chi te = 30°7 va
nhiét do nhiét k€ w6t chi tzy = 25°C,
- Xéc dinh dd dm o1 va cac thong s cia trang thai

it

»
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1. Néu gia nhiét cho khong khi & trang thai 1 dén nhiét dd t©; = 85¢¢
thi s bang bao nhiéu.
Trd loi:
75,2 ki/kgd) = 43 g/ke.
85°C di = d2 I = 136 kl/kg

-Il
-{2

Hi

< w¢ Bdi 9-]1 — Khong khi ngoai trdi co nhiét do t,= 20_°_C va dé chira hoi
G = 6g hovkg khong khi khd, duge d6t néng dén nhigt do 45°C.
Xic dinh d6 4m twong d8i cia khong khi tru6c va sau khi ddt nong,
Trd loi: 91 = 40%; p2 = 98%
Bdi 9-12 — Dé sdy khd vat li¢u nguoi ta ding khong khi d ty_= 20°C
vdi p= 60%. Khong khi dugc dft néng dén nhiét do 1z = 95°C va dwa 5
vio budng sdy. Sau khi sdy xong nhiét d6 khong khi gidm xudng dén 3 =
35°C. _ .
Hay tinh d§ chita hoi cudi cling cua khong khi, lugng khong khi tidu
hao va nhiét lugng cin thi€t 1am béc hoi 1 kg nuéce ¢ vitsdy.
Gidi:
Trong dd thi@_ta ¢6 diem 1 13 giao diém cia cic duong t;.=_20°C va
© @1 = 60%. Tt d6 ta xac dinh duge di = 89¢ hoi/kg khong khi khd va Iy
= 10,2 keal/kg. S v
Trang théi 2 ciia khong khi sap khi d6t néng 13 giao diém cia duong d
= const va dudng nhiét dd t2 (v qua trinh ddt néng d6 chita hoi cia
khong khi khong d6i). Do d6 tim dugc Iz = 28,5 Kcal/ kg

Trang thai 3 ciia khong hi sau khi siy 1a giao diém cia dudng I =
const va t3 (Vi qué trinh siy entanpi ciia khong khi khong dbi). D8i v6i
digm3tacé: Iz = I = 28,5 keal/kg; d3 = 32,8¢ hoi/kg khong khi khé.

Do d6 khi qua budng sdy sé tai drge mdt lwgng am la:

Ad = d3- dy = 32,8 -89 = 239g hoi/kg khong khi kho

‘Muén lam béc hoi 1 kg nuéc thi lrgng khong khi khd cin thiét 1a :

1000 _
—— = 41,8 kg khong khi khd
23,9
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Lurgng nhit tiéu hao dé dét néng 1 kg khong khi 1a:

Al =1-1; = 285- 102 = 183 kcal/kg

Lugng nhiét cin thiét d& lam béc hoi 1kg au6c (ing vgi 41,8 kg khong,
khi khd) la:

q = 183. 41,8 = 765 kcal/kg nuwdc
X % Bai 9-13 — Khong khi 4m & trang théi ban diu c6 t; = 20°C. DY im
. tuong déi ¢ = J0% dugc dot nong dén 2 = 90°C dé dem vao sdy. Sau 'y
khi sdy xong d6 am twong dGi ciia khong khi tang lén dén o3 = 95%.
Tinh lwgng khong khi cin ding va nhiét lugng cin thiét d& lam béc hoi
kg nudc ¢ vt mudn siy.
@9& > Trd Ioi: 44,3 kg khong khi 3m
_ Yoy q = 755 kcal/kg
X p Bai 9.14:- Khéng.khi im c6 p = 79% vit = 59°c. Ding c{b th%nl . c}
xac dinh d% chida hoi d, eatanpi I, phan ip suit coa hoi pp va nhiét do
diém swong t;. Néu dem dét néng dén t; = 90°C thi cin bao nhiéu nhiét
lugng cho 1 kg khong khi kho?
' Trd loi: 1 = 48 kcal/kg khong khi kho
d = 60 g hoi/kg khong khi khd
ts = 42°C; ph=~ 65 mmHg
, q = 10 kcal/kg khéng khi kho
> o Bai 9-15 — Dk séy nhién liéu nguo ta ding khong khi ngodi trdi c6
~ trang thai diu t; = 20°C va d§ im tuong ddi ¢ = 40%. Khong khi dugc
d6t néng so by dén nhiét do bing 80°C va dura vio budng sdy, trong qua
trinh siy nhién liéu nhiét do gidm xubng dén 35°C.

Tinh nhi¢t lwong cin thiét q d lam béc hoi 1 kg nusc, xdc dinh cic
thong 56 cua khdng khi khi ra khéi budng sdy va lugng nudc lay cva nhién
li¢u ving voi 1 kg khdng khi khé.

Trd I0i:  q = 812 kcal/kg nuéc
G = 18 g/kg khong khi kho

Céc thdng s6 ra cia khong khi sau khi sdy: '

d= 23,9 hoikg khong khi khs; p = 66%;1 = 22,9 kcal/kg

l
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Chuong 10
LUU DONG VA TIET LUU CUA KHi VA HOl

1. LUU BPONG CUA KHi VA HOI

Khi nghién ciu sy hru dong cia déng khi qua ng phun thi didu quan
trong truéc hét 13 xac dinh t6c d§ lou dong va hro lugng cia dong khi
. . P2
trong mdt don vi théi gian. Mudn viy ta phai tim ty s3 Pz .
Pl
O day pz - 4p sudt clia mdi trudng tai cia ra cua miéng Sng phuﬁ.
p1 - 4p sudt cia moi trudng tai cifa vao miéng Sng phun.
Khi tdc dd luu dong cua dong khi bing tdc db am thanh (@ = a)
~ - - o - - s PE 5 - pk " - . +
thi ap sudt tai diény d6 dat tri s tGi han pg va tys0 — =§. Goi laty
P
s0 ap sudt tdi han
Ty s6 4p suat t6i han dugce xac dinh theo cong thtic sau:

k
2 2 -1
ﬂu_(k+'1) '

- D&i v6i khi 1 nguyén tif, khi k = 1,67thi 8 = 0,487
- D&i v6i khi 2 ngyén td, khi k = 1, 4thi B = 0,528
- DGi voi cac khi 3 va nhigu nguyén td, khik = 1,29 thi 8 = _0,546

1. Néu dong khi luvu djng doan nhiét xay ra khi —-—(}é > B thi téc

dd ly thuyét cia dong khi tai miéng 6ng phun nho din dwoc xéc
"dinh theo cong thifc:
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! .
. r ) .._.\!
w:‘u].fz —p1 v131-fp—\;k '

: m/s
k-1 APL

L
G day: )

k - s0 mi doan nhiét.
vi - the tich riéng cua khi di vao éng phun,
D3i v6i khi Iy twéng thay p1 vi = RTy ta duge
f k-1
! k r p2 -k-]
w =Y 2 —RT] 1-§{— m/s
‘ k-1 '. P1 J
.‘ L g » A r
Tdc dd Iy thuyét cua dong khi ciing ¢6 thé tim dwge theo cong thirc:

w = ‘.f2(i1 -i2) m/s

Odayinvair la entanpi cia khi ¢ trang thai diu va trang thai cudi (J/kg).
Khi tinh i = ki/kg thi

w A 2 (i1 - iz) 1000 = 4476 Vs - iz
Néu i tinh bang kcal/kg thi

]

—rr—

w =\[2 (i1 - 2) 1000 . 4,1868 = 91,53\ i1 - iz
L lugng ciia dong khi dugc xdc dinh theo ¢cong thic:

; 2 k+1
! < ~

G\, 25 P ﬂ\k‘,(_r’_z_\"ﬁ'?kg,s
i \1 k-ll'w. } :

O day : f - tiét dién ra cia Ong phun (m®).
. . . P2 -
2. Néu dong khi cing lwu dong doan nhiét ma xay ra khi i— < thi

. 1

t6c dd Iy thuyét cia dong khi & miéng ra cua dng phun nho din, sé bing
tc b t6i han wk, tic 13 bing tic dj 4m thanh ( wk = a) va dugc xc
dinh theo cong thitc san: S

B b
WK = \ ’2 k. m/
h k + 1 plvls 5

———
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T8¢ dd t6i han khi hru dong chi phy thudc vao trang thai diu cua chit
khi va s& mi doan nhiét k.
D4i v6i khi 2 nguyén ti (k = 1,4) ta co:

wk = 1,08\f p1 v1 (m/s)
hosc

wk = 1,08 1/RT; (m/s)

T8¢ dd 161 han ciing ¢6 thé xic dinh theo mot trong cic cong thic sau:

1 . -
WK = *,.?2 (i1 - iK) (m/s)
- Khi i tinh theo kJ/kg thi: o ,%w
wK = 44,76 1] it - ik (m/s)
- Khi i tinh theo kcal/kg thi:

g ————

wK = 91,53Y i1 - ik (m/s)
O day: ik - entanpi ctia khi ¢ ap sudt t6i han PK.
Luu Iugng cia dong khi trong trudng hgp nay sé dat tri s& 16n nhit va
xac dinh theo cOng thifc:

|

2
' k 2 1 Pt
Gmax = [ {2 Sl (kes
EaE \ k+1 [k-i-l) 71 (kes)
Néu thay k = 1,4 ddi vai khi 2 nguyén ni:

H p]
Gmax k = 0,686 fv '—-v— (kg/s)
1

Thay k = 1,29 d8i v6i khi 3 va nhidu nguyén td
Gmax k = 0,687 f\‘ —_— (kg/s)
- ¥ V1
3‘Trcmg tit ca cic cong thic da néu trén ta ldy p theo N/m? v theo
m /kg.

Mudn cho d(‘)pg khi lu_ut dong dat dugce tdc dd cao hon téc dd t6i han
- (t8c dd vuot am) ta phai dung 8ng phun hén hop hodc Gng phun Lavan
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{(h.10-1).

Tai tiét dién nho nhét cia dng phun Lavan i
t3c do chuyén déng cia dong khi béng téc do T T
t6i han hogc tdc dd 4m thanh, dugc xdc dinh B Fmin
bing cic thong s8 px vi k.

A

Hinh 10-1
Di¢n tich tiét di¢n nhé nhit cia 6ng phun

dugc xic dinh theo cong thiic:

.Gmax.vK

WK

fin =

D3Gi v6i khi 2 nguyén ti ciing c6 thé xic dinh theo cong thifc:

Gmax
fmin =
’ 1
0,686 || -
Vi

D6i v6i cac khi 3 va nhi¢u nguyén t

Gmax:

0,667 l n —
Vi

Dién tich tiét dién ra cia &ng phun

fmin =

WK.V2

f2 = fmin x
@, .VK
a4
. ik
Vivy = v (?L - thé tich riéng cia khi ¢ 4p sudt mdi truong ps.
Chigu dai cda phiin ong phun I6n din dugc xac dinh theo cong thifc

| = d!‘dmin'
21 “
& 2

O day: d va dmin - tuong dng véi duong kinh ¢ cifa ra va ¢ tiét dién nho
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nhat. .
a - goc hinh nén phan 16n din cita dng phu. Thuong a = 10 - 12°.
DG6i v6i hoi nu6e khi lwu djng thi dang cong thic da thiét lap van
ding, nhung dai lugng k chi 4y gia tri gin diing vi k thay ddi theo quéa
trinh.

Do d6 dé tinh toan dugc chinh xac hon cho
hoi nude hru dong ta ding cic cong thirc sau:

2
1. Khi 2% >3
: 1
3—— 3 p - : . .
. T8¢ d6 luu dong w = N2 (i - i)
S N
. . fw
Luu lugng ciia dong hoi G =
Hinh 10-2 ' v2
2
2 Khi 2 <8 |
P! o
wk =2 (1 - iK)

= 44,76\2 it - ik khii- kl/kg,
= 91,53 yfi1 - ik khi i - kcal/kg.
Luu lugng I6n nhit cia dong hoi dugc xic dinh theo mét trong céc
cong thdc sam:

12 (1 - k)

max —

VK
44,76. f. \[i1 - ik
max =
VK
91,53.F. /iy - ik
max -
VK

Céc'gié tri cia entanpi, thé .tich riéng v dugc xac dinh nho db thii- s
(h. 10-2). o , ar '

o
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Di¢n tich ti€t dién nho nhit va tiét dién ra caa dng phun dugc xic dinh
theo cong thiic,

Gmax . VK
fmin =
WK
va
G.w
f, =
w2

Chiéu dai cua 6ng phun:
d - dmin

| = — T

2 [#4
g ———
& 2

Lvu dong cé tinh dén tro hye
Téc do luu dong thye & lugn luén nho hon tdc d6 1y thuyét vi qua
trinh lru dong bao gid cling ¢6 ma sit. Néu ky hi¢u téc dd Iuru ddng thyc
t€ 1a w; thi thn thit dOng ning cia dong la;
2 2 2

w” - W, ©
=£_-—-—
2 2

wt = @ \’ 1-¢
Kyhigu \1- £ = ¢ taco w = a <p.0
H¢ 58 ¢ goi 1a hé 55 (3¢ dd cia Sng phun, con hé 3
E=1- ¢
13 h¢ 56 thn that nang lugng trong 6ng phun.

Phin dong ning do ma sat dugc bién thanh nhi¢t, khi khong trao déi
mhi¢t véi bén ngodi, phin nhiCt ndy ldm tang entanpi va entrdpi cla chit
moi giGi khi ra khoj dng phun. Do dé trang théi cia chit khi hoac hoi ¢
cu,()'i qua trinh luu déng thye 1€, trén dd thj i - 5, dugc bidu dién bang mjt
diém lueon luén ndm ¢ phia phai cia digm dic trung trang thai cudi cua
chdt moi gidi trong qua trinh hru dong doan nhigt,

Ding do thi i - s ©0 the xc dinh dugc cac théng s6 ¢ cusi qua trinh
gian no. Néu cho didm diu tién A (h. 10-3) va hé s8 £ (hoac @) thi trén

Ti do:
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dudng doan nhiét AB ldy tir diém B én phia
trén dogn BC = iz - i. Ké dudng ndm ngang
qua C thi giao diém cia dudng ndm ngang
v6i dudng p2 1a diém D dac trung cho trang
thai cia chat mdi gigi & cudi qué trinh luu
dong thyc t€. Ta dlem dé co thé xac dinh
“dugc cic thong s8 can thiét cia hoi: thé tich
riéng, dj khd... , o
Néu da biét trang thai diu va trang thai . s
cudi, nghia 1a diém Avi diem D, thi c6 thé Hinh 10-3
dé dang bi¢u dién tén that cong duci dang doan thing bing cach ké qua
D dudng ndm ngang thi giao diém ciia n6 vdi dudng doan nhiét la diém C.

Ty s doan thing cho gi4 trj cia hé s& ton thit nang lugng va

do dé tim dugc hé 50 tdc do

2.TIET LUU CUA KHi VA HOI

Khi chit khi hoic hoi chay qua tiét dién hep thi ap sudt cua né giam
xuéng (h. 10-4). Qua trinh dy goi 1a ti€t luu,

Trong quéa trinh tidt luu cia khi hoic hoi, ddng théi véi sy gidm ap
suit 1a thé tich riéng tang lén. Nhiét d§ cuia
khi 1y twong khi tiét lyu khong thay dbi con —
ddi voi cac khi thyc chi khong doi 6 mot _ Go—m—==c———\,
nhiét do ban diu xic dinh goi la nhiét dd “%
chuyén bién. Gia tri gin ding cia nhiét dj -
nay dugc xic dinh tir biéu thiic

. Teb = 6,75TK

O day Tk - nhxcl dd t6i han cua khi hoac hoi°K.

Néu nhiét 49 cuia chét khi trude tlct luru khac nhiét do chuyen b:cn thi
nhiét do cia n6 sé thay dbi: giam xuong néu nhiét dd cia n6é nho hon
nhaet dd chuvcn bién va tang 1én néu nhiét dd cia no lén hon nhiét dj
chuyén bién.

Entanpi cia chal Jchi hoac h,q;.tnmn..!{d sau ti€t luu nhu nhau, nghia la:

it = iz

Hinh 104

Ti€t luu 12 qua trinh khfmg thudn nghich, do khong the bitu difn né
trong do thi nhiét dong.
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Céc bai toan lién quan vé6i sy tiét luu cuia

: L : .+
hoi thutng phai di t6i xac dinh cac thong s8 T e,
ciia hoi sau €t luu nho do thit - s. Vi ¢ cic t, i
trang thii diu vd cudi entanpi cia hoi nhu 1

-nhau nén trang thai cudi cia hoi duge xac
dinh bdng giao diém cia duong ndm ngang di
qua trang thai dau (h. 10-5) véi dudng ding Hinh 10-5 s
ap 4p suit cudi py. Diém 2 xic dinh tt ca

cic thong s6 sau tiét hru.

BAITAP
Bqi 10-1 — Khi 8xy c6 4p suit va nhiét dd ban dau bing p1 = 60at;t; =
100°C chay qua ong phun nhé din viao mdi truéng cé ap suit p2 = 36 at.

Xac dinh t6c d§ hru ddng va lvu lugng ctia khi 6xy néu dién tich tiét
dién ra f = 20mm?. ‘

Gidi:
Trudc tién ta cin xét ché ) luu dong cia dong khi tic 13 so sanh ty

s6 ap sudt _pz_- v6i tri s0. 4p suéit t6i han: Ta c6: -
: p1 : .

36
P sp =058
m 60
Do d6 thiy ring tai cita ra cia Sng phun, t6c dé cia dong khi nhé hon
tdc df dm thanh vA 4p sudt p2 tai tiét dién ra bing 4p suit cua moi
trudng. ,

Téc dd lyu dong cia dong khi la:

14
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Luu lugng ciia dong khi:

Kk+1Y

1 [ 2 p2 ‘I"
G="f L P —{—\F |
k-1 w1, pt P !
A4 - \
O day \\
RT: 8314 373 3
v = = ) = 0,01647 m*/kg =
p1 32 60.0,98.105
Thay vao ta dugc: \
L]

14+1 \'

G gty o M 5009810 ( [ 36 36\i oy
- 14-17 001647 | 60 60 j
/

G = 0,256 kg/s

hodc c6 thé tinh theo cong thifc:
fowa
-

Vi hru djng doan nhiét nén

1% -

60

vi=W (E—) = 0,01647(———) 14 = 0,02375 m/kg
P2 e ' %

Do d6:

20.10%.304
0,02375
Bai 10-2 — Khong khi td b& chifa c6 ap suét khong dbi py= 100 bar vi
nhiét dd ty = 15°C chdy ra ngodi tréi qua dng c6 dudng kinh trong bing
10mm. _ ' .
Xic dinh t8c d9 hru dong va luu lrgng gidy cia khong khi. Biét 4p suit
khi trdi bidng 1 bar va qué trinh gian nd cia khong khi xem 13 doan nhiét,

6idi:
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~ k3 o~ o L3 p2
Ta tim ty sd ap suat —
P1

1
G day: 2 nho hon ty 50 4p sudt t6i han § = 0,58 do do toc do
M 100
lru dong sé bang t3c dd t6i han va dugce xac dinh theo cong thic:
©wk = 1,08 \JRT; = 1,08 yJ 287.288 = 310 m/s

Luu lugng gidy dugc xic dinh theo cong thifc

1
Gmax = 0,686 f p
vi
ad®  314.000° )
G day f= T . = (,0000785 m

. RT 287, 288
va vy = =
p1 100.10°
Do d6:

- /100.105
Gmax = 0,686 . 0,0000785 \1 —— = 187 kgs

Badi 10-3 — Khi 2 nguycn tt c6 R = 2943 J/kg.dd trude khi vao Ong
phun nhd din c6 thong s6: p1 = 63,7. 10° N/m va Ty = 300°K, ch:iy qua
Ong phun vio mdi trudng c6 ap sudt pz = 35, 4 bar,

Xéc dinh tdc 4 lvu dong va luu lugng gidy néu dudng kinh cia ra
bﬁng 5'mm, Xem lyu djng 13 doan nhiét va khong c6 ma sat.

- Trd loi: w2 = 310m/s
G = 0257 kgs
Bai 10-4 — Khéng khi nén c6 cic thong s§ p1 = 50 bar vit = 27°C

dugc dwa qua vof phun ciia dong co d6t trong c6 may nén d¢ phun nhién

li¢u viao trong xilanh dong co. Khong khi nén trong xilanh cia dong co c6
ap suéat 13 35 bar.

= 0,00827 m/kg.
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Hay xic dinh t8c d§ 1y thuyét cia khong khi lvu dong doan qua voi
phun.
. Trd loi: w2 = 241 my/s
~ Bai 10-5 — Khong khi c6 ap sudt p1 = 1 bar va nhiét d6 t1 = 15°C ti
thang chay vao mdt thing khéc ¢6 4p suat p2
Tim trj 53 p2 & téc d@ Iy thuyét cia lru dong doan nhiét bing téc do
tGi han. Xac dinh gia tri cia toc dd nay.
Trd lgi: p2 = pxk = 0,528 bar
. w2 = wK = 310 m/s
Bdi 10-6 — Hoi qua nhiét ¢6 ap sudt p1 = 30 at va nhi¢t d§ 1 = 400°C
chay ti dng phun nhd din vio mbi trudng cé ap sudt bing t at,
Xac dinh trang théi, cac thdng s6 va tdc dd cua hoi cudi qua trinh luu
dong.

Gidi:
. < .o P2 1
Ta tim ty s§ 4p sudt — =— = ()33
P 30
(doi v6i hoi qua nhigt 8 = 0,55) nén hoi khi luu dong sé chi dat tri s6 4p
sudt t6i han. 3o ab

= Bp = 05530 = 165 at .
Trong trudng hop ndy hoi sé gian no theo
duong 1 - K (h. 10-6) ¢6 nhiét do tx = 313°C.
Tdc dd luu dong cia hoi sé dat tdc do to
han va xic dinh theo cong thitc '

W = 91,53\/11 - i -
- , " Hinh 10-6 s
= 91,53 v 771 - 731 = 579 m/s
X - Bai 10-7 — Hoi c6 4p sudt ban diu p; = 10at va nhiét do diu t; =
300°C chay wt 6ng phun nhé din vio mdi truéng trong hai trudng hep: 1)
70 6at; 2) pp—= 2at
. Xac dinh toc d luu dong va luu lugng gidy trong hai tnrong hgp trén
néu tiét dién ra cla dng la f2 = ‘.’,Ocm2 :
Trd ldi: 1 - w2 = 502 mfs; G = 3,85 kg/s

2- wy = 343 m/s; Gpax = 3,88 kg/s
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Bdi 10-8 — Khong khi ¢ ap suit p1 = 10 at, va nhiét dd 1 = 300°C
chdy vio méi trudng c¢6 p2 = 1 at qua 6ng phun Lavan. Luu lugng cia
khong khi bing 4 kg/s. Xé4c dinh t3c d luu dong cia khong khi va kich
thuée co ban cua dng.

Gidi:
Ap sudt t6i han la:

pK = Bp1 ~ 0,53.10 = 53 at
Téc d téi han

— ’8314 -
WK = l,OSVRTl = 1,08 7957'3 438 m/s
G

Dién tich tiét dién nho nhit la:

frin o= —eee———
T 0686 [pi
' Vi
G day
RT: 8314 573
vi = = .
p1 29  9810°
vi = 0,168 m’/kg
, ‘ 4 >
| fin = = 0,00241 m
] [098.10°
\‘ 0.168
) } Duémg kmh ong tai ti€t dién nhd nhit:
! ’T ' (000241
dmin = 2\ - = 2\ :"“,*'““_
. i 314

dmin =55 cm
Toc d§ tai ti€t dién ra cla 6ng phun:
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04

1,4 . D B
= 2 0981000168 1-{— }14 |
0, 0] ,
v .
w2 = 746 m/s
Thé tich riéng cia khdng khi tai ti€t dién nho nhét va ti€t dién ra la:

1 1
— 10 Y;7
Vi (-133-) k = 0,168 (T)M = 0,264 m’/kg

Vk =
Pk )
L 1 .
1
vi = v (L)k = 0,168 (10) ¥ = 0,86 m’/kg
. P2 | _

Dién tich tiét dién ra:

WK V2 ‘ 438 0,86

f2 = fmin y— = 0,00241 _—,

~ w? VK 746 0,264
f2 = 0,00461 m? .

Dudng kinh tiét dién ra:

i B2 “10,00461

dz = 2\ — =N/ =0,07Im = 7,7cm
\ x 314 .
Chigu dai phin 16n din ciia éng phun néu liy ¢ = 10° 1a
d2 - dmin 7,7 - 5,5
= = =-12,6cm
2t aal 2t 10
£ 5T

Badi 10-9 — Hoi qué nhiét c6 ap suit ban dau p; = 16bar va nhit dd t1
= 400°C gian nd doan nhiét trong Gng phun dén py = 1 bar. Liru hrgng

gidy ciia hoi chayti Ong phun ra G = 4,5 kg/s.
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Xac dinh tiét dién nhé nhat cia Ong phun va tiét dién ra cia né:
Gidi:
Tiét di¢n nho nhit cua Ong phun xac dinh theo cong thic:

Gmax 3
fnin = m

0,667F
vi

Thé tich riéng vi ( td bang cia hoi qua nhiét khi py = 16 bar va 1y =
400°C) bing 0,1899 m’/kg
Do dé

45 3 ,
frmin = = 000233 m” = 233 cm®

7V 0,1899

Tiét dién cira ra cia Gng xac dinh theo cong thifc:

G2 G.v2
. w2 476 \J11 - iz
G day v2 - the tich riéng ¢ tiét dién cia ra.

fr =

lj‘ng dyng db thj i-s ta co:
" i -i2 = 607 ki/kg, x2 = 0,988
w2 = 44,76y 607 = 1100 m/s
Tri s6 vz tinh ti bidu thic: v2 = xv"
= 0,98 1,614 = 1,66 m’/kg

(v' tra theo béng hoi nudce bao hoa)
Do dé:

4,5 166
1100

2( Bdi 10-10 — Tim t6c dd hru doﬂg cia khong khi ¢ cia ra ciia dng phun
va kich thuée dac trung cia ng phun Lavan néu luu lugng gidy cia khong
khi G = 29 kg/s, 4p sudt va nhiét do cia khéng khl & cda vao po= 8at

fr =

= 0,00685 m* = 68,5 cm®
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vi t1 = 127°C. Ap suit cia mdi trudng pz = 1 at. Tiét dién coa Sng
phun tron, géc hinh nén cia phin lon din a = 12°. Bo qua téc db cia
vi0 va ton thit ma sat,

Trd (00 dmin = 48 mm, d2 = 63 mm,

Chizu dai phin 16n din 1 = 70 mm,

w2 = 600 m/s
Bdi 10-11 — Xac dinh t6c dd by thuyée cia khong khi luvu dong doan
nhiét qua Ong phun Lavan, néu ip suat p1 = 8 bar; 1 = 20°C, con ap

sudt cia moi trudng tt Ong phun chay ra p2 = 1 bar.
So sanh tdc dd luu ddng nhin duge voi tdc dd téi han,
Trd lgi: w2 = 514 m/fs
wK = 313 m/s
Y. Bai 10-12 — Hoi nuée ¢ 4p suit p1 = 20 at va t1 = 400°C duoc gian
nd doan nhiét qua 6ng phun Lavan dén 4p sudt p2 = 2 at.
Xac dinh tiét dién nho nhat va tiét dién ra cia 6ngrphun. Tim t8c d6
luu ding tai cac tiét di¢n dy néu luu lugng gidy cia hoi G = 4 kg/s.
Trd 10i: fmin = 16 cm® | fmax = 36 cm®
1050 m/s

K Bdi 10-13 — Xac dinh 8¢ do lun dong, luu lugng gidy va ti€t dién ra

ctia 8ng phun Lavan d6i véi hoi nudce lru dong doan nhiét c6 cac théng so

saw: pt = 16 at, t1 = 300°C, p2 = 1 at va ti€t di¢n nho nhét fmin = 6 cm?,

1040 m/s; G = 1,25 kg/s ~
f2 = 19,1 cm
Bdi 10-14 — Hoi bio hoa 4m ¢ p1 = 16 at va x1 = 0,95 chiy vao mdi
“truéng ¢ 4p sudt p2 = 2 at qua Ong phun Lavan. Luu lugng gidy cta hoi
13 G = 6 kg/s. Xac dinh t8c d§ lru ddng thyc té coa hoi, tinh tiét dién ra
va tiét dién nho nhét ctia dng phun. Néu hé s8 toc do cia Ong phun ¢ =
0,95. o

wr= 580 m/fs; w2

li

Trd loi: w2

Gidi:
Theo dd thi i-s tit p1 va x; ta c6:
il = 644 keal'kg, i = 562 keallkg -

httpé://tieulun.hoptdgﬂg



Nhiét gian doan nhiét 1§ thuyét: :
he = i1 - 12 = 644 - 562 = 82 kcal/kg
Hé s6 ton thit nang lugng
E=1-¢2=1-095 =01
Tén thit dong nang vi ma st
Ehy = 0,1.82 = 8 kcalkg
Entanpi thyc té ctia hoi sau khi leu lugng dong:
i =i2 + Eho = 562 + 8 = 570 kcal/kg

Tée dd luu dong thyc & ¢ miéng ra cia dng phun:

wa = 9153 o \Ji - iz = 91,53.095\/644 - 562 = 787 m/s
wa = 91,53 \Ji1 - iz = 91,53./644 - 570 = 787 m/s

Dién tich tiér dién ra:

hoac

G v

f =
Wt
O day: v2 = v'axp = 0,857.0,902 = 0,77 m’/kg
Thay vao ta cé:
6.0,77
= 0,00587 m®> = 58,7 cm®

fo =
i 787

Dé xic dinh v. va wK ta can biét ap sudt tot han pg, ap suat ndy dugc
xac dinh theo ty s& ap sudt (61 han d&i v6i trang thai hoi dang khao sat. Vi
hoi ¢6 dd khd cao nén ty s& ap sudt ldy t6i han bing 0,577.

Ta cod:

o pk = 16.0,577 = 9,23 at

The tich riéng vk = x.v" .
- Oday x = 091 (theo dd thj i-s), con v" ddi v6i ap sudt pk = 9,23
bing 0,2137 m/kg,

Do dé: - n
VK= 091.0,2137 = 0,194 m’/kg

. Téc db 16 han:
) N wK = 91,53\fi1 - ik
Cung tit do thi ta ¢6:

ik = 620 keal/kg
wK = 91,53\J644 - 620 = 448 m/s
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Tiét dién nho nhit cia dng phun

Gk 6.0,194 o

fmin = = = cm”

WK 448

Bdi 10-15 — Hoi qua nhiét c6 p1 = 60 at va t1 = 400°C chay t Ong
phun Lavan vio mdi truéng c6 p2 = 1 at. Luu lugng cia hoi G = 3 kg/s.
Xac dinh tdc do hru dong va ti€t dién nho nh4t cia dng phun, Néu biét h¢
s6 ton thit nang lugng £ = 0,1

 Trd ok w3z = 1200 my/s, [min = 41 cm?

Bii 10-16 — Xac dinh tdc dd cia dong hoi tai mi¢ng ra cia Sng phun
Lavan va tdn thit nang lugng do ma sat, néu trang thdi cia hoi & miéng
vao cia dng phun dugc xéc dinh bing ap sudt p1 = 58,80 bar va nhiét do
t; = 450°C. Ap sudt ¢ cita ra cia 6ng phun p2 = 11,76 bar. H¢ sG t5c do
ctia 6ng phun ¢ = 095. Biéu di&n qua trinh gidn nd trén dd thi i-s. BS
qua tdc d aita vao.

Trd 10i: wa = 850 m/s; Eho = 9,6 kcalkg
Bai 10-17 — Khong khi chuyén dong qua ng do trd luc cyc bo ma ap
suit ciia né giam ti p1 = 8 bar dén p2 = 6 bar, nhiét do ban diu cua
khéng khi t1 = 20°C.
Xac dinh dd bién thién nhigt d§ va do bién thién entrdpi trong qua
trinh dang khao sat. Nhi¢t do khong khi cudi qua trinh tiét luu la bao
nhiéu? ' '

Gidi:
Vi trong tiét luu entanpi ¢ trang théi diu v3 cudi nhu nhau (i1 = i2)
" nén nhiét d§ cia khong khi ¢ hai trang thdi twong ung cung bing nhau
nghia la: .
. =1t =2°C
D% bién thién entrdpi c6 thé x4c dinh theo cong thiic:
| T 2
As = Cpln — - Rlnp—
' T p1
Vi trong qué trinh khido sat Ty = T2 nén

, 1 . 8
As = -Rin P < Rin 2 = 28723 1g — = 826 Wike.do
p1 P2 6
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Bdi 10-18 — Hot 0 4p suft p1 = 16 at va t1 = 350°C bi tiét luu dén 7
at. Xac dinh nhiét d§ cta hoi ¢ trang thai cudi.

Gidi:

Trang thiii ban diu cia ioi dirge xac dinh bing giao diém cua dudng
pt va tiffi diém 1.

Trang thai cudi 1a giao di¢m cita duong nim ngang vé qua diém 1 véi
dudng pz = 7 at tai diém 2. D6 13 trang thai cia hoi sau khi tiét luu (v i
= i2). Tt d6 ta ¢6 t2 = 340°C. Do d6 nhiét d9 cua hoi sau tiét luu gidm
xudng.

D6 qua nhiét cua hoi ¢ trang thai diu

tr- ts1 = 350 - 200 = 150°C

D{ qua nhiét cia hoi ¢ trang thai cudi:

' t2-ts2 = 340 - 164 = 176°C

Trong d6 ts1 va ts2 1a nhiét do bao hoa cua hoi ing véi p sudt p1 v
p2. Xac dinh theo bang hozc do thi. ‘

Nhu viy sau khi tiét luu d qua nhiét cita hoi tang 1én.

Badi 10-19 — Hoi ¢ ap sudt p1 = 20 at va dd khd x; = 0,9 duge tiét hru
dén p; = 8 at.

Xac dinh trang thai cia hoi sau khi tiét luu.

o Trd iok: 1z = 170°C x2 = 0,924

_ iz = it = 623 kcal/kg,
H  Bdi 10-20 — Hei ap sudt p1 = 49 bar va t; = 350°C dugc tiét lun
g}éf‘lép sudt p2 = 14,7 bar. Xac dinh nhiét dd cudi va bién thién dd qua
1¢1. o
Trd loi: tz = 317°C
‘ 33°C
7~ Bai 10-21— Hoi c6 py = 198 bar va d§ ki x; = 0,95. Cin phai tiét
luru dén ap suit bing bao nhigu dé trd thanh hoi bao hoa khd?
Trd Idi: 2,58 bar
Bdi 10-22 — Long bao hoa NHj ¢ trang thai diu p; = 15,54 bar. Sau
khi qua val tiét lru 4p sudt gidn xubng con p2 = 3363 bar. Xac dinh
thong s trang thai sau tiét hru?

Trd Ioi: i = i1 = 609,2 kl/kg
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x2 = 0,1974
. Sy = 4,9336 ki/kg.dd
Bdi 10-23 — Long bao hoa Freon 22 ¢ nhiét dd 1 = 20°C. Sau khi qua
val tiét lwru dén trang thai 2 c6 nhiét do 2 = - 5°C. Xéc dinh céc thong s «
con lai clia trang théi 2.
Trd loi: iy = 524,05 kl/kg r1 = 186,89 ki/kg
iz =11 x = 0,14

S2 = 1,0904 kI/kg.db.

Chuong 11
CAC CHU TRINH THIET B! PONG LUC HO1 NUOC

1. Chu trinh Rangkin ly tudng.

Nguoi ta nung nudc (nuéc ngung) & trang théi 2’ (h. 11-1), (h. 11-2)
trong 10 hoi L 6 ditu kién ap sufit p1 khong thay dbi dén diém sbi 3. Nudc

5

Hinh 11-1 ) Hinh 11-2
b&c hoi va thinh hoi baoc hoa khd & trang thai 4. Hoi bao hoa kho hru
dong qua by qua nhiét QN va dugc nung dén nhiét do Ti (trang thai 1).
Tit dé hot qué nhigt gian nd doan nhiét dén trang thai 2 va thyc hién cong
trong tudcbin T. Tit tudcbin hoi 4m chuyén vio binh ngung BN. & day hoi
3m ngung thianh nuée (qua trinh 2 - 2°) ¢ 4p suat p2. -Qua may bom nude
cip Bnc 4p suit nudc ngung (ang pa den p1 va chuyén vao 16 hoi.
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Hinh 11-3 biéu dién chu trinh
Rangkin trén do thii - s.

- Hiéu suit nhiét cua chu
trinh Rangkin 1§ tudng

qz-qz_lo N it - i2

M = —
q1 q1 -1z
i1, iz : entanpi trudc vA sau
khi gian nd doan nhiét trong
tudcbin.

i2' : entanpi nudc ngung (bao hda) ¢ ap suit p2

- Suat tiéu hao hoi.

Véi chu trinh Rangkin 1§ tudng ta cé:

3600
do =

o
& day i, i2 Kl/kg
- Suit tiéu hao nhiét.

Véi chu trinh Rangkin 1§ tudng ta c6: )
q = do (11 - i'2) kI/kWh

2.Chu trinh Rangkin thiyec.

Qus trinh 1 - 2 Ja qua trinh gidn no doan
nhiét Iy twong (khong c6 ma sat). Thyc té vi
c6 ma st né€n qua trinh két thic ¢ trang thai
2a va qua trinh gian né doan nhiét thyc dugc

bitu didn bing doan 1 - 2a.

Cong trong chu trinh thyc I = ij - iza sé
nho hon cng lo trong chu trinh ly tuéng. Ty s6

I it - e

b @-i2
goi 1 hiéu suit tuong déi.

- 7o
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1 i) - 12a
Ty $6 — =——— =75 goi |2 higu suit trongtuyGt d6i. RO ring ta cé:
q 1r-12
i = Nt. noi
Hiéu suit ciia nha may nhiét dién.
find = MM 7. noi - pek - ogd

m: hiéu suét 16 hoi
7 ¢: hi¢u sudt Sng dan hoi
_#ck: hiéu sudt co khi
- 7ja : hi¢u sufit may phat dién
3.Chu trinh qui nhiét lan thé hai
Viéc néng cao higu suit nhigt clia chu trinh-_Rangkin chi'iéﬁng cach tang
4p suft ban dau p, s¢ din dén d§ 4m cia hoi khi thoat ra khéi tudcbin. D6
1a didu ta cin phai han ch& vi lam tang lugng mat mét cia tudcbin do dd
am gay ra. Vi vy d% 1am giam d§ im cia hoi ¢ trang thai cudi cing quéa
trinh gian nd, ngwdi ta ding phuong phap héa nhiét [in th hai (qui nhiét
trung gian) xem (h. 11-5) va (h. 11-6).

T : . Ly

L

w!

Hinh 11-5 Hinh 11-6
Hiéu suft nhiét cia chu trinh
o (i1-i3) + (ia-i2)
g (i) + (i)
4, Chu trinh hdi nhigt.

h =
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Mdt trong nhung phlr(mg phap nﬁng cao hi¢u suit nhiét cia cac thiét
bi dong lyc hoi nuée 1a hdi nhiét. So dd thidt bi tudcbin hoi c6 hoi nhiét
biéu din trén hinh 11- 7, 11-8,

Tu hinh vé ta thdy ngudi ta trich lugng hoi a § ap sudt pry dua vao
~binh gia nhiét dé nung néng nudc ngung. Ty theo cdu tao binh gia

thy

Hinh 11-7 Hinh 11-8
nhi€t ta c6 binh gia nhiét hén bhop hoic khong hdn hgp. Trong binh gia
nhi¢t hon hgp, nuéc cip khi ra khoi binh c6 nhiét do bdng nhiét dé bao
hoa 'y ting v6i ap sudt pyr.

Lugng hoi trich o trong 1 kg hoi khi vao tudcbin déi véi truong hgp
binh gia nhiét hén hop dugc xac dinh biang cong thic:

Vi - 172
a = e—
i - 12
Tir : entanpi nudc ngung & ap suit trich pyy
tr © entanpi hoi trich,
2 : entanpi nw6c ngung o 4p sudt pa.
Cong c6 ich cia 1 kg hoi trong binh chu trinh hdi nhiét

={l-a)@-i2) + e (i1-iu)
Sau khi riit gon ta ¢6

= (]1 - ]2) - (itr - 12)
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Hiéu suit nhiét cia chu trinh hdi nhigt

q1-qz Lot 1-12) - a (ur-1i2)
e = == = . s
q1 i1 - i 11 - Utr
So db thiét bi tudcbin hoi hai chd trich hoi bi€u dién trén hinh 11-9. O
day cac binh gia nhi¢t 1,2 gia thi€ét la chc binh gia nhiét hén hop. T dé
al, a3z xac dinh bang cong thic sau (h. 11-10).

b4 ] ]
I'trl - T2

al] = = " . )
Lyl - Uir2 i"'_' .
(1- a1) (w2 -12) -
axr = P -
lee2 = 12
¢
b
Seea [
"{."‘ —————
(-’. ==
8
Hinh 11-9 Hinh 11-10

itrl  : entanpi hoi trich chd 1.

itrz  : entanpi hot trich chd 2.

1 : entanpi nuéc ngung & 4p suét pirl.

iz : entanpi aude nguﬁg & 4p suit pr2.

i S éntanpi nuGe ngung ¢ 4p suit pa. . .
Cong c6 ich ciia 1 kg hoi nuéc trong chu trinh hdi nhiét véi hai-ché trich .

lot = i1 - i2 - a1 (itr1 - 12) - a2(ine2 - i2) )

Hiéu suit nhiét

_ bt 1-i2 - a1 (-2} - a2 (iﬁ-z - i2)

M = — = —
qi 1i - i1
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Suit tiéu hao hoi

dy = 3600 _ 3600 kg/kWh
T e d-i2- al(itrl-iz)-az(irrz-iz)(gj )
BAl TAP

Bai 11-1 — Thiét bi hoi nudc lam viéc theo chu trinh Rangkin. Cac
thong s6 hoi & trang thai ddu py = 30 bar, t; = 400°C, ap sudt tr ng binh
ngung p2 = 0,04 bar. Hay xic dinh hi¢u suit nhiét cia chu trinh,

Gidi: i
Hiéu suat nhiét cia chu trinh Rangkin 1¥ twdng

it - 2

M =
1-12

Tu do thi i-s (h. 11-11) tai cic diém 1, 2 ta
doc duge Hinh 11-11
i1 = 3235 ki/kg; iz = 2085 kl/kg '
i'2: entanpi cia nwée bao hoa ta tim dugc & bang hoi muée v6i p =
0,04 bar 1ai"> = 1214 kl/kg
Vay hiéu sual nhiét:

2235 - 2085
3235 - 1214

Bai 11-2 — Hay xac dinh hiéu suit nhiét cua chu trinh Rangkin Iy tuong
née bi€t py = 60 bar;t; = 450°C; p2 = 0,04 bar.

m = =037 = 3%

. Trd Idi: 0%

Bdi 11-3 — Hay xic dinh cong ma 1kg hoi nu6c thyc hién dwgc khi lam
vigc theo chy trinh Rangkin Iy tuong. Néu biét p; = 100 bar, yj = 550°C,
p2 = 0,04 bar, '

Trd I0i: 1465 kifkg

Bai 11-4 — Tubcbin hoi cong sudt N = 12MW lam viéc véi cic thong

s6 dau p1 = 80 bar, ti = 450°C. Ap sudl trong binh ngung p2 = 0,04 bar.
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Trong 16 hoi ngudi ta dét than cé nhiét try lel = 600C kcal/kg. Higu sudt
cia 16 hoi 7 = 0,8. Nhiét dd nwéc cip tae = 100°C.

Xéc dinh hrong than cin dé tudcbin [am vidc v6i tit ca cong sudt (néu
thi€t bi lam viéc theo chu trinh Rangkin 1y tuong).
Gidi:
Sudt tiéu hao hoi cia tudcbin
3600
i -2

80 bar, t1 = 450°C, p2 = 0,04 bar 1a co:

d0=

Ti do thii- s véi p1

I

i o= 3275 ki/kg i = 1975 ki/ke

3600
do = ————— = 2,77 kg/kWh
3275 - 1975

Lugng hoi tudcbin tiéu thy

Do = doN = 2,77.12.10° = 33240 kg/h
Lugng nhit 1kg hoi nhin dugc trong 16 hoi ij - ine.
Lwong nhiét can cung cip cho 1o hoi néu 5 = 0,8

il - inc

0,8

. : Do(ir - i
v6i Do ke/h hoi ta co: Dot -bne) i
Viy lugng (han cin:

-

Dolir - inc).  3,324.10% (3275 - 424,9)
Q. m 4,1876.10°08
Gia tri inc tim dugc ty bang nrde va hoi qua nhiét véi tae = 100°C, p
= 80 bar (bé qua mét mat Ap do chuyén ddng cia nudc va hoi).
Bdi 11-5 — Cic thong s8 hoi nuéc trude khi vao tudcbin pr = 100 bar,
t1 = 550°C. Ap sudt.o binh ngung p2 = 0,04 bar, Hay x4c djnh trang thai
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cia hoi sau khi gidn nd c6 mit mat trong tudcbin. NEu hi¢u suit trong

twong d6i 70 = 0,34.
: Trd igi: x = (0,882
Bai 11-6 — Hay xac dinh hiéu.suft trong tuyét doi n; clha tudcbin hoi
Néu hoi trudc khi vao tudebin c6 p1.= 90 bar; t1 = 500°C va sau tudcbin
p2 = 0,04 bar. Hiéu suit trong tuong doi :701 = 0,83
Trd Idi: 44,5%.
25 M/kg.

0’85 ﬂd -

Bdi 11-7— Nha may nhiét d1¢n dol than cé nhiét trj Ql
Hay xac dinh sudt tiéu hao chit dot cho 1 kWh néu biét
097, 7t = 04. noi = 0,82, ek = 0,98, na = 0,97.

Gidi:
Sudt tiéu hao va hi¢u suit c6 quan hé nghich dao véi nhau

3600 '
n =, —— ;qkl/kWh

,hoac_ S :
Hiéu sudt nha may di€nn = 1. Bd. Y. Yoi. Nck. 74 nén
g ‘- 14,85.10% kg/kWh
1= 0809704082098097 810" kek

I

Suat tleu hao chat dot

q 14,85.10°
= = 0,594 kg/kWh

RN b_o"’ T _
ey H-& — Hay x4c dinh hiéu sudt cda nha méy nhiét dién néu sudt
nau- hao nhn,t trén 1 kWh 1 132, 103 K. :
P e Trd 10i: 273%

110

-Bdi 11- 9 : Thlct b! tuocbm hm lam viéc v6i céc thong s8 sau: p1 =
bar; t; = 500 C; p2 = 0,04 bar, Qua nhiét 1in thit hai dugc tién hanh & ap
= 30 bar dén nhigt d§ ¢ = t; = 500°C. Hay xic dinh hiéu suit

suit p’
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ohiét cia chu trinh qua nhi¢t lin thi hai. i}

Gidi:

T 'dd thi i-s va theo (h. 11-12) ta ¢6:
it = 3360 ki/kg “
2996 ki/kg

3456 ki/kg

2176 ki/kg

i’2 tim ti bang v6i p = 0,04 bar.

2 = 121,4 ki/kg

Hiéu suit nhiét cia chu trinh c6 quéa nhiét lin hai

i

i4

- Hinh 11-12

i2

(r-i3) + (4-ip) (3360 - 2996) + (3456 - 2176) 045
T T+ (4-1) (3360 1214) (3456 - 2996)
Bai 11-10 — Thiét bi tudcbin hoi cong sust N = 200 MW lam viéc theo
chu trinh Rangkin v6i cic théng s ban diu p1 = 130 bar; 1 = 560°C.
Ngudi ta ti€n hanh qué nhiét trung gian & 4p sudt p° = 20 bar va nung hoi
dén nhiét d ban diu. Ap suit binh ngung p2 = 0,04 bar. Nhiét d6 nudc
cdp tac = 180°C. Hay xéc dinh lugng tiéu hao chit ddt trong 1 gid néu ddt
than c6 nhiét tri QM = 20 M/kg va hiéu suit cua I8 7 = 0,92.

- Gidi:
Lugng tiéu hao than trong 1 gio

Do(i1 - inc) + (is - 13)

B =
. Q. m
Luong hoi tudebin tiéu thy
Do = do.N
Suit tiéu hao hoi
3600

 (it-i) + (- i)

T dd thi i-s ta c6

CA
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i1 3495 kl/keg; 13 2955 kl/kg
2290 kJ/kg; 4 = 3600 ki/kg

180°C ta ¢6 inc = 769,7 k)/kg

Il

iz

Tu bang hoi nude véi p = 130 bar, tae

3600
do = ~L——— = 195 kg/kWh
540 + 1310

Do = 1,95.200.10° = 3,90.10° ke/h = 390 t/h

5 39.10° (27253 + 645) 715.10° ke = 715 Uh
h 20.10°.0,92 T ’

Bdi 11-11 — Thiét bi tudchin hoi lam viéc theo chu trinh Rangkin véi
cac thong s3 diu p1 = 100bar, t; = S00°C. Ap suit cudi p2 = 0,05 bar.
Qué nhift trung gian ti€n hanh ¢ 4p sut p° = 24 bar dé nung hoi dén
nhigt d6 U = 480°C. Hay xac dinh d¢ khd trong truong hgp khong c6 qua
nhi€(, c6 qua nhiét va sy tang hi¢u sudt nhiét do cé qua nhi¢t trung gian.

' Trd Ioi: x5 = 0,775; x2 = 0,86;

A7 o0z = 357%

e
Bdi 11-12 — Tudcbin hoi d6i ap cong sudt N = 6MW c¢6 céc thong sG
Pi = 40 bar, t; = 450°C, p2 = 1,2 bar. Tit ca hoi sau khi gian no trong
tudcbin dem sy dyng trong cong nghiép va sau khi ngung ty & ap suat pz
nu6e bio hda d6 Izi duge dura tré v& 16 hoi. Than ddt c6 nhiét trj Q%, =
20 MJ/kg. Hi¢u sudt nhiét cua l6 71 = 0,85.

a) Tinh lugng tiéu thy than trong 1 gio.

b) Néu ngusi ta san xuit dién va nhiét riéng bigt trong tubcbin ngung
va trong 16 hoi 4p sudt thdp thi lrgng than tiéu thy trong trudng hgp nay
a bao ohiéu, n€u vin phai bio dam cdng sut di¢n va nhiét nhu trén. Ap
sudt trong binh ngimg p; = 0,04 bar. Hiéu sudt 13 ap suit thap coi bing
hi¢u sudt 16 4p suit cao, Con cdc didu kién khic vin giUr nguyén nhy trén.

) Tinh phin tram tiét kiém than do sin xudl hdn hop di¢n va nhigt
bing cich ding twachin dgi ap.

Gidi:
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a) Td dd thi i-s ta tim dugc:

ir = 3330 kJ/kg; iz = 2550 kl/kg
Tit bang hot nwde v6i p = 1,2 bar ta ¢6 i'2 = 439,4 kl/kg.
Sudt hao hoi:

3600
-1 3330 - 2550
Toan bd lwgng hoi cin ¢é:
Do = doN = 4,616.10° = 27,7.10° kg/h

Lugng nhi¢t cung cap cho cong nghié¢p
Qen = Do (i2 - iz’) = 2,77.10% (2550 - 439,4) = 5,85.107 ki/h
Lugng nhiét ma hoi nhin dugce § 16 hoi

Q1 = Do (i1 - i7’) = 2,77.10" (3330 - 439,4) = 8.10" kKJ/h
Lugng than tiéu thy trong 1 gid '
Qi =B.Q%. m

O B 8.107
Q. m 20.10°.0,85

b) Tut dd thi i-s ta ¢6 i1 = 3330 kl/kg, iz = 2095 kJ/kg. Tat bang véi p
0,04 bar ta c6 i’ = 121,4 kJ/kg. Tuong ty nhu trén ta cé:

d():'

= 4,61 kg/kWh

B =

= 4710 kg/h = 47 t/h

3600 3600

-z 3330- 2095
Do = doN = 2926.10° = 1,75.10" kg/h

Lugng nhi¢t hoi nhin dwgc ¢ 16 hoi dp suat cao

do =

= 2,92 kg/kWh

Qi = Do (i1 - 7)) = 1,75.10* (3330 - 121,4) = 5,6:10' kI/h
Lugng than tidu thy trong 1 gid cia 16 hoi 4p sut cao dé san xuit dién
Oll = Blolvt .M

Qu 56.107

B =
o .m  2010°085

= 33.10°kg/h = 33 thh
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Lugng nhit ma 16 hoi 4p suét thip cdn co trong trudng hop san xuit
di¢n va nhiét riéng biét chinh bing Qcq.
Q12 = Qe = 585.107 ki/h : .
Lugng than cin c6 cho 16 hoi &p sudt thip : ’
Q12 5,85.107
Q% . 2010°085
Lugng than ciin d& san xuit dién va nhiét trong hai 16 hoi

B; = = 3,44,10° kg/h = 3,44 t/h

=B1+ B2 =33 + 344 = 674 t/h

c) Phﬁn tram i€t ki¢m than
6,74 - 4,7

| , 6,74
. Bdi 11-13 — Tudcbin hoi d6i 4p cong suit N = 8MW c6 cic thong s§
sau pr = 35 bar, 1 = 435°C, pz = 1,2 bar. Hoi sau khi sit dyng trong
cdng nghi¢p ngung ty lal vi tr¢. lai 16 hoi duéi dang nuéc bao hoa.
Than 45t c6 nhigt i QM ¢ = 2847 Ml/kg. Higu svat 16 g = 0,84. Hay
tinh lugng than tiéu thy By trong trudng hop san xuit hén hop dién va
nhiét bing tudcbin ddi ap va lugng than tiéu thy B trong trudng hop san

xuit dién va than riéng blet bﬁng tudcbin ngung hoi v6i p2 = 0, 04 bar va
16 hoi 4p sudt thip.

x 100% = 30,3%

Trd Idi: B = 4511t/h,Bz = 6,466 t/h

Bd: 11-14 — Tudcbin hoi cong sudt N = 6MW c6 cac thong s0 sau p1
= 40 bar, 1 = 450°C, p2 = 0,04 bar. D& nung néng nuéc cAp nguoi ta liy
hoi trich 6 tudcbin dudi ép suit pyr = 1,2 bar.

Hay xéc dinh higu, suit nhigt, ltrqng than tiéu thu trong 1 gio trong
trming bop 6 hdi philft va khong c6 hoi nhiét. Néu than d6t c6 nhiét tri
Q = 20 MJikg, I-hcu suat nhiét cia 16 n; = 0,85.

Gidi: . . |

Tit db thi i-s va xem (h. 11-13) ta ¢6

= 3330 kI/kg; itr = 2550 kifkg; iz = 2095 kl/kg

e = 8394 kg T2 = 1214 W/kg Uy = 1048°C, 1’3 = 29°C.
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a) Trudng hop c6 h&i nhiét.

Gia thi€t day 13 binh gia nhiét hén hgp. Nghla la
nudc ngung c6 nhiét do t2 = 29°C dugc nung dén
nhiét do6 bao hoa trong bmh gia nhiét Oy =
- 104,8°C. :

Viy lugng hoi trich trong 1 kg hoi.

\ P - i 4304 - 1214
Hinh 11-13 a =." : _ = 0,15
ity - 172 2550 - 121,4

Cong ¢6 ich cia 1 kg hoi:
lot = i1~ iz~ (itr - i2) = 3330 - 2095 - 0,15.(2550 - 2095) = 1167 kl/kg

Sudt tiéu hao hoi

3600 3600
= = 308 kg/kWh
lot 1167

Lugng hoi tiéu thy
Dot = dotN = 3,08.6.10° = 1,85.10" kg/h
Lirgng nhiét tiéu thy

Qot = Do (i1 - Pvr) = 1,85.10% (3330 - 439,4) = 5,35.107 kJ/h

Lugng than cin cung cip

Q 5,35.107
- = 3,1410° kgh = 3,14 th
QY . m 20.10°.0,85 |

B =

Hiéu suat nhiét
lot 1167

= Uy

™ e 3330 - 4394

b) Trudng hgp khong cé hdi nhiét
Hi¢u suit nhiét:

-iz 3330-2095
= = 0,376

" -2 3330 - 121,4

1l
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Lugng than tiéu thy

o _ 3600 3600 292 kgkWh
° -k 3330-2005

Do = 2,92.6.10> = 1,75.10* kg/h

Q = Do (it - i) = 1,75.10° (3330 - 121,4) = 5.6.107 ki/h
Q 56.107

B = : = 3,3.10° kg/h = 33 t/h

o% . m 2010085
Bdi 11-15 — Tubcbin hai cong sudt N = 25MW lam vi¢c vdi cac thong
s6 p1 = 100 bar, t; = 500°C, p2 = 0,04 bar. Ngudi ta trich hoi tit tudcbin
hai chd ¢ ap sudt prr1 = 10 bar, py2 = 1,2 bar dé nung nudc cip trong
nhirng binh gia nhiét hén hgp.
Hay xac dinh lugng hoi trich ¢ mdi noi trich trong mot gid, hi¢u suat
- nhigt va phan tram tang hiu suit do c6 hdi nhiét.
Gidi:
T dd thi i-s va td bang, xem (h. 11-14), (h. 11-15) ta c6 i] = 3375

ki/kg, i1 = 2780 kl/kg; T2 = 4394 ki’kg, 2 = 1214 kl/kg, &y =
2415 ki/kg; iz = 1985 ki/kg; i'n = 762,7 ki/kg

. 1)‘ = 400 bar

Hinh 11-14 Hinh 11-15
Lugng hoi trich trong 1kg hoi *

Vet - P2 762,7 - 4394

a = —— = _
url -T2 2780 - 4394

= (,138
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(L- a1) (iw2-12)  (1-0,138) (4394 - 121,4)
2 - 2 S 24151214

ax = = (),119

Cong c6 ich cia 1 kg hai

ot = i1-i2- @i (ir1-12) - a2 (2 - i2) = 3375 - 1985 -
- 0,138 (2780 - 1985) - 0,119.(2415 - 1985) = 1228 ki/kg
Suit tiéu hao hoi

3600
lot - 1228

dot = - = 2,94 kg/kWh

Hoi tiéu thy trong 1 gio

Dot = dot.N
Hoi trich tiéu thy trong 1 gio

2,94.25.10° = 7,35.10* kg/h

7,35.10*0,138
Diz = Do a3 = 7,35.10*.0,119

Dir1 = Do a1 1,015.10* kg/h

0,875.10° ke/h

Lurgng hoi qua binh ngung
Dy = Dot - (Dtrl+Dlr2) =
= 7,35.10° - (L015 + 0,875)10% = 5.46.10" kg/h

Hiéu suit nhiét cia chu trinh hdi nhiét

q1- q2 lot 1228 -
N = = e = = (0,47
qi 1] - T'gr1 3375 - 162,7

Hiéu suét nhiét cia chu trinh khong hdi nhigt

i-i2 3375 - 1985

o= —— = . = 0,427
-2 3375- 1214
Phin tram tang hi¢u suft
An (0,47 - 0,427)
—100% = e 100% = 10,1%

m 0,427
Bdi 11-16 — Tudcbin hoi c6 cic thong s6 py = 90 bar, 1 = 480°C,
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P2 = 0,04 bar. Ngudi ta trich hoi td tudcbin hai ché ¢ 4p sudt pyr = 10
bar; pir2 = 1,2 bar d& nung nuéc cap trong nhirng binh gia nhiét hdn hgp.

Hay xac dinh hi¢u sudt nhiét trong trudng hgp c6 va khong c6 hoi
nhiét, phin tram tang hiéu suit nhiét do c6 hdi nhiét, '

Trd Igi: ne = 0,464; n = 0,421

Ay :
— 100% = 102%
7t ‘

Bai 11-17 — Tubcbin hoi thiy ngin cong suit NHg = 10MW lam viéc
v6i hoi thiy ngin bao hoa kho ¢ ap suit piHg = 8 at. Sau khi gian ng
doan nhiét trong tudebin hoi im thiy ngin ¢ 4p sudt paHg = 0,1 at chuyén
vao binh ngung thiiy ngin 3 '
ddng thai lai 1a binh bdc hoi ———= 1— =7

nrdc (xem h. 11-16). Hoi i - | 3
nudc bao hda khdé o binh : ?
ngung - .Binh bdc hoi 3 @4 [

_L.J_‘

chuyén vao by qua nhiét 4. O H : !
day hoi dugc nung t6i nhiét i ¢ )
d§ 450°C. Sau d6 hoi nuéc ! j
quéa nhiét chuyén vao tudcbin L" sl

5. Sau khi gian no doan nphiét
trong tudcbin hoi nude c6 ap
sudt p2 = 0,04 at.

Hay x4c dinh hi¢u suit nhiét cia chu trinh kép va hiéu. svdt nhiét cia
chu trinh hei. nugce lam vige trong triedng hop khong ¢6 chu trinh thiy
ngan. Xac dinh phin tram tang hi¢u suit do iing dyng chu trinh kép va
cOng sudt cua tudcbin hoi nudc '

Hinh 11-16 - So 46 chu trinh kép Hg - H20

T i)

Hinh 11-17 Hinh 11-18
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Gidi: :
Ti db thi i-s cila thiy ngan va bang hoi thity ngan bao li(‘)a’ ta dugc:
itHg = 86,1 kcal/kg
. i2Hg = 62 kcal/kg
Céng c6 ich cua 1 kg Hg J
lohg = 86,1 - 62 = 24,1 kcal/kg

Sudt tiéu hao hoi thiy ngin

50 %0 35,7 keg/kWh
dotig 24,17 '

Toédn b hrgng hoi thdy ngén tiéu thy

DoHg = doHg . NHg = 35,7.10.10° = 3,57.10° kg/h
Ty bang hoi thily ngin ta thiy @ng v4i ap sudt pzHg = 0,1 at nhiét dd
bao hoa 1a tsrg = 249,6°C. Néu coi dd chénh nhigt d cta Hg va H20 6
trong thiét bj trao dbi nhigt 3 1a nho va 6 thé bo qua dugc thi ta-cé nhiét
dd hoi bao hoa khd cia nuéce t;H20 = 249,6°C. Ung v6i nhiét do dé va
ti bang hei nuéc ta cé: '

dol-lg =

b =62
2Hg _
PIH,0 = 40 at va i"H0 = 669 kcal/kg T
L
T bing hoi nudc véi p = 0,04 at; } lv:..z_o'-‘“ﬁ
" 0 = 28,7 kealkg. -~ , l ] )
Tu bang hoi thiy ngén voi p = 0,1 at ta cé: "H;a‘-'zg‘* }L, 835
- iitg 7
Paug = 8,25 keal/kg Hinh 11-19
Ti hinh 11-18 va qua cén bdng nhiét ta c6:
Donig (i2Hg - 2Hg) = DoH0 ("0 - 'H50) -
Dotig (i2Hg - iHg)  3,57.10°(62 - 8,25)
DoH0 = - =

- ; . = 0,2097.10° kg/h
1"Hz0 - 'H0 - 669287 B

Viy cit 1 kg hoi nude thi cin
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357.10°

————s = 11,9 hoi thiy ngin
0,2997.1¢° Y ne
T do thi i-s cia hoi nurdc {xem h.11-20) ta c6
Ly peto

-450% 11 = 7954 keal/kg
500 kcal/kg

Cong o6 ich cua 1 kg hoi nuée

._.
=
I

s loH,0 = 7954 - 500 = 2954 keal/kg
Hinh 11-20
Céng c6 ich cia 11,9 kg Hg

Cong 6 ich ciia ca hai chit moi gici ing vai 1 kg H20

lo = boHy0 + Lomg = 2954 + 2868 = 582,6 keal/kg H20
Nhi¢t ma 11,9 kg Hg nhin duge

qiHg = 119 (kg - "2Hg) = 11,9 (86,1 - 8,25) = 926 keal
Nhiét ma 1 kg H20 nhin dugc
“GiHz0 = 1IH0 - TH20 = 7954 - 669 = 126,4 kcal
Nhigt chu trinh kép nhan duoc

Al = qiHg + qIH0 = 926 + 1264 = 1052,4 keal
Hi¢u suit nhi¢t cua chu trinh kép

lo 582,6 ,
MK =— = = 0,553
q1 10524

Hi¢u suit nhiét ctia chu trinh hoi nugc trong trudng hop khong c6 thuy
ngén '

lo i1 - i3 2954
MHO = — =———e = = (0,385
q1 11 - 12 . 7954 - 287
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Phin tram tang hiéu suit do ap dyng chu trinh kép

A (0,553 - 0,385)
100% = —————— 100% = 43,6%
H,0 0,385

Cong sudt cua tudebin hoi nuwde 5
Don )i).ioHa() 0,2997.10°.295 4 s
NH,0 = = — = =1,03.10" kW =10,3 MW
- 360 860

Tong cong suidt cua chu trinh kép

N = Nyg + Ni,o = 10 + 10,3 = 203 MW

-Bai 11-18 — Tudebin hoi nude cong sudt N = 5 MW lam vi¢e theo chu
trinh Rangkin. Cac thong s8 dau py = 30 at, t; = 450°C, Ap sudt trong
binh ngung p2 = 0,04 at.

a) Xic dinh hi¢u suit nhiét cta chu trinh Rangkin vc'ii_hui nudce.

b) Néu ghép thém chu trinb hai thiy ngin bao hoa kho €6 nhiét do cao
nhét 450°C. Hay xac dinh hi¢u sudt nhiét cia chu trinh kép va phim tram
tang hi¢u sudt nhidt,

{Coi nhiét d cua hoi nude va nhiét dd cia hm thiy ngin & binh ngung
- binh béc hoi la nhu nhau).

Trd ldi: a) mH,0 = 37,8%
b) m = 53,8'%;;
Ay
MH0

100% = 423%

Chuong 12
CAC CHU TRINH THIET B{ LAM LANH

Thiét bi lam lanh tao ra nhiét do thip hon nhiét 4§ méi truong xung
quanh d& phyc vy cho cac qué trinh céng nghé va sinh hoat hang ngay.
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Chu trinh 1y tudng cia thiét bj 1am lanh 13 chu

3
- 7277 2 trinh nguge cia chu trinh cacnd (h. 12-1). Ty s&
A % gitra lugng nhiét qo ldy duge ti vat cin lam lanh va
= = cong tiéu hao cia chu trinh goi 1a hé s8 lam lanh.
= =
s Jo Go
Hinh 12-1 £ = - ==
9-9 b

O day q la lugng nhiét ma chét méi gisi nhudng cho nuée lam mat ¢
budng lim mat.

RO rang la gia tri 16n nhAt cia hé s§ lam lanh 1a gi4 tri hé s§ fam lanh -
ctia chu trinh cacnd ngugc.

e '
Ty 56 — biéu thi d§ hoan hio cia chu trinh thiét bi lim lanh da cho.
&k

Chit mdi gisi - hay con goi 1a tac nhan lim lanh - O day 1a khong khi
vi mit s chit léng c6 nhiét db sdi thap (améniac, COy, fréong,...)

1. Chu trinh thiét bj Jam lanh bing khong khi. ©

So db thiét bi lam lanh bang khong khi va chu trinh clia né dugc the
hién trén (h.12-2, 12-3).

f”_ 3412_
=y

5 _ XA
4 44,

Hinh 12-2 ] Hinh 12-3

Khéng khi tr budng lanh 1 hat vao may nén 2. Qua mdy nén 4p suit
nhi¢t dé cua khéng khi ‘tang lén. Cong tiéu hao may nén Imy = dién tich
hinh (12651) trén db thi p - v. Ra khoi may nén khdng khi vio budng lam
mét 3. O day khong khi truydn cho nwéc lam mét hrong nhiét q. Sau dé
khong khi vio xilanh gidn n6 4 d& gian n va nhiét do gidm xudng. Cong
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giin né cta xilanh Iy = dién tich (34563) sinh ra va bu lai mdt phin cdng
nén khi. Ra khoi xilanh gidn n, khang khi vio budng lim lanh 1. GO ddy
khéng khi 14y hugng nhiét qo ti vat Jam lanh, khéng khi n6ng 1én va dugc
hit trd lai may nén, . '
Lugng nhiét go goi 14 nang suit lam lanh
dirgc xéc dinh bing phirong trinh sau (h. 12-4)

qo = it - 4 = Cp(T1 - Ta)

Ty - nhiét dﬁ khong khi budng lam lanh
vao may nén. '

tioh124 Ty - nhiét do khong khi khi vio budng lam
lanh. -
Cp - nhiét dung riéng trung binh cia khong khi trong didu kién 4p sudt -
khong thay dbi. = o '
Céng tidu hao may nén
0 tmn = h-ir = GylT2-T)
T - nhiét d§ khong khi sau khi nén trohg may nén
Cong nhin durgc ciia xilanh gian nd

lx =i3-14 = Cp(TJ'T4)
Ts - nhiét d§ khong khi khi vao xilanh gan ng.
Cong tiéu hao cda chu trinh

| C lo=lmn-k
Lugng tiéu thy chit tic nhin (khong khi)

= = kg/s
Qo, go - nang sudt Um lanh cla thiét bj va cia Lkg khong kbi, Don v
tuong ung v&i Qo va qo 1a klfs, kifkg hodc kealis, k . HE 55 lam lonh
trong trirdng hop qud trinh nén va gian nd 1A cic qué trinh doan: nhiét (s
= const) : _ ke
%o Go T - Ti-

£ = m————— T e I3 s

4

9-¢ b T2-Ty Ti-Ts '
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Cong suit 1y thuyét ciua dong co
Nit = G.lo, kW

- kl/kg; G - kg/s

2, Chu trinh tluet bl lam lanh bang hoi nén. ]

S dd thiét hi tam lanh bing hoi nén the hién
trén high 12-5. Hoi bao hda amoniac (hoac mdt
Chdl tac nhin ndo khac) o nhigt do gin bang
nhlcl do buong lam lanh 1 duge hit vao may nén
2.0 day hoi bi nén doan nhiét. Ra khoi may nén
hoi di vao binh ngung ty 3. O diy hoi ngung Hinh 12-5
thanh nudc trong diéu kién &p suit khong déi.
Sau.dé nudc qua van tiét luu 4, nhiét dd ha xudng va vao budng lanh 1.
Tuy theo hoi khi vao may nén Ia hoi 4m hay hoi bio hoa khd ma ta goi
qué trinh trong may lanh 14 qua trinh am (h. 12-6) hay khé (h. 12-7).

Thiét bi lanh nhu hinh 12-5 goi la thi€t bi lam lanh trye ti€p. C6 nghia
¢ ddy, tai budng lam Iynh 1, chit. tic nhdn tryc tiép nhin luong nhiét

L)
._i'_"‘"i

T o a T,
I
4 4
Hinh 12-6 " Hinh 12:7 &

o t& vit cin lim lanh. Con nhir trén hinh 12-8 15 thiét b lam lank: gian
tiép. O day, tai ‘budng béc hoi 1, chit tic nhin nhjn lugng nhiét qo ni chit
trung gian (dung dich mudi). Sau dé chat tmng ggan niy qua budng lanh 5
lam lanh vat ¢in lam lanh.

Cong tiéu hao trong méy nén 2

mn = 12 - 1| .
Nang sufit Iém lalih . 7_ E__-l o ""B_‘
s ¢ —

q =i - r(x; -x4) LB A py
r - nhiét héa hoi. : D
x1 - dd kho cia hoi & trang J J
thai lic vao mdy nén.. . | B fﬁ_nh 128
146
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x4 - d§ kho cua hoi sau khi qua van tiét Iuu.

Lugng nhi¢t chit tac nhan truyén cho nuéc lam mat ¢ binh nging

q=q +lo=1i-i3

BAI TAP
Bai 12-1 — Cé thiét bi lam lznh bing khong khi nhu hinh 12- 9, Khong
khi ti buong lam lanh 1 di vio may nén 2 c6 nhiét dd t; = - 5°C. Sau khi

nén doan nhi§t trong méy nén khong khi c6 ap sudt p2 = 5 bar chuyén vio
buong lam mat 3. O Jay nhiét dd ba xudag 3. = 15°C trong diéu kién ap
- sudt khong dbi. Sau do khong khi chuyén

3 . vao xilanh gidn nd 4 v cudi cing di vao
4 R 2 D—- buong lam lanh. 1. :
—E :4 = “Hay xac dinh cong cia chu lrmh nang

] b~ sudt lam lanh, cac hé s8 lam I¢nh € Vi K.
4, I\V ‘ Trd loi: lo = 51,5 kl/kg; go = 89,9 kJ/kg
Hinh 129 £ = 1,69 ex = 134

Bdi 12-2 — Thi€t bi lam lanh bang khong khi nhu hinh 12-9 c6 nang
sudt lanh Qo = 200.000 kJ/h. Khong khi khi vio may nén ¢6 4p suit p; =
- 1 bar, nhit d§ ty = - 10°C. Ap suat khong khi sau khi nén P2 = 5 bar.
Nhi¢t d khong khi khi vao xilanh gidn ng t3 = 20°C, de xic dinh cong
« sudt Iy thuyet clla may phat cin cho thiét bj lanh do, hé 56 lam lanh, luong
nhiét truyén cho nuéc ¢ buong lam mat.

Ty

. 5
Hinh 1211 .
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Xét qua trinh 1-2:

k-1
2 X
Ty =To 2= )& = 2635996 - 436°K
p1
XéL qua trinh 3-4:
T k1 ,
_3_ = B.l‘—. k = 50’286 = 1,583
Ty P . L ) _
- T 293
Ty = — =22 _ 185°K
1,583 1,583

Ana= Cp (T2- T1) = 1,01 (416 - 263) = 1545 kl/kg
A = Lcﬁn -Tg) = 1:)'17&293 - 185) = 109 ki/kg
Jo=lmn-k = 154,5 - 109 = 45,5 ki/kg

Go = Cp (T1 - Ta) = 1,01 (263 - 185) = 78,7 ki/kg

- Lugng khong khi chn:

G Q200000

Qo 78,7.3600

Cong suft Iy thuyét may phat

. Ne=G.L = 0705455 = 32,1 kW

= 0,705 kg/s

G =

H¢ 53 lam lanh
. ‘. 7 :
- - b 45,5
Lugng nhit truydn cho nuéc & budng lam mét
q =qo+k =787 + 455 = 1242 ki/kg
Q = G.q = 0,705.3600.124,2 = 3,14,10° kJ/h
Bdi 12-3 — Thiét bj lanh bing khdng khi c6 nang suft lam lanh Qo =
200.000 kcal/h. Thong s cia khong khi khi vdo méy nén py =1 bar ;
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t1 = - 10°C. Ap suit khong khi khi ra may nén p2 = 4 bar. Nhi§t d
khong khi khi vio budng lam lanh t4 = - 76°C. Hay x4c dinh cong svat Iy
thuyét cia méay phat va hé s6 lam lanh..

e Trd igi: N = 114 kW; & = 2,02

—

! Bd: 12-4 — So dd thiét bi lanh bing hoi nén va chu trinh cia né duge
the “hién trén céc hinh 12-12, 12-13.

3 po 9
N\ ] T
Z 3 z
- 4 ‘ D_ ///21/ \
4 Lo 4
] 4 ———o
==
& i . S
. Hinh 12-12 _ Hinh 12-13
Hoi am6niac khi vio méy nén 2 ¢6 nhiét 4o t1 = - 15°C. Sau khi nén

hoi ¢6 dd khd x2 = 1 va nhiét do t2 = 15°C, va duge ddy vao binh ngung
3. (b diy hoi ngung ty thanh nuéc bao hoa dudi &p sudt khong dbi. Ta
binh ngung mréc chuyén vao xilanh gian nd 4. Sau khi gian né nhigt 4o ha
xudng 4 = t1 = - 15°C va di vao binh bc hoi 1. Khi ra khoi binh bSc hoi
¢ dd khd x1. Hay xac dinh nang suit 1am lanh cia amdniac va hé sb 1am
lanh.

Gidgi:
Nang suét lam lanh
| Go = i1 - 4 = 1(x1 - x4)

Tu bang hoi ambniac véi b = -15°C ta c6 11 = 1312,6 k¥/kg. Gia tri
X1 va x4 c6 the tim duqc n} do thi T-s hoac bﬁng tinh toan sau. T qua

trinh 1-2 ta c6: -
‘ S“2 = 52 = .31. = S’.l + (S“l - S’l) X1
(s"y ~'5"1)
Xt = —————
_ (s"y - &'1)
'1“1} bang hoi. ambniac véi u = -15°C e
o 392951—9015k.l/kgdo
vei - '_t'z = 15°Cta ¢ 5", = 8,624 kl/kg.dd

Sy
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8,624 - 3,929
Xl = ——————— = (,924
9,015 - 3,929
Tuong ty nhu viy ta cé:
| §3-81  4434-3929
Xy = = = (,0995
s - 81 9,015 - 3,929
Tt bang v6i t3 = 15°C ¢6 s'3 = 4,434 k)/kg.dd
Vity = 4néns’y =" ;81 = s}y
Viy qo = 1312,6 (0,924 - 0,0995) = 1082 kJ/kg

Nhi¢t ma.binh ngung nhan duge (0 amoniac

q=1i- iS =
Tud bang hoi amdniac véi t = 15°C ta tim dugc r2 = 1207,1 ki/kg
' q = 1207,1 ki/kg
Cong cua chu trinh 7
b = q- Qo = 1027,1 - 1082 = 125,1 ki/kg
H2 55 lam lanh

£ = = = 8,65
lo 125,1 _

Bdi 12-5 — Trong so d6 thiét bi lanh (h. 12-12) ngay nay ngudi ta
thudng thay xilanh gian ng 4 bdng van tiét luu. So dd m&i va chu trinh cia
né dwgc the hién trén cac hinh 12-14, 12-15, Cac dif kién cta bai toan gi
nguyén nhu bai trude. Hay xac dinh hé s6 1am lanh cua thiét bi va hay so
sénh v6i h¢ s 1am lanh cia thiét bj bai trudc.

Hinh 12-14 ’ Hinh 12-15
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Gidi:
Hé s8 lanh Qo
g€ = — ;qo = i1- 14

A lo
Vi 4-3 12 qua trinh tiét luvu nén ta ¢é iy = i3=13.
Tt bang hoi amdniac v6i t2 = 15°C ta ¢6 iy’ = 488,6 ki/kg

=1 +x (-1 =101 +rm
Tu bang véi 1 = - 15°C ta ¢6 1 = 350 kl/kg.
= 1312,6 ki/kg. Gidng nhu bai trudc, x; = 0,924.
i1 = 350 + 0,924.1312,6 = 1562 kl/kg
Qo = 1562 - 4886 = 10734 ki/kg
Gia tri q . 3 = r2 = 1207,1 klJ/kg khong thay ddi so voi bai truéce.
lo = q- qo = 1207,1 - 1073,4 = 133,7 kl/kg

1073,4
= = 805
133,7 '
g’ 8,05
— =— =109
£ 8,65

Bdi 12-6 — Thiét bi lanh bing hoi amdniac nén c6 van ti€t luu nhu hinh
12-14 va chu trinh cia né trén dd thj T-s nhir hinh 12-15. Thiét bi lam viéc
vOi cac thong s8 saw nhit d§ vao mdy nén ty = - 10°C, nhiét do ra khdi
may nén t2 = 20°C. Do khdéx2 = 1, x3 = 0.

Hay tinh cdng cua chu trinh va hé s0 lanh.

Trd loi: lb = 1268 kl/kg; ¢ = 8,35
Bai - 12-7 — Cho thiét bi lanh bidng hoi
~amodniac nén cé van tift luu nhu hinh 12-14 va
chu trinh ciia né trén do thj T-s nhv hinh 12-16.
Thiét bi ¢6 cac théng s8 sau: nhiét 4o trung binh
béc hoi tj = - 15°C, hoi ra khoi binh bdc hoi la
hoi bio hoa khd x; = 1. Nhiét d khi ngung ty
t3 = 20°C. Hay xac dinh hé s6 lam lanh cia

thiét by
Hinh 12-16 Trd loi: € =64
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Bdi 12-8 — Cong suit l§ thuyét ciia may nén améniac trong thiét bi lanh
cé van tiét luu N = 50 kW. Nhiét dd béc hoi amdniac t1 = - 10°C. Hoi
khi ra khéi may nén 14 hoi bao hoa khd & phiét d§ z = 20°C. Hay xic
dinh nang suat lanh cua thiét bj va hé s3 lanh (ding d3 thj T-s).

- Trd I0i: Qo = 3,4.10° keal/h; ¢ = 7,92

Bdi 12-9— So db thiét bj lanh gian ti€p bing hoi amdniac nén dugc thd
hi¢n nhu hinh 12-17. Chu trinh cita n6 trén db thi T-s dugc bidu dién nhu
hinh 12-17.

Hoi améniac khi vio may nén é
cé nhiét do 4y = - 15°C. Sau khi ‘ J

nén doan nhiét trong may nén, : L _
nhigt d§ hoi @ = 15°C va do 3 “ 1

khd x2 = 1. Khi ra khéi may nén &_R;J_t taize ‘—E—{
2 hoi amédniac chuyén vao binh y ] " 4 el oo L.
ngung 3. O diy nuéc lam mét t=20c b 2] bpy=-at
néng €n ti nhiét d§ vao v, =
12°C dén nhiét d§ ra ¢, =
" 20°C. NuGc ambniac ti binh ngung tiét hru qua van tiét luu 4 nhiét d¢ ha
xudng 4 = t1 = - 15°C va di vao binh bdc hoi 1. Nhiét cin cung cho qui
trinh bdc hoi 4-1 Iy ot dung, dich mudi c6 nhiét do khi vao binh bdc hoi
tm=-2°Cvakhirat’y, = -5°C. -

Hay. xac dinh cong sudt Iy thuyét cia dong co, lugng nuréc lam mit cin
thi€t va lugng dung dich mudi cin. Néu biét ning suit lanh cia thiét bj Q,
= 60.k)/s, nhiét dung riéng ciia dung dich muéi C = 4,19 kl/kg.dp.

Hinh 12-17

Gidi:
Cong may nén tiéy thy
| tmn = B2- 01 (i2 = i)

Tu bang hoi ambniac v6i nhift dd t2 = 15°C ta tim duge iy = 1695,6
kI/kg, r2 = 12071 ki/kg, s', = 8,64 k)/kg.

R it = i1 + xyr1
A . sll '.S,l )
Sl"] - s’l
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Tu bang vity = -15°Ctac6 s = 3,929 kV/kg.dd
$"1 = 9,015 kl/kg.do, 'y = 350 ki/kg, r1 = 13126 kJ/kg

8,624 - 3,929
X = ———- = (924

9,015 - 3,929
i1 350 + 0,924.1312,6 = 1562 kl/kg
Imn = 1695,6 - 1562 = 133,6 kl/kg

Cong suit ¢ thuyét cua dong co

Nit = Ga]mn

Ga lugng hoi amdniac
' Qo
Ga =
Jo
Go = i1 - i4, vi 3-4 [a qua trinh tiét luu nén ta c6
4 = i3~y = 4886 kl/kg

qo = 1562 - 488,6 = 1073,4 kl/kg

G @ 0 OSSE; k:
" T Toma | vlkes
Ni = 0,0558 . 133,6 = 745 kW
Lurgng nude 1am mat ti phuong trinh
= 0Gy.Ch (t"n - t’n) = Qpn = . 12
Ga.n2 0,0558 . 1207,1
Gn = = _ = 2,01 kg/s
Colt", - tn) 4,187 (20 - 12)

Luogng dung dich mudi xac dinh tt phuwong trinh

QOm = Gm . Cm (t’m - 1“m) =

Gm = Qo % 478 kes
" T (Um - € W 41902 (- )
Bagi 12-10 — Thiét bj lanh 6 niang sudt lam lanh Qp = 290 k.!/s Nhiét
dd bdc hoi t) = - 15°C. Hoi khi vao may nén 1a hoi bao hoa khd. Nhiét do

'ngu-ng ty cla hoi améniac t3 = 25°C. Nhiét d§ cia nuéc ngung: khi ra khoi -
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binh qua lanh ¢ = 20°C. Hay xéc dinh hé s8 lam lanh va cong sudt Iy
thuyét cia may nén.

Trd loi: ¢ = 54; N = 536 kW
Bai 12-11 — Mt may lanh st dyng lanh chat Freon - 12. Nhiét d5 bc

hoi cua lanh chit ¢ dan I4nh to = - 20°C, nhi¢t do ngung cua lanh chat tg
= 40°C. Lugng linh chit tuin hoan cla may la 0,03 kg/s.

Xac dinh: - Nang sudt lanh cia may - Q.
- Nhit thai cua binh ngung Q.

- Cdng titu hao ctia may nén va hé s8 lam lanh.

Trd loi:

Qo = 3,16 KW
ON = 4,13 KW
Lmn =1 KW

Bai 12-12 — M{t may lanh 1 cdp st dung lanh chit NH3 vin hanh
trong cac dicu kién sau: ’ :

Nhi¢t d§ ngung tk = + 30°C

Nhigt d§ béc hai to = - 10°C

Nhigt d0 qua lanh tq = + 25°C

Nhilt do qua nhiét tgn = 0°C

Xac dinh: 7
- Thong s@ tai cac diém dic trung.
- Nang suit lanh riéng qo.

- Nang suit giai nhiét binh ngung qx.
- Cong tiéu hao cua may nén 1.
- H¢ 155 lim lanh & .

Trd loi:
go = 1150 kJ/kg qk = 1364 ki/kg
I = 214 ki/kg £=354

Bdi 12-13 — May lanh 1 cdp si-dung lanh chit Freon 12 véi cac thong
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sO sau: .
Nhiét dé bdc hai to = - 20°C
Nhiét d6 ngung tx = + 25°C
Nhiét d¢ qua nhiét tga = + 10°C
Nhiét Iugng ding dé qua nhiét hei lanh chfi; truéc khi v& méy nén 1a
d% long cua lanh chit bi qua lanh nha ra.
X4c dinh: - Thong s tai cac diém dic trung cda chu trinh.
- Nang sudt lanh riéng geo.
- Nang suit giai nhiét cia binh ngung gxk.
- Cong téu hao cia may nén 1.
- Hé s6 lam lanh ¢ .
- Bidu difn chu trinh trén dd thi T-s va i-s.
Trd (0
qo = 138 ki/kg gk = 166 ki/kg
I =28klkg & = 495
Bdi 12-14 — May lanh 1 cap lam vi¢c voi lanh chit NH3. Cic thong s8
cho biét nhu sauw:
Nang suat lanh cua may Qo = 273.000 W
Nhiét d béc hoi to = - 10°C
Nhiét do ngung ty tg = + 30°C
- Nhiét dé qud lanh tq = + 25°C
Nhiét d§ qué nhiét tgn = - 5°C
Xac dinh: - Théng s tai cic diém dic trung.
- Tinh luu lugng lanh chit tuin hoan.
- Nang suat nhit binh ngung Qg
Trd Ioi: G = 0,238 kg/s .
Qk = 315 KW
Bdi 12-15 — May diéu hoa nhigt dé lam vi¢c vai lanh chdt Freon - 22,
cac diéu kién lim viéc cho nhu sau:
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Nhiét dd ngung ty = 42°C
Nhiét d9 bdc hoi to = 0°C
Nhiét do qua lanh tg = 35°C
Nhi¢t dd qua nhiét tga = 7°C
Thong s6 may nén:
Pudng kinh piston D = 75 mm.
Hanh trinh piston S = 62 mm.
S piston Z ~ 8 ,
SG vong quay n = 1450 vong/phit.
Xac dinh: Thong s0 tai cic diém dac trung
Nang sudt lanh cita miy Qo
Nang sudt giai nhiét cua binh ngung Qg
- Cong tiéu hao cita miy nén L
Heé s6 lam lanh e

Gidi:

- Can o viro nhit d§ da cho, tra bang thong sO vit Iy cua Frew
bao hoa va qua nhiét ta tim dwgc céc thong s6 nhyu bang sau:

In

L AN
.Q

AR LN

5 /q’ 1

4 Y

% ”
... " il
by 1

PRSI O
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Di¢m t P i v
cc) | (@) (kI/kg) (m*/kg)
i [ o | s | 4 46,98.10°°
U 5 709,38 48,54.10°
2 - 68 16,4 730,40 17,06.10°
» 42 16,4 715,89 1432107
£ | 164 551,98 0,89.10°
S35 164 | 54288 0,8665.10°
0 5 542,88

Qo = i1-is = 70428 - 542,88 = 1614 ki/kg
QK = iz-u = T398-54288 = 196,52
I =ip-if = 739,4 - 709,38 = 30,02

|

Qo 161,4
E = eme— =
1 30,02
Tit thong s6 da cho ta xic dinh:

Thé tich quét cua piston:

xD?

v SxZ n_ (3/)
= X>X X — m/s

3,14 (0,075)°

-~ 1450 3
x 0,062 x 8 x 60 = 00529 m’/s

Laru lugng tac nhén hit vio ¢ diém 1”_‘Ié

“Vq 00529 .
Gy = —- =——— = 1,089 kg/s
vy 0,04854
Ning sudt lanh 1§ thuyét Qq: )
| Qo = G - go.= 1089 x161,4

= 175,76 KW = 1511552 keal/h
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Nang sudt giai nhiét cia binh ngung;
Ok = Gp.gg = 1,089 x 196,52
= 214,02 KW = 184050,88 kcal/h.

Néu ding nudc giai nhiét cho binh ngung véi nhiét dé nudc vio tn =
30°C, nhlct dé nudc ra t”, = 35°C thi lun lugng bom nudc giai nhiét cua

binh ngung sé la
QK = Gn . Cpn (', - Un)
Trong dé: '
Gn - Liru lrgng nirée cia bom (kg/sy
Cpn - Nhiét dung riéng cia nuée (Con = 4,18 KJ/kg.do)

1874 214,62
Gn = =
Cpn ([“n - E,ﬂ)f : 4,18 (35 - 3{})

= 10,24 kgfs = 36864,7 kg/h
Néu xem p = 1000 kg/m® thi '

Vo = 8T 685 w/h,
‘ Im 4 s v
Bdi 12-16 — Mot may nén lanh ¢6 thong s& nhe sau:
Dudng kinh xilanh B = 63 mm
Hanh trinh piston S = 50 mm
S0 xilanh Z =
T6c 4 quay n = 1460 vong/phir.
Lanh chit cong tac 13 Freon - 12,

Néu diéu kién tam vic cla may nhu sau;
Nhiét d§ ngung 1k = 40°C
Nhigt d§ bc hoi t, = - 10°C
Nhi¢t dd qua lanh ty = 30°C _ .
Nhi¢t dd qua nhi¢t hoi lanh chét 14, = 5°C. ;
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Tinh: - Nang suit Ianh Iy thuyét Qo c6-the dat dugc.
- Nang sufit giai nhi¢t ciia binh ngung.
- Cong tiéu hao cia h;éy nén,
- Thong s tai céc diém chinh trén db thi T-S.

Trd loi:
Qo = 29.000 kcal/h,
Qk = 35.000 keal/h,
lmn = 7,1 keal/hg.
Bai 12-17 — Vin may nén lanh c6 thong s8 nhu bai 6 nhung néw nap
lanh chét Freon - 22 thi cong suit dong co sé thay doi nhuthé nao? Nang

suit lanh riéng go va nhiét thai qua bink nguag qn thay dbi thé nae? Co
nhin xét gi qua sy so sanl nay?

Trg Mon:
Poivei R-22 go = 1639 kl/kg
gy = 2014 klkg
lmn = fﬂ,s kj/kg
Chuong 13

co' s& NHIET PONG CUA CAC
"QUA'TRINH HOA HQ_‘C

Khi nghxen cifu cac qua tnnh nhlct dong voi sy bién don hoa th t!'u
~ trang thai cha h§ dang nghlcn cifu duge xic dinh bang cac thong s§ nhicu
hon so vai (.ac h§ da nghaen cfu trudce va cac théng s bo sung duoc dac
bidt chi’y 12 ndng d5.

Tat c céc phan ting héa hoc deu ti€n hanh nha hojc hut nhlet o
Ngudi ta thwdng nghién codu nhing qua trinh ding tich - déng nhiét
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hodc didng 4p - ddng nhiét.

Khi tién hanh phan wing héa hoc s3 mol ciia cic chét tham gia phan
ting c6 thé khong dbi (An = m - m = 0), c6 thé tang (An = n3 - ny >
0) hojc gidm xudng ( An = m2 - 1 < Q), ¢ ddy n1 va n2 1a thng s8 mol
ctia tat ca nhing chit trdc va sau phan ing, con  An - sy thay dbi s3
mol.

Dinh ludt nhi¢t dong thi nhit 4p dyng cho cic qué trinh héa hoc ¢6
dang saw:

, Q= U+L (13-1)
(0] didy: AU - d¢ bién thién ndi nang cua hé thong.
Q - nhiét lugng ma h¢ thdng hit hoac nha.
L - cong thyc hién hay tiéu hao. .

Dy bién thién AU duong khi ndi nang cia hé tang va 4m khi ndi nang
ciia hé gidm, )

Nhi¢t lugng q, khi cAp nhiét cho hé la duong, con khi hé nha nhiét -
dm. :

Cong L ma hé thyc hién 13 cong dwong, cong hé nhin 13 cong am.
Cong do h¢ thyc hién trong cic qua trinh héa hoc cé tht ghm cong
gidn nd va cong khong cé quan hé véi sy thay ddi the tich. Trong thyc té
ta & tinh cong gian nd 13 dang céng duy nhit ma h¢ thyc hién, Khi d6
phuong trinh dinh lujt nhist dong thi nhit c6 dang:
v ,
Q= AU+ pdv (13-2)
. vi
Hiu ting nhiét Q cua phia ing 13 nhiét lugng ma hé trao ddi v6i moi
trudng trong didu kign nhiét do diu va cudi cia phan ng nhu nhau. Hiéu
ung nhiét cia pluin ung téa nhiét 1d 4m, con thu nhiét 13 duong. .
D6t v6i qua trinh ddng tich phuong trinh c6 dang sau: ¢
Qv =-AU = - Uz ' - (13-3)
nghia 13 hi¢u ifng nhidt Qv trong cic phan wing ddng tich bing do gidm
ndi nang cida hé. ) '
DGi véi cic phan ing ding 4p c6 dang
| Q=-Al=h:1, . (13-4)
nghia 1A hi¢w'ting ohi¢t-.Qp trong céic phin ng ding 4p bing d giam
. AR L "_“:" RV L
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entanpi cia hé.

M&i quan hé¢ cua cic hi¢u iing nhiét Qy va Op ddi vai cac kht ly tudng
phy thudc vio sy thay ddi s6 mol trong phan @ng:

Qv = Qp + yRAAT (13-5)

Do dé, trong cic phan ing s§ mol giam xuéng ( An < 0), Qv < Qp;
trong céac phan ing s0 mol tang 1én ( An > (), Qv > Qp; cOn trong cic
phan tng s6 mo! khong thay dbi (An = 0), Qv = Qp.

Néu trong cic phin ung cd cac chat rdn va long tham gia thi khi xac
dinh An chi iy sy thay dbi s6 mol cac thanh phin khi cia phan ing.

Pinh ludgt Gex (Tecc) (1840):

Hiéu ting nhiét cia phan ung khong phy thudc vao dudng di ma phin
#ng tién hanh va vio cic qué trinh trung gian ma chi phy thugc vao trang
thai diu va trang thai cudi . _

Tt dinh luat Gex riit ra hai diéu quan trong sau:

1. Hiéu t¥ng nhiét cia phan (ng bing tong'sd nhi¢l tao thanh cic san
phim cudi ciia phan vng trd di tong s5 nhiét tao thinh cia cac chit ban

Q = Qc-Qy (13-6)

2. Hidu dng nhlgt clia phan dng bang tung 50 nhiét chiy cua tac ban
chét dau tri di 1Ong s8 nhi¢t chay cia san phim phan 1ing,

: Q = Qcha -Qche (13-7)

Dya vio dinh ludt Gex ta ¢ thé tinh duge hiu dng nbi¢t cia phan
ting ma trong thyc t& rit khé thyc hi¢n hogc khong the thuc hién dugc.

Hi¢u ting nhiét cia phan ng héa hoc thay dbi khi nhiét do thay doi.
Dinh luit thay doi hi¢u @ng nhiét theo nhi¢t d§ dugc xic dinh bing
phuong trinh: _

= Qo + aT + BT + 4T O (139)
O dﬁy O - hiéu ng nhiét cia phan (@ng o nhift d§ T°K
Qo - hiéu vng nhiét cua phan dng ¢ 0°k

@, B,y - nhing hé s6 dugc xac dinh bdng phuong trinh co ban cia
phan ting v phuong trinh nhiét dung riéng mol thyc cia cic chat tham gia
phan dng. '

Déi vai phan ung dang

naA + npB ncC + npD
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va phuong trinh nhiét dung riéng thiyc phy thudc vao nhiét dd
7C =a + bt + et®
thi cic hé s6 a, B,y tuong \ing bing:
o =73 (na)) -3 (naz) = naaa + npap - ncac - npap
2 (ob1) - ¥ (nb2)  naba + npbp - ncbe - apbp

po= 2 — - 2

B > (ney) - ¥ (nez) DACA + NBER - NCEC - NDED
3 3
Cic dai lugng na, np, nc va np - s6 mol cia cic chit A, B, C va D;
con cac dai lugng a, b, ¢ vaoi cac chi s6 tuong ¥ng 12 hé s cua phuong
trinh nhit dung riéng thyc cta ting chit tham gia phan éng.

Dai lugng Qo dugc xac dinh theo gia tri hiéu Wng nhiét cia phan dng
ddi v6i nhiét do da biét. '

Cong thifc (8) cho ta xac dinh dugc gia tri hiéu ling nhiét cia phan
tng & nhi¢t dé bit ky néu biét hiu dng nhiét cia phan iing & nhiét do
nao dé va méi quan hé nhiét dung riéng ciia tit ca cic chit tham gia phan
@ng vio nhiét do. :

Sy thay b1 hiéu 1tng nhiét cia phan ng khi thay dbi nhiét do cung cé

thé xic dinh theo bang cia nhiét dung ri€ng. Trong truong hgp dé ta dng
dyng cong thiic sau:
: t L8}
Q-0 = 3 nC o 2-3 mwuC) o 4
O day: Qi - higu ¥ng nhiét cia phan ing & nhiét dd 1;°C,
Q2 - hi€u ¥ng nhiét cita phan wng ¢ nhiét d t2°C
a |,
2m (uC) | - tong tich s& mol coa ting chdt ban diu v6i shiét dung
mol riéng trung binh cia né trong khoang td 0 dén :°C.

t
xm @C) , - tong tich s5 mol clia tirng chit tao thanh vé6i nhiét dung

mol riéng trung binh cda né trong khoang ti 0 dén t;°C.
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Nhitng him s8 trang thai cia hé con dugc goi 1a cic ham nhiét ding
hoic cidc ham dac trung mi nhd chiing c6 the xic dinh dugc, don gin
nhit, tinh chit nhiét dgng cia h¢ & dicu kién cin bing. Nhifng ham d6 1a:
ndi nang U, cntanpi I, entrdpi S, thé ddng tich F va thé ddng ap Z. pé dic
trung cAc qué trinh héa hoc tién loi nhit 12 hai ham s6 F vd Z. Sy giam
cic ham s3 iy trong cac phan iing ddng tich ddng nhiét va ding ap ding
nhiét thuin nghich cho phép xéc dinh cong 16n nhit cia cic phan ¢ng ay
14 mifc do ai lyc héa hoc.

Thé ding tich hay ning lugng ty do xéc dinh theo phuong trinh

F=U-TS
Thé ddng 4p xic dinh theo phuong trinh: -

Z=U-TS +pv=1-TS
Cong 16n nhit trong phan ting ding tich ddng nhiét thuin nghich bing
d6 giam thé ding tich ciia hé.
| Ly = F1 - F2

Cong lon nhit trong phan ing d%ing ap ddng nhiét thuin nghich bing
dd giam thé ddng ap cia hé.

Ip=2Z1-2Z;
Nong dd cia vit chit ¢ the ¢ thé bitu dién khic nhau. Thuong xac
dinh n6 theo sd mot ciia vat chit trong mdt don vi thé tich. Do dé:

C = — kmol/m®
v

& day: n - s6 kmol vt chit

V - the tich cia vat chdt, m’
Khi nhiét d§ cda phan wing khong dbi, ndng do cia u}ng chat tj! 18
thuin voi phan ap suét ctia chiing. :
c =P
uRT
& diy: p1 - phan ap sudt cia teng chdt khi trong hon hop khi.
4R - hdng s6 phbd bién ciia khi

T - nhiét d§ cia phan ing, °K
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Téc do cia phan ing duge xac dinh theo phuong trinh:
dC
dr

Téc do cia phan ng héa hoc ty 1¢ vai nong d cia chét tham gia phan
ing.

w = -

Néu phan iing c¢6 dang:

A+ B C+D

Nt‘mg dd ban diu cia cac nguyén t8 A, B, C va D ky hi¢u bang Ca, Cg,
Cc va Cp thi theo dinh luit co ban tic dung khdi lugng, tS¢ dd cia phan
ing thuan la:

w] = K1 CaCp
va téc dd phdn dng ngugc

w2 =K CcCp
K1, Kz - 13 hé 53 ty 1€ goi 1a hing s3 toc d§ cia phan héa hoc.

Ddi vai phan ing c6 dang
aA + bB <¢C + dD

a, b, ¢, d - 56 mol cia cic nguyén t6 A, B, C va D t6¢ dd cia phan tng
hoa hoc thujn va nghich khi cin bidng dugc bi¢u dién bidng phuong trinh
tuong tng sau:

Ki C?4 C"

w1
va

wy = K2 C¢ o
Dai lrgng

Ki C,C%
KZ th CdD
Trong d6 Ca, CB, Cc va Cp - ndng dd cia cic chit tai thai diém cin

Ko =
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bing, K12 hdng s§ cdn bang cia-phin ¥ng.
Hing s cn bang c6 thé biu dién theo phin ap sudt tai thai digm can
bing
CaA ChB
e
Quan hé gita Ke v Kp theo phuong trinh sau:

Kp

Ke = Kp (¢ RT) A"

An - sy thay dbi s& mol trong phan iing

An=c¢c+ d-a-b

D) phin ly @ b5 tf s3 giffa s6 mol cua vat chit bj phén gidi 6 thoi dicm
can bing trén tbng s3 mol cia cac chét trudc phan tng. DO phin ly phy
thudc vao nhiét do.

Khi d¢ phén ly tang thi hing s3 cin bing tang va ngugc lai. Do d6 khi
c6 hing s& cin bang c6 thé tinh dugc d§ phan Iy 6 nhigt d va 4p sudt bét
ky.

Tri s6 cong 16n nhit cua phan ng dugc xac dinh theo phuong trinh
sau: )

ct, P
L= 4RT I —2—P K.
CeCp .
P, P’
L = yuRT In —2>—= -InKp .
H PCCPdD KP

Khi L > 0 thi phan ng tién hanh theo chitu tir tréi qua phai,
L < 0 phan ng tién hanh tit phdi qua tréi.
L = 0- hé thdng & trang thai cin bing hda hoc.
D) bién thién hdng s8 cin bang v4i bién thién nhiét do duwoc thi€t lap
theo phuong trinh: . ' :
Kx Q T:-T

1 = .
¢ Ki 4514 T T2
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Phuong trinh ndy cho phép xic dinh gia tri hing 56 cin bang K ¢
nhi¢t d6 bat ky T2 néu biét hi¢u dng nhiit cia phan ing va hing s6 cin
bing K1 ¢ nhiét d§ T1 ndo dd.

BAI TAP
Bdi 13-1 — Hiéu @ng nhiét cia phan ng chiy oxyt cacbon ¢ 20°C 13
Qv = 285.000 KJ/kmol. Tim Qp ¢ cing nhiét d§ 4y.
Gidi:
Quan hé gitra Qv va Qp.
Qv = Qp + #RANT
An - thay dbi 55 mol %hi chay CO

1
Co + ? 02 CO2

' 1 1
An = 1-(1 +—2)‘-‘—"'-—

Do dé: 1
Qp = Qv + 832 — (273 + 20) = 286218 L/kmol
Bdi 13-2 — Xic dinh hi¢u dng nhiét Qp ciia phan ing

' - C+ H0 =CO + Hz

khit = Mmmmmtoqmphsnmﬁycungdmtdoay
bidng 131390 k)/kmol.

Trd loi: Qp = 128911 ki/kmol.

Bdi 13-3 — Xc dinh hiéu Wing nhiét cia phin ung chiy hydrd trong the
tich calorimet Qv (khi v = const) ¢ nhigt d§ 0°C, néu biét ring ¢ didu
kién d6 Qp = 68411 keal/kmol H;0.

Ta coi hydrd, 6xy va hoi nuée 13 khi ly tudng.
n Trd I0i: Gy = 68140 kcal/kmol H20
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Boi 13-4 — Xac dinh nhiét cia phan dng
CaHa + 303 = 2C0z + 2H20 + Q
Néu biét ring  Qc,Hy = - 14800 kcal/kmol
Qco, = 94000 keal/kmot
Qu,0 = 68000 kcal/kmol
. Gidi:
Theo dinh luit Gex ta co:
Q = 2Qco, + 2010 - QC2HA
hoac ’
Q = 294000 + 2.68000 - (-14800) = 338800 kcal.

Bidi 13-5 — Tim nhiét hrgng tao thanh khi métan CHa néu nhiét lwgng
chay cita n6 d2 tao thinh CO; vi H20 1a 887500 kJ/kmol con nhiét lugng
tao thinh CO2 va H20 tuong ng bing 402000 ki/kmol va 285000 kJ/kmol.

Gidi:

Gia st co the thyc hién dugc:

1. Métan chéy tryc ti€p.

2. Phin iy métan thanh cdc nguyén t6 va sau d6 cho chiy ting nguyén
to.

- Truong hop thd nhat:

_ CHs + 202  COz + ZH20 + 887500
- Trudng hop thi 2:
CHy C+2H:-x
O ddy x - nhigt lrong tao thinh khi métan
C+ 02  COz2 + 402000 ~

2H; + 02 2H;0 + 2.285000
C+2H2+w2 C02+2H20+9m .
Tonghmutngnhléttrmgtﬂrdnghopthli‘hmlém x.'l"heodmh
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lujt Gex ta ch:
972000 - x = 887500
x = 972000 - 887500 = 84500 kJ/kmol

Bdi 13- 6 — Xac dmh nhiét lrgng tao thanh benzen CsHs, néu hi¢u ung
nhiét cua no6 ia 3,3 . 10° kJ/kmol, con phan @ng chay cacbon va hydrd biéu
thi bing cac phuong trinh

C + 02 CO2 + 406000

1
H>» + — O2 H>0 + 285030

2
Trd loi: - 9000 kJ/kmol

Bdi 13-7 — Nhiét lugng tao thanh &yl CzHs ti cic nguyén to bing -
11300 kJ/kmol. Tim hiéu @ng nhiét cia phan dng chay étyl, néu nhiGt tao
thanh CO2 va H20 tuong ting bang 406000 kJ/kmol va 285000 kJ/kmol.

Gidi:

1. Chay tryc tiép

C:Hs + 302 2COz + 2H20 + Q
Q - hiéu @ng nhiét cin tim
2. Phén thanh cic nguyén t§ sau d6 cho chdy ting nguyén to:
CHgy  2C + 2H:
h 2H; + 02 2H20 + 2.285000

2C + 202 2COz + 2.406000
2C + 2Hz + 302 2CO; + 2H20 + 1,382.106
Tong hiéu ting nhiét trong trudng hop thii 2:

1,382.10° + 11300 = 1,3933.10° kJ/kmol

Trong ci hai trudng hop trang thii diu va trang thai cudi nhr nhau
nén theo dinh luit Gex:

- Q= 1,3933.0° kikmol
Badi 13-8 — Xﬁc .di‘.'%h hiéu' ung nhiét Q'py cia phan iing
C + CO2 = 2CO '
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Néu biét hidu 1ing nhiét ciia phan tng chiy hoan toan cacbon thanh
cachonic vA phan ng chay dxyt cacbon.

C + Q2 = CO2 + 393777 ki/kmol

1

CO + T 02 = CO2 + 283170 kJ/kmol

Trd loi: Qp = - 172563 kJ/kmol
Bai 13-9 — Xac dinh hiéu @ng nhiét Qp = f(t) cia phan ng sau:
C+ 02 =CO2
Néu nhiét dung thyc cia ting chit xac dinh theo phuong trinh:
béi voi C:
#Cp = 1,1-0,0048 T - 0,00000 T* kcal/kmol.dd
Péi vai O
4Cp = 6,5 + 0,001 T keal/kmol.dd
Péi vai COx
4Cp = 70 + 00071 T - 0,00000186 T* keal/kmol.dd
Gidi:
Theo phuong trinh (8) ta co:
Q=0Q + aT+ﬁT2+ yT3

Ta x4c dinh ciché sd o, B, ¥

a = ncaCc + 1n0,;a0; - BCO; aC0,
1,1 +65-7 =06

ncbe + no,bo, - nco, beo,

2

0,0048 + 0,001 0,0071
2

= - (,00065
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nceC + n0,€0;, - NCO, €CO,

3

- 6,0000012 - (- 0,00000186)
= 5 = 0,00000022
Do d6: Qp = Qo + 06 T - 0,00065 T> + 0,00000022 T

Bdi 13-10 — Xic dinh hiéu 1ing nhiét Qp = f(T) ddi vdi phan dng

1
H2+ —2'02=H20+Qp

Néu hiéu tng nhiét Qv ciia phan Wng niy & 17°C bing 57290 kcal/kmol.
Nhiét dung riéng ctia cac chit khi xac dinh theo cong thic sau:
PGivoiHz: uCp = 6,5 + 00009 T
Divai02: uCp =65 + 0001 T
DGi v6i HoO: uCp = 8,81 - 0,0019 T + 0,00000222 T
Theo cong thiic (5) Qv = Qp + 2AnT
Do dé:

1
Qp = QV-ZAHT = 572%;2--5—290 = 57580kcallkmol

Tinh chc hé 6

a = Y (na) = 6,5 +—%— 6,5- 881 = 094

1
0,0009 + —- 0,001 - ( - 0,0019)

‘ b
B = 2(ob) = = 0,0057
T(ne) - 0,0000022

Y= = = - 0,00000074 .
_ 3 3
Tinh Qq:

Q=Qg+ aT + BT + yT°
170
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& didu kién 17°C hay 290°K ta cb

57580 = Qo + 0,94, 290 + 0,0057. 2907 - 0,00000074.290°
Soy ra
Q° = 56946 kcal/kmol
Vay
Qp = 56946 + 0,94 T + 0,0057 T -0,00000074 T

Bai 13-11 — Xac diph hiéu ¢ng nhiét Qv = §(T) cia phin ¥ng tao
thinh hoi nudc ' '

1
Hy + — 01 = H:0

Néu & 290°K Qv = 240.000 ki/kmol v nhiét dung riéng thyc cila cic
chit tuong ting la: ' -

D&i v6i Hy : uCy = 1945 + 3,14.0° T ki/kmold{ *

DGiv6i 02 : pCv = 203 + 3,14 T ki/kmol.dd

D v6i HyO: uCy = 2410 + 6,57.10% T - 0,787 T* + 0,765.10% T3
ki/kmol.dd

Trd Ioi- Qv = 238433 + 550 T - 0,930.10° T +
+ 02623, 10° T° - 0,1942. 10® T* KI/kmol

Bdi 13-12 — Khi tao thach khi than ma c6 mgt cachon bj nung do thi c6
phdn ung _
CO + H0 COz + H2
Xic dinh thinh phlin hén hgp ¢ théi dim cin bing, néu biét rdng khi t
= 657°C hing s6 cin bing K. bing mét va truéc phan iing trong hon hep
¢6 1 kmol CO va 1 kmol H20.

Gide: .

K¢ hiéu x 14 thanh phin kmol CO & thoi diém cin bing. Vi céc chat
phin tng c6 s3 lugng twong dwong nén thinh phin kmol cia H20 ciing
bang x, do d6 tai thdi ditm cin bing trong hdn hop cb:-
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HO .. ... ... 1 - x kmol
COz ... . x kmol
Hy ... ... .. x kmol

Néu th? tich cua hén hop khi 1a V m? thi ndng dé ctia cic cht phan
ing ¢ trang thai can bing:

1-x 1-x
Cco = ,CHy0
v 2

H

1-x 1-x
Cc02=T yCHy =

Viy hing s6 cin bing d3i véi phan ng da cho la:

_Cco.Crpo _(1-9(1-%)  (@-x’

KC =
Cu, . Cco, XX X
- Theo didu kién diu bai Kc. = 1 nén
(1 - x?
_— =1
2
S 1
uy ra x =——
2

Do dé tai théi diém céin bang s8 hrgng cla ting chat phan wng trong
x . 1
hon hop sé bing --i- kmaol,

Vi x duong nén phan tng tién hanh tf trai qua phai nghia 1i phia tao
thanh CO;z va Hy,-

Bai 13-13 — Xéc dinh thanh phin hdn hgp ¢ théi diém cin bing doi
v61 phan ng: '

- CO+ H0 CO2+ H :
NCu biét rdng khi T = 1200°K hing s6 cin bdng K¢ = 1,35 vi trude
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phan ting trong hdn hgp c6 1,2 kmol CO va 1,2 kmol H20 (nghia la toan
b 13 2,4 kmol). - o

Trd loi: 0,6 kmol CO, 0,6 kmol H20, 0,6 kmol CO3, 0,6 kmol Ha.

Bai 13-14 — O nhi¢t d6 T = 717°K phan (ing

H» + I 2HI
dat d&n cin bing.
Bift rdng sé kmol ban diu cua it 1a 2,94 kmol, 58 kmol ban diu cia
hydré 1a 8,1 kmol. Xdc dinh s6 kmol KI khi can bing. Biét hdng s6 cin
bang cua phan ung khi T = 717°K 1a Kp = 0,01984. '

Trd igi: 5,64 kmol HI

Badi 13-15 — Muc do phin ly cia hai nudc theo phz:m ing

1
H>0 H» + -——2—— 02

Gp = latvdt = 1200°C ki a = 2210,
Hay xéc dinh hidng s6 can bdng Kp ¢t ng o ditu kién dy.

Gidi:

Gia thit ¢ trang théi diu c6 1 kmol H20. ( trang théi cin bing 58
kmol H20 tuong ng bi giam di mot lugnga, 0 ddy a - mifc dd phan ly
ditu kién da cho. Nhu vy ¢ digu kién cin bing:

S8 kmol H20...1- a

SGkmolH:z ... &

a
- 88 kmol O2. .. -5—-

T'i« - a
ong s0 kmol 1 + 5
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Do d6 thanh phin kmol H20: rijo =

a
1+ —
2
- a
Thanh phan kmol Hy: tH, =
[#4
1+ —
2
a
N 2
Thanh phan kmol O2: ro, =
1+, -

Viy hdng s5 cin bing Kp cua phan \@ng dugc tinh theo bigu thiic sau:

1/2 /2
PH; - PO, (p. 1, . p. roz)1

Kp = = =
PH,0 P.Hy0
1 M2 ro” 12 il
=pl————— =p
THZO [0 4
2212yl + — )

2

¢ day Pn,, Po,, va Pu,0 - phdn 4p suit cia cic chit khi thinh phan
ciia hon hop khi 6 trang thai cin bing, p - 4p suét toan phin.

Sau khi rit gon ta cé:

112 22 . 10"
Kp = - : =230
1-22.10 21 + 1,1.104)
Bai 13-16 — Xac dinh miic do phén ly va thanh phin hon hop ¢ thai
dién cin bing ciia phan ng

C + CO2 522C0
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néu biét ring Ap sudt cia hon hgp p = 9,8 bar, hing s8 cin bidng khi
T = 727°K, Kp = 0,082 va trudc phan ng trong binh ¢6 6 kmol CO.

Trd loi: a = 13,1%, CO = 5,214 kmol
Badi 14-17 — Mifc d§ phén ly cia 6xyt nito bdn theo phan iing

N2Os 7% 2NOz
& nhigt db 50°C va ap suat p1 = 0,344 at 1a a = 0,619.

Xac dinh mic do phin ly cing ¢ nhiét d§ Ay va khi &p sudt pz = 2,1
at.

Trd loi: khipy = 21at  a = 0311
Bdi 13-18 — DG v6i phan ving
3H2 + N2 &% 2NH3
khi t = 450°C hing s6 can bing K. = 9,518. Nbng do ban diu cua cac
chét phan 1ing bing:
Cu, =35 kmol/m3, Cn, =3 kmol/ms, CNHy = 6 kmo¥/m”>
Hay xAc dinh cong 16n nhit cia phan ing va chi¢u cia néb.

Gidi: _
Céng 6n nhit cia phan ¥ng dang xét dugc tinh theo cong thic:
C3H2 CNZ
L= #RT lIn——— -1nK,
CoNiiy

Thay tri s8 vio ta c6 :
3

5.3, 2
L = 831472323 (In pe - In 0,518) = 8314.723.2,3.1,303 = 18016 kJ

@

Vi L > 0 nén phan ting tién hanh td trai sang phai.
Bai 13-19— D3 v6i phin iing
' Hz + I  2HI

khi t = 445°C hing s5 cin bing K = Ke = Kp = 0,02

] 175
https://tieulun.hopto.org



Xac dinh chidu phan tng khi ¢ nhiét dé 4y con nong do ban dau cho
theo cic trudng hgp sauw:
LCh, = 15 kmol/m3, Ci, = 0,25 kmoi/m3, Car = 10 kmol/m®
2.CHy =1 kmol/m3, CH, = 2 kmol/m3, Cyp = 10 kmol/m>
Trd loi: 1 .L = - 1717 kJ; phan \ng tién hanh td phai sang trai.
2. L = 0; phan ting can bing dong.
Bai 13-20 — Xac dinh cong 16n nhat ¢ thé nhin dugc khi chay khi
hydrd.

1
Hz + — O3 = H20 + 68317 kcal/kmol H»
2
So sanh cong 16n nhidt vGi hiéu dng nhi¢t cia phan iing Qp.
| Trd Igi: L = 56717 keal/kmol
Qp-L = 11600 kcal/kmol
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PHAN I

TRUYEN NHIET VA THIET BI TRAO BOI NHIET

- .

Chuong 14
DAN NHIET

Trong qué trinh tinh toan dan nhiét thudng gip cic cong thic sau:

1. DAN NHIET ON DINH

1. Dan nhiét qua vach phing N
f1 - tn+1 - 2 (‘
q= , W/m (14-1)
3 2
i=1 Ai

q - mit 46 dong nhiét; W/m®

&; - chidu dziy 16p thit i, m

i - hé 58 dén nhiét 16p that i, W/m.d§

t1 - nhiét dd bé mat trong cﬂﬁg, tn+1 - nhiét do bé mat ngoai cia 16p
thi n . '

2. Din nhiét qua vach try

27 (G- tas)) S
: Wm r- (14-2)
1 lndi+l Cy .

Ci=t A di )

q =

G ﬁf 177
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q1 - mit dé dong nhiét trén 1 mét chicu dai, W/m

3. Dén nhiét qua vich chu:

2T (ty-t
Q = EACRUN , W (14-3)
1 1
di d2
4. Din nhiét qua thanh:
a) Thanh dai v han
8 = 6™, °C ' (14-4)
——

6 = t-tf (tf - nhiét d§ mdi trudng xung quanh, °C)
8o - nhiét do thita ban diu, °C

U - chu vi tiét dién thanh, m.

f - dién tich tiét dién ngang cla thanh, m?,

A - hé s& din nhigt, W/m.do. !

a1 - hé s3 tda nhiét xung quanh thanh, W/m.do.
b) Thanh dai hitu han bd qua toa nhiét diu thanh:

2 g chm (x - h)

= , °C 14-6
ch (mh) . (8
1 _
= G —— ,°C ‘ 14-
n ch (mh) (147)
‘ aU " :
Q= 6o th (mh) , W (14-8)

h - chidu dai thanh m.

5.Dan nhiét qua cénh thing c6 tiét di¢n khong dbi (bo qua téa nhiét
& dinh cénh)
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1
R (14-9)

Amf 8y th{(mh) , W

G = 6

Q (14-10)

61 - nhiét d§ thira & gdc canh, °C

\mm

=f | ——

J ;
67 - nhiét 44 thia ¢ dinh canh, °C
h - chiéu cao ¢ia cinh, m
& - chidu day ciia canh, m
DE xét dén téa nhiét ¢ dinh canh vin c6 thé ddng cong thic trén

nhung lic 4y phai tang chidu cao canh Ién 1 khoing bing Y 4

6. Canh cb tiét dién thay dbi.
- Cénh hinh thang ( b6 qua téa nhit ¢ dinh cinh)
lo VD) K1 29V7) + I 25) Ko(2Y7)
6 = & (14-11)
L (2VZD) Ki2VZ) + (2 Vz2) Ko(2V70)
Nhiét dd dinh céanh:
6 = 8 o 2V2) K1 V%) + I 2Vz2) Ko(2 VZ2) (14.12)
2 = 1 - - -
& Io V7)) K1 2VZ) + I 2VZ) Ko(2VZ1)

Nhiét lugng truyén qua cinh: 7
aoll o w (14-13)
T g
ool (2Vz) Ki 2¥z) + h @) Ko(zd“)
xo(zﬁxl(zﬁz‘)nl(zﬁﬁxo(zm |

- Canh tam giéc:
1 2J ' .

PR  (14-14)
lo (2\‘ Zli '
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1

# = 6 ——==,°C (14-15)

ad; 11 Io (ZJZI)
- (14—16)

yZitgy L@ \IZI)

trong dé
o
Z= X
Atgy

Iova I - ham Betxen loai mét cdp khong va cdp mdt bién s6 ao.
Ko va Ki - ham Betxen loai hai cip khong va cip mot bién s3 o.
31 - chiéu day & gbc canh, m '
82 - chitu day ¢ dinh canh, m
I - chiéu dai ciia canh, m
_61va6; - nhiét dd o gic va dinh canh, °C
¢ - goc nghi€ng tao thinh giﬁ'é 2 bé mjt canh
Tinh toan thyc t€ thudng ding:
Q'= ¢ 'Fq (14-17)
Trong dé: (' - nhiét lugng truyén qua canh c6 tiét dién thay doi, W.
F - dién tich téa nhiét cia canh co tiét dién thay dbi, m?.

Q
q = — - mat do dong nhiét cia canh cé
F  tiét dién khong dbi ma chidu dai, A2 ?fj I"
chiu cao,chidu diy bing chiu dai, 4,4 : %
chidu cao, chitu diy trung binh $l-4 e prt= —
cda canh c6 tiét dién thay dbi. 11 qj;_{..a N
PR P 05 4
€ -hé s8 hiéu chinh xét dén tinh Hinh 14-1
chit co hep cia canh.
= f( il -é-z- ) dugc xdc dinh bing dd thi (h.14-1) &’ =f(—92— . il )
61 & 61 41

7
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7. Canh trom co tiét dién khong dbi (b6 qua toa nhiét ¢ dinh canh)

Io {mr) K1 (mr2) + L1 (mrz2) Ko (mr)

8 = 61 (14-18)
) lo (mr1) K1 (mr2) + L1 (mr2) Ko (mr1)
L, (mr2) K; (mr2) + 1y (mr2) Ko (mr2
6 = 61 o {mr2) ) ( (mr2) (14-19)
Io (mry) Ky (mr2) + L (mr2) Ko (mry)
Q=2nidoméry, W (14-20)
y It (mr2) K1 (mr1 ) - I (mn) Ky (mr2)
)y =
_ 11 (mn) Ki (mr2) + Lt {mr2) Ko (mry)
Trong thyc té thuong tinh theo cong thic:
Q" = ¢Fq W (14-21)
) rd 7 yorY, 0" - n\hiét lrgng truyén qua cinh tron, W,
o 1AS | 4 F' - bé mat tda nhiét cia canh tron, m?.
G’st —-2 :/
ﬁ’; ‘ ; [3 q= T:— - mit do dong nhiét cua canh thang
o i () . B
U‘S P L . \? ' y _-j_, RN \‘ Y o R R
Colap J{}j 0k ¥ b/%j ¢6 chizu day, chiéu cao bing chi¢u day chiéu
Hink 14-2 cao cita canh tron va chidu rong bing 1 mét.
6 n s k1 .
g n g = f( — ,—) - h¢ 86 hi¢u chinh dugc
Eu:f(—-—‘—-—) 91 1

1N
. xéc dinh bing do thi (h. 14-2)
5 N chung céc trudng hop, d& xé1 anh hudng ciia toa nhiét ¢ dinh canh
chiing ta vin c6 the dung cac cong thic trén, nhung lic iy sé ting chidu
cao lén mot mia chi¢u day cua ca_nh.
8. DAn nhiét khi cd nguén nhit bén trong ddi v6i thanh try dong
chat:
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Qv fo Qv 5 2

t =1t + + " (r*,-m) (14-22)
Nhiét dé trén bé mat thanh try:
v I

tw = o + 1 (14-23)
2o

Nhiét d§ trén truc thanh:

%
M

to = tr + + 14-24
o pr (14249
r
q= a(w-t) = —2 (14-25)
tr - nhiét d6 mdi trudng xung quanh, °C.
a - hé s& tda nhiét, W/m2 do.
fo - ban tinh thanh try, m. .
qv - nang suit phat nhiét cia thanh, W/m®.
2. DAN NHIET KHONG ON DINH
1. Tdm phidng rong
. Nhiét d§ & tdm cia tim:
>
9x=o = Fl (Bi, FO) (14'26)
Nhigt d6 trén be mat tdm:
[ ]
| Be=1 = F3 (Bi,Fo) (14-27)
. ad cn oar .
Bi = T - ti€u chuin Bid, Fo =—— - tiéu chuin Fuarié,

42
x A
X = i toa d§ khong thi nguyén.

a - h¢ s6 toa nhiét trén bé mar, W/m?2 do.
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a - hé 56 din nhidt do, a = — , m7s.
p

A - hé s8 din nhiét, W/m d9.

8 - mot nua chitu day tdm, m.

1 - théi gian gia nhit, s.

Cic him 6x=0 = Fi (Bi, Fo) vi 6c=1 = F2 (Bi, Fo) tra & dd thi hinh
(14-3) va (14-4) '

2. Thanh try dai

fr<o = Fy (Bi, Fo) (14-28)
fr-1 = P2 (Bi, Fo) (14-29)
. aro' , ar r
Bi= — ;Fo = 1";R=——
A | N To

o - ban kinh thanh try, m.

Céc him BRr-0 = Fr (Bi, Fo)vi fr=1 = F2 (Bi Fo) tra-¢ db thi
hinh (14-5) va (14-6). '

3.Vat thé hinh dang phic tap

- Vit hinh hop

fuyzr = Bxr Oy .Bas (14-30)
- Thanh hinh chir nhat _
_ _ éx.y,,r = éx.y .éy,r (14-31)
- Hinh try cut ' ‘ :
Orzr = . 5r,r . éz,t 7 . (14—32)

Trong do Bxr, By, Bzt Br. ¢ tim nhw cic myc trén

https://tieulun.hobB8.org



f;].

WIRISFEIEN PR R8I0

(4

4

Jm

oy
= 2 @ =
; SEsS &
o e S g
1 by —
1 \ - -]
” LaJrTrr—
H\‘L‘ T
ot
A= e
A
1213
1 o LA T
T 3L e g
L e =
0
el
b T )
i Ao e
A 1
B Z el
L
4
[ ¢
[ A
- Z
N
H Z
H <
. |
O T
5

b e
O T Sy o
T
T
S s I
< N Y 711
axmi] H S 4 T
‘h ran h%.\ «.C
S &
-, %
Pt
{ FARMVEN|
: 1Y
L] Hy Al I
L AL 4
RAmI. R VA4
VT
T2 W
1 rAN
I17 Avd
I z
y. A
T
g WHLM
3
I /
A N

F1 (Bi Fo)

« Hinh14.3

0.-0

(Bi Fo)

(9

F

NS LN
= "\f_‘:_\
. Hinh 144

Ox=

AN

N
IR

https://tieulun.hopto.org

184



E
ag
b ol oy Oy —-SEdre v =
R g SR o fog g o O =5 o
T /] — < 1 - [
Nismrsem) ya P’ T Tw
S T 7 1
G " ra Lt .J,IL\R.
v Id P e
T 7 ==
T S EA R A
T2 IN F 5 [~
ENRUR ¥ G40 A | R T A0 O a7 13 =)
T T A0 okl N L~ -
L E 17 N _«f\ Pl o
A b 4
] .~.. w » A% \Lo.p @ 0
I "
+ i Fy _r ﬁ\ \\ —~ I, \_\ - <114
: et e >
ivay pdavd 2 - TE. bl
y AR b= 04
.\ fy \._h..\u.\ _.-,a.‘.
B Gl a AT din s iav T
i 4 7 ZiT,
u__f_..wm r -~.. a ..- ﬂ\ i 2
ool 51 (LIRSS Fi v
s T HO YT
R Qe anr g -
LY~ A 2]
i i ar i RN 4 y. Z
T O A A S T T e TA™
S Y I 4 f
1 Ihnh I l ) r 1
1] N 72 1A 2l o 7,
T 17 X (AN z
B 1{vy ] FTA D " TF
-j 1117 arawswarom ) NCP g o o 7.
_.ﬁ ¥ 7. VAT Ja o y
T gy |9 1 n n
i 1R £ 7 4117 hr >
t LR RIVIT o a 21" 1™
L aasetalll\ :
i ‘Nﬂ_ﬁ,b\ w\\ AT <
S S A A e oy Wil
e by e i Coal ol g
T e e R e i e
/ NﬁN \“U 2 Tl o i . L
2497 Vi P Pa Ve i 1 S grn & e e g0 WLH 2
-) (o 1
R =il ..m‘u P 1 1L~.| 5 Wu‘
e Sl = i
Kt 4T 1S = “.Ml.—n\\ [y o 8 IRy
= )
£ i s O £ APE
s = iy L
;I..lhl,l.wli“. 11! ,I.__..U
G by a3 oy W TR S oy
i i Do ~ S &S S5 -
L L ﬂafuﬁuﬁ M.. Mr M..

Hinh 14-5
- fr=o = Fy (Bi Fo)

L
00 iy T oy [T ¥ =
N ST @ or %
T3 ] > oap ]
A : et v L2
AR S s
00 e e P @ P 71 5.
RS a4 N
L o : ™~
4 : .
: T Al
T iy
NI 2
ra| P ]
T AP ES
| A Y, 1 g
s 13 e \.N.,.
7 7 : Sa bR
N aTiviCe o [iNi 1 =
] 5 B
iy . - T
Bt Tl
y)
LY e ._____T ¢ vl 1]
. - e
= xmh.r‘-.m,..m.q
axi h.% .4...,\ a.wl - - >
O :
J iz
Fi F i ry
| [myaanby, Iz it
I - LA V.
1 rr 1
e e
O AT g T T
n FI LR Y S, o L e
ILE SR A Pl B 5
S AT .:._.w[\_\\
TRt A= -
11108 S L #..T\\._w T
LE11 14 e :ﬁ.. mknm 5 l__ 2 ]
A M D 1
At Hﬂ.w.m N o~
JrIvina = T
5 o
A by B Ry r = o
YT G B e \MM
’ e v m.m..4 »..Jw._. 11
- : : ___ I n -
T - Tt T
LI S o e 1 I .
YA T (o LY
i | ALY B LA LI
S0 DOl 3 o i3 oy
O e @ nw. MM:M. ] =
— [ o
Bk.

/B .

Hin! 146
vk .1 = F2 (Bi Fo)

https://tieulun.ho&fi?..org



BAI TAP
1. DAN NHIET ON DINH
% Bai 14-1 — Tinh mt dd d(‘)ng nhiét qua vich phing rong ddng chit.
Vach lam bang:
a) Thép, hé s6 dan nhiét 1 = 40 W/m d9
b) Bétong, hé s8 din nhiét A = 1,1 W/m dd
c) Gach diatomit, hé s6 dan nhiét A = 0,11 W/m d¢
Ca ba truong hgp vich c6 chidu diy & = 50 mm. Nhiét d trén hai
. mgt clla vach:
twt = 100°C va twz = 90°C.
Trd Ioi: a) 8000 W/m®
b) 220 W/m?
c) 22 W/m?
¥ Bai 142 — Xic dinh tbn thit nhiét Q qua vach phdng lam bing gach
d6, chidu dai | = 5m, caoc h = 4m, chidu day & = 0,25m. Bié't_ nhiét do
trén cic bé mat cva vach tw1 = 110°C, tw2 = 40°C vi hé s§ din nhiét cua
vichA = 0,70 W/m do. o
o ' Trd idi: Q = 3.920 W

Bdi 14-3 — Xac dinh 'dd chénh nhiét d§ phia trong va phia ngodi cia
vach thép 16 hoi c6 ap sudt lam viéc la p = 20 bar, bé-day cua vich & =
20 mm. Nhiét do nuée vao 200°C. San lugng hoi trén mot don vi bé mat

truyén nhigt 13 30 kglmzh (hoi bao hoa khd), hé s6 din nhiét cda vach thép
A =50Wm do. :

Gidi:
-y

Viach ndi hoi €6’ duc’mg kinh I6n so vén chiéu day, nén co the coi nhur
vach phing. =

Ap dung cong thii'c
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Nhiét hrong truyén qua vach trén mét don vi dién tich c6 thé tinh bang
cOng thic sau:
q = (" - io) G, Wm?

trong d6: i" - entanpi cia hoi bao hoa khd ¢ p = 20 bar
i" = 2799 ki/kg
io - entanpi cta nude vao ndi hoi. Tra bang nirde va hoi qua nhiét
theo t = 200°C, p = 20 bar : o = 852,4 k/kg,

G - san lugng ndi hoi trong mot gidy.

q = (2799 - 852,4) = 16,2 kW/m® = 16,2.10° W/m

D{§ chénh nhiét dd gira mgt trong va mat ngoai:
d 0,02
At = q— = 162100 —— = 6,7°C
A 50

Bdi 14-4 - Mot vach phing cé bé day & , nhiét dd trén mat vach 13 twy

vi tw2. HE s0 din nhiét ciia vat liéu lam vach phy thudc vao nhiét do.
1= 1o (1 + ) Wim db.

a) Xac dinh mat do dong nhiét qua vach dé.

b) Néu cho b day vich & = 200 mm, twi = 1000°C; w2 = 200°C;
2 = 0831 (1 + 0000807 t) W/m. d9 thi mit dj dong nhiét qua vach
bang bao nhi€u? '

- Gidi:

a) Theo dinh luat Fuari€, mit do dong nhiét qua vich tinh theo cong

thidc:
10 2 hayqix = <49 d
q = -4 = hayqdx = -4 dt /\
/

¢ ché db bn dinh q = const

Tich phan hai v€ cua phuong trink trén: \ ‘_

f qux;—-;&ji."w,z-; © dt Z‘zfm " fa
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qé = Ao{(twl - [WZ) + _g- (tzwi - [zwz)]

q = —i—g— \1 +—§— (tw1 + two) (twi - tw2)
Dit
r !
Ay, = 10\1 +——2—-(tw1 + th)/i
goi 1a h¢ s6 din nhiét trung binh.
Viy

Adib
q = % (twi - tw2)

b) Thay cic tri s6 ta ¢6: q = 4950 W/m’.

% Bdi 14-5 — Tinh b& day 16p cach nhiét cua 1 vich phdng d2 t6n thit

nhiét khéng qua 450 W/m?, Biét nhiét d6 mat trong v mat ngoai cia lop
cich nhiét twi = 450°C, tw2 = 50°C. Tinh trong hai trudng hop:

a) A =009 + 000008721 W/m do
b) A = 0,109 + 0,000146 t W/m d9.
Trd lgi: a) ¢ = 100 mm
_ b) 4 = 130 mm
Bai

14,—6 — Cho mdt vach phang cé bé day é , hé s6 dan nhiét cha vat
li¢u 1am vach phy thudc vao nhiét do theo quan hé A = Ao (1 + ft) W/m
dd. Nhit do trén cic m3t cua vich 1a tw1 va twz, mit dé dong nhi€t qua
vach g, W/m?

a) Chling tninh rﬁng, sy phan b3 nhiét d§ trén vach c6 dang:

| -
: -——+tw1 Xe—,"C
' 10130 B

b) Néu vach lam bﬁng gach samot c6 bé dai & = 250 mm, nhiét dd

trén hai mat vach tw1 = 1.350°C, twz = 50°C. M¢ s& din nhiét cGa vach A
= 0,838 (1 + 0,0007 t) W/m do.

Tim sy phan bd nhiét d trén vach, bidu di&n bang do thi.
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i

- av / —
~ M. b BT 7[ .
Lesply e o 224
Gidi uﬁgm w3 MY e e /t\j P
a) Theo dinh luit Fuari€ ta co:
j.‘t T

- nu.. . ,_;ﬁéﬁ “H
qdx = -4 (1) dt Teuse! Lox.
% Tich phin 2 vé cia phuong trinh
. /

7 fax= S™ 10w
%% SN

tws
B ow L T & 13 nhiét do tai mot diém bdt ky trong vach
b § —d 7 chch mat trong m{t khoang ax
Hinh 14-7 A= Ao(l+ B0
do do _ dl = Af dt
di
dt =

Ao B

Thay vio phuong trinh (a) dugc:

’ 1
di 1 9
q.x=f ) =—— (4 -1

b 1o 248
A =\-’A -2A0fax (b
M3t khic ta c6 thé viét:

A= Aol + BW)

M= Ao, + PBtw1)

Thay vao cdng thifc (b) va bién dbi sé tim dwgc sy phén b6 nhiét dd
trong véch:

Y/ AN L LI
' VN iop B

b) Mat do dong nhiét qua vach:
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W w2
q t 1 [ 2

(tw1 + tw2)

Av = Ao(1+ B 5

1350 + 50
A = 0,838 (1 + 0,0007—-2—- ) = 1,25 W/m dd

1,25 ' Y
q = ——— (1350 - 50) = 6500 W/m"
0,25

Sy phan bd nhiét do trén vach:
1 2 2.6500.x 1
tx + 1350 - i
110,0007 0,838.0,0007  0,0007
o= ( \[ 774-222x - 1,43) 10%, °C

NEu dinh truéc khoing cach x thi ta sé tim dugce nhiét d§ twong ing.
Két qua cho & bang va biéu dién trén dd thi (h. 14-8).

-tc \\ >
4000 \\

Ie R XA%

§

Lo

200 N 5ks ] 1
x. A& ﬁailgf*aﬁ
- 400 250 WM a) 2 b)
" Hinh 148 Hinh 14-9
Xem |- 0 | so | 100 {125 | 150 ! 200 | 225 | 250
t°C 1350 | 1145 | 940 | 795 | 670 | 385 | 230 | 50

‘BO? :
Bdi 14-7 — M{t tudng 16 xdy bing hai 16p: l6p gach samdt ddy 1 =
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120 mm, 16p gach dé6 &3 = 250 mm. Hé s& din nhiét cua gach samdt va
gach d¢ lan lugt bing: '

A = 093va A3 = 0,7 Wmdo (h.14-9),

a) Néu thém vio gitra mdt 16p bdt diatdmit day o2 = 50mm c6 hé s8
dan nhi¢t 1 = 0,113 + 0,00023 t W/md¢ thi bé day l6p gach d6 sé 1a bao
nhiéu dé mit do dong nhi¢t qua tudng khong di‘)i. Biét nhiét d§ mat trong
va mat ngoai cia tudng ludn tudn bing 1000°C va 50°C.

b) Tinh nhiét d§ ¢ cic mat tifp xic

Gidi

Goi hé day Iép gach do sau khi cho them l6p bot diatdnit 13 Oy, theo
didu kién dé bai ta c6:

At At
q - =
31 & 41 & dx
— e e p— 4
A1 A3 Al © Atb2 A3

Trong dé Aw2 - hé s8 dan nhiét trung binh cia lop bot diatdomit, T d6 ta

Aaﬁ)

dx =
.\ A3 Aw2

Mit d§ dong nhiét qua tudng khi cé 2 16p:

T_—/Gmr—( . 1950 W/m?
lq- & &  Joiw 0250 ™
+

—_— +
\ I /0,93 0,7

¥

Nhiét do ¢ mat ti€p xic thi nhat s¢ la:
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' tw2 + tw3
oy )

Atb2 2
q= (tw2 - tw3) = (tw2 - tw3)
&2 .
2q82 2
= + tw2 + tw3 {(twz - tw3)
Blo (ﬁ “)

Thay cac tri s da bict vao: ( Ao = 0,113; § = 0,00023)
21950.005 | 2
0000230113 0,00023

Cubi cing ta cb phuong trinh

t2e3 + 985 tw3 - 451000 = 0

Giai phuong trinh bjc 2 trén d6i vdi tws ta c6 hai nghi¢m

-

- 985 +J@85)2 + 4.451000

twi-l = = 343°C
“’ 2

- 985 ﬂf (985)% + 4.451000
twi.2 = > <0

Nghiém thi hai khong phi hop v6i diéu kién thyc t€
Viy nhiét do ¢ mat tiép xic thi 2 la:

tw3 = 343°C.
HE 53 din nhiét trung binh cia lop thi 2. -

tw2 + w3
A2 =o (1 +p _f___i_‘”_

750 + 343 '
ab2 = 0,113 (1 + 0,00023 ——-—-2——) = 0,236 W/mdd

Bé day lop gach d6 sau khi thém 16p bt diatdmit se la:
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o~
{\\?

43 82 .
&x -_— - A !
( ) ? rHLJ»

s Aw2 ;
0250 0,050 ) 7{

S = - =22107 = 0.102m = 102 mm /
07 0236 ‘

X Bdi 14-8 — Vach budng siy duye xdy bing: I6p gach do diy &) =
250mm, vd mQt I6p ai xdy dyng boc ngodi. Nhift d§ m3t ngoai cia lép
gach twi = 110°C. Nhi¢t d§ mat ngoai 16p ni tws = 25°C. H¢ s6 din nhi¢t
"cia gach do va ni xdy duyng lin lugt bing 11 = 0,7 vi 13 = 0,0465
W/mdd
Xac dinh nhi¢t do & mat ti€p xic va b ddy cua I6p ni d& thn thit nhigt
qua vich budng sdy khéng vuot qua 110 W/m’. )ﬁT

Trd 1oi: ty2 = 10,7°C; 32 = 19mm S

,j;( Bai 14-9 — Tudng 16 gdm hai lép, 16p trong bing gach chiu hia, lop -

ngoai bdng gach cach nhi¢t. Chidu ddy 16p gach chiu hia 13 200 mm, h¢ s6
dan nhiét 11 1,8 W/m dd. Hé s& din nhiét cia gach cach nhiét J.o =
WNM;[ d} mat treng ctia vach twy = 800°C.

Xac dinh bé day Cl.ld I6p gach cach nhiét dé ton thit nhi¢t qua tuong
khong qua 1100 W/m? va nhiét d6 mat ngodi cua tudng khéng vuot qui

50°C.
_ Trd I6i: &3 = 58mm.

Bdi 14-10 — Tudng budng hia 16 hoi xdy bing hai l6p: I6p gach samdt
bot day &1 = 125mm va 16p gach do day 42 = 500mm. Nhiét di” mit
trong v mit ngodj cia tudng twi = 1100°C, tw3 = 50°C. H¢ s6 dan nhift
cua gachl samdt bot 1y = 0,28 + {m W/mdo, cia gach do 1> = 0,7
W!mdo Xac dinh tén thit nhiét qua 1w - trdng buong lia va nluct do mat
ucp xtic giTa hai lop.

Trd I6i: ty2 = 828°C; q = 1090 W/m?

w  Bdi 1411 — Vach phdng clia mt thing ¢6 dién tich F = 5m? duge
phu hai I6p cach nhiét. Vach thing bing thép diy &; = 8mm, hé s din
nhiét A1 = 46,5 W/md{, Ldp cach nhiét thi nhdl diy 02 = 50mm, hé s&
din nhiét lz = 0,144. 4+ 0,00014t W/md{. Lép cach nhiét thi 2 day é3 =
10mm, hé¢ s8 din nhidt 23 = 0,698 W/mdo. Nhiét do mat trong cia vich
twl = 250°C, nhiét dd mat ngoé: cia I6p cach nhiét thii hai e = 50°C.

Hay tinh nhiét lugng truyen qua vach va nhiét dj tai mat Gép xic gita
cac lop vach; xay dung d0 thi phan b3 nhiét d§ trong vich. '
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Trd 100 Q = 2920W; te2 = 250°C; w3 = 58,35°C.

Bii 14-12 — Mt bd qué nhiét duge ché tao bing cac Ong thép, dudng
kinh di/d2 = 32/42mm, h¢ s& din nhidt cta thép A = 14 W/mdo. Nhi¢t do
mat ngodi ong tw2 = 580°C, nhiét d§ mat trong twl = 4350°C. Tinh mat do
dong nhi¢t trén mdt don vi chi¢u dai Ong.

‘ Trd lgi: qi = 42100 W/m
«  Bdi 14-13 — Mjt Sng dan hoi bing thép, dudng kinh Gng 100/110mm
dugc phu mot 16p cach nhigt. HE s8 din nhidt cia thép 21 = 55 W/md{;
hé sé din nhigt cia chdi cach nhi¢t A2 = 0,00 W/mdd. Nhiét d¢ mat
trong cda vach ong twi = 200°C, nhiét do mat ngoai cita cich nhigt tw3z =
50°C. D: tbn that nhiét khong qua g, = 300 W/m thi bé day ldp cach nhict
phai bing bao nhiéu 9 ¢
Trég loi: 92 = 18,75 mm
+  Bdi 14-14 — Mt Ong thép dudng kinh di/d2 = 100/110 mm, h¢ & dan
phigt 4 = 50 W/mdd. Ong dugc phi hai 16p cach nhi¢t co be day nhu
nhau 82 = 83 = 50mm. Nhiét dj mat trong cua Ong twi = 250°C va mat
ngodi cia I6p cach nhigt thi hai twa = 50°C. Hé s0 din nhiét cia lGp
cich nhi¢t thi nhdt va thi hai Jin lugt bang: la = 006, 13 = 0,12
Wimdd. .

a) Xac dinh ton thit nhigt qua mdt mét &ng va nhiét dd trén mdt tiép
xiic gira cic lop cach nhigt.

b) Néu dbi vi tri cia hai I6p cach nhi¢t cho nhau (h. 14-10) thi ton that
nhigt trén 1 mét Gng va nhidt do gitta hai 16p cach nhi¢t s¢ thay doi thé
nio? -

Trd loi: a) q = 89,5 W/m ;w3 = 97°C

.

b) q = 105,5 W/m; tw3 = 159°C
‘.twq-
I Z NN -
4—-0-’ |_s;—l 3 I -
J’z, - Hinh 14-10

194 : https://tieulun.hopto.org



Bdi 14-15 — Mt ()hg dan hoi dudng kinh trong va ngoai d; va da.
Nhi¢t dd mat trong vd mat ngoai twi va tw2, w1 > tw2. Hé 58 din ohidt
cia vit hidu lam Ong.

AQ) = Ao (1 + B, ) Wimdd

4} Xac dinh mat dd dong nhilt qua 1 mét dng.

b) Ap dung cho 6ng din hoi dudng kinh di/da = 160/170, ngoai dng
phu lop cach nhi¢t day & = 100 mm, h¢ s6 din nhiét coa chdt cich nhidt
Ax = 62 {1 + E'l,3(:3.1|)'2t) W/mdg, nhi¢t dd m3t ngoai dng thép twy =
300'C va mal ngodi lop cach nhi¢t L3 = 50°C. Xac dinh ton thit nhigt
qua 1 mét ong va nhi¢t do mat trong cuia Gng thép.

Gidi:
a) T cong thifc tinh g cua vich:
‘ : dt
qQ = -2rrd(t) —
dr

hay

dr
g — =-21A(1) d1
T

Tich phén hai va cia phuong trinh:

K

r2 . tw? twi
. dr :
g— = lzma@wdi=2n | io (1 + Bt) di
. r S
ry twi (w2
r? }.(16
q n — =2x er (lwl - tw2) +—— (f?;'l - ‘?\'2)]
ry [ 2

= 27 Ao [1 +—[; (tw1 + lwl)] (twl - tw2)

5o -
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¢ ‘

2rdo il +—2— (tw1 + tw2)

-,
p o= (twl - tw2)
ql & W W
In —
d1
Dat
' h
B
2 /
va goi 1a hé s§ din nhigt trung binh.
21 A b
q = (twl - tw2)
dz2
ln —
di

b) Ton thit nhiét qua 1 mét Gng Xac dinh bing cong thic:

tw2 - tw3
1 - d3

In —
WwAwz  d2 = ot

300 + 50
Az = 0,002 (1 + 0,363 . 10-2 —-2—'—) =@ Wim dd

27 001 (300-50) 7

Gl = id3 = dz + 20 = 370 mm

370
In
170
Nhiét d6 mat trong cia Ong thép:
L 205 170
twl :—‘h—ln—“— +tyy = —— lIn— + 300 = 300°C
21 g dy 2r .50 160

Bdi 14-16 — Trong thiét bi thi nghi¢m dé xic dinh hé s& dan nhiét cua
chit 1dng bing phuong phap "diy nhift’, giua sgi bach kim va dng thach
anh dugc db diu may bién ap. Duodng kinh va chidu dai sgi bach kim
dy = 0,12 mm, | = 90 mm. Duong kinh trong va ngodi clia Ong thach anh
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d» = 1 mm vi d3 = 3mm. Hé s din nhiét cia
thach anh 1 = 1,4 W/m dd.

Xac dinh hé s8 din nhigt A ¢ cia diu may bién
4p va nhiét do trung binh, clia 16p dau, néu nhit
lugng truyén qua 16p diu hinh xuyén Q = 18W.
Nhiét dd sgi bach kim tw1 = 106,9°C, nhiét d& mat
ngoai 6ng thach anh tw3 = 30,6°C, xem (h. 14-11).

Trd loi: A¢ = 0,1060 W/m do
ez Nhiét do trung binh cua dau tf = 70°C

Bdi 14-17 — M{t déy dan_cé dién tra R = 10
{/m d3t trong mdt Sng xi mang hinh try. H¢ s5 dan
nhiét cia dng 13 mdt ham cia nhi¢t dd 4 = 0,15%Int W/m d§. Ban kinh
trong va ngoai cua 6ng: r1 = 5 mm; r2 = 10 mm.

Big Ty ik ™

e
3

Hinh i4-11

Dong dién chay trong ddy cé cudng do 9A tao ra nhi¢t di khong doi ¢
mat trong cua Ong la 150°C. Hay xé4c dinh:
a) nhiét dd mat ngoai cha Ong xi ming.
b} nhiét lugng toa ra trén 1 mét ong.
¢) hé s& dan nhiét trung binh cia 6ng.
Trd Ioi: a) tw2 = 19,5°C

b) g = 810 W/m

c)iw = 0,685 W/m d§
Bdi 14-18 — Mdt Gng dan hoi duge boc hai 16p cach nhiét c6 bé day

nhu nhau. Dudng kinh trung binh cia lép thi hai bang hai lin duong kinh
trung binh cua lép thi nhat.

H¢ s6 din nhiét cua lép thii nhat bang hai lan hé s din nhigt cia l6p
thit hai. :

Tbn thit nhiét trén mdt mét 6ng qi s¢ thay dbi thé nao néu dbi chd hai
16p cach nhiét cho nhau con cac diéu kién khac gior nguyén,
D2 giai bai toan, khi tinh q) ta ding cong thifc gin ding.
' J!:Al 1
& 1 1
+ .
Ardwt  Aodw2

q

W7
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dib - duong kinh trung binh
Gidi: ~
Thn thit nhiét trong trudng hgp thi nhat:
AL 1
s 1 1
+
Ardwr  Axdm2
Ton thit nhiét wrong trudng hgp thi hat:

qu =

aAt 1
& 1 1
+
A2 dipy Ardm2

q, =

- . ¥ Al
Theo didu kién diu bai dwz = 241 va A2 =—
L

So sanh hai trudng hop:

1 1 : 9 ‘ 1
-+ +
qy  Aadwr Adw2 Arther 2hdwt 125
qi, 1 1 1 1 T
- + +
Avdwr  Adw2 41 dwt A1dib1
q4
1,25

Viéy nhiét lugng tdn thit truc{mg hop hai giam di 20%.

Bdi 14-19— Bao hoi cua 16 hoi c6 duong kinh trong 600 mm, be day dy
= 15 mm. Bén ngodi phi mdt 16p cich nhiét diy 2 = 150 mm. Hé sd
dan nhiét cua vich thép A} = 50 W/m do, cua chit cach nhidt 12 =70,1
W/mdo. Nhi¢t dd b& mit trong ciia bao hoi twi = 200°C. Nhi¢t do mat
ngoai ldp cich nhiét taz = 50°C.

Hay xic dinh ton thit nhiét qua vach cia bao hoi bing phuong phap
chinh xac va phuong phap gin ding.
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Gidi:

Giai bing phuong phdp chinh x4c: ton thit nhiét tinh theo cong thic:

©tw] - w3

L 1 dz

1 d3
+ In

In
2w Ay dy

dy = 600 mm, dz =

2mrids &2
25

600 + 2. 15 = 630 mm :({/1 + 2.0

dy =630 +2.150 = 930mm = o, 4 25, -
200 - 50
q = = 237 W/m
1 630 1 930
In +— n— \\)
S 2250 600 2t 01 630 S og
Giai bang phuong phap gin ding.
B 7 (twl - tw3)
s 41 1 b2 ¢
——r—— — + —
At dwr A2 dw2
1 va @2 xic dinh bing dd thi
d2 630
— =— =105
dy 600
ds 930
= = 1475
dz 630
Ta thiy ring
da d3 -~
—_— < 2va— < 2
d 2

nén h¢ s6 hinh déﬁg g1 va @2 déu gin bing 1 do diy ta ldy ¢

:.-:];

p2 =1
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4,26 . dy + d2 600 + 630

T 11 dip, = ~ — -
i 2 2
= 615 mm = 0,615m
4,18 !
3 d» + d3 630 + 930
‘ll_}_ i dlb‘) = = =
L - 2 2
44 VA ﬁ%;.“: = 780 mm = 0,78m
— fin2 Sacagas
4,06 / 1 1 1.7
' L4 To6n thit nhiét qua vach bao hoi:
R igitnininaglpas
D L (200 - 50)
n -
4 42 14 4¢ 1B 2 qi= 2 _ 245 W/m
Hinh 14-12 15 1 150 1
7 | 50 615 01 780

J5/  Bdi 1420 — Mt Sng dén hoi duong kinh di/d2 = 160/170 mm bén
4 ngoai boc hai lop cach nhict, bé day lin lugt bing: 02 = 30 mm; &3 = 50
| mm. H¢ s6 dan nhi¢t coa vit hidu lam Ong va hai lop cach nhiét A1 = 58
W/mdd: 1> = 0,175 W/mdd; 13 = 0,093 W/mdd. Nhi¢t do mat trong cia
dng tw1 = 300°C, nhiét dd mat ngoai l6p cich nhit thé hai twa = 50°C.
Xic dinh ton thil nhiét qua mdt mét Sng bing phuong phap gin ding.
Trd tdi: q = 282 Wim
Bdi 14-21 — M{t 16 phan @ng hat nhan hinh ciu dudng kinh ngoai d>
= 960 mm. B¢ day cia vach & = S0mm gom c6 kinh thach anh va thép.
Hé s6 din nhiét tuong duong 13 2 = 1,488 W/mdd. Nhi¢t do mat trong va
mit ngodi duge duy tri la 210°C va 20°C,
Xac dinh mit dj dong nhiét trén bé mat trdng vi ngoai cua 16 phan
ing. s :
Gidi:
Nhié1 lugng truyén qua vach cau:
2t A (twi - tw2) 2n 1,488 (210 - 80)
1 1 1

1 .

di & 0,860 0,960

= 10100 W
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Thn thit nhigt trén Im® mi ngoai:
Q O 10100 5
gn = —— T = + = 3490 W/m”~
Fa ﬂd-z n 0,96”

Thn thit nhidt trén 1m” bé mat trong

0 Q 10100 o,
@ = = — = i = 4360 W/m®
F,  ad, 7 086

Bai 14-22 — Do ma sat gitfa tryc méay va vong bi nén nhiét dd chd bi
ma sat cua tryc may cao hon khong khi xung quanh 60°C. H¢ s8 din nhiét
cua vl li¢u lam tryc may A'=58 W/mdé. H¢ 58 toa nhiét ti tryc may tai
khong khi a1 = 7 W/m?d9. Duong kinh tryc 60mm. Xem truc nhu thanh
dii vd han, thi sy phan b3 nhi¢t d§ doc theo tryc sé thé nao? Nhiét lugng
truyén di 1a bao nhicu? "

Trd loi: Sir phén bd nhi¢t dé doc theo truc
B = o
0O = 28W.

Bagi 14-23 — Nhiét dd trong binh khi nen duoe do bing mdt nhiét ké
thay ngin, dat trong mot Ong thép han licn v6i vé binh (h. 14-13), trong
dng thép chia diu. Nhi¢t k& chi nhidt 4o v Jdin Sng thép uy = 84°C, nhit
45 & gbc ong thép o = 4°C. Chicu dai ong thép | = 120 mm. BG day
vich vo thép & = 1,5 mm. HE s3 toa nhiét ti khong khi téi ong thép a =
233 Wjmldo. Hé s6 din nhict cda vit lidu lam Sngx, = 55,8 W/mdo.

- Xac dinh_nhiét d6 cua khong khi trong binh va
sai.s0 cia phuong phap do.. 3?]

Gidi:

Sai 56 cia phép do 1a do ¢ hién tugng dan
nhiét coc theo Ong.

Néu coi dng nhu m{t thanh tron hifu han va bo
qua toa nhigt ¢ dau thanh ta cd:

90' tf - to .
ch(m!)  ch(mb)
-

-4 =6 = Hinh 14-13
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hay

, g U
ml =1
af
U 1
x| 233
’ Ad 53,8.0,0015

ch{iml) = ch2 = 3,76

t - tf 84 -tr 1
= = = 0,266
to - If 40 - tr 3,76
84 - (,2678.40 o
tf =—————— = 100°C
1-0,266

Sai s0 cua phép do

tr- 4 = 100 - 84 = 16°C.

Bdi 14-24 — DG giam sai s0 khi do ngum ta khic phuc bdng cach: ong
thép boc ngoai dung vit idu ¢6 hé s0 din nhiét nho, tang chitu dai va
giam bé day cua dng byc, dong thdi cach nhiét tot ché ghép Gng voi vo
binh. Hay tink nhiét do diu Gng thép va sai G cia phép do trong truong
hop: dng boc lam bang thép khong gi A = 23,3 W/mdd, | = 160 mm, 4 =
0,8mm va do cach nhidt t6t ¢ chd ghép dng véi vé binh to = 70°C; con
cac diu kién khac nhy bai (14-23).

Trd loi: 1 = 998°C. t - 4t = 0,2°C

Bgi 14-25 — Mat ngoai cua bubng lam lanh ban dan hinh vudng co
nhing canh nhdém thdng ddng. B¢ rong cia ting bén b = 800 mm, chiéu
cao cua tuong h = 1000 mm. Chi¢u cao va bé day cia canh 1 = 306mm va

-
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4 = 3mm. Mdi tudng cé 40 canh. Nhiét d§ o goc canh o = 30°C, nhiét
d0 mo truung xung quanh tf = 20°C. H¢ s& din nhiét cia nhdom 4 = 202
W/mdg, hc, 0 toa nhiét 0 vich cd cdnh dén mdi trudng xung quanh ac
= 7 W/m® do.

Hay tinh nhiét do o dau canh t; va nhi¢t legng truyén qua 4 tudng cia
budng. '

N&u mat ngoai cda budng khéng co canh thi nhiét lugng truyén qua 1a
hao nhicu? Bidt hé s8 16a nhi¢t ¢ mat phdng goc canh ag = ac.

Gidi:
Né&u bo qua sy toa nhiét ¢ dau canh thi nhigt do
. diu canh c6 thé tinh bing:

. 90
B =u-t =
ch (mh)
Hinh 14-14 "
8, = to - tf = 30 -20 = 10°C
7.2 (1 + 0,003)
.ml = = {,1435
. 202.1.0,003
ch (ml) = ch {),1435 =101;m = 478
th (ml} = th(0,1435 = 0,1425
Nhigt do dau cinh:
=1 + =20 +—— = 29,9°C
ch (ml) 1,0

Nhiét lugng toa ra o bé mat mdt cinh

Amf 8o th (ml) - .

Qa = }
[ =d.h i
Qa1 = 2024780,003.1,100,1425 = 41 W

Mt tudng bén ¢6 40 canh, 4 vach ¢6 160 cinh,
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Nhiét lrgng truyén qua bé mat cac canh:
Qc = 160 . 4,1 = 656W

Nhiét lugng téa ra ¢ bé mat khong cé canh cua 4 twdng,
Qg = dg HoFg theo dau bai ag =

Fy- phan mat phang giva cic canh:

Fg = 4b.h- (160. h.d)
= 4.0,8.1 - (160 .1.0,003) = 2,72m"
Qg = 7.10 . 2,72 = 1904W

~ Viy nhiét lugng truyén qua vach cia budng:
Q = Q¢ + Qg = 656 + 190,4 = 846,4W
Trudng hgp budng khéng 1am canh, nhiét hrong truyén qua vach.

F =abF =710.4.08.1=224W

Bai 14-26 — ML canh phdng lam bdng thép, c6 kich thuéc nhu sau:
0 = 5mm, h = 50mm, 1 = 1m. Hé s6 dédn nhiét A = 58 W/mdo. H¢ s toa
nhi¢t & mat bén va dinh canh a; = a2 = 11,65 W/mzdé, nhiét d¢ thira tai
gbe cach 61 = 80°C. Tinh nhiét lugng truyén qua canh va nhiét dd ¢ dinh
¢anb trong hai truong hop:
a) khong k& sy toa nhiét ¢ dinh canh.
b) ¢6 ké& dén sy toa nhiét ¢ dinh canh,
_, Trd 16i: a) By = 72,7°C Q = §7.6W
i b) da.= 712°C Q = 92W

27 — Mot b him nudc duge lip rap td nhiing Sng gang co
canh tron, dudng kinh ngoai ctia éng d = 76mm. Dudng kinh canh D =

200 mm, bé day canh 6 = Smm. Xac dinh lugng nhiét truyén ta khéi dén
bé mat ngodi cia Gng va nhiét dd o dinh canh, néu nhiét do khoi @ =
400°C, nhiét dd gdc canh t; = 180°C. Phin 5ng dugc d6t néng 1 = 3m.
$6 lugng canh theo chigu dai § Ong n = 150. Hé s6 toa nhiét to khoi dén be
mjt cinh o = 46,5 W/md§. HE s§ din nhiét cia gang A = 52,4 W/mdd.
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Cridi:

Nhiét dd ¢ dinh canh va nhiét lugng truyén cho mt Gog xic dinh bang
cOng thifc sau:
{o (mr2) Ki(mra2) + I1(mr2) Ko(mr2)
Io (mr) Ki(mr2) + hi{mr) Ko(mri)

9.7

Q= 27 ddmby
trong d6:

i (mr2) Ki(mr) - Li(mr) Ki{mr2)
lo (mry) l(_l(mrg) + Ni(mrz) Ko{mr))

(p::

lo, 11, Ko, K1 - cédc hz‘uﬁ Betxen tra @ ph?m phu luc

et [ 22 / 246_W 89 U
e \ A ~\ id 240005 m

d 76

rf = — =— = 38mm = (,038m
2 2 ‘
D 200

t7 = —— = —— = |}{lmm = ,1m
2 2

Néu k& ca téa nhiét o dau canh, ta tang ban kinh 12 1€n mot doan bang
nua bé day cinh, dum

d 0,005 _
rs: =r + ? = 0,1+ = 0,1025m
mrp = 1%9.0038 = 0,719
mr': = 189 .0,1025 = 194
B = 400 - 180 = 220°C
Tra phy lyc 12 va 13
lo(mr) = L(0,719) = L1338 Ko(0.719) = 0,6424
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lo(mra) = 1u(1,94) = 2,189 Ko(1,94) = 0,122835
Iitmr} = 0;(0,719) = 03835 Ki(0,719) = 1,0146
h{mry) = 1;(1,949) = 1,5042 Ki(1,94) = 0,152
2,189 . 0,152 + 1,5042 . 0,1228
y = 220 = 102,5°C
1,1338 . 0,152 + 1,5042 . 0,6424
B2 = (r-t2 = 102.5°C
ta = 400 - 1025 = 297,5°C
1,5042 . 1,0146 - 0,3835 . (0,152
1= = 1,295

1,1338 . 0,152 + 1,5042 . 0,6424
Nhiét lugng truvén cho 1 canh:
Qc) = Z1riddmb) p = 21.0,038.52,4.18,9.0,005.220.1,295 = 337TW
Dai vai 150 canh: |
Qe = nQa = 150 . 337 = 50500 W
Nhiét lugng ¢ phin lmal vach giga cac canh nhan dugc:
Qg =2rand (1-nd) = 27 .46,5.0,038.220.(3 - 150.0,003) = 5500 W
V@y nhigt hrgng truyén cho vach
Q = Q¢ + Qg = 50500 + 5500 = 36000 W
Ta ¢6 thé giai bai nay bang phuong phap gin diing:
Cénh thdng (€1 di¢n khong dbi d¢ tinh toan c6 kich thudc nhy sau:

0 5
h=r-rn+ ? = 100 - 38 +T = 64,3 mm = 0,0645m

theo trénm = 189

mh 18,9.0,0645 = 1,22

ch(mh)

ch 1,22 = 1,8412; th 1,22 = 0,8397
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&2 1

- = = = {1,543
) ch{mh) 1,8412
r2 104
= = 2635
r 38
62 n2 . .
Can caf — , — tra do6 thi (h. 14-2) ta dugc:
g1 n ‘
& = 0,836

Nhiét lugng truy?:n cho canh xic dinh bing cong thic:

Q "F 9
a4 q F
Q - nhiét lrgng truyén cho cinh phing ¢6 chitu cao, bé day bing chiéu
cao, bt day cia cinh tron, chi¢u rong la 1m.

Q = Am f 6 th(mh)

; T ol=6x1)
trong do / f ol = & xl_ /

O = 52,4.189.0,005.1.220.08397 = 915W
Dién tich t6a nhiét cia canh phing:
F=2h =2.00645.1 = 0,129 m°

q = — =—— = 7100 W/m’

Dién tich bé mat cinh tron: _
F' = 21 ("5 - ) = 21 (0,1% - 0,0038%) = 0,0601m’
Viy:

Q"= ¢ F'q=083.00601.7100 = 357 W

Bai 14-28 — Mot canh tron ¢6 bé day khong doi & = 3.6 mm. Béan kinh
¢ gdc va dinh canh rp = 60 mm; r2 = 120 mm. H¢ s0 toa nhiét td canh
toi khong khi @ = 35 W/m® d. Hé s6 din nhiét cia vit liéu lam canh
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1 = 35 W/m dd. Nhi¢t do thua tai goc canh 6 = 80°C. Hay tinh nhiét
jugng truyén qua canh bing hai cach.

a) bang cOng thifc ding

b) bing cong thic gan diing

Trd l6i: 2) Q = 1155W; b) O = 103W

Bdi 14-29 — B sy khong khi dugc ché tao bing nhung Ong gang co
canh tiét dicn hinh thang, bi tri doc theo mat ngodi cta Ong.

Hay xac dinh nhidt luyng toa ra tir bé mat cénh vd nhit do dinh canh.
Biét chicu dai 6ng 1 = 2500 mm, chitu cao coa canh h = 30 mm, be day
gfc canh 8y = 3 mm b¢ diy dinh canh 47 = 1 mm, hé s dan nhiét cda
gang A = 52,3 W/mdy, nhiét do gdc canh to = 430°C, nhiét do khong khi
t¢ = 330°C, h¢ s6 toa nhi¢l t¥ bE mat cdnh (6i khong khi a = 233
wW/m’dd.

Tinh bang hai phuong phap giai tich va dd thi,

N Gidi: - Bing phuong phap giai tich:
ﬁ--— x, _...I nat g p g phap g
N {v—-tx‘r*‘ d1- &2 3-1 1
5 = | - t = = = =
‘ T & 2h 230 30
1 © 330
X1 = = = 45 mm
gy 2
Hinh 14-15
x2 =x1-h=45-30=15mm
axy 23,3 . 0,045
Z = = .30 = 0,6014
Mgy 52,3 :
axa 23,3 . 0,015. 30
Z3 = = = 0,201
gy 523

It

Nz
Nz

B

2\]0.6014 = 1,55
20201 = 0,895
450 - 350 = 100°C

L]
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Nhi¢t d¢ dinh canh va nhiét lrgng truyén qua cinh xic dinh bing cic
cong thic sau:

lo(2 VZ2) Ki2{Z2) + h(2{Z) Ko(2{Z2)

& = @
P T N LeVZ) Ki@NZa) + 12 V) Ko VZ0)
0 - ad1 1 6
Y e

trong dé

L2 VZ1) Ki21Z2) - L2 VZ2) K@Y Z)

L2 VZ1) KiVZ5) + 12V 7Z2) Ke(2VZ1)

Tra cac ham I, Iy, Ko, Kt & phan phu luc 12 va 13 dugc
lo 2YZ1) = Lo (1,55) = 1,6985 ; Ko (2VZ1) = Ko (1,55) = 0,2009
o 2VZ2) = 16(0,895) = 1,213 ; Ko(2VZ2) = Ko(0,895) = 0,4867
I (2yZ1) = I (1,59)

¢l=

= 1,0392; K1 2yZ1)- = K (1,55) = 0,2590
11 2YZ3) = 1, (0,895) = 0,4971; Ki (2yZ2) = K1 (0,895) = 0,717

Thay cic tri sd vao:

1,213 . 0,717 + 0,4971.0,4867
G =t0-tr= 100 = 84°C

1,6985 . 0,717 + 0,4971.0,2009
Nhiét dd diu canh la: '

2= 84 + tf = 84 + 350 = 434°C
1,0392 . 0,717 - 0,4971 . 0,259

e = = (1,462
L6985 . 0,717 + 0,4971 . 0,2009

\ Nhiét lugng truyén qua canh:

233 .0,003.25.100.30
Qc = 0,462 = 312w
0,6014
- Giai bing phuong phap db thi:

Cénh thing d& tinh toan c6 tiét dién khong dbi, véi kich thuse I3 LI, Sw.
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Ta diing céc cong thic sau:

Qa - E) F, q
Q
Trong déq = —F; Q = Amf 6 th (mh’)
4
b’ =h+——2-=30+0,5=30,5mm
2 Z.233 .
m = _—= _—— =211m
A s1b 52,3 . 0,002
mh’ = 0,0305.21,1 = 0,644
Theo phu lyc
© ch (mb) = ch (0,644) = 1,2147 ; th (0.644) = 0,5676
62 1 1
= = — = = 0,825
e 6 ch(mw) 12147
& 1
—_— = — = 0333

3
+ " 92 az . > . -y
msd ¢ =1j—, xac dinh:bing do thi (h. 14-1)
61 al . .
g = 1,02

Dién tich mat canh phang:

F =2kl = 2.00305.25 = 0,135 m”

Dién tich bé mat cua canh tiél dién hinh thang
. .

h
FF = 2l.—— trong d6
. cosp

t — = (03315
£¥ 0.
o =2
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cosy =1{,9998 = 1
F'=2.25.003 = 0,15 m?
Nhiét lugng truyén qua cinh thdng:

Q = Amf 6; th(mh) = 523 .21,1.25. 0,002 100. 05676 = 312W.
Vdy nhiét lugng truyén qua canh hinh thang;

= 312W

0
Q= ¢F-— =102.0,5.

F ’

Bai 14-30 — Tich nhiét lugng truyén qua modt cinh thing hinh thang,
Chitu dai canh 1 = 1m, chidu cao h = 50mm, chiéu dayd; = 0,7mm ; 02
= 0,3mm. H¢ s8 téa nhigt vk cinh t6i khong khi @ = 233 W/m? dé, hé §
dan nhiét cia vit licu lam canh A = 46,5 W/m d§. Nhiét d6 thiia tai gdc
61 = 80°C. ' ' :

Trd Idi: Q = 89W

Bdi 14-3] — Thi¢t bi sdy bing dién, dugc ché tao tit cic diy nicrém,
duong kinh d = 2mm, dai I = 10m. Khong khi lanh cin sdy duge thdi vao
thiét bi c6 nhiét dd tr = 20°C. Tinh nhi¢t lugng tda ra trén ra trén mét
mét ddy, nhiét d6 bé mat va tam cua diy. Néu dong dién dét néng ¢
cuong d 25A, dién tré sudt cia diy p = 1,1 Q mm*m vi h¢ s din
ahi¢t cia diy A = 17,5 W/m dj. Hé s§ toa nhiét ti bé mat day t6i khong
khi a = 46,5 W/m® do.

Gidi:
Di¢n trd cia diy d6t néng;
. | 1,1.10
R _ =35 Q
Tr i N |

Nhiét frgng do day phit ra:

0=1R=235=218W

Nhiét hrong cia mdt mét day phat ra: , ,////’
Q285 ) /
qi = — = = 2185 Wim T
1 10 )
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Nhiét do ¢ b mat cia diy:

L & o +t 4

* 2 Clv J‘El’jlo

q 218,35 o

nda x . 0002 .46,5

Nhiét dd o tim day:
1 2185
to = tw + d =769+—-—-————-—=770°C
4 A 4rx 17,5

 Bdi 14-32 — Dong di¢n chay doc theo thanh nicrom dudng kinh d = 5
mm, dai | = 420 mm. Dién ap ¢ hai diu cia thanh AV = 110V, Trén bé
mit cia thanh nuée soi dudi ap sudt p = 5 bar.

Xac dinh nang suat phat nhiét cia ngu?)n nhiét bén trong qv W/m3, mat
do dong nhiét qua bé mat cia thanh g w/m?, mit do dong nhigt trén 1

“don vi chidu dai q W/m, nhiét do ¢ mat va tryc cua thanh. N&u hé s6 toa
shiét tF bé mat cia thanh dén nuéc s6i @ = 44400 W/m® do. HE s5 dan
nhi¢t cia nicrom A1 = 17,5 W/m do. Dién trg suat cita nicrdbm p = 1,17 Q2
mm?/m: '

Trd 167: qv = 483.10° W/m® ; q = 6,08.10° W/m?
qi = 9525 W/m ; tw = 16544°C.
to = 208,54°C.

2. DAN NHIET KHONG ON DINH

Bdi 14-33 — Cé mot tAm cao su day 28 = 20mm, nhi¢t d¢ ban dau to
- 1430°C duge 1am ngudi trong mdi trudng khong khi co nhi¢t do khong
dai i = 15°C. X4c dinh nhiét dd 6 tam va trén bé magt tdm sau thdi gian
20 phut td khi bt dau lan ngudi. HE sb din nhiét coa cao suld = 0,175
W/m dd, hé s6 din nhiét do cha cao su o = 0,833.10'7 mz,’s, hé sb toa
nhiét tF bi mat tim dén mdi trudng @ = 65 W/m’ o

Gidi:
Nhict do thira khong thd nguyén & tim va trén bé mat cda 1am cb thé
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xd¢ dinh trén do thi tinh todn
b =0 = f1 (Bi, Fo) (h. 14-3) vi 6¢=1 = f2 (Bi, Fo) (h.14-4).

Trong trugng hgp badi todn ndy ta co:

ad 65,001

Bi=s—=—— =373
A 0,175
ar 0833107 (120 . 60) _
Fo = —s = 5 = 1,0
82 (001

Can cd theo cac gia tri cua Bi v Fo theo do thi (h. 14-3) tim duoc
By- = 0.26 va theo dd thi (h. 14-3) duge 0= = (1,083,
-t

Ti: - H._‘:U = xac dinh duygc
fo - If

le=o = 1f + Bx=o (lo - 1) = 15 + 0,26 (140 - 15) = 47.5°C

']
=t = tr + Be=1(lo-tr) = 15 + 0,083 (140 - 15) = 254°C

Viy sau 20 phiit 13m ngudi nhiét d¢ ¢ tam cia tAim ty=0 = 47.5°C, con
nhi¢t dd bé mat cla tim biang 1= = 254°C.

Vi

Biii 14-34 — M{l tryc bing thép dai duong kinh d = 2ro = 120 mm ¢o
nhi¢t do ban diu t, = 20°C, duye gia nhiét trong 1 ¢6 nhiét do iy =
820°C, Tinh thoi gian cin thidt d¢ nhi¢t dd ¢ tdm trye dat dén =, =
800C va xac dinh nhi¢t dé trén bé mat khi dy. Bidt h¢ s& din nhi¢t va hé
s din nhi¢t do cia thépd = 21 Wmdd va a = 6,110 m%/s; hé 3 10a
nhi¢t trén bt mat true o = 140 W/m® do. ,

Trd toi: 1 = 51phit tr=y, = 84°C

Badi 14-35 — C6 mdt khéi thép hinh hép kich thude 200 x 400 x 500
mm, shi¢t do ban diu t, = 20°C, dugce nung néng trong lo ¢d nhiét dé b
= H00"C. Xac dinh nhi¢t do ¢ tdm cua khoi thép sau khi nung trong 1o
v = 1,5h. Bift h¢ s§ din nhi¢t va h¢ 8 dan nhiét do cua thép 41 = 372
Wmdd va a = 6,94.10'(’ m?/s. H¢ 50 toa nhiét do trén bé mat « = 186
Wv'm2 do. o '
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Gidi:
Nhi¢t do khong thd nguyén tai tim cta khéi thép c6 thé xac dinh theo
phuong trinh:

(-t firt=o t-ty =0 l"[z=0)
-1, Jx.y.z_r _\ tf-to fxr tr-to J yr tlo § 21

k=05 tyo lzo €O tht (im theo do thi tinh toan cua tdm phing
(trudng 1 chicu).

D61 vai tdm c6 chitu day 28¢ = 200mm

ar 6,94 . 10° . (1,5 3600)
=—= 5 = 375
8% 0,1

Fox

. ady 186 . 0,1 )
Bi, = = = 0,5
A 37,2

Can cif theo Fox = 3,75 va Bix = 0,5 tra ¢ dd thi (h. 14-3) dwoc:

tr-lx=0
= 0,22
tf-lo XTI

Tuong ty ta c¢d 20y = 400 mm va Foy = 0,937; Biy = 1.0

tf-ly=0
4 = 0,57
tf-lo v.r

261 = 500 mm va FOZ = 0,6, Biz = 1,25

-0 ) 0,68
= s ]
U-to /zr

tr-1
= (,22.057.068 = 0,0852
t-to Y.zt

Tir day ta tinh dugc:

{ = tr- 0,0852 (tf - to) = 1400 - 0,0852 (1400 - 200) = 1282°C.
Bdi 14-36 — C6 mdt tuong gach day 20 = 0,5m, nhiét do ban diu ¢
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trang thai 6n dinh 13 to = 18°C, do diu kién méi truong xung quanh dit
ngdt ha xuong con tf = 8°C, hé s6 toa nhiét trén b& mat tuéng a =
8,12W/m? d. Tinh nhmt dd d tam vach va trén bé mat vach sau thai glan
1 gio. NEu bidt thong s3 do & tam vich va trén bé mat vach sau thoi gian
1 gi. NEu bift thong s vit'1¢ cha vat liéu [am vach:
A = 0812W/mdd: p = 1500 ke/m’
C= 0,8374 kl/kgdd
Trd ldi: tw = 14,27°C; tm = 18°C
Bdi 14-37 — MU hinh try cut lam bzing thép
duong kinh d = 03m, chiéu dai | = 0,6m, ¢cé
nhiét d6 ban diu to = 20°C dugc nun% trong 16
¢S nhitt dd tr = 1020°C, a = 232W/m" dg, biét
Av = 35W/ may; ay = 0,0225m*/h. Tinh nhiét d§
ldl cic diém 1. 2, 3, 4 (h. 14-16) sau 1 gio
Trd loi: | = 951°C ; 15 = 908°C

= 880°C: 1y = 792°C -

Hinh 14-16

Chuong 15
TOA NHIET 901 LUU

Khi tinh toan nhiét lugng truyén trong qui trinh téa nhiét d&i lwu
thuong ding cong thiic Niuton,:

Q =aF (tw - tn
Trong d6: Q - nhiét lugng truyén qua trong mdt don vi thai gian, W
@ - hé s6 toa nhiét W/m?dd
F - dign tich b¥ mat toa nhi¢t, m>
- nhiét do trung binh cia bé mat vit rin, do
tr - nl'uq:t dd trung binh cia chat long, do

https://tieulun.hopﬁ&ﬁ:)rg



Hé s8 toa nhidt @ dugce xac dinh bang thuc nghiém két hgp vé6i 1y
luin ddng dang. Ding Iy luin ddng dang d2 phan tich qua trinh toa nhiét
d5i luu 6n dinh chiing ta tim duyc phuong trinh tiéu chuin ¢6 dang

7 Nu = f(Re, Gr, Pr)
Trong do

al .
Nu = — tiéu chuan Nutxen
w l -~ ‘,o\ ~ -~
Re = — tiéu chuin Riyndn
v
v ) .
Pr = -— tiéu chudn Prant
a
_ePa A
Gr = ——— tiéu chuin Gratgdp
7

1 - kich thudc xic dinh, m

g - gia tdc trong truong, m/s’

B - hé s8 gian nd nhiét, 1/dd

a - hé s6 din nhigt o, m¥s

Theo nguyén nhin giy ra chuyén dong, qua trinh toa nhigt d6i luu
dugc phin ra toa nhiét ddi luu ty nhién va toa nhigt déi hru cuong birc.

Trong qué trinh tinh toan t6a nhiét, thuong ding cic cong thifc sau:
1. Téoa nhiét ¢6i luu ty nhién:
a) Toa nhigt déi heu tr nhién trong khong gian vé han:
Num = C(Gr Loy, o (15:1)
Trong phuong trinh nay cac thong s& vat Iy duge chon theo nhigt do
xac dinh tm = —;- (tw +1f). Kich thudc xac dinh chon: ddi v6i vach ding

hoac &ng difng chen chigu cao H.
Vit hinh ciu, 6ng ndm ngang chon duong kinh d. Tri s6 C va a duge
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chon theo bang 15-1.

Bang 15-1
o]
{(Gr. Pt)m = C n
107 5.10° | 118 18
S0° - 2107 0,54 . 14
w7 pio" 0.435 13
-2 ‘

Khi ding cOng thic (15-1) néu truung hgp tdm phang dat nam ngang
bé mal nong hudng I6n thi két qua im duge sé tang ICn 30%, con trudng
hyp bé mal nong hudng xudng thy két qua tim duge giam di 307,

Hoac cé thé ding cong thic sau: -

- D8i'vai Ong dat ndm ngang dudng kinh-d:

Khi 107 < (Gr.Pr)g < 100 —
) (15-2)

Pru +

Nug = 0,5 ((rr Pr).j ‘(

- DG var g diing hoae vach dat dun§,
Khi 10° < (Gr.Pom <10

, { Pri
Num = 0,76 (Gr.Pr) ﬁ, "( ——-——) (15-3)
3 Tw i
Khi (Gr.Pr)m > 10
. P_l'f V023 :
Nug = 0,13 ((}r.Pr).}};l(—-——__) (15-4)
. . . Pr\x j )
VRN & i}
Poi v chdt ke i— = 1 ],
- Prw =

Trong cOng thiic (15-2) (15-3) (13-4} 1ty - nhi¢t dd trung binh cua chit
long duge chon lam nhi¢t 3 xac dinh.

( l Ht, su xét dén anh hudng cua phuong er(mg dong nhu,l
Pru
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b} Téa nhi¢t d6T eu ur nhién trong khéong gian uin han:

Awd _
a7 —él“ (twi - Lw2), W/m® (15-5)

Trong dé
A = egl
A - h¢ 8 dan nhiét cua chit long chon theo nhi¢t dd i =? (twi + 1w2)

tw1 - nhi¢t do bé mat néng
tw? - nhiét d bé mat lanh
etrg = [ {Gr.Pr)y
Khi (Gr.Pr); < 10° thi e = 1

(GrPe)r = 107 - 10Y thi e =0,18(Gr.pr). M

1
Trong cic cdng thic nay nhiét dj xac dinh 1a tr = 5 (lwi + tw2)

Kich thudc xac dinh 13 & - chidu day khe hep.

2. Téoa nhi¢t déi luu cuong bic

A - Chdt long chdy bén ngodi vt

a) Chat long chay ngang qua dng don:
Khi Rer = 10 - 10°

o Prr \ )

Nur = 0,50 Ref> Pr} -38\—-—
Pry |

(13-0)

Rep = 10°- 21

Pr¢ "‘ '
f K Nur = 0,25 Rc?‘(’ PI‘?SS(—TLV (15‘7)
S Prw
w

Ddi v khong khi, cac phuong trinh trén c6 dang don gian hon:
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Rer = 10 - 10° thi

159

Rer = 10% - 2.10° thi

Trong do: nhi¢t do xac dinh tr - nhiét do trung binh cua chat long, C.
Kich thude xic dinh d - dudng kinh ngoai cia Gng tron, m.

Cic cong thic tinh todn trén tyong dng vii AT T 7—_1

goc va g = 90° trong truong hop goc va . '

.. . 08 i—r -

y < 90" thi tinh toan nhu sau: T L

Q= ay . ey ¢ r L * lm\ﬁ

. ] L] & -
hé & &y tra theo dd thi (h. 15-1) o7 70" 30 30 A0

. . Hinh 15-1
b) Chat long chay ngang qua cham Ong:

Phuung trinh tiéu chuin co dang:
.23

Prp
Nur = CRe} . Pr, -”(—) CEiEs (15-10)
o

Cong thite nay ding cho truong hgp Rey = 0 -1
o
ey - h¢ s8 x€t dén anh hudng cia bude 6_ggﬂlc<\\chiéu sdu.

¢ - hé 88 x¢t d&n thi ty cia hang dng!
*  Chum 8ng song song: C = 0,20 n = 0,65

S 4,15 a;
ey =f——1 g =
d as

DGi vai hang dng tha nhdt &) = 0.0 h?xng Ong thi hai e2 = 09 va (i
hang ong thy ha tré di & = 1.

* Cham dng so le: C = 0,41 n = (Lo _
Sl eI . 5[ 1o
Khi —_— < 2 £g =\—
S2 52 :
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hiang Ong thi ba tré v¢ sau g = 1.

A

A

Si
S

> 2

DOt vai hang Ong thid nhat ¢

es = 1,12

= (),6, hang Ong thi hai e = 0,7 va wi

H¢ s8 toa nhidt cia toan chulﬁg&_
S

e
e

e

3

e ——

ai F /

Trong cong thiic trén nhié¢t dd xdc dinh 13 nhidt d trung binh cua dong
chit fong 1.

Kich thude xac dinh 1a duong kinh ngoai cia Ong d.

a2

! 1

S A

™~

~ |

Tdc dd dong chil long w 1y ¢ chd tiét dién hep

@l\ T nhil

S1 - budc ngang, 82 - budce doc

] ! |
e U;Eqr_._ \ Go6cva ¢ day p = 90°
5Ia° 37 st INCutrudng hop gécva ¢ < 90° thi ¢6 thé tinh:

tinh 15-2

224

90"

oy = auy &y

Tra ¢ db thj (h. 15-2) hodc bang (15-2) duéi day.

Bang 152 s f(y)

qr

90 80 70 6l

sof 40 30| 201 w

59-

i 1. 098] 094

088 78] 067 0,52 042

B - Chdl long chdy trong éng

a) Toa nhi¢t khi chdt 1ong chay ting Rer < 2200

Nur = 0,15 Re}3 pi3

Prp \5 ' .
Gr}! (15-11)
\ Pryw .
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DGi vai khong khi phuong trinh trén ¢6 dang sau:

(
Nup = 013 Ret™ . Grf

(15-11°)

Cong thic trén ap dung cho lruang hgp ¥d > 50, néu Vd < 50 tht h¢
& toa nhidt @ tim dugc td cong thde (2-11) va (2-11) phii nhdn thém vt

he &0 g Trish cia ¢ cho ¢ bang 15-3.

Bang 153 0= (1)

Wd 1 Lz | s [ s {20 ] 30 4050
er 11,90 =ll,vo 144 (1,28 |18 1,13 [ L05] 102 |1
— ,
b) T.("\a nhi¢t khi chit long chay rdi Rer > 107
Nup = ('1,1}21R010'8 PrrM3 {—?—rf—"% " . £1. ER (15-12)
\ Prv f
Truong hop Wd > S0 & = |
d < 30 £ tra theo bang 2-4
Bang 2. & = [(Re. Vid)
Ivd
Rey 11.“ 2 T 015 a0 3(; T sof
ot [ Les 150 134 1,23 TL1T r1,13_ 107 103 1A
> g0t | 1St 140 127 118 113 110 105 2 1
St 134 27 LS RRE ':1.10 108 104 102 1
Lt T 122 Lis R0 L8 106 1,03 102 1
Lo L iae g 105 104 103 102 101 1

A,
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d
NCu Ong thdng er = 1; Ong cong er = 1 + 1,77—?

R - ban kinh cong cua Ong
Dai vii khong khi cOng thife trén cé dang:

Nur = 0,018 Rer™® . er (15-12")
¢) Khi chay qua do: 2200 < Rer < 10

Pry |

-3 Prf \ 02 A
Ko = Nur Prf — ! el = f(Ref) {15-13)
Bing 15-5. Ko = f(Rep
! ' i [ 1 ‘ ‘
Rer10 (22 23 125 3035 ’4 40050 60170 80 9010

Ko 110 32 40 68‘93‘ 16 194 27 303

e1 - chon theo triong hgp chay ting.

Trong cong thiic (15-11) (15-12) (15-13) nhi¢t 4§ xac dinh t7 - nhiét do
trung binh cta dong chit long,

Kich thudc xic dinh: d6i v6i 6ng tron ldy d - dudng kinh trong cua dng.
- 4F
Ong c6 hinh dang khac chon dig = TR

F - dién tich ti€t di¢n ngang chét 16ng chuyén déng, m

U - chu vi w61, m

3.Téa nhigt khi bién dbi pha

a) Toa nhi¢t khi s6i: Khi sbi trong khong gian ty do p = 0,2 - 80 bar,
ddi vdi nudce trong trudng hop soi bot ¢6 thé diing cong thic:

a =46 A t”3 05 wim? do (15-14)

hodc
a

3,15 p* q°7 wim® do (15-14)

Trong d6: At = tw - ts - dd chénh nhiét d9, °C
tw - nhiét do bé mat vach, °C
ts - nhi€t dj bao hoa twong ¥ng veéi ap sudt p, °C
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p - ap sudt tuyét d6i cia hoi, bar
q - mat do dong nhigt, W/m®

b} Tda nhi¢t khi ngung:

- Vach diing hozc dng dat ding:

rA? |
ag = 1184 [ 222 wimd do (15-15)
VH([S - tw)

- 6ng dt ndm ngang;

3

7
o wmlds (15-15)

ang = 0723 | ———
né vd(ts - tw)

Trong do:
g - gia toc trong trudng, m/s’ _
A - hé s8 din nhidt cia chit long, W/md{
r - nhiét 4n hoa hoi, J/kg dd
p - mat do (khoi lugng riéng) cia chit long, kg"m3
v - dd nh6t dong hoc ciia chit 1ong, m/s
H - chitu cao cia vich ding, m
t - nhiét do bao hoa tyong wng véi ap sult p,°C
tw - nhiét dd bé mat vach, °C

d - duong kinh ngoai cia dng, m

BAITAP
1.Toa nhi¢t d6i lwu ti nhién fof |
Bdi 15-1 — Nhiét dd mat ngodi cia tuong 16 nung 1a 80°C. nhigt do moi
truang khong khi xung qffanh 1a 35°C. Tinh h¢ s5 téa nhilt ur twong 19 161

khong khi. Biét chitu cao cia tudng la 2,5m.

Gidi; |

Néu khong xét dén ifc xa, phwong trinh ticu chuin dé tinh toan trong
trudng hgp nay cé dang. :

2
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Num = C(Gr.Pr)],
Nhiét dd xac dinh '

tr + tw 35 + 80
22

= §7,5°C

lm =

To = 57,5 + 273 = 330,5°K
(¥ nhiét d6 nay, thong s0 vat I¥ cia khong khi theo phu lyc um dugc
e = 289107 W/mdd: v = 18,72.10° m¥s;
1 1
P = 069 ; B =— = —— = 0,00303.4/d¢
Tm 3305

Tinh cac tidu chuin dong dang:

3 A
gfath® 9,81 0,00303(80 - 35)25

Grm = —g—=— = : = 0,594.10"!
ST 18,72 . 10
(Gr.P)m = 0,594.10'1.0,696 = 0,414.10"
Trong trudng hgp nay ta co: (,L = 0,135; n = 1/3.
Vay
Num = 0,135(0414.10'")"* < 467
H& s8 toa nhigt
Nugldm)  467.280.007 ,
= = = 54 W/m’dd

h 25

Bdi 15-2 — Bao hoi cia 16 hoi dat ndm ngang c6 dudng kinh ngodi d =
600mm. Nhiét dd m3at ngoai I6p bao on tw = 60°C. Nhiét dd khong khi
xung quanh t = 40°C. Tinh tdn thit nhiét do téa nhigt trén 1m® b2 mat
bao hoi . .
Trd loi: q = 84W/m®

Bai 15-3 — Mot [0 su6i ding Ilmi nude 1am bing 5 dng thép djt ndm
ngang c6 dudng kinh ngoai 80mm, dai 1m nhi¢t do mat ngodi dng tw =
60°C. Nhi¢t dd khong khi xung quanh 20°C. Tinh nang sut nhiét cda 16
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(coi cic dng khong anh hudng lan nhau vé trao doi nhiét).
Trd i0i: Q = 330W
Bai 15-4 — Tim hé s toa nhiét va mit d dong nhi§t cho phép cia
mdt sgi day nicrdbm ndm ngang co dong dién Lh4y qua. Dudng kinh day d

= 1mm; dién tré sudt caa dayp = 1,1 Qmm'/m Nhiét dé cho phép d bé

mat day 1 670°C va nhiét d§ khong khi xung quanh 12 30°C.
Trd 10« = 64 Wim do; q = 41000 W/m®

Bdi 15-5 — Mot ddy dan di¢n co nhiét dd bé mat tw = 90°C dat trong
khong khi ¢ nhi¢t do e = 10°C. Nhiing day d6 vao nuéce co nhiét dé tm
= 10°C, dong thoi gid nhi¢t dé bé mat ddy khong ddi. Hoi hé s6 toa nhidt
ctia diy thay d6i thé nio? Dong dién trong day din tang giam bao nhicu
[in? Biét dudng kinh diy 1a Imm.

Gidi: .
DGi voi cac day din manh tri s6 (Gr.Pr) thuong nho, ché do chay la
chay ming hoac qua d{. B¢ so sdnh  as va ax ta tinh (Gr.Pr)m.

()O+10 (8] (4]
am=—2—-—=50(:(=3z31<)

- V@i nude, ¢ nhiét dé do cb cac thong sO vae Ig:

L

vmn = 0,556.10° m¥s; Pmn = 4,49.107 1/d%;
}tm_n = 0,648W/md6, P]’m‘n = 3,54

gf At 9,81.4,49.10°(10°)%(90-10)
Grm‘n = 3 = 3 -17 = 1
v 0,556~ . 107~

m.n

(Gr.?l’)m‘n = 1140 . 3,54 = 4040
500 < (Gr.Pom < 2.107

Khi do Nl.lm_n 0,54 (Gr-Pr)O.zsm

0,54.4040% = 0,54 . 796 = 43

. i " . ; 1 , -
- Vi khong khi 6 tm = 50°C, Bmx =E 1/dg, vmk = 17,95, 10 m¥s;
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Prmx = 0,698, Amk = 2.83. 102 W/m dd

“ 9.81. (1073 (90 - 10) .
Ik = =75
" 323 . 1795 . 107"

(GrPOmk = 7,54 . 0,698 =.526 < S00.
(ché do chay mang), khi do.
Nums = 1,18 . (Grﬁr),'{ﬁ = 1,18.5,26"® =
= 118.1231 = 145
an  Nun  An 43 0,648

== . = 68

ax Nug Ak 145 00283

Viy, khi nhiing vao nudc, o ting 63 lan.
- Mat khic, nhiét do dong dién trong day 104 ra

Q, = R = an FM

It
I

Oy = Rif = ag FA

- 63=8251‘an

V¢v, khi nhiing vao nudc dong dién cho phép tang duge 8,25 lan.

Bat 15-6 — Xac dinh ton thit nhiét trén 1m dng din hoi nim ngang
duong kinh d = 0,Im. Nhigt do mat ngoai ong lw = 450°C, nhiét do
khmlgD khi ¢ xa dng tr = 50°C. Néu dudng kinh “ng gldm di m{t nia thi
h¢ 56 toa nhi¢t thay dbi thé nao (cac diéu kiém khac van nhu cu)?

Tra loi: qp = 1200 W/m

« tang 2% = 1,19 lan
Bai 15-7 — D& gia nhiét dau MK trong bé ngudi ta dung nhitng ong din
har duong kinh ngoan d = 60mm, nhiét do mat ngoa1 ong W = 120°C,
nhi¢t do dau tf = 20°C. Tinh he s6 téa nhift to Ong toi dau (coi cac ong
khong c6 anh huong 1in nhau v¢ trao dbi nhiét).
: : Trd loi: o = 100 Wh'n2 do .

Bdi 15-8 — Xac dinh hé¢ <6 toa nhiét ti bé mat tim phang dat thang
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ditng H = 2m dén khong khi xung quanh. Biét nhiét d§ trén mat tim
phing tw = 100°C, nhi¢t d khong khi xung quanh ¢ xa tam phdng la ¢ =
20°C. :
Tri loi: & = 6,70 W/m® dj

Bai 15-9 — Xac dinh hé s6 toa nhiét ti tim phing nim ngang dén
khong khi xung quanh. Biét rdng bé mat téa nhi¢t ndm quay lén trén, kich
thuéce tim 1a: (2 x b} = (2 x 3)m. Nhiét do bé mat tdm phing tw = 100°C
va nhiét 4o khong khi xung quanh xa tim phing la t¢ = 20°C.

Gidi:
Toéa nhiét d8i lvu ty nhién khi tim ph3ng dat ngang 'cfmg tinh theo
chng thic:

Nup = C (Gr.Pr)?

Nhiét d0 xac dinh:

tw + tf 100 + 20
2 2 -

60°C

tm =

Kich thudc xac dinh chon bé rong a (kich thudc hgp). Cac thdng sO Vit
1¢ ctia khong khi ¢ tm = 60°C la:

1
273 4+ 60 333

Pm = 1/dg;

vm = 18,97.10°° m%/s; Pry = 0,696.27\

Am = 2,9.107 W/mdd. ' @‘

Ta co:
gBad AL 981.2° (100 - 20)
Grm = = = 524108
" N 333. 18,97 . 1072
{GrPr)m = 524.10° . 0,696 = 365.10% > 2,107

Dodé C=01350=13
Viy ,_ " Num = 0,135 (36,5 . 1897 = 447
L 227
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Num . Am 447 .29.107 ,
' = = 6,5 W/m~dd

X =

! ) 2
Dé ki dén anh huong cach bd tri bé mat (quay 1én) ta tang a' thém
30%;, nghia la:
@ = 1365 = 845 Wm® do
Bdi 15-10 — Xac dinh h¢ s6 din ahidt twong duong Ay cia lop khong

khi mong c6 b¢ diy 8 = 25mm nlu nhigt dd bt mat néng w1 = 150°C,
nhiét d0 bé mat lanh twy = 50°C.
Gidi:
Nhiét do trung binh cia l6p khong khi
twi + w2 150 + 30
¥ = = = 100°C
2 2
() nhiét dé do6 cac thong 6 vt 1y cia khong kht:
Ar = 0,031 Wimdd; v = 23,13.10% m¥s
Pri = 0,688
axd 3 <
At 9,81.0,025” (150 - 50)
Grp = gﬁa, = ( —— = 7.74.10°
vt 373 (23,13.107)°

(Gr.Po) = 7,74 .10 . 0688 = 533 . 10"
Khi do:
e = 0.18 (Gr.PnP® = 0,18 (533.101"% = 2,74
A = &g Ar = 2,740,031 = 0,0876 W/mdd.

Bdi 15-11 — Xac dinh hé s5 din nhiét wong duong va mit do dong
nhiét qua mot 16p khong khi méng, co chicu day & = 20 mm, nhigt do
mat nong twi = 200°C, nhiét dd mat lanh tw2 = 80°C. Hé sd dan nhiét
twong duong sé thay doi thé nio néu bé day I6p khong khi giam di 2 lan,
con cac didu ki¢n khac khong doi.

Trd i0i: q = 48 W/m®
A giam di 1,68 lan
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2. Toa nhiét ddi luu cudng bic

A - Tda nhigt khi chdt ldng ngoai vt thé:

Bdi 15-12 — Mot ddy dan bing ddng dudng kinh d = 15mm dugc 1am
ngudi bing dong khong khi chay ngang qua. Tdc dd dong khong khi w =
1m/s, nhiét d khéng khi tr = 20°C. Tinh h¢ s toa
ahiét tir be mat day din dén khong khi vi cuong do  «=*"/5_]
dong dién trong day din. Biét nhiét do trén b mat l
diy tw = 80°C va dién tré sufit cua day p = 0,0175 '
Qmm>/m.

J.:.'. 15 mm

ARER!

M

<I> /
Hé s6 toa nhiét & ihay doi thé nao néu ap sudt {7’_ 20 t=00%
ciia dong khong khi p = 4 bar con céc diéu kién o
khéc vin nhu ca? Hinh 15-3

Gidi:

Thong s& vit 1y ctia khong khi & nhiét do tr = 20°C:

vi = 1506.10% m%s; A¢ = 2,59.107 W/m dd

Tri s& Riynbn
wd 1.0,015
Ve B 15,06.10'(’
10 < Ret < 10%, do do ta tinh theo cong thifc:

995

Rer =

_ Nuf = 0,44Re% = 0,44.995%° = 138
Hé sd téa nhiét :
Ar 138.259.107
a = Nuf — = = 23,8 W/mdd
d 0,015

- Cudng d6 dong dién cho phép trong day xac dinh theo phuong trinh
can bang nang lugng:

> Pl
nd*/4

altw - ) xd! = PR =1
Do d6 co:
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3 aAtd 4 ) 23,8.(80 - 20) 0,015
[ = 10° xd\| — = 10°a . 0,015 = 825A
4p 4.0,0175

. O weén 1a tinh ¢ didu kién ap sudt dong khi p = 760 mmHg (=
1,012bar). Khi p° = 4 bar, cac didu kién khac nhu ci, chi ¢6 mat d6 khong

khi pf thay ddi do d6 d6 nhat dong hoc v, thay déi (viv =—ﬂ¥ ma p va A
P

ciia khong khi khong phy thudc ap sudt trong khoang p = 0 + 50 bar )

PP

4
theo nhi§t dong hoc cd = > p't=pf —= . Matdd p tang
P’

p 1,012

3,96 in,nghia la dd nhét » giam di 3,96 Ban do d6 tri s& Reyr tang 3,96 lan.
Két qua , Nur (hay « ) tang \[_96 lan theo quan hé ham sd mu & trén.
Viy khi p = 4 bar, a tang 1,99 = 2 lan.

Bdi 15-13 — Hé s8 toa nhiét th bé mat day din va cuéng do dong dién
cho phép thay déi (hé€ ndo néu t6c d§ dong khi giam di 2 lAn con cac diéu
kién khic nhar bai 15-12,

Trd ldi: « - giﬁm\ﬁ— lin
- dong dién giam /2 = 1,18 lan
-v6ip = 4 bar, a tang = 2 lan
Bdi 15-14 — Mt dong khong khi 16c dd @ = 2m/s, thdi xién goc y =
60° so v6i tryc cita mot Sng duong kinh ngodi d = 15mm. Nhiét d§ trung
binh coa khong khi t¢ = 20°C, nhit dd (rung binh mat ngoai ong w =
80°C. Tinh hé s téa nhiét ti Sng dén khong khi va mat do dong nhiét
rén 1m chizu dai éng. Hoi a thay déi thé nio nfu w tang 2 va 4 lan, cac
diéu kién khac nhu co. LE’
) e

Trd lgi: -a = 338 Wim'dd '
-q1 = 95 W/m
- a tang 1,51 va 23 lan.
Bai 15-15 — Ong ¢6 dudng kinh ngoai d = 25mm dugc lam ngudi bing
dau may bién ap chay ngang qua v6i t8c do w = 1m/s. Nhi€t d§ dautr =

20°C. Xac dinh nhiét do can thlel trén b mat Ong dé mit d6 dong nhi€t
truyén qua la g = 45100 W/m?® va h¢ 'io 144 nhiét khi 4y bing bao nhi€u?

https://tieulun.hopto.org



Gidi:
Théng s vat 1 cia diu & nhigt do tr = 20°C 1a:
v = 22.510° m¥s; A¢ = 0,1106 W/mdd; Prr = 298

wd 1.0,025
ve 22,5 10

Ref = =1,11.10°

10° < Re; < 2.10°, ta ding phuong trinh:

0,25
Pri \"
Nus = 0,25Re™® Prf"v‘“‘ ——)
P!’w

D: tim ty vA « theo didu kién diu bai, ta c6 thé ding phwong phap db
thi:
-Néucho tw1 = 40° - Pru1 = 146

- | 298 %%
Nup = 0,25.(1,11.10%)%¢ 293“138(_{4-6—) =175

Ar  175.0,1106 R
al = Ny — = ———— = 715 Wim'dd
d 0,025

Mit d dong nhiét khi dy se la: ,
q = a1 Ay = 7I5(40 - 20) = 15500 W/m” = 1,55.10° W/m?
- Tuong ty, néu cho ty2 = 60°C -+ Pra2 = 87.8.
Tinh dugc q2 = 3,51.10* W/m2
- cho twa = 80°C » Prwys = 59,3
qs = 5,78.10* W/m®

van van...

V& db thi quan hé q = f(tw) dya vdo cic 56 ligu da tinh & trén. Can af
vao tri s& mit do dong nhiét cho phép q = 4,51.10 W!mz, Xac dinh dugce
tl'i 56 tw = TOOC

O tw = 70°C, Pry = 71,3
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| Pra \*% 16 P
Nu; = Ny , = 175 \—-—-—1 = 209
Tw \ 71,3 .I !
Ag 0,1106 5 )
a = Nuf— = 209 = 925 W/m~do 10.q ) Wm*
M 0,025 4

Bdi 15-16 — Mt day din dién bing nhom o
duong kinh d = Smm dwgc lim ngudi lam bing
dong khong khi ¢6 t6c df w = 1 m/s. Nhiét db
khng khi i = 10°C, nhiét o bé mat ddy tw = 2
90°C. Xac dinh hé 53 toa nhit tX day vao khong t ¢
khi va cuong dO dong dién cho phép chay 7ol

—_———

r%

trong day, bi€t dién trg suft cia day :
, Hinh 15-4
p =—— Qmm/m.
35
Néu day dugc 1am ngudi bing nudc, con cac didu kién khic van nhu cu
thi h¢ s3 toa nhiét 13 bae nhiéu?
' Trd loi: @) = 41,4 W/m® do; 11 = 188A

az = 14200 Wim® d.

Bdi 15-17 — Xic dinh hé s6 16a nhiét trung binh & t dong khoi chay
cdt ngang chim &ng so le, bude Gng S1 = S2 = 2d, duong kinh Ong d =
38mm, s6 day ong la 30. Nhigt do khoéi trude chum Gng 1a 650°C va sau
chim &ng 1a 350°C. Téc do trung binh cia khéi & tiét dign hep nhit @ =
10 m/s. .

Néu Gng bd ri song song, con cac didu kién khac van ahw ci thi
@ thay d6i thé nao? '

Trd loi: as = 99,5 Wim® d
ass = 0,97 ag

2 .@_Q:_@ Bdi 15-18 — M@t cham Gng b tri so le
by o N 1.7 At »
G:) gbm 4 hang Ong dwong kinh ngoai cua
— _6}_ dng d = 38mm. Dong khong khi <o nhiét
w do trung binh = 550°C chuyén dong
ngang qua chim §ng voi toc d trung binh
AN g 1€t dién x-x 14 @ = 12m/s (kich thudc
: 50 nhu hinh v&). Tinh hé s0 téa nhi{. a .
Néu goc va y = 60° thi hé s3 toa nhit
{Tinh 155 bdng bao nhiéu?
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Gidi:
Thong s3 vat Iy ciia khong khi & nhidt do S50°C
wi = 598102 W/mdd ; vi = 88,1.10%m%s
Pry = 0,693

- 70
SSa = — =14 < 2
50

/ S A6

gs = — | = 1,440 = 1,058
S2
wd 12.0,038 )

Rey = = wall 5175
vt 88,1.10

Ap dung cdng thirc d6i voi chim 8ng so le
Nur = 0,41 Rero‘("l’r?‘33 s = 041.5175%6 . 0,693% 1,058 = 62,5
‘ Nur . Ar  62,5.0,0598

oy = = = 99 W/m do
d 0,038 .

Cham 6ng c6 4 day, viy hé s0 10a nhigt trung binh cua chim:
06a3 + 0,7a3 + (4-2)x3 3 33
4

a3

i

3v3 2 e
99 —— = 817 W/m’ d

- Khigocva y# 90° = ay = aw.ep VO p = 60° trabang 152

co ey = (1,94
Ty =60° = 81,7. 0,94 = 76,8 Wim’dd

Bai 15-19 — Tim hé s8 toa nhiét ddi lru cia chim &ng gdbm 4 day dng
bé tri song song. Nhidt dg trung binh cda khéi chay ngang qua 1a 600°C,
cita mjt vich Gng 120°C. Téc dd khoi ¢ chd hep nhit 14 w = 8 mJs,
dwong kinh ngodi cia Gng d = 60mm. NEu goc va cita dong khoi véi chim
dng la 60° thi @ bdng bao nhiéu?

https://tieulun.hop?éa.%rg



Trd idi: aso = 53,6 W/m’do
as = 50,4 W/mdd
Bdi 15-20 — B siy khong khi bd tri so le, dudng kinh 8ag d = 50mm,
budc dng ngang s; = 100mm, budc ong doc sz = 200mm. Nhi¢t dd trung
binh ctia dong khdng khi vi mat ngodi 8ng tr = 100°C, tw = 200°C.
Hay xdy dyng dd thi quan hé giifa hé s3 tda nhiét véi t6c do chuyén
dong cia dong khi ¢ i€t dién nhd nhit, néu tdc do dong khi cho phép
thay dbi trong khodng 5 - 20my/s.

$6 day Gng theo duong khi n > 20, anh hudng cia day 1,2 kh("mg dang
ké.

Bai 15-21 — Diu may bién ip chiy ngang mdt chim Sng bd tri so le,
duong kinh ngoai dng d = 20mm. BuGc Gng ngang s1 = 2,5d, bude doc s
= 1,5d. Téc do trung binh & chd h¢p nhit @ = 0,6m/s, nhiét d§ trung
binh cua diu tr = 40°C. Hay tim h¢ s8 toa nhiét tit b2 myt Sng dén diu
ddi v6i day Sng thit 3 ciia chim, bi€t nhiét do bé mat Sng tw = 90°C.

Tinh todn trong 2 trudng hop:

a) dong chuyén dong véi géc va p = 90°

b) dong chuyén dong véi géc va y = 60°

" - Hé s tda nhiét cia diy thi 3 sé thay dbi thé nao néu chit 16ng chay
qua 13 nwéc (cac didu kign khic khong thay dbi)?

Gidi:

Thong s vat 1§ ciia diu may bién 4p ¢ ¢y = 40°C -
Af = 0,109 W/mdd ; vi = 10,3.10° m%s;
Pr; = 146 & tw = 90°C, Pry = 50,5.

wd  0,6.0,02
v . 103.10%
103 < Rer < 105

Tri s6 Rayndn Rer =

= 1165

25
s1fs2 =—— = 166 < 2
1,5
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s V6

g = — = (1,66)"¢ = 1,08
52

Ap dyng céng thiic 025
o3 [ Fre \”
Nur = 0,41 Re Pr — Es
Prw

146 \*%
= 0,41 (1165)°%.146%3 | —— | 1,08 = 208
_ 50,5
Khi géc va y = 90°
Nur A¢ 208 . 0,109 )
ag = = = 1130 W/m“dd
d 0,02
khi goc vay = 60°
ag = av. ey = 1130. 0,94 = 1060 W/m?>dd
(tri s8 ey y theo bang 15-2).
- Khi chit 1ong 12 nuéc:

tf = 40°C; v¢ = 0,659.10° m%/s; Pr; = 4,31
At = 0,648 W/mdd; tw = %0°C; Prw = 195
wd 0,6 . 0,02

RCf = — = —————— = 1820
v 0,659.10%

16° < Rer < 10°
Ap dyng cong thifc cil va tinh nhir trén dugc:
a’90 = 9950 W/m’dd
@’ = 9350 W/m?dd
© Bai 15-22 — H¢ s3 toa nhiét « s thay dbi thé nao khi diu may bién ap
va nu6c chuyén dong qua chim &ng so le, cac thong s§ nhu bai tap 2 - 21,
nhung qua trinh d6 12 iim lanh, nghia 1 nhi¢t d§ chdt long t; = 90°C con
ahidt d§ vich Sng tw = 40°C.
| Trd I0: ag = 930 W/m*d$
vn = 8000 W/mdo
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B - Chat long chiy cuong biic trong ong

Bdi 15-23 — Tinh h¢ s8 toa nhi¢t trung binh khi dau may bicn 4p chay
trong 6ng ¢d dudng kinh d = 8mm, dai | = 1m. Nhiét d0 trung binh ctia
dau theo chitu dai éng tr = 80°C, nhi¢t dé trung binh cua vach dng tw =
20°C. Toe dd dau chay trong dng w = 0,6m/s.

Gidi: .

Khi tr = 80°C. c¢ic thong 8 vat Iy cia diu bién ap:

vi = 3,66.10% mYs; o= 7,2107 1/dd:

§

Ar = (L1056 W’mdo, Pre = 59,3
tw = 20°C, Pro, = 208

5 _ ) wd
g Tiéu chuan Rayndn Ref = — =
f“' 3 vf
otk : 0,6.8.107
1 = - = 1310
b £ g 3,66.10
Hinh 156 ~ Rer < 2300: diu chay ting trong dng

i'"

000
Ud = —= = 125 > 50

Trong trudng hop nay ap dung cdng thifc sau:

/ Pry v 0.25
Nyt = 0,15 Ref”> Gr™! . Pr®* ) ——
. Pr“

BB ( - W) 981, 7.2.10°0,008%(80 - 20)

Grp = -3 = 16900
W (366100
0.33 LIR / 5) ‘ 025
Nus = 0,15(1310)°3 (16900) l(w‘) 3)“43 e =187

f e s Ay 15,7. (),1056
H¢ o0 toa nhiét o = Nuyf —— = —— ___ — 207 W/m

d 0,008

t
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Bii 13-24 — Diau MK chay trong dng duong kinh d = 10mm, nhiét dd
dau hic vio dng 1y = S0°C, luu luong diu G o= 120 kg/h, Hoi Gng phai ¢6
do dai ta bao nhicu dé nhict do dau ra khoi Gng 42 = 60°C? Bidt nhiét dd
bé mat dng 1w = 30°C.

Trd loil =73%m

Bai 13-25 — Tri s& Nutxen va tri & ¢ cia chit long khi chay ting
trong Gne sC thay doi the ndo néu dudng kinh Ong tang 1én 2 Tan va 4 lan?
Nhi¢t d¢ trung binh cua chit long va nhi¢t .dd mat trong cia Gng khong
doi. X& trong 2 truang hop

a) khi tée do khong doi,

by khi luu luong khong doi.

Gdi:
Trong ché dd chay ting:

"Pry .25

11.33

Nuy = (L15 Ry Pri‘”"m G

Pra

a} vy = const:

- Khi dudng kinh dng tang gdp doi (0" = 2d) thi .

Nu' = 2" (29" NuviRe ~ d
L ]
Gr ~ &}
= Nu tang 2" = 1,55 lan ,
Nuw'i 155
cona’ = = a = (L8 «
g 2

a lyong tng giam = 1,29 lin.

.63

— Khi dudng kinh Ong tang gip 4 tuong 1y Nutxen tang 4 = 24 tin:

a gam —— = |67 lan,
AR

ds,

h} Khi luu lugng G = coost:
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G xd’
= p— w
P 4

- D& giir G = const, tang d gip 2 Hin thi phai giam w di 4 Jin.

2 033
- Nu = Nu (T) 293 =098 Nu

nghia la Nu giam di 1,02 lan

o«
Tuong wing, « = (0,98 -5— = (3,49

a giam 2,04 lan.
— Khi tang d gip 4 lan, tuong ty nhu trén

4 .33
Ny = |~ 4% Nu = 0,96 Nu
16

Tri s6 Nutxen giam 1,04 1an

Tuong ttng, o giam di —— = 4,16 lin

Bdi 15-26 — Diu MC-20 chay trong cic Ong cua thiét bi gia nhiét.
Duong kinh 8ng d = 5mm, chiéu dai | = 1,2m. Nhiét do ctia vach dng tw
= 30°C, nhiét dé trung binh cua diu theo chiéb dai thiét bi ¢ = 70°C.

Xac dinh lwgng nhiét do diu toa ra, biét thi€t bj gom 120 dng b tri
song song, lvu lugng diu chay qua toan thiét bi G = 2,5 kg/s

Trd I0i: @ = 205 W/m>do
Q = 185 kW

Bdi 15-27 — Xéc dinh hé s8 téa nhiét va hrgng nhiét truyén cho nuéc
khi nuéce chay trong 6ng duwong kinh d = 10mm, chigu dai | = 1,2m. Biét
nhigt do trung binh cia'vach ng va ciia nudc twong Wng bing tw = 60°C,
tr = 30°C, luu lrgng nu6e G = 7.107 kg/s.

Trd Ioi: a = 702 Wim*dd
Q=815W _
Bai 15-28 — Xéc dinh h¢ s6 téa nhidt td vach 8ng binh ngung cua .
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tudcbin hoi dén nuéc lam mat, biét nhiét do trung binh cia vich ng theo
chleu dai tw = 37°C, dudng kinh trong cta dng d = 16mm, nhiét dd nudc
geraviotn = 27°C, ¢ atara e = 33°C. Tdc do trung binh cia nudc
w = 2m/fs

- Xic dinh hrgng nhiét truyén cho nudc lam mat vi chidu dai dng.

. Hé s6 toa nhiét a thay dbi thé nao khi tang t5c dd nude 1én 2 va 4
lan, cac digu kién khic khong thay doi?

Gudi
Nhlet dj trung binh ctia pude tr = 0,5 (tr + t2) = 0,5 (27 + 33) =30°C.
Céc thong s vat Iy ciia nuée ¢ te = 30°C.
pr = 9957 kg/m’; Ar = 0,618 W/mdd;
Cp = 4,174 Kl/kg do.
ve = 0,805.10° m¥s; Pre = 542

g lw = 37°C: Prw = 4,64
wd 2.16. 10

v (0,805.100)
Chit Iong chay rdi.
Gia thiét /d = 50 nén ldy e = L

K.hi‘.d(’]: ,l \" ‘?&3 Pl‘f 0.25
Nup-= 0,021 Ref*® Oy Pl £l =
.Prn

542 O
= 0,021 (3,98.104°8 (5,42)"¥ (—;a 1 =212

il

= 39800 > 10*

Nur . At 61,8.10° 2
212 ———x

Hé s6 toa nhift o = = = 8200 W/m>do
16.10°
: L nd
- - Luu lugng nudc qua ong G = 2
7(16.10°%)?
= 29957 S = 0,42 kg/s
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Lurgng nhi¢t truyén cho nudc:
Q= GG (trz - 11) = 0,42, 4174 (33 - 27) = 10,1 kW

Q 10,1.10°
amd(tw - tf)  8200. 7 16.10°7

3,5m

Chiéu dai éng | =
Thu lai:

1 3,5

d 0,016

= 219 > 50

Két qua phi hop véi gia thiét ban diu.

- Khi wting 2 lin, tuong dng Re tang 2 lian, Nulxen tang 2% 13n, do do
atang 2" = 1,74 fan.

- Khi w tang 4 lin, o tang 4 = 3,04 lan.

Bdi 15-29 — Ong nude lam mat binh ngung dudng kinh d = 17mm,
nuae lanh chay trong Ong ¢6 nhigt dd cua vao 13 20°C, § cda ra 40°C. Téc
dd trung hinh cva nude 1,8 m/s, chiGu dai ng | = 2,2m. Nhi¢t dd trung
binh cua vich Gng 32°C. Tim h¢ 6 164 nhiét i dng dén aude.

Trd loi:  a = 7350 W/mdd
+ Bdi 15-30 — Xac dinh dudng kinh trong d va h¢ s3 téa nhiét « trong b
him nudc khi;

- Nhi¢t dd nude trude va sau dd ham vy = 160°C; (" = 240°C.

- Nhi¢t d§ trung binh cia vach ong v = 210°C. Mat dd dong n_hiél
trung binh cia bé mat dng

q = 4,20. 10* W/m’.

Tdc dd trung binh cua nudc trong 6ng w = 0,5m/s

‘:_E_:—‘—,/;;:R\ Tri 16 d = 33mm
f- "** \\ — 24n
!M __.;'\::50 a = 4200 W/m~dd
“\ __ ]« Bai 15-31 — Nuac chay trong Ong vai tde do
‘:’._ S 2w = 08m/s. Duong kinh dng d = 50mm, chicu
t = dai dng | = 3m, nhiét dj nudc khi vao Gng Ur
f‘ = 30°C va ra tf” = 70°C. Nhiét d trung binh
Hinh 15-7 cuia vach Ong tw = 70°C.
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- Xac dinh mjt d$ dong nhiét qua vach,
- H¢ s0 toa nhi¢t o o8 lhdy doi thé nio néu nuwdc chuyén ddng trong
dng xodn, dudng kinh D = = 200mm (hinh vé).

Trd l0i: q = 77800 W/m?

= 7350 W/m’d}
/'y Bdi 15-32 — Khong khi chay trong &ng c6 dudng kinh d = 60mm, dai 1
= dm, To¢ dj chdy » = 3,5 m/s. Xdc dinh hé s3 toa nhidt « , biét nhiét
dd trung binh cua khiong khi tr = 50°C,
- Néu éng uén cong vdi ban kinh cong R = 0,5m thi h¢ s& téa nhiét
bang bao nhiéu?
- H¢ 8 toa nhidt s¢ thay dbi thé nao khi 4p sudt khi p = 10 bar?
Trd 10i: o = 15 W/m® 4§
ag = 18,25 W/m* dé
ap = 10" a = 63a
¥ Bdi 15-33 — Xéc dinh lugng nhiét truyén ti nudce vao thianh Sng xodn
vai ban kinh cong R = 120 mm, dudng kinh dng d = 20 mm. Luu lugng
nudc G = 0,25 kg/s. Nhigt 4o trung binh thco chitu dai dng tr = 120°C.
Nhiét do mat trong clia dng khong dbi vi bing tw = 100°C, chitu dai & ong
| = 2,5m
Trd igi: Q = 25,3. 10°wW
Bdi 15-34 — Tim h¢ s6 toa nhit déi luu cia dong khong khi kho chay
qua Ong ti€t dién chi nhét. Chigu dai 1 = 10m, rong 0,4, tao 0,8m. Nhiét
d{ trung binh cia dong khong khi tr = 300°C, luu lugng G = 4,8 kg/s

Trd loi: 37 W/m dd

Bdi 15~35 — Bd ph.«,m phat nhiét lrong 16 phan 1ing hat nhin dugc lam
ngudi bing nudc chuyén ddng doc theo cic thanh phét nhiét. Tinh nhiét
dd trung binh cia bé mat cac thanh va hé s8 toa nhi¢t trung binh cia be
mit, bi¢t dugng kinh thanh d = 9 mm, khu&ng cach giira cac thanh s = 13
mm, nhi¢t dd trung binh cia nude i1 = 200°C, 16¢ do trung binh cda dong
nréc w = 8 m/s. Mat dd dong nhiét cta be mat lam ngudi 1a go = 1,74,
10° Wim?’,
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Gidi:
Céc thong s8 vit Iy cda nuée ¢ nhiét do tr = 200°C;

ve = 0,158.10° m%s; Ar = 0,662 W/mdo

Pr = 0,93 d '
Puong kinh tuong duong céa ranh g ) #

4(s2-— @)

4 (13% - % 9%)10°¢

= 7 =1510"m
T.9.10° _
Hinh 15-8
wd 8.15.103
Ref = —— = 7 = 7,56.10°
e 0,158.10 |
Tinh gin déng nhiét dd b mat Bin thit nhét, ta c6:
CIo-dtd

tl =t + —— =t

0,021 A¢ Ref™™ Prioo
1,74 .10% .15 . 107
" 0021 . 0,662 (7.56.16°)%8 (0,93)%B ~
Theo tw1 = 237°C, ¢6 Pre = 0,88 o

Py V¥ 0,93 0.25
=f ——— = 1018 =1
Prw 0,88

Gia thiét va két qua tinh to4n phd hgp v6i nhau nén khong cin phz'u gid
thiét lai, nghia 13 t» = 237°C. -

( Néu khong phi hop ta phai ly te1 lam gia thiét va tiép tyc tink lai).

-

1,74.10°
Nhu viy, @ = o = = 4,710° Wm® d§
tw - tf 237 - 200

42
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+ Bai 15-36 — Nutc c6 nhi¢t dd tr1 = 30°C chay trong Sng c6 dudng
kinh d = 12 mm, dai 2,2m. -
Xac dinh nhiét d§ nu6c ¢ cira ra cia dng te, biét ring hru lrgng cia
nudc G = 0,083 kg/s va nhiét d¢ vich dng bén trong t, = 60°C.
Trd loi: 1n = 50°C

Huong din: Trong bai nay chira biét nhiét d9 nuéc ra khoéi ong tf nén
nhi¢t dj tinh toan (nhi¢t do trung binh cia nudc theo chitu dai dng) cling
chira biét. '

Do dé giai bing phuong phap gan diing: gia thiét nhiét dd ra khoi ong
f'fa, tinh ¢ t6i tinh lat tn” vv...

Bdi 15-37 — Xac dinh nhiét dj ra vi vio cia nudc & mdt thiét bi trao
ddi nhiét, biét ring nudc chay trong Gng, nhiét d§ vach dng tw = 230°C.
T6c do nwéc trong Ong @ = 1,2 m/s, dwong kinh dng d = 16 mm, chidu
dai | = 3m, mat d9 dong nhiét q = 2,33.10° W/m?ds.

Gidi:

Gia thiét chat long chay rdi Re > 10% ta cé:
Pr¢ )0’25 ad

Tw

Nur = 0,021 Re:fn’8 Prf0’43(

As Prg 0.25
a= — 0021 Ref® PP
d ‘ Pry

wd
q ; Re* = ——
tw - tf ¥f

Mat khactalaicéd a =

[ tw = 230°C; Pry = 0,88
Cén bing 2 phuong trinh va bién dbi, ta duge:
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d . ! Py
—-——(-l-*—-—- = 0,021 Refo's Prf0'43' )
A1 (tw - 1) | "Pre

3 ; v 0,8 .
2,33.10°.16.107 1,2.16.10° “pr \ 0
= [, 2] | e Pl'f : e
j.f (230 - [f) X v ) \0,88
N, J
Ta c6 thé giai bing phurong phap do thi: dat
2,33.10°.16.10°

L= fi(u) =
Y Af (230 - tp)
[ 1216107 oas [ Prr 0B
y: = Btp) = 0,021 ———— Pri™ |
\ vy (1,88 /
Cho i cac in 5 khac nhau ta &8 uuux. Ca&C uﬁ 8 _Jr v p", do dg tinh

- dugc cac tri 6 y1, y2 va v do thi cia dudng y1 = f) (¢) va y2 = f2 (tr).
Giao dicm cia 2 dudng cho ta tim duge nhiét dd trung binh cua chat long
trong éng tr.

Db thi vé duge dya vao cac 8 li¢u tinh toan ghi ¢ bang sau:

S
150 ‘ 68,4 223
180 m | 233
200 187 | 237
210 284 240

Trén do thi, hai dudng yi va y2 cit nhau ti diém ¢6 (r = 207°C.
Theo nhiét dd do (a ¢6 cac thdng 0 vat Iy cua nudce:

pr = 850 kg/m’; Cp = 4,53 kd/kg do

2

- : - Jr - A " A A )
Luu luong nudce chay trong dng G = wpkg/s. DO chénh nhidt d coa
.4 '

nEde O ctia ra Vi Cia vao cua dng:

-
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adlq diq 43.2,33.10° .
St =tF-tr = = = = - 3 = 38°C
GCp  dwp Cp  16.107.1,2.850.4,53.10

Tu két qua tinh todn trén ta lip dugc hé

phuong trinh: ¢
-t = 38°C
(" + i = 2r = 2207 = 414°C

Giai h¢ phuong trinh ndy ta tim dugc:

! tf = 188°C L IR
3 0 ' fj c
226°C : Hinh 159

I}

L |

Bai 15-38 — Diy dan may phat di¢n dugc ché tao thanh dang rong d¢
d¢ lam mat (hinh ve). Nhigt luqng toa ra trong ranh duge khong khi
chuyén dung mang di. Tim h¢ s téa nhiét trung binh va nhlel do trung
binh trén bé mat néu biét nang suit phat nhiét g = lW/Lm toc d trung
binh ciia dong khing khi  wo= 50m/s, nhi¢t do khong khi khl vao cudn
day la tn = 40°C, ranh dai | = 0,6m, ap suit trung binh cia khong khi p

= 4 har.
27 ]
/ .
™ é ( Gidi:
l éhﬂ s _"é N Thé tich dong cia ranh:
7k | » 53
' % = (13.22 - 126) 60010 = 0,128.10>m
A
_l Z < Lugng nhiét do dong cha ranh phat ra:
-
22227 Q = V.qv = 0,12810°.1.10° = 128 W
[ W § J—

Hinh 15-10 O dayqv = 1 Wiem® = 10° Wim®

Mit dg dong nhi¢t trung binh trén bé mat lam ngu@t cua ranh:

— 128 bl
q“' = i = 5920 W/m—.
2(12 + 6) 600 .10°
Nhi¢t d§ khong khi ra khoi ranh xac dinh theo phuang trinh cin bing
nhigt;
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Q = fpr Cprwo (112 - 11}, W
Do dé

RS o
£ Lpl o
Trong do: - 1a dién tich mat cit dong khong khi chuyén déng, m”.
Q - lugng nhiét dong khi nhan duge, W
pf - khdi lugng riéng cia khong khi, lcg/m3
Cpr- nhiét dung riéng cta khong khi, J/kgd¢
Tinh toén gin ddng lin thi 1:
Can ci theo tf - 40°C d¢ xac dinh cac thong s6 vat Iy p't va Cpr @
ap sudt khi quyén la p'r = 1,128 ke/m”>, Cpr = 1 kl/kg.dg. Do do ¢ dp

. sudt p = 4 bar ta co:

1,128 .4 = 45 kg/m°

pr =
Cor = 1 ki/kegdd = 10° Jkegdd
128 .
i = 40 + = 479°C

12.6.10°.45.10°.50
Tri 6 112 tim duge nay khong khac t¢; bao nhiéu, di¢u d6 cho phép ta
dung tr2 d2 tinh toan,
Nhiét dd trung binh ciia dong khi trong ranh se la:
tr = 05(tp + tn) = 0,540 + 47,9) = 44°C
Theo tr ta tim dugc thong s8 vat 1§ cia khong khi ¢ ap suat p = 4 bar la:

-6
Ve 17,36.0
= = 4,34.10° m%s

Vo=
4 4
Ar = 2,788.10 W/mdd (xem bai 15-12)
budng kinh tuong duong cia ranh:
o« 4.12 .6.10° 3
dg = = + = 80.107m
U 2(12 + 6) W
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wodta  50.8.10° .
Rer = = - = 92230 > 10
vf 434 .10

Tri s6 Nutxen trung binh trong rinh c6 thé tinh theo cing thic:

Nur = 0,018 Ref™® = 0,018(92200)*® = 169

Ti 1§ gita d§ dai va dudng kinh tuong duong;

1 0,6
= _3=75.>50,dod6 g =1
dig 2.10
Viy:
Nur A 169.2,788.10% -
a = = 3 = 590 W/m~dj
du 8.10 ~

Nhiét d§ trung binh trén b¢ mat ranh:

5920
tw=tf+-c£v— = 44 + —— = 54°C

a 590
Bdi 15-39 — Bai toan vin nhu (15-38), nhung n€u ding nudc c6 tdc do
w = 09m/s thi hé s6 tda nhiét do trung binh cia bé mat ranh 1 bao
nhiéu? .
Trd I0i: & = 5000 W/m*dd
tw = 420C

3.Toéa nhiét khi bién dbi pha:

Bai 15-40 — Xac dinh hé s6 téa nhi¢t va lurgng hai nhdan dugc khi nudc
s6i trén bé mat cé dién tich F = 5m>. Biét nhiét 9 vich ty = 156°C va
ap sudt hoi p = 4,5 bar. :

Gidi: .

Nhi¢t d6 bao héa twong ving véi 4p sudt p = 4,5 bar 1a ts = 148°C.
Nhiét an hoa hoi r = 2120,9 kl/kg, do chénh nhiét o gita b& mat va hoi:
At = tw - t5 = 8°C.
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H¢ 86 toa nhiét ¢o thé xac dinh theo phuong trinh
a = 40At2V pt = g6 &M 25 = 12370 Wimdo
Nhi¢t fugng bé mat vach lruyEn cho hot:
Q=aF At = 12370, 5.8 = Y5000 W
Lugng hoi nhdan duge sau mod gice
U000, 36(0)

G = ———————— = 842 ke
21204 . 1000

i

¢ Bdi 15-41 — Trong mot thict by nhidt, aude soi a didu ki¢n ap suat p
10 bar, bi€t d& chénh nhi¢t d§ giva b¢ mat vich v hai At = Ly - Ls
12°C: Tinh h¢ 6 toa nhi¢t kbi s6i va mit do dong nhidt truyén qua véch,
Trd loi: a = 47000 W/m’do
S65000 W/m?

It

q

v _Bdi 15-42 — Xac dinh h§ s0 16a nhi¢t va lugng nude ngung trong mot
giov khi hoi bao hoa khd o 4p sudt p = 0,04 bar ngung trén hé mat ngoai
cua mot ong dung ¢6 duong kinh d = 30 mm chi¢u cao H = 3m va nhict
dd vach Gng tw = 11°C.

Gidi
Nhiét dd bao hoa tuong ting véi 4p sudt p = 004bar la t, = 29°C.

H¢ 50 toa nhiét duge xac dinh theo cdng thic:

3

per 4

- Wmd)
vH(ls - tw)

Nhi¢t do xac dinh ty = ) (ts + tw) = 0,5(11 + 29) = 20°C. Tra phy

luc thong s6 vét 1§ cia_nudce trén dudng bao hoa dugce:
p = 9982 kgm’ ;A = 599.10° W/mdo:
v = 1,006.10°% ms

I
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Nhi¢t in héa hoi khi ts = 20°C ta r = 2432,3 ki/ke

f
V] 9,81.9982 . 2432300 . 0,599
ad:r, = 1,14 r
= 1,006 .107 .3 .18
Nhiét lugng truyén qua vich Gng;:

= 3540 W/mzd{_\

QO = oF At = 3540. 3,14 . 0,033 . 18 = 18000 W
Luong nude ngung trong mdt gic:

Q 18000.3600

G=—=——— =27ke
r 2432300

NCu trudng hgp dng dat ndm ngang con cic di¢u ki¢n khac khang thay
dbi thi:

} [ 981.9982 . 2432300 . 0,599°

ang = (1,72
"e 1,006 .10 0,03 18

= 7100 W/m’dd
Lurgng nhiét truyén qua vich:

Q = T7100.3,14.0,03.3.18 = 36000 W

Lugng hoi trong mot gice:

36000.3600
243300

= 534 kg

v Bdi 15-43 — Xac dinh h¢ 58 toa nhiét va lugng nwoc ngung khi hoi bao
hoa c6 dp sudt p = 3,92 bar va d¢ khd x = 0.7 ngwng trén be mat ong
diing ¢6 chidu cao H = 1.5 m, dudng kinh d = 65 mm, nhi¢t do bé mat
vich hgung tw = 55°C.

Trd loi: «

G

4560 W/mdo
81,5.10° kg/s
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Chuong 16

TRAO DOI NHIET BUC XA

Cac dinh luat co ban
1. Dinh luat Plang:
Ch i’

Eol = ———— (16-1)
ST

(& diy: Eol - cuong dd biic xa (hay kha nang biic xa don sic), W/m®
A - chiéu dai buéc séng, m '
T - nhiét &0 tuyét déi, °K
C1 va C2 - hing s8 Plang thif nhat va thi hai

) C1 = 037410 W/m?, C2 = 144.107 m°K.
2. Dinh luat Vién.

AnT = 29 m°K*

Am - chiéu dai budc séng twong dng v6i cudng do bic xa cuc dat ¢
nhiét d§ T.

3. Dinh luit Xtéfan - Bonzoman

T
Eo = C°(Y50") . W/m? (16-2)

Co = 5,67 W/m® 837 - hé 55 bic xa ciia v4t den tuyét déi.

4. Dinh luit Kiéchop:
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E; Ex Eo
—_—E=— =, = — (16-3)
A1 A2 Ao
hoic
e = A (16-3")
g = — - d¢ den coa vit
O
5. Dinh luat Lambe:
Ea =Boidxm (16-4)

Baol - d& chéi bitc xa don sic.

Trao dbi nhig¢t bic xa giira cic vat

1. TAm phiing dat song song

Co | (2 C T )4 Wi (16-5)
= gd — P ’ m -
q 7 100 100
! (166

E e S Bl
qd ] ] )

—+— -1

€1 £2

2. Hai vat boc nrhau:

Q eor () () w
= ¢ - , 16-
qd Lo 1 00 1007 1 (16-7)
1

Eqd = (16-8)
1 ¥ 1
—+ g -1
3 F> ey 7

Birc xa chat khi

i .hopto.
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Trong tinh todn kv thudt d¢ thudn ti¢n vin ap dung cong thtic cua dinh
ludt Xtéfan - Bonzoman. DG den cia hon hop khi 4y duge tinh nhy sau:
gk = ECO, + ﬁsuz()- Ag (16-9)
£C0, - tim theo dd thi hinh 16-1
EH,0 - tim theo dd thi hinh 16-2

93 ] I
T EER 1%,
a2 e e SRy e e
o 2 === == ) S - - ]
S e e NN
S e e T s R By SN -.R:L{“'*--‘
1" s T g N g - S SRR S
" — S S e :H_éfc‘{:Q* IIE
PO s s ant o T My e ey e N
P e il I e ~{ 22 -~ ~I=-
$ §1 i ":H—:H:‘ﬂ\h N
- M.E__:-"Sﬁ_:;/-“——k\ R s s STl s B N
S e o I S S SN 75 W gy By
o S N g, Sy S s L RS ﬁ\\
ﬂ‘wb — — S e SN ‘:‘-.‘:‘-“\:»-\ ]
——t—T \ P
o3| — 10| e -~ < -~ }::::'::“Q
== i e o ) AN S N NN
2oy n’;_.—-:i:_‘:—... et S Pl - SR
E— :“"L_“::..,\ 7 W S e i )
P I B \4;\\\:\\'\ ] "‘\._‘_\
X ot I o H4— .y 4 e
—1— 1| s \\\?J‘;\\t\\:‘\;;\ = s
Sl S NRERNRESSSNG
U —— D B S - \h} . \\ L%‘\\
(14 Pt S \\\ R
~-d L. \1
R I~ T~ R
H§ors b o el =z “d— 11~z ~ -\\\‘
.. - \\\4\ o ‘ \\\
| ™~ - e ~
aqoti- N Y U - U S - WS ) VR (O N
N 0%, |- E\_; .
4,008 2T 1R
S NS g = | R
006 | - TR =~ kﬁ\ —y
Gousi - . _ N “6";" —_ ki N N \,.\. e
qogeb—-{- 1. b | —b-j— _\._‘.\‘.. = ._.‘;,i
! 1. 1 L A U U ) Y T NV (R B
~
083 Jo | ] _ ~
4 1 7% L &30 oo L iz #a °C

Hinh 16-1

Ae - x¢t dén anh hudng cia sy xEp chong v quang ph6 biic xa cia hai
cht khi, khi tinh toan c6 thé bo qua.

£ - hé s6 hi¢u chinh x¢t dén dhb huong cia pio lon hon anh hudng
cua L. - ‘
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w

65
Ty ¥
Aco, = ecoz(?- Y trong dé £CO, chon theo nhiét dd vé boc L.

AH,0 = fen,0 trong dé €H,0 chon theo nhi¢t d§ tw.
AAL = Asy

Khoang dudng ty do trung binh c¢lia céc tia dugc tinh theo cong thirc:
v
| = 0,9 T, m (16-11)

V - the tich khdi khi, m™; F - dién tich bé mit vo boc, mZ.

Bdng 16-1
Chiéu dai trung binh cida tia bic xa
Hinh dang khd&i khi : 1
Hinh, ciu duong kinh d 060d
Kh&i hinh hop canh 13 a 0,60 a
n
Ong hinh try dai dudng kinh d 0,90 d
Chom 6ng c6 dudng kinh d:
Djt tam giacvéix = 2 d 28d
Pat tam gidc voi x = 3d 384d
4 o st 82
Ong bd tn so le vd song song 1 =108d (—a- g4 " 0,785)
¢6 budc Ong s) va s2.

x - cy ly gitta cac bé mit dng

BAI TAP

Bai {6—1 — Tim kha ning bifc xa ctia mat trdi, biét ring nhiét dd cla
mat trdi bing 5700°C va didu kién bic xa gin giong vat den tuyét dGi.
Tinh chiéu dai buée song tuong \ng voi khi kha ning bic xa don sic lén

254 .
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nhil, niang lugng mit trdi phat ra trong 1 don'vi thoi gian néu dudng kinh
mat tréi bdng 1,391.10°m
Trd I6i: Eo = 72,2.10° W/m?
Amax = 0,485 um
Qo = 43810 W
Bdi 16-2 — M0t thanh thép c6 nhiét dd la t = 27°C dd den e = 0,7,
Tim khi nzang biic xa cia thanb thép trong truéng hop dy. Néu nhiét dé
giam di con mdt nia thi kha nang bic xa giam di bao nhi¢u lan.
Trd loi: E) = 3,97.10° W/m®
Kha nang bifc xa giam 6,7 lan
Bdi 16-3 — Dung cu do nhiét d§ cao (hda ké quang hyc) dua trén co
sd so sanh d§ chéi cua vat nghién ciiu véi d§ chdi cia sgi ddy t6c dt chay
sang. Dung cy dugc khdc dd theo sy bifc xa cia ngudn vit den tuyét ddi,
vi viy nhi¢t do do dugc chi 13 nhiét do cia vat den tuyét ddi néu nhyr né
cé cung d§ choi biic xa nhu vit nghién ciu. Trong hoa ké ding kinh loc
mau do (c6 4 = 0,65 um)
‘ - Nhig¢t d@ thyc t€ cua vit bing bao nhiéu néu hoa ké khic do la
1400°C con dd den cua vat khi ay bing 0,6.
- Néu nhiét dd khdc 1a 10 = 1600°C, tim d§ den thyc.
Trd loi: 1 = 1467°C
' e = 0,55
- Bdi 16-4 — Nhi¢t d vat duge do bing hoa ké biic xa so mau véi kinh
loc khac nhau, voi kinh loc mau d6 ( 4 = 0,65 um), v6i kinh miu xanh (4
= 0,50 gm). Nhi¢t dd v6i hai kinh khiac nhau 1a to; = 1400°C va tgy =
1420°%¢. ) :
Tim nhié¢t do thit cha vit va dd den cia vaL

Gidi: :

‘D) chéi cua vl nghién cidu:

E, 1 &’
B, = = ———
T 7 cCYAT_

& day: T - nhiét do tuyét ddi cua vat nghién ciu,
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P& chor cia var den tuyét doi

E I A7

e T
C(2 /.lo_l

Boj =
T 4

T, - ohi¢t dd vit den tuvée déi khi B, - BA

Bai vi Co/ AT, = 132 do do ¢&¥#Te 5

Nén trong dicu kién By = By ta cb:

1 1 A !
— = — - — In— (a)
T T G eA :
1
Vil T=
1 A 1
— «— In
T ¢ &
Trong (rudng hop cy the bai todn a co:
1 | Al 1
_— . = In—
Tu] T ‘ CE FA]
] I A 1 )
- — = In—
To2 T C3 €1

e, do do tr h¢ phuong trinh (h)

D61 vit ta nghién ciiu £,1 = &2 =
ta um duyc:
Al
— -
A3
T = — (¢)
Al | 1 .
/1,7 Tn} Tnl
CaTor - To2) (d)

lne =
Toi T2 (’1! - }LZ)

Thay @i tri cu the vao (¢) \'{\I (d) 1w um duug
T = 1765"Kit = 1492°C: ¢ = 051
https://tieulun.hopto.org
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Bdi 16-5 — CO 2 tim thép dat song song, tam thif nhdt c6 nhigt do 1
= 527°C, tim thi hai c6 nhi¢t dé 2 = 27°C. Do den cua 2 tim lin Iugt
bing ey = 0,8; &2 = 0,6. Tinh kha nang bifc xa cita méi tim va nang lugng
trao dbi nhiét birc xa giifa hai tim.

Néu trudng hop gitra hai tdm dat mot tdm chdn ¢6 do den gc = 0,1 thi
nang fugng trao dbi nhiét birc xa giam di bao nhiéu lan?

Gidi:

Kha nang bic xa cia mbi tdm co thé xac dinh theo cdng thifc:

T\ 527 + 273 4 s
Et = aiCof— ) =08.567{————/ = 18925 W/m
100 100 .
T2 \* 527 + 273 |4 5
E> = 0C|—] =06.567 — = 279 W/m
100 100 _

Niang lugng trao déi nhiét bifc xa gitia hai tdm thép:
Ty AN T, 4

£12Co -—) -
100 100

567 527 + 21314 f27 4+ a3} ¢
1 L \ 100 . 100

Q12

Il

08 0,6
567
ey [84 ; 3‘9 = 11920 W/m?

Trong trudng hop o tAm chdn ta c6:

' T \* T \*
Q12 = eqdCo -
100 - 100
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Eqd =

1 1 2

— ¢ — +— 2

€1 £2 Ec
Qiz = ! 567 (8% -3
1.1 2 ’

— e e .2

08 06 01

567

= 4009 = 1085 W/m*
20,94 )
Nhu vy nang lugng trao ddi nhiét bife xa khi c6 tdm chin sé gidm di
khoing 11 [3n.

Bdi 16-6 — Nhiét d6 cua hai tam phdng dat ¢ trong mdi trudng trong
sudt lan lugt bing 127 va 327°C, do den cia hai t4m nhy nhau va bang 0,8.
Gitfa hai tim dat mdt mang chidn song song ¢6 d§ den g¢ = = (0,05. Tinh mét
do dong nhiét bic xa trao doi va nhiét do clia mang chin.

1. Néu mudn mat do dong nhi¢t giam di 79 lin, cic déu kién khac vin
~ nhur cil thi s§ mang chdn 13 bao nhiéu?

2. Néu mang chidn c¢6 do den la 0,1 thi mjt d) dong nhi¢t giam di bao
nhidu lin (néu s6 mang chin vin nhr ciu 1)?

Trd loi: q = 146 W/m% 1o = 254°C
1. $6 mang chinn = 3
2. Troné trudng hgp nay
q giam di 38 lin

Bdi 16-7 — Tinh ton thit nhiét bic xa clia mdt dng thép c6 dudng kinh
d = 50mm, chidu dai | = 8m, nhiét 43 b& m3t bing 20°C.

1. N&u Sng dat trong phong rdng c6 nhiét d6 mdi trudng 2 = 27°Co

2. Ong’dat trong cdng hep kich thudc (0,2 x 0,2)m 1am bing gach c6 do
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den e2 = 0,93 va nhiét dd cdng bing tz = 27°C.

Gidi: |

1. Néu Ong dat trong phong rong thi Fi <& F2 do d6 eqa = #1, theo
phy luc d&i véi thép bé mit bj 6xy hoa thi &1 = 0,79. Do d6 ta c6:

' T 4 T2 4
Qi = aFG e
100 100

' 250 + 213 \* 27 + 273\ ¢
Q12 = 0,79x .0,058.5,67 - - = 3760 W

100

1,256m>

2. Né€u Ong dat trong cOng hep thi Fy
F2 = 36m’ = §1

Ty VY (15 )¢
100 100

Q12

i
Iy

[+

5

|

Trong do 1

1 1,256 1
+ -1
0,79 36 093

3,14 .0,05.8.567[532 - 3%

Q=
12 ) T
— + 0,196{—— -
0,79 0,93

Bgi 16-8 — Mot 8ng ¢6 dudng kinh d = 200mm, nhiét do bé mat cia
dng t = 527°C, dd den cia Sng £1 = 0,735, 8ng c6 chidu dai | = 10m.
Tinh:

1. Ton thit nhiét toan phin cua dng trong trudng hgp Ong dat trong
_phong rong c6 nhigt dd méi trudng tr = 27°C.

2. Néu Gng dat trong cing gach c6 kich thudc (400 x 500)mm va do den
€2 = 0,92, nhiét dd 1z = 27°C.

= 3740 W/m?
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3. Néu gira cOng va Ong dat 1 mang chin ¢  duong kinh de = 300mm
thi do den cia mang chdn bang bao nhiéu dé ton thit nhiét giam di con
mdt phan tr (cic didu kién khac vin nhu ci)?

Trd Igi: 1.Q = 105.000 W
2.Q = 103.000 W
3. g = 0,24

Bdi 16-9 — C6 1 day dién trg dat nim ngang dLl‘Ung kinh d = 0,5mm,
dién (ré sudt cia diyp = 1,2Q .mm%/m dat trong moi trudng khong khi c§
nhiét do tf = 27°C, tinh dong dién cho phép chay qua day dé nhiét do bé
mit ddy khong virgt qua 527°C trong hai trudng hgp sau:

1 Déy dait trong moi truong khong khi yén tinh,

2. Day dat trong méi trudng cé gié thdi ngang qua véi t8c dd w=
4m/s.

Biét d0 den cia day e = 0,9

Trd Ioi: 1) 1 = 3,48A

21 = 623A
Bdi 16-10 — Co 1 phich dyng mrdc da dudng kint d = 100mm, dién
tich b mat thuy tinh cia 1 l6p F = = 0,15m® gnra 2 16p vo duge rit

chin khéng gin nhu hét khong khi, be mat trong dl.rclc trang mdt ldp bac.
Nit phich 1am bing nhira réng, diy 4 = 20mm. Tinh nhiét lugng truyén ti
bén ngoai vao phich biét ring do den cua thuy tinh tring bac ¢ = 0,02,
nhi¢t d§ mdi trurdng xung quanh tr; = 35°C, nhiét dé nuée da tn = 0°C
(trong qua trinh tinh to&n xem nhi¢t dé bé mit ngoai va bé mit trong bing
nhi¢t do mdi truong twong ng, va nhiét truyén qua mit phich la bang dan
nhiét).

Néu trong phich dyng lkg nuéc da thi trong bao ldu nude di sé tan
héu(bit nhiét nong chay ciia nude da bing 334 ki/kg).

3
'l Gidi:

& Nhiét lrgng truydn td bén ngoai vao phich qua bd mat
t = 0cli™ thay tinh:
f: L . )
d= 10| 7 A Tg + 273 Ti, +273

‘ Q1 = €qd CoF i - —

100 100

ViFi =Fyva ¢ = €2 = (0,02 nén c6
Hinh 164

260
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q 1 Fi 1 -2
= —1

£1 . F €2 I3
' ! 0,01
& = —— ),
qd 5

—

0,02 .
35+2731¢ 0+273\4
Q1 = 001.567.0,15 || ——= A—} 1=0206wW
| 100 100 .

Nhigt lugng truyén ( phia nit phich vao

Atb
.6; (trt - te2)

N
il

1 1
tp = —-—(tn + tf2) =—-—(35 + 0) = 17,5°C

Ti phy lyc ta tim duge thong s6 vat I cia khong khi kho twong ting véi
nhiét d dy 1a Ap = 2,57. 107 Wim d6 -

237 102(35 0) = 45 W),
= — = m’
17 %0 107
ad? 314 (100. 1032
Q=q.——=4 , = 0,356 W

- Nhiét hrgng truyén tir bén ngoai vao phich:
Q = Q1 + Q2 = 0,296 + 035 = 0,652 W
Nhigt lrgng can thiét d& nu6c d4 nong chay toan bd 1
Q =334.10°.1 = 334 109
Thoi gian nwée da trong phich tan hét 12 sl r’,";
Q@ 334.10° |

T 3

— : = 142h = 59 ng3
Q 0,652.3600 2 Neay
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Bdi 16-11 — C6 m{t binh hai I6p (dién tich bé m3t gin nhu nhau) dyng
diy oxy long, bé mat trong cua vich hai l6p ma 1 I6p bac, d6 den cua bac
e = 0,02. Khong khi gida hai 16p bi hit bdi bom chin khong, ap suit
khong dang k&. Nhi¢t d6 bd mat trong vaich ciia vich ngodi tw; = 20°C,
nhiét do bé mat ngoai vach cia vich trong tw2 = -183°C. Tinh nhiét lrgng
ciia bén ngoai truyén vio, bit dién tich bé mat binh F = 3.102% cm®.

Trd loi: Q1 = 0,125 W

Bdi 16-12 — Mjt duong Sng din khi c6 dudng kinh D = 500 mm,
nhiét d§ dong khi néng dugc do bing ahiét ké dién tré ¢6 dudng kinh d;
= 5 mm, xung quanh dit 1 mang chin c6 dudng kinh d2 = 10 mm. Nhiét
ké dién tré chi t; = 300°C, nhiét dd bé m3t trong ciia dng t2 = 200°C, 4
den cia nhiét k€ vi mang chdne) = e = 08.

Tinh sai s& khi do va nhiét do thyc té cia khi néu biét hé s4 tda nhiét
déi v6i be mat nhiét ké va mang chdn bing a = 58 W/m® d9.

Gidi:

Thi€t 13p phuong trinh cin bing nhiét:

a) D3i v6i nhiét k€ dién tro:

1 -
- 6
L. LAV
£1 dz ( £c )

T. T \*
ardi(ts-t) + 2axds (i - u)u:rd]scco( c) (__2_.) )

- axd(t - t1)

b) D3i vi mang chin
100 100

Tm“g phuong trinh (2) v &2 << D nén xem dién tich vd boc rat bé
so vai dng din khi,

T (1) va (2) tim duge:
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HOROI
o4 100 } - 100 . - | )

1 di 1

—_— = —_

£ dz \ e

T T \ T 4
e 2adite +adi i + d2ec Co (T(;O) - dZECCo(‘"—'—)

fF =

100
(4)

: 2ady + & d1_

Hinh 16-5 Hink 16-6
Thay cic gi4 tri da biét vao phuong trinh tim dugc:

377 - 001 ’ ' (5)
T 100

. T ¥
443 + 0,0314— 1 + 08 ¢ (6
s o) 0

ve dd thj tr = f1 (tc) va = & (t) giao diém 2 duong cho tim duwgc gia
tri tr = 309°C -

i

tr

va i

i te °C
240 : 260 280 30
tr = fi(tc) 327,6 3236 315,1 3058
tr = bB(te) 2580 2758 295,6 3154
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Sai s6 do ludng ot = 309 - 300 = 9°C
Bdi 16-13 — D¢ do nhiét do dong khi néng
chuyén dong trong Gng ngudi ta ding mdt cap
nhiét dién. Khi o ché do nhiét én dinh, nhiét ké
chi t1 = 300°C, con nhiét dd vach t2 = 200°C.
Tinh sai s khi do do trao dbi nhiét bic xa va
nhi¢t d¢ thyc té€ cia dong khi. Bi€t 46 den cua
diu cap nhiét dién €1 = 0,8 va hé s6 t6a nhiét
d5i voi bé mat diu cap dién = 58 W/m® do.
Néu doan &ng do dugc bao 6n dé nhigt dd
ciia vich dng bang 250°C thi sai s& do luong 1a
bao nhiéu?

Trd Ioi: Sai s8 43,5°C; tf = 345°C; Hinh 16-7
oty * o

— = 132%; t's = 326,6°C;
t ,
at’s

= 8,15%
tr 7 .
Bdi 16-14 — Vin ditu kién twong ty bai (16-13) nhung nhiét ké chi 1

= 200°C, do den ddu cap nhiét dién ¢ = 08 nhiét dd vach ong t2 =
l[ 100°C, hé s& toa nhiét a = 46,4 W/m? d&, thi sai s& khi do la bao nhiéu?
| D& gidm sai s6 khi do nguoi ta dat nhigt ké
trong mdt vo boc (nhu hinh v&), nfu nhiét ké chi
= 200°C, 4§ den cita vo boc & = 0,8, hé s8 tda
nhiét cila dong khi déi v6i dau nhiét ké 13 & = 46,4
W/m?dd va hé s& téa nhiét cia dong khi déi véi v
boc la ac = 11,6 W/m*dg.

d Tt
Trd 6i: * ) = 230°C; —— =%
f

Wy L
» [fl = 238°C; —"- = 4%

Hinh 16-8
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Bdi 16-15 — Xéc dinh d§ den ctia mjt khdi khi phing day & = 5m ¢
nhié¢t d¢ 1000°C. Hén hop khi c6 thinh phin nhu sau: 11% CO» va 4%
H:0, ap suat khi la 1 at.

Gidi:
Khoang duéng di cua tia bitc xa 1a:

=188 =185 = 9m

It

va Peo, . 1 0,11 .9 = 0,99 at.m

Pa,o.1 = 004.9 = 036 atm
G nhigt do 1000°C, do den ciia cac khi thanh phin tim duge ¢ db thi
(h. 16-1) va (h. 1662) 1a €co, = 0,2; ‘20 = 02; 8 = 1.
D§ den ciia hdn hop khi:

€ = 8C02 + ABEHZ() =02+02=04

Bai 16-16 — Tinh mit dd dong nhiét bc xa cua khéi 16 hoi t6i vach
Gng cia 1 bo qua nhiét b tri so le, duong kinh 8ng d = 83 mm, budc Ong
doc Sz = 350 mm va budc Gng ngang S1 = 200 mm. Khéi c6 thanh phin:
15% COg; 7,5% Hz0. Nhiét dd khéi lic vao ¢ = 1020°C, lic ra tf" =
950°C, nhiét dd cia b& mat vach Gng tv = 500°C, dd den cita vach Gng
e = {08.

_ Trd l0i: qux = 18924 W/mZ.

Bdi 16-17 — Khéi c6 thanh phin 8% COz, 10% hoi nuéc chuyén dong
trong mdt 6ng tron dudng kinh d = 0,6 m. Nhiét dd khéi & chd vao 5 =
1000°C va & ché ra t'r = 800°C, phigt dd bé mat dng chd vio tw = 625°C
vi chd ra t"w = 575°C. D6 den b& mat la &w = 08. Tim mat d6 dong
nhiét bikc xa trén bé mac Ong..

Gidi: _
Nhiét d trung binh ctia bé mjt:
625 + 575

tw = — = 600°C; Tw = 870°K

Nhiét d¢ trung binh cia khoéi:
tr = 8%0°C; T = 1163°K
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Theo bang 16-1, quang dudng di trung binh cia tig;trong Ong hinh try dai:
I =09d=09.06=05m |
0,08 . 0,54 = 0,043 atm
PH,0.1 = 0,10.0,54 = 0,054 atm

Theo cic dd thi (h. 16-1), (h. 16-2), (h. 16-3) duoc:
Khi t¢ 890°C thi eco, = 0,08;
feH,0 = 1,08.0,07 = 0,076.

tw = 600°C thi eco, = 0,08; feny0 = 1,08.0,08 = 0,087

l

pc02 A

L]
tri s8 A e rit nho va c6 thé bo qua, do dé:
ef = £COy, + BeHy0 = 0,08‘ + 0,076 = 0,156 ‘

(%)™ |
Af = Aco, + PAeH0 = eCO, T .+ BAeH0

w
1163 %%
‘= 0,08 - 0,087 = 0,096 + 0,087 = 0,183

08 + 1

. y

D§ den ctia vo ey = 0,8 ao dé &w =*

Mit dj dong nhiét bic xa duge tinh theo cong thifc,

T\ 4 To \*
q=€’wco e ft— - Arf—
100 1

= 0,90.5,67 [0,156 (11,63)" - 0,183 (8,73)"] = 9260 W/m’
Hg s3 téa nhiét bic xa ciia khéi 16i bé mat:

Qbx 9260 9260

Tox = = =
tr - tw 890 - 600 290

= 32 W/mzdé

Bai 16-18 — Tinh b¢ s§ téa nhiét bic xa cia khéi ¢6 thanh phin 15%
€Oz 7,5% hoi nuéc chuyen dong ngang qua bd him nuéc cia 18 hoi b3
tri so le c6 dwdng kinh d = 38 mm. Budc 6ng ngang $1 = 93 mm va budc
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ong doc 82 = 75 mm. Nhiét do cia khéi vao by him t’y = 680°C va ra la
t"t = 395°C. Nhiét do va dd den vach Ong bang tw = 300°C; ew = 08.
. Trd 10i: qbx = 1440 W/m?
apx = 6,67 W/im*|1
Bdi 16-19 — Khéi c6 thinh phin 15% COz; 10% hoi nuéc, nhiét d
khéi lic vio 6ng T'r = 1400°K va ra khoi 6ng T's = 1100°K, nhiét do be
mijt vach 6ng chd vao T'w = 900°K va chd ra T'w = 700°K. D$ den cia
bé mat Ong ew = 0,85, 4p suit cia khéi p = 1 at.
X4c dinh mat d6 dong nhiét bic xa cia khéi truyén cho bé mjt 6ng va
hé s6 téa nhiét bitc xa, biét dudng kinh cia éng d =
Trd 101 qox = 21.300 W/m®
aby = 473 Wim* 3o

Bdi 16-20 — Trong 16 hoi clia nhd miy /}//////” s asis L
dién nguyén wd, chat tai ding 13 khi CO2
dudi ap sudt 7 at. Tim hé sé toa nhlet | : I

bifc xa trong diu kién sau:
Nhiét do trung binh cia khi trong by -—= L@ ‘{E
qué nhiét 13 377°C, ap suit tuyét d6i cia ﬁ)— "G}
hoi p = 15 at, nhiét d§ cia hoira ' =
310°C, do den ciia dng ew = 0,82.
Pudng kinh dng d = 38 mm
Budc 6ng S1 = 96 mm
S2 = 100 mm

Hinh 16-9

Trd Ioi: abx = 7,61 Wim® d§
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Chuong 17

At A 1 ~ A? L.
TRUYEN NHIET VA THIET Bl TRAO pOI NHIET
A - Truyén nhiét
Khi tinh toan thudng ding cic cong thic sau:
1. Vach phing:
Q = kF (i1 - trg), W
k - hé s8 truy2n nhiét, W/m? dd '
F - dién tich b& mat truyen nhiét, m?

_tn - nhigt d§ chét long néng, °C
te2 - Nhi¢t dd chit Iong lanh, °C

1
k —
1 n d; 1
—_ 4 —_— e —
al i=1 A az

di - chizu day 16p thi i, m.
Ai - hé s3 dan nhiét 16p thi i, W/m d9

2. Vach try:

a1 = zky (tn - tr2), W/m .
Trong d6: ' i dff
e
k1 = " 1
n 1 di 1
— 4 2 in i +1 +
aid1 =1 24 di aadn +1
S
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3. Vich cé canh:

Q= tr1 - te2), W
1 d 1 1 ( )
— + —_— — +—._
atFr’ y) Fi aFa

Fi - di¢n tich b& mzt khéng lam canh, m?
g

F> - dién tich bé mat lam cinh, m*,

B - Thiét bi trao doi nhiét
Trong qua trinh tinh todn thiét bi trao dbi nhiét loai b mat dya trén
hai phuong trinh co ban sau:
- Phuong trinh truyén nhiét,
Q = kF A, W
- Phuong trinh cin bang nhiét:
Q = wifipr Cp1 (U1 -4”) = walap2 Cp2 (12" - t'2), W
Trong dé: k - hé s6 truyén nhi¢t cia thiét bi, W/m? d§
F - dién tich b& mat truyén nhi¢(, m>
At - d§ chénh nhiét d§ trung binh Idgarit, °C

AU - At
At = —n-

Chay cing chidu : AU = t'j -t , AU =07 -1, eA = 1

Chay ngugc chidu: Ar Ui-12°, A" = t1” -2, A = 1

@i vad wz - t8c d§ cla chit long nong va chit 1ong lanh trong thi€t bi, m/s
f1vafr - dién tich tiét dién cht long luu déng, m?

p1vapz - khdi lugng riéng cua chit long ndng va chit 1ong lanh, kg/m’
Cp1 va Cp2 - nhiét dung riéng cua chit léng néng va chit long lanh J/kg do

Uy va t1” - nhi¢t dd vao va ra cia chit long nong
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2 va 2”7 - nhiét dé vao va ra cia chit long lanh.

Khi chit 16ng chay h6n hgp giao nhau thi:

At = £Ar. Atng
Atng: d§ chénh nhiét d§ trung binh 15garit tinh theo so dd ngugc chiéu.

v £y - b
ear = f(P,R) trong d6 P = ;R =
Up-t2 0" - 12

»

tri s0 ear can aif theo P va R va tra & d3 thi cho trong phin phuy lyc.

BAI TAP

Bgi 17-1 — Tinh nhi¢t lugng truyén tir trong phong qua tudng biét
nhi¢t d¢ khong khi trong phong tn = 25°C, nhiét dd khéng khi ngoai troi
trz = 8°C. Tuéng x4y bing gach diy & = 250mm, c6 hé s5 din nhiét A =
0,5 W/m dj. H s6 toa nhiét cua bé mat trong a1 = 23 W;r’m2 dd va bé
mat ngoai la a2 = 8 W/m? db. :

Trd 10i: q = 28,3 W/m®

Bai 17-2 — M{t vach 16 hai lam bidng thép day 20mm, hé sé din nhiét
. 4 = 58 W/m d§, nhiét db cia khi 16 t = 1000°C, nhiét dd cia nude
trong 16 13 nhiét d) bao hoa ciia nude ¢ 4p suit p = 33,48 bar. Hé 50 tda
mhiét clia khi 16 t6i vach 1a @1 = 116 W/m? d va hé s3 toa nhiét tt vach
ndi hoi t6i nwée 14 a2 = 2320 W/m® db. Tinh mat do dong nhiét truyén
qua q vi nhiét dd bé mat tw] va tw2. '

Trd I6i: g = 80900 W/m’
twl = 304°C
w2 = 278°C

Bdi 17-3 — Mét dung dich mudi c6 nhiét d§ - 21°C chay qua 1 bé chifa
hinh chit nhit kin kich thudc 1,6. 09 0,7 m’. BE chira nhin nhiét tr mdi
trudng kh_('fmg khi ¢6 nhigt d§ 14°C, thanh bé lam bing thép diy 4mm c6
h¢ s6 dan nhit Ay = 48,83 W/m d9. Hé s3 téa nhiét 1 dung dich mudi
tGi thanh bé 1A @2 = 5155 W/m® d9, hé s& téa nhiét ti thanh bé t6i mdi
truong khong khi xung quanh 13 a; = 24,36 W/m? d3. Tim:
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- Nhiét tré ting phén v nhiét tré toan phén
- Xac dinh hé & truyén nhiét
- Xac dinh nhiét lwgng ma dung dich nhin duge
- Nhiét do bé mjt ngodi va bé mat trong thanh bé:
Trd 19i: Reoan phin = 0,042 W/m® do
k = 17,24 W/m’dd

Q =1387TW
i tw2 = - 19,5°C
twl = - 193°C

Bdi 17-4 — M{t tudng 10 bén trong li gach chiu lda c6 chiéu day 8| =
250mm, hé s& dan nhiét A7 = 0,348 W/m d9, bén ngodi la 1 l6p gach do
day 62 = 250mm c6 hé s6 dan nhi¢t A2 = 0,695 W/m d§. Néu khéi trong
[6 6 nhidt dd tn = 1300°C, nhiét d§ khong khi xung quanh tp = 30°C,
h¢ s6 toa nhiét 1 khéi dén gach a1 = 34,8 W/m? d va i gach do dén
mdi truong khing khi xung quanh 13 @z = 116. W/m? do. Tim mat dd
dong phiét truyén qua.q va nhiét do bé mat iép xtc giita 2 16p.

Trd loi: q = 1150 W/m®
5 tw = 440°C
_' ’f Bdi 17-5 — - Tinh mat do dong nhiét truyén qua 1 vach gach cua 10, vat
_Aiéu 1am vach c6 hé s din nhigt A = Ao (1 + Bty = 0,07 (1 + 03 10° %),
W/m dd. Chi¢u day cta vach gach 6 = 0,25m. Nhi¢t d§ khéi tr = 850°C,

va nhidt do khong | khi xung quanh tz = 50°C. H¢ s3 toa nhiét ti khéi dén
gachay = 20W/m dd va ti gach dén khong khiz2 = 10 W/mzdo

Gidi:
Trong trudng hgp on dinh ta c6:

q = ai (a1 - tw1) (1)
g = a2 (w2 - ) (2)
| . Y
Ao | !
q= 32' 1 '*“;i (twl + tw2) (twi - tw2) (3)

4

| T (1) va (2) ta rit ra dl;oc:
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{ =1, -—
wl fl ai

1
t.,=t,4—
w2 2 s q

Thay vao (3) dugc:

Ao 1 1 1 1 - 1+1 ]
= — 31 +—Blt, +t. +ql— - — - o ——
q &, 2 Ala *tp * 4 a;  ai , e ar o2 |

1
batt, - t, = Atva N (t; + ty) = tiw dugc:

X ML S R 1 1 A 11 ]
= —11+ —al2t, + ¢l - — t -q{— + —
1 é 2 p fib az al i al Qz f)

cong thifc nay 6 the viét dudi dang khéc:

Ao(1+ﬁ2tﬂb)At+ Aop L-i qA[ 1-—q— _1+_1_
é 28 \ a2 al AL \a2 a1

goi Ao At
_é— (1+ﬂtftb)A[_q°) ] 1 = (oo
—_— e —
a1 a2
A 1 1
i - At = C
d a? al
Cong thic trén ¢ thé viét lai dudi dang sau:
q
q= (o + C)(l-—— @
Qoo

Nhu vy ta duge mdt phuong trinh bac 2 déi v6i q. TrudGce khi tinh cy
theé ching ta xét 1 truong hop rat thudng gap phai la C << 1.

Bdivi g < qodo d6 khi C 4 1 thi ta ¢6 thé bd qua tich C.q, trong
truong hop ay biéu thifc ¢on lai:

*
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( q)
q = o -— ]
Joo

T cong thirc trén tim duge -

1 _ , . 1 -
1= 1 s 1 1 1 1
— — H—  — ) —
oo - Go Stbf At N\ az ] At
At
1T 1
a1 Atbf az.

(¢ cong thirc ndy ta thiy néu khi C << 1 thi mit 4§ dong nhiét q <o
the tinh theo cdng thifc trén, nhung khi Ay h¢ s6 dan nhigt [Ay theo gia tri
nhiét dd trung binh cia hai chit léng ndng va lanh.

Néu C 3> 1 thi cin phai giai phuong trinh bat hai (4).

Ta sé xét trudng hop cy thé cia bai todn ndy:
A 11 ©007.03107 1 1
C = of YAt | - —]800 =1,68. 10°
24 a2 al. 2. 0,25 10 20

Do C = 1,68.10° <& 1 nén c6 thd tinh q theo biu thic (5)

il

1 1
tib ~ (tn + te2) = (850 + 50) = 450°C

Ab = Ao (1 + Ptaw) = 0,07 (1 + 0,3.10°.450)
Ao = 7,95 . 1072 W/ndd '
te - te2 850 - 50

177 P) 11 0,25 1
C— e —  — =+ + —
ai Aftb a2 20 0,0795 10
g =243 W/m®
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Bat 17-6 — Mdt dudng Sng din gi6 néng cho
mdt 10 cao, bi€t toc dd gi6 w1 = 35 m/s, nhiét
dd trung binh cia gié tn = 800°C bén ngoai
‘dugc boc bang 3 16p: 16p gach chiu lira 6 chidu
day 81 = 250 mm, hé 6 din nhiét A = 1,17
W/m do; v thép day 82 = 10mm, hé s§ dan
nhiét A2 = 46,5 W/m d§ va 16p cach nhiét bén
ngoai ¢ hé s8 dan phiét A3 = 0,174 W/mdd,
chieu day é3 = 200 mm. Dudng kinh trong cia
Ong di = 1000 mm, Sng dit ndm gang 1§ thién
c6 gi6 thdi ngang véi tic dd w2 = 4 m/s, nhiét d khong khi xung quanh
bing tp = 10°C. Tinh nhiét lugng tdn thit trén 1m dudng 6ng (bo qua
tdn thit nhiét bic x3). *

© Hinh 17-1

Gidi: » * ™.
Nhiét lugng tdn thit trén 1m Sng dugc tinh:

q1 = 7kt (tn1 - t2)

Trong dé:
2 1
q =
| 1 &2 &2 1 ,da 1
+ In + + In + —
ad; 24 h v der 2 ds ads
Chéing ta s& in lugt tinh a1
‘Theo tn = 800°C dugc: Pry = 0,713.
An = 7,18 . 107 W/mdd; vi = 134,8 . 10 my/s
w d 351
Ren = 10 _6=2,6.105 > 10
i 1348 . 10 :
Chit 16ng chay rdi:
“Nug = 0,018 Ren® = 0,018 (2,6 . 105)*% = 382,
382, 7,18 . 107 5 .
a = — 1 = 274 W/m* dd
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Can af theo trz = 10°C tra dugc A = 2,51 . 102 W/mdd

viz = 14,16 . 10°m%s; Prp2 = 0,705
Pudng kinh ngoai ciing d4 = 1,92 m do d6 :

wrds . 4192
Rep = ~——m = - = 545.10°
Vi . . 1416 . 10
Trong trudng hop ndy ta vin ding cong thic: Nug = 0,22'Ref0’6_7 T

Nug = 022 (545 . 10°)%0 =611

611.25 .10 2
az = ——————— = 7,95 W/m*d}
1,92 -
k ) S
1 3
1 . 2303 1+ 2025 . 0,01 . 2,303 : 1,92 1
2741 21,17 1 S 1,546,5 21,74 \1,52 ] 795192

k1 = 1,07 W/ndd |

"ql = okl (i1 - tg) = 3,14. 1,07 (800 - 10) = 2330 W/m

Bdi 17-7 — Mdt diy dién tré d& irdn duong kinh d = 1mm nhiét d§

khong dwgc vugt qua 600°C. Xac dinh dong dién cho phép 16n rhit chay
qua khi diy dit nim ngang néu nhiét d§ khong khi xung quanh t; = 30°C
va dién trg sudt cia diyp = 1,2-Qmm?/m.

© Trong truong hgp diy 4y dat thing diéng thi c6 gi thay dbi khong?
.Dong dién cho phép chay qua lic dy bing bao nhiéu?

Trd loi: d3t ndm ngang Imax1 = 11,5 a

Diy dat ding Imaxz = 8,56 a

Imax1

= 1,34
_ Imax2

Badi 17-8 — M@t 6ng dan hoi 1am bing thép c6 hé s§ dan nhigt 1) =

46,44 W/m d6 duong kinh 2007216 mm, dugc boc 1.16p cich nhigt day 120

mm c6 hé s8 din nhiét 12 = 0,116 W/m d§. Nhiét dd cua hoi tn = 300°C,

nhiét d¢ khong khi xung quanh try = 25°C. Hé s toa nhiét cda hdi dén bk
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mat @) = 116 W/m® dj va hé s§ toa nhiét t¥ bé mat ngoai dén khong khi

= 9,86 W/m? d6. Tim nhiét lrgng tén that trén 1m chi¢u dai dng trong 1
don vi thoi gian va nhiét d§ bé mat lop céach nhiét.

Trd [0 q1 = 248,24 W/m
tw2 = 42,5°C.

Bdi 17-9 — C6 mdt doan &ng hoi dé trin chi¢u dai | = 5 m, duong
kinh 8ng d = 100 mm dat trong mdi trudng khong khi yén tinh c6 nhiét
dé i = 40°C, bé mat 8ng co nhiét d§ tw = 200°C. Hoi chuyén dong vic
trong dng nim ngang | 1a hoi baa hoa khod ¢6 ap suat p = 19,08 bar vdi tce

do @ 7 = 5 m/s, Tinh t6n thit nhiét trén toan bd dudng Sng, hé s8 toa nhit
toan phan vi thong s6 cia hoi lic ra khoi dng (49 den cua dng ¢ = 0,8).

Trd loi: - Qg = 2966 W
- ao = 11,8 Wim’ds
- Thong sG vét 1§ cia hoi gan nhu khéng thay dbi.

Bdi 17-10 — C6 mdt vach phdng day & = 10 mm, vat li¢u 135, vach co
hé s6 dan nhiét 1 = 40 W/mdg, néu mot bén cia vack quge 1am canh véi

F2
hé s8.1am canh F_ = 13, h¢ s§ toa nhift twong ting ay = 200 W:’m2 do
1

véoaz 10 W/m® do Nhig{ do chit 16ng néng va lanh tuong ¥ng tft =
75°C va tp = 15°C. Tim m4t do dong nhigt truyén qua vach trong hai
trudng hgp 5 canh va khong c6 canh.

Trd I6i: Khi c6 canh q1 = 4620 W/m®

Khi khong lam canh g1 = 570 W/m’

Bdi 17-11 — C6 mdt ddy dién dé tran dudng kinh di = 2mm, nhi¢t do
tw1 = 80°C dugc lam ngudi boi khéng khi khéng chuyén dong co tf =
20°C.

Néu ddy duge boc bing mot I6p cich dién, dong dién trong ddy van
gitr khong doi, day sau khi boc cach dién c6 nhiét dd twi bing bao nhiéu?
Bift h¢ s& dan nhiét cia vit liu boc A = 0,15 W/m do va dudng kinh
ngodi cua vo boc cach dlen d2 = 30 mm, hé s8 1da nhiét trén bé mat 16p
cach dién a2 = 20 Wim? dd.

Trd I0I: tw1 = 48,‘5o C.

https://tieulun.hopto.org



Bdi 17-12 — Mot thiét bj trao ddi nhiét, chit léng néng dugc 1am ngudi
tu nhiét 4§ t'1 = 300°C dén t1” = 200°C va chit long Ianh dugc gia nhiét
ti nhiét d§ 2 = 25°C dén t” = 175°C. Tinh d chénh nhi¢t dj trung
binh 3 truong hgp:

a) Chat 10ng chuyén dong ciing chitu

'b) Chuyén ding ngugc chidu

c) Chuyén ddng giao nhau

Gidi:

a) Trudng hop chét léng chuyén dong cing chidu:
AY = £1-t2 = 300- 25 = 275°C
At = 47 - 27 = 200 - 175 = 25°C

AL - A" 175 - 25 o
Aty = —_ = = 104"C
At’ 175
In — In :
At 25 s

b) Truong hop chit l6ng chuyén dong nguge chidu:
A = t1” -2 = 200 - 25 = 175°C

] &
” I! P
1:.‘ . 'tz. -t4

L8
1 b2 ’
B ti‘-
F _ F
Hinh 17-2 Hinh 17-3

At" =t - 2”7 = 300 - 175 = 125°C;

AU - At 175 - 125 5
Atng = = = 149°C
At 175
- In n——
At 125

¢) Truong hop chit long chuyén dong giao nhau theo so db nhur hinh
vé ¢ phy lyc thi:
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Ate = 8 Atng
trong d6 ear = f(P, R)
Atng - d5 chénh 1éch trung binh Iogarit ldy theo so dd ngugc chitu.
t” - "2 175-25

P = = = 0,545
1 -t2 300 - 25

th - t1” 300 - 200
R = = = 0,667
2" - t'2 175 -25
Tra ¢ db thi (phy lyc) ta duge eac = 0,90

D% chénh léch nhiét 49 trung binh trong trudng hop nay bang:

Ate = &; . Aty = 090 . 149 = 134°C.

z Bai 17-13 — Trong mdt thiét bi trao dbi nhiét mbi glo can lam lanh 250
t chit 16ng néng c6 khdi lugng riéng p1 = 1100 kg/m nhiét dung riéng
Cpi = 3 kl/kg do td nhiét do 120°C ha xudng 50°C. Nudc vao lam lanh c6
ll.ru lugng 1000 fivh va nhiét d§ vao 10°C. X4c dinh bé mat trao dbi nhiét
ciin thiét khi b tri thudn chiéu va ngugc chiéu. Biét hé s8 truyen nhiét cia
thiét bi k = 1161 W/m d4§.

Trd ii: F = 0,24 m®

' an = 0 22 mz
B‘i’ 17-14 — Bj sdy khong khi kiéu dng cia 16 hoi can sdy néng lugng
khong khi G2 = 215 keg/s i nhiét do 2 = 30°C dén t” = 260°C. Xac

dinh b mat truyen nhiét cin thiét, chlcu cao cda ong 1 va sd luqng ong
Biét thanh phan khéi: 13% COg, 11% H20: khoi chuyen dong trong ong
thép (A = 46,5 W/m d9) v6i luu lugng G1 = 196 : }t

kg/s, duong kinh dyd; = 53,50 mm, t6c d9 trung

binh @1 = 14 m/s. Nhiét d¢ khéi vio '} = 380°C. ¥ &
Khong khl chuyén dong ngang chim &ng véi 18c dO L ~ 2
trung binh ch{ ti€t dién hep nhidt 13 w2 =.8 m/fs. {
Ong dat so le v6i bude dng s1 = s2 = 1,3 . }’ — t’
. A
Trd I6i: F = 1830 m® {
n = 1080 Sng -
1=54m Y
: Hihh 174

278 https://tieuluﬁ.hopto.org



86 Ong dat ngang dong n1 = 38 s8 dng dat doc theo dong nz = 29,

Bai 17-15 — Xac dinh bé mat gia nhiét v s& phan tr cia mdt thiét bj
trao dbi nhiét kidu dng boc. Nuéc néng chuyén dong bén trong Sng thép
(A = 45 W/m d§) dudng kinh dy/d; = 35/32 mm, nhi¢t dj vio cia nurée
néng tf1 = 95°C, luu lugng nuéc néng G = 2130 kg/h _

Nudc duge gia nhi¢t (nuéc lanh) chuyén dong nguge chidu trong ranh -
hinh xuyén gida hai 6ng boc va dugce gia nhiét ti nhiét 4§ tr2 = 15°C dén

}t, ty” = 45°C. Duong kinh
n r_]T _ trong cia ng boc D = 48

A = L mm, lvu lugng chdt 16ng lanh
HJ v Gz = 3200 kg/h, chidu dai

L
. . . . . m&i phan o 1 = 1,75 m. Toén
&-[ ‘__] L thit nhiét qua bé mit ngoai
} © cita thiét bi c6 thé bd qua.
) Ny % Néu chit ldng chuyén
I dong cung chidu (cic ditu
+y . kién khic vin khong thay
dbi) thi s5 phin ti 13 bao
nhiéu?
Trd I0i: Frg = 1,22 m% Fip = 2,47 m?
nog =7 ;nth = 14

. Bdi 17-16 — Tinh dién tich truyén nhiét cia bd sdy khong khi 15 hoi.
Khong khi chuyén dong ngang qua bén ngoai dng, khdi chuyén dong trong
&ng véi luu lugng trung binh Vi = 35 m3fs, n vao U'rp = 345°C bj la nguoi.
dén tr;” = 160°C. Luu lugng trung binh cda khéng khi V2 = 23 m’s,
nhiét khdng khi ting t ' = 20°C dén tp” = 250°C. Thng s5 Gng n =
- 2079, dudng kinh Ong dy/di = 53/50 mm. dng b tri so le, budc ngang x;
= 70 mm va buéc doc x2 = 60 mm, s6 Ong ¢fp theo chitu ngang n) = 77
va theo chidu doc nz = 27, chitu rdng cua dudng khéi b = 54 m xem

hinh 17-4.

.

Hinh 17-5

- Gidi: : _
Do chénh nhiét trung binh:
Z_t = B_E;g . EAt

- 279
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- (160 - 20) - (345 - 250)

Atpy = = 115°C
ne 160 - 20
N—
345 - 250
t'n -t 345 - 160
R ES = = 0,80
t"'p - t'n 250 - 20
t'n - ' 250 - 20
P = = = 0,71
' -te 345 - 20

Tra d do thi ea; = f (P, R) dugc £a; = 0,9
Do dé At = 0,9.115 = 104,5°C
Dién tich thyc t& khéi chuyén dong qua:

T 2 3,14 3.2 2
F1=n—4d1 =2079—'*“4— (50.107) = 41m

To6c d trung binh ciia khéi:

Nhi¢t dé trung binh cia khéi:
| 1
th = Y (345 + 160) = 252,5°C

can ci theo nhiét nay tra dugc cic théng s& vit Iy cua khoi:
vi1 = 393 .10 m¥s; A = 4,44 . 107 W/m d9; Pra = 0,660
Déi v6i khéi ta c6:

widy  85.50.10°

Ren = = — = 10800
i 393.10
Nuri = 0,021 Ren® Pra®* = 0,021 (10800)°® (0,66)"* = 29,4
294 .4,44 . 107 2 o
ay = x = 26 W/m* dd.
50 . 10°
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Dién tich dong khong khi chuyén dong
Fy = 1(b-nd2) = (5,4-77.0053) 1 = 1,32 |,m’
Tdc do trung binh cia dong khong khi:

2 23 17,4

w2 = e = —

1231 |

Nhiét dé trung binh cua dong khong khi:
1
e = - (250 + 20) = 135°C

Thong s6 vat 1y cua khong khi twong dng véi te2 1a:

Ap = 3,46. 1072 W/mdé; vz = 27,20 . 10 m%s.

Pry = 0,685
wax 174 53.10° 349200
Rep = = , - z =
ve i 272. 10 i

Khi dong khong khi chuyén déng ngang qua chim &ng trj s3 Nur2 bang:

Nup = C. RC?z . €t

D3i véi chiim Gng bd tri so le trong trudng hgp ndytacén = 0,6 va C
= 0,37.
1 nz

1
£t = —— Seg=—— (&1 + €2+ 25 e3)
n2 1 " 127

1
—5 06 + 07 + 25) = 0975

I

34200 \ %6 186
Nup = 0;37.0,975( ] - —

186 . 3,46 . 1072 122
6 s3. 107 06

az =

281
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Hé s6 truyén nhi€t cua thiét bi:

1 1
k = = 3
1 d 1 1 1L,5. 10 1
—_—— 4 + +
al A a2 26 46,5 122
5
122
Toa7 + I8
Q = kF At

F = 27dw n.lla dién tich téa nhiét cia thiét bi.
i

Q
Q

y 27 O D . *)
[ Cpz.p2 V2 .(2)] . 10° = (1,012.0,865.23. 230)10° = 4,60.10° W

0

o day Cp2 = 1,012, 10° J/kgdd; p2 = 0,865 kg/m’
Thay vao cong thifc (*) ta dugce:

¢ 2.314.515.107.20791.122. 1045
4,60 . 10° = 5%
#1

47 +

06 = 1,861 - 4,7
Giao di¢m cua hai dudng cong fi(f) = 16 va

f2(1) = 1,861 - 4,7 cho ta tim dugc L.

1 =372 m
Hinh 176

F = 2560 m®

1l

Badi 17-17 — Xac dinh kich thudc cia mdt thiét bj trao ddi nhiét ding
nuée di lam ngudi dén chin khong cua dai phat. Bi€t rdng nu6c cat
dén chin khong vaotbi trao dbi nhiét ¢6 tp = 60°C, trong thi€t bj trao dbi
nhift nudc cit dugc 1Am ngudi bdi nurde may, nhift d¢ audce may khi vac
thiét bi la ' = 21°C va ra khoi thiét bi1a t'n = 24°C sau do X4 vio bé

282
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s

t,

I
50¢ -t‘_. 21°%

/
- "
-tlz ‘ l t.l--: 24 .C
Hinh 17-7 ' ' Hinh 17-8

lam ngudi. Nhiét lugng thiét bi cin truycn dilaQ = 1,39.10°W. Thiét
bi lam bing Ong thép c6 ma kén, be mit trong Ong din nudc may co
bam mot I6p cau day 1 mm, hé s din nhiét ca cau la A = 1,16 W/mdd.
Trong thiét bi tdc dd nudc khong virot qué 2m/s.
Trd loi: F = 46,8 m?
} = 458m phan lam 35 doan, mdi doan
dai 13m mic song song.
Bgi 17-18 — Luu 1trqng nudc chay qua mdt thi€t bj trao dbi nhiét
chuyén dong ngugc chidu 1a 10 kg/s, nhi¢t do wr 26°C tang ién dén 100°C
sau do sdi va qua nhiét dén 126°C. Toan b qua trinh tién hanh trong digu
kién 4p suit p = 1,013 bar. Nuéc dirge gia nhiét nhd khi chay, khi vio
thiét bj cé nhiét 4 650°C, luu lugng khi chéy Ia 45 kg/s. Néu hé s8 truyén
nhlet tréh toan bd thiét bi bﬁdg 197 W/m? dé. Tinh dién tich thiét bi trao
dbi nhiét (don v6i khi chay c6 thé ding thong s vat 1§ cua khong kin)

“Trd loi: F = 696 m

| 7% ’ \@\
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Bang 5. Cic tinh chat nhigt dong cba hoi gua nhi¢t NH,

t v I -] t v { S,
oc . m3iKg Kcal/Kg Kcal % mikg | Keavukyg Kcal
Kg.dd Kg.dd
p=0,5at p=0,7 at
-46,88 2.2152 386,00 2,2853 -40,83 1,6180 388,38 2,2572
-45 2.2353 387,00 2,2897 -40 1.6244 388,84 22591
40 2.2682 389,64 23012 .35 1,6628 391,53 | 22705
-35 2.3406 392,24 | 23122 -30 1,7007 394,18 | 22815
-30 2.3928 394,81 2.3229 =25 1,7384 396,80 2,2922
-25 2,4446 397,37 2.3333 -20 1,7758 399,39 2,3026
-20 24962 399,91 2.3435 15 1,8130 401,97 2,3126
-15 25476 402,45 2.3534 -10 1,8501 404,53 23225
-10 2,5988 404,97 2,3631 -5 1,8870 407,09 2.3821
-5 2,6499 407,99 2.3726 0 1,9237 409,64 2,3415
¢} 2,7008 410,02 23819 [ 1,9604 412,18 2,3508
5 2,7517 412,54 2,3910 ' 10 1,9969 414,73 2,3599
10 2,8024 415,06 24000 15 2,0334 417,28 2.3688
15 2,8531 417,59 2,4089 20 2,0698 41983 ¢ 23776
20 1. 28037 420,12 | 24176 25 - 2,1061 422,38 2,3862
25 " 2,9543 422,66 2.4262 30 21424 424 .94 2,3947
30 3,0048 425,20 |- 24346 35 2,1786 427,50 2,4031
35 3,0552 42775 2,4430 40 2,2148 430,07 24113
40 3,1056 430,30 2,4512 . 45 - -+ 2,2509 432,64 24195
45 3,1560 432,86 | - 24583 50 2,2870 435,22 24275
50 3,2063 435,43 24673 55 2,323 437,81 24355
55 3.2566 . 438,01 | 24752 60 - 2,35 440,40 24433
60 3.3069 440,59 2,4830 65 2,3952 443,01 24511
&5 3,3571 443,19 2,49808 70 24311 445,62 2,4588
70 3,4073 445,79 2,4984 75 24871 448,24 24663
75 34575 44840 | 25060 80 2,5030 450,87 | 24738
80 3,50?? 451,03 2,56135 85 2,5380 453,50 24813
85 3,5578 453,66 2,5200 80 25748 456,15 24888
20 36079 456,30 2.5282 95 2,6107 458,81 2,4959
a5 3,6580 45895 2,5354 100 2,6466 461,47 2,501
100 3,7081 461,61 2,5426 105. 2,6825 464,15 | 25102
. p=1at =15 at
3400 |- 11585 |- sv007 |- 22275 |, -2566 | 0.7936 393,6 2,1939
80 - 11,1814 303,18 | 22367 -25 0,7960 394,34 | 21954
-25 . 1,2086 395,90 |- 2,2477 . =20 0,8147 39717 2,2067
-20 " 1,2354 30858 | 22584 [ 15 0,8331 399,96 22176
-15 . 1.2620 am23 |. 22688 }, 10 0,8513 402,69 | 22201
10 ] 12884 |. 40386 |. 22789 -5 0.8684 40540 | 2,2383
5 11,3147 0647 | 22888 0 08872 40808 | 22482
0. 13408 " 409,07 | . 2,2983 5 0,9050 41074 | 22578
5 13668 | 41165 | 23077 10 09226 41330 | 22673
10, " 1,3927 414,24 | . 23168 15 0,5402 qi600 | 22785 |
15. | 14185 41682 | - 23259 20 09576 |, 4ems | 22888 |
. 20 14443 | 41939 | 23348 | 26 |} 00780 i setw |1 22044 |1
¢ @ke | BAGER || 42687 g 23485 |: %0.:, |iog92s i essmo |} 23081 |
} Mos 1 w496 ! w56 [ 1235 |7 a5 |1 1ooer- |} azese | D 2317 }i
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Bang 5 (tiép theo)

t v i s t v i s
o¢ m3/Kg Kcal/Kg Keal oc miKg | KealKg Keal
Kg.do Kg.dd

40 11,5466 429,72 2,3689 45 1,0441 431,75 2,3284
45 1,5721 432,31 23771 50 1,0612 434 38 2,3366
50 1,5976 434,91 2,3852 55 1,0783 437,00 23447
55 1,6230 437,51 2,3932 80 1,0054 439,63 2,3526
60 1,6483 440,12 24011 65 1,1125 442,27 2,3605
65 $,6737 442,73 2,4088 70 1,1285 444,92 2,3683
70 1,6990 44535 24166 75 1,1465 447 56 2,3759
75 1,7243 447 99 24242 80 1,1634 450,22 2,3835
80 1,7495 450,62 24317 85 1.1804 452,88 2,3910
85 1,7748 453,27 24391 20 1,1973 455 56 2,3987
90 1,8000 45593 3,4465 95 12142 458,23 2,4054
95 1,8252 458,59 2,4536 100 1,2311 460,92 | 24130
100 1,8504 461,27 24610 105 1,2480 463,62 24202
105 1,8756 463,95 24681 110 1,2645 466,32 24212
110 1,008 466,64 24752 115 1,2818 469,04 24343
115 1,9259 469,34 24822 120 1,29868 471,76 24413

p=2at p=2,5 at

-19,3% 0,6060 396,09 21700 -14,13 04915 397,73 2,1515
-15 0.6184 398,61 2,1799 -10 0,5011 400,20 2,1810
-10 0,6326 410,48 2,1909 -5 05127 403,13 2,1720
-5 0,6465 404 .29 2,2014 [} 0,5240 406,00 2,1826
] 00,6603 407,06 22117 5 0,5352 408,83 2,1929

5 0,6740 409,80 22216 10 0,5463 411,62 2,2028
10 0,6875 412,51 22313 15 0,5573 414,38 2,2125
15 0,7009 415,21 2,2407 20 0,5681 417,11 2,2219
20 0,7143 417,89 2,2500 25 0,5789 419,83 2,231
25 0,7275 420,26 2,2590 a0 0,5897 422,54 2,2401
30 0,74G7 423,22 2,2679 35 0,6003 425,24 2,2489
as 0,7539 425,88 2,2766 40 06109 427,93 2,2576
40 07670 | 42853 2,2851 45 0,6215 430,61 2,2661
45 0,7800 431,19 2,2935 50 0,6320 433,30 2,2745
50 0,7930 433,84 2,308 55 0,6425 43598 2,2827

55 ~ 0.8060 436,49 23099 60 0.6530 438,66 22908 -
60 05180 43915 23180 65 0,6634 44134 22088
65 08318 44181 23259 70 067368 44403 2,067
70 00447 A48 AT 23331 75 0.6841 446,72 2,3145
75 08575 447 14 25414 a0 0.6945 £49.41 23271
80 08709 | 982 23491 as 07048 452,10 2,3297
a5 0,8832 452,50 2,3586 ac 0,7151 454,81 2,3372
20 0,8959 455,18 2,3640 a5 0,7254 457,52 2,3448
95 . 60,0087 457,80 23714 100 0,7358 460,23 2,3520
100 09215 480,56 2,3787 105 0,7459 462,95 2,3592
105 0,9342 48320 23859 110 0,7561 465,58 2,3664
110 0,9460 45600 | 23931 115 0,7663 468,42 2,3735
115 09508 | 48873 | 24001 120 0,7765 47117 2,3805
120 . 09723 |- 4748 24071 128 0,7867 473,92 2,3875
125 , 08850 | ~draz 24141 | 130 0,7969 476,68 2,3044

10| osery 47696 | 24200 | 135 | osori ] 4zpes | 24012
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Bang 5 (tiép theo)

t v i s t v i -
o¢ m3Kg KoaliKg Kcal’ o¢ m¥Kg Keal/Kg Keal
- Kg.dd Ko.d§
p=3at p=35 at
9,72 04140 399.05 2,1363 -5.85 0,3579 400,15 2,1335
-5 0,4233 401,93 2,1472 -5 0.3554 400,69 | 2.1255
0 0,433 404,91 2,1582 0 0,3680 40378 | -2,1389
5 04427 407,83 2,1688 5 0,3765 406,80 21478
10 0,4521 410,69 2,1790 C 10 0,3848 409,75 2,1584
15 04615 41352 2.1889 15 0,3930 412,65 2.1686
20 04707 416,32 21985 20 04010 415,51 2,1784
25 0,4798 419,10 22079 25 0,4090 418,34 2,1880
a0 04889 421,85 22171 0 0,4169 421,15 2,1973
35 0,4979 424 59 2,2260 35 04248 42393 2.2064
40 0,5069 427,32 2,2348 40 0.4326 42670 2,2153
a5 05158 430,04 22434 45 0.4403 42945 22241
50 0,5247 432,75 22518 50 04480 432,20 22326
55 0,3535 435 46 2,2602 55 0,4556 434,93 22410
60 05423 438,17 2.2684 60 0,4632 43767 | 22493
65 0,551t 440,87 22765 65 0,4708 440,40 2,2574
70 0,5508 44358 | 22844 70 . 04784 443,13 2,2654
75 0,5685 446,29 2,2923 75 0,4859 445,86 22733
80 05772 449,00 23000 80 0,4934 448,59 22811
a5 0,5858 451,71 23076 85 -0,5009 451,32 2,2888
90 0,5045 454,43 23152 90 0,5083 454,05 22064
95 0,6031 457,16 2,3226 95 0.5157 456,79 23039
100 06117 459,88 2,3300 100 05232 459,54 23113
105 06203 462,62 23373 105 0,5306 462,28 23186
110 06289 465,36 23445 110 0,5379 465,04 2,3259
115 0,6374 468,11 23516 115 0,5463 467,80 2,3330
120 0,6460 470,87 23567 120 0,5527 470,57 23401
125 0,6545 473,63 23656 125 0,5600 47334 23471
130 0,6630 476,40 23726 130 - 0,5674 476,13 23541
135 06,6715 479,18 23794 135 05747 478,92 2,3809
140 0,6800 48197 2,3862 140 0,5820 481,71 23678
p=d at’ - p=45 at
2,40 0,3154 401,09 21124 073 0,2821 401,90 2,1025
o 1 o392 402,62 [ - 21180 .5 0.2880 404,65 2,1125
5 0,3268 405,74 21203 C 10 - 0,248 407,79 212386
10 0,3342 408,78 2,1401 " 15 0,3015 410,85 2,1344
5 0,3415 41176 | 21508 | 20 0,3080 413,85 21447
20 03487 | 41468 2,1607 25 . 03145 416,80 2,1547
25 0,3559 417,58 21704 30 0,3208 419,71 2,1643
20 0,3629 42043 21800 35 - 0,3271 422,58 21737
35 0,3699: 423,26 2,1892 40 0,333 42543 2,1629
40 oares | - 426,07 2,182 45 0,3395 428,26 21919
45 03836 |- 428,86 22074 50 0,3457 431,07 2.2007
s6 | os3004 | 43164 22157 55 0,3517 433,87 2,2093
55 oa972 | 434 | 22242 60 03578 406 | 22177
60 04038 | 43797 | 22026 65 0,3638 43944 | 22060
65 04106 | 43992 2,2408 70 0,3697 44220 | 22341
285
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Bang 5 (ticp theo)

t \4 i S 1 A4 i 5
°c m3Kg | Keavkg Kcal o¢ m¥Kg | Kearkg Kcal
Kg.ds Kg.do
04173 442 67 2,2489 75 0,3757 44495 | 2247
04239 445 42 2,2568 80 0,3816 447,76 2,2500
0,4305 44817 2.2647 a5 0,3875 450,52 22578
04371 450,92 22724 00 0,3934 453,29 2,2655
0,4437 453,67 2,2800 95 0.3392 656,06 2.2731
0.4502 456,43 2,2876 100 0,4051 458,84 | 22888
0,4567 450,10 22950 105 0,4109 461,61 2,2830°
0,4633 461,95 23024 110 0.4167 464,39 2.2053
0.4698 464,72 2,3006 115 g.4225 467,18 22,3025
04762 467 49 23168 120 0,4283 459,97 | 2,3006
04827 47027 | 23238 125 0,4340 47276 | 23167
0,4892 473,05 23310 130 0,4398 475,57 2,3237
0,4956 47585 { .2,3380 135 0,4455 478,38 2,3306
0,5021 478,65 2,3449 140 04513 481,19 | 23375
0,5085 48145 2,3517 145 0,4570 484,02 2,3443
0,5149 484 27 2,3585 150 0,4627 486,85 2,3510
p=5 at p=6 at
0,2552 . 402,61 2.0936 873 0,2145 403,80 2,0783
0,2570 403,53 2.0870 10 0,2159 404 66 20813
0,2633 406,77 2,1085 15 09,2213 407,99 2,0930
0,2654 409,92 2,1195 20 0,2265 411,22 2,1041
0,2755 412,99 2,1301 25 0,2316 414,37 2,1148
0,2814 146,00 2,1403 30 0,2366 417,46 2,1250
0,2872 418,97 2,1502 35 0.2416 420,49 21350
0,2529 421,89 2,1597 40 0,2464 42348 21446
0,2086 42479 | 21891 45 0,2513 42643 2,1539
0,3042 427,66 2,1781 50 0,2560 429,35 2,1630
0,3096 430,50 2,1870 55 0,2607 43224 | 21719
0,3153 433,13 2,1057 60 0,2654 43512 | 21806
0,3208 435,15 | 22042 65 0,2700 437,98 2,1892
. 0,3263 438,96 22126 70 0,2746 440,83 2,1975
- 0,3317 441,76 2,2208 75 0,2792 443,66 2,2057
3371 444,55 2,2289 80 0,2837 44650 | 22138
0,3425 447,34 2,2369 85 - 0,2883 44932 | 22217
03478 | - 45013 22447 ] 0,2928 452,14 2,2296
0,3531 452,91 2,2524 95 0,2972 454,96 22373
0,3564 455,70 2,2600 100 0,317 457,78 2.2449
4 03637 458,49 2,2676 105 0,3061 460,60 22524
~03600 | - 46128 2,2750 110 03105 463,42 2,2598
- 48407 | 22833 15 0,3150 466,24 2,2671
46687 | 22806 120 10,3194 469,08 | 22743
469,67 22068 125 10,3237 47188 | 22815
47247 2.3039 130 0,3281 474,72 2,2886
120 j 475 1 23109 135 0,3325 47756 | . 2,956
185 4008 | . 47813 ¥ 23178 140 0,3368 48041 | 23025
o140 04055 | 48083 1 21048 145 03412 48325 | 23004
a5 0.4107 48376 | 23315 150 0,3455 486,11 | 23161
o180 ¢} 04158 |- 48860 | 03383 155 0,3498 48897 | 23220
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Bang 5 (tiép theo)

t \J i S t | i S
% mixg | xeavxg Keal oc mKg Kcal/Kg Kcal
Kg.dé T('Q_dé-
p=7 at p=8 at
13,23 0,1850 404,75 2,0652 17,26 0,1627 405,54 2,0538
15 0,1867 405,99 2,0695 20 0,1651 407 49 2,0605
20 0,1914 409,39 2,0812 25 0,1692 410,95 2,0722
25 0,1960 412,69 2,0024 30 0,1733 414,30 2,0834
30 0,2005 415,90 2,1031 35 01772 1 41756 2,0941
35 0,2048 419,05 2,1134 40 0,111 420,75 2,1043
40 0,2091 422,13 2,1233 45 0,1849 423,18 2,143
45 0,2134 425,17 2,1329 50 0,1887 426,96 2,1239
50 02176 428,17 2,1423 55 0,1924 430,00 2,1332
55 0,2217 431,13 2,1514 . 60 0,1960 433,01 21423
60 0,2258 434,07 2,1603 65 0,1996 435,98 2,1511
65 0,2298 436,99 2,1690 70 0,2032 428,93 2,1598
70 0,2338 430,80 21775 .75 0,2067 44187 2,1683
75 0,2378 442,77 2,1858 80 0,2103 444,78 2,1766
80 0.2418 445,64 2,1940 as 0,2137 447 69 2,1848
B5 0,2457 44851 | 22021 90 02172 450,58 2,1928
a0 0,2496 451,37 2,2100 95 0,2207 453,47 2,2007
a5 0,2535 454,22 2,2178 100 02241 456,35 2,2085
100 0,2573 457,07 2,2255 105 02275 459,23 2,2161
105 0,2612 459,91 2,233t 110 0.2309 462,10 2,2237
110 0,2650 462,76 2,2405 115 02342 464,98 2.2312
115 02688 | 46561 22479 120 0,2376 467,85 2,2385
120 0,2726 468,46 2,2552 125 0,2409 470,72 2,2458
125 0,2764 471,31 2,2624 30 0,2443 473,60 22528
130 02802 474,16 22696 135 02476 476,47 2,2600
" 135 026840 477,20 2,2766 140 0,2509 47935 | 22671
140 - 0,2877 47988 | 22836 145 02542 482,24 2,9740
145 0,2015 482,75 2,2905 150 0,2575 485,13 2,2809
150 0,2952 485,62 2,2973 155 © 0,2608 488,02 | 22877
155 0,2990 488,50 2,3041 160 0,2641 490,92 2,2044
160 0,3027 491,38 2,3108 165 0,2674 403,83 2,3011
p=9 at ) p=10 at
20 0,1452 406,19 2,0437 24,28 0,131 406,74 2,0347
25 0,1484 409,15 2,0537 25 0.1316 407,28 2,0365
30 0,1521 412,65 2,0654 30 ' 0,1351 410,94 2,0487
35 0,1557 416,04 2.0765 35 0,1385 414,47 2,0602
40 0,1593 419,34 2,0871 40 01418 417,90 2,0712
a5 0,1628 422 57 2,0973 45 0,1450 42123 -] 2,0818
50 | 0,1862 - 42574 21072 50 0,5482 424,49 2,0820
55 0,1696 428,85 2,1168 55 01513 427 68 21018}
60 0,1729 431,93 21261 60 00,1543 - 430,83 21113
65 0,1761 434,96 2,1351 65 0,1573 433,93 2,1205
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Bang 5 (tiép the

t v i S t v i s
o%c m3/Kg Kcal/Kg Kcal o¢ miKg | Kealkg Kcal
Kg.do Kg.do
70 0.1794 437,97 2,1440 70 0,1603 436,99 2,205
75 0,1826 44095 2,1526 75 0,1632 44003 | 21383
80 08,1857 443,92 2,161 80 90,1661 443,04 2.1469
85 0,1889° 446 86 2,1693 85 0,1680 446,03 2,1553
80 0,1920 449,80 21775 a0 03,1718 449,00 21636
95 0,1951 452,72 2,1855 5 0,1747 45196 | 21716
100 0.1982 455,63 2,1933 100 "0,4775 454,91 4,1796
105 0,2012 458,54 2,2011 105 04,1803 457 84 2.1874
110 0,2043 481 44 2.2087 110 0,1830 460,77 2,1951
115 0,2073 464,24 2.2162 115 0,1858 463,70 2,2027
120 0,2103 467,24 22236 120 0,1885 486,62 22102
125 02133 470,19 2,2309 125 0,1912 6954 | 22178
130 0,2163 473,03 22,2382 130 ,1540 472,46 2.2249
135 0.2193 475,93 2.2453 135 0.1967 47538 22920
140 ,2223 478,83 2,2524 140 0,1983 478,30 2,2392
145 0,2252 481,73 2,2554 145 0,2020 481,22 2,2462
150 0,2282 484,63 2.2663 150 00,2047 484,14 2,253
155 0,231 487.54 2,273% 155 0,2074 487,07 2,2600
160 0,2341 490,46 2,2799 160 0,2100 490,00 2,2668
165 0,2370 493,38 2,2866 165 0,2127 492 93 2,2736
170 0,2399 496,31 2,2932 170 0,2153 495,87 2,2802
p=11 at p=12 at
27,39 0,1194 407,20 2,0264 -30,3 0,1087 407 60 20188
30 0,1212 409,18 2,0330 as 0,1125 411,20 2,0306
a5 0,1244 412,86 2,0450 40 0,1155 © 414,89 2,0425
40 0,1275 416,41 2,0564 45 0,1183 418,45 2,0538
45 0,1305 419,86 2,0674 50 0,1211 421,91 2,0646
50 0,1324 42321 20778 55 0,1238 425,28 2,0749
55 0,1363 42649 2,0879 60 0,1265 428,58 2,0849
60 0,1391 429,714 2,0876 85 0,1291 431,82 2,0945
65 09,1418 432,88 2,1071 70 0,137 435,00 2,1039
70 10,1447 436,01 2,1163 75 01342 | 438,15 2,1130
75 0,1474 439,09 2,1252 80 01367 | 441,28 2,1219
80 " 0,1501 442,15 21339 85 0,1391 444,34 2,1306
8s 0,1527 445,19 2,1425 20 0,1418 447,39 2,1390
0 01553 | 448,20 2,1508 85 0440 | 45043 2,1473
- 95 104579 ¥ 451,20 2,1580 100 0,1464 45344 2,1554
-100 01605 ‘) . 454,18 | 24670 105 .0,1488 45644 | 21634
105 -0,3631 45715 | 21740 110 0,151 45043 | 21713
110 01658 | 46011 | 21827 115 0,1535 4241 | 2179
15 01681 | - 46306 | 21904 120 0,1558 46538 | 21866
120 0.1707 466,00 2,1979 . 125 0,1581 468,35 2,141
125 01732 468,95 2,2054 130 0,1604 471,91 2,2015
130 0,1756 _4m89 b 22127 | 135 01627 | 47427 | 22088
298
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Bang 5 (ticp theo)

t. v i S t v i S
% m3Kg Kcal/Kg Kcal °¢ m*Kg | xeavig Kcal
Kg.d - Kg.dd
135 0,1781 474,63 2,2200 140 0,1650 477,23 2,2160
140 0,1806 477,76 2,227 145 0,1672 480,19 2,2231
145 0,1830 480,70 2,2342 150 0,1695 483,15 2,2302
150 0.1855 483,64 2,2412 155 01717 486,10 2,2371
155 0,1879 486,59 22481 180 0,1740 489,07 2,2440
160 0,1504 489,53 22549 165 0.1762 492,03 2,2508
165 0.1928 492,48 2,2617 170 0,1784 495,00 2,2575
170 0,1952 49543 22684 175 0,1807 497,97 2,2642
175 0.1976 498,39 2,2750 180 0,1829 500,95 22708
p=13 at . p=ldat
33,02 0,1014 407,93 20118 35,60 0,0942 408,21 2,0053
35 0,1025 409,49 20169 40 0.0966 411,71 2,0165
40 0,1053 41332 20292 45 0,0992 41553 2,0286
45 0,1080 417,01 2,0409 50 0,1017 419,21 2,0401
50 0,1107 420,58 2,0520 55 0,1042 422,78 2,0511
55 0,1132 424,07 2,0627 60 0,1066 426,25 2,0616
60 0,1158 427,42 2,0729 65 0.1089 429,64 20717
65 0,1182 430,74 20828 70 0,1112 432,96 2,0814
70 0,1206 433,99 20923 75 0,1134 436,22 2,0909
75 0,1230 437,19 21016 80 0,1156 439,44 2,1000
80 0,1253 440,25 21106 a5 0,1178 442,01 2,1080
a5 06,1277 443,48 2,1194 90 0,1200 44576 21177
90 0,129 446,58 2,1280 95 0,1221 448 87 2,1262
95 01322 449,65 2,1364 100 0,1242 451,96 2,1345
100 0,1344 452,70 2,1446 105 0,1263 455,02 2,1427
105 0,1366 455,74 2,1527 110 0,1283 458,08 2,1507
110 0,1388 458,76 2,1607 115 0,1304 451,11 2,1586
115 01410 461,76 2,1685 120 0,1324 464,14 2,1683
120 0,1432 464,76 2,1761 125 0,1344 467,15 2,1740
125 0,1453 467,75 | 21837 130 0,1364 470,16 2,1815
130 01475 - 470,74 2,191 135 0,1384 473,16 2,1889
135 0,1496 473,72 2.1985 140 0,1404 476,16 2,1962
140 01517 476,70 2,2057 145 0,1424 479,15 2,2034
145 0,1538 479,67 22129 150 0,1443 428,15 2,2105
150 0,1559 48285 | . 2,2200 . 155 0,1463 485,14 22175
155 0,1580 485,62 2,2270 160 0,1482 488,13 2,2245
160 0,1601 488,60 2,2339 185 0,1502 491,13 2,2313
165 0,1622 491,58 2,2407 170 0,1521 494,12 2,2981
170 0,1643 494 56 2,2475 175 0,1540 497,12 2,2449
175 0,1563 497,54 22541 1680 0,1559 500,12 2,2515
180 0,1684 500,53 2,2608 1685 0,1579 503,12 22681
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Bang 7. Cic tinh chét nhiét dong cia hai qua nhigt R22.

t v.10? i s v.10° i s
oc m¥Kg KJ/Kg KJ/Kg.K mKg KJd/Kg KJ/Kg.K
p=0,02 bar (1=-99,93°C) p=0,05 bar (t=-89,46°C)

1 8309 658,44 2,0528 3517 663,53 1,89935

. -80 8789 663,44 2,0809 — - -—
-B0 9272 668,59 2,1083 3701 668,43 2,0195
-70 9754 673,87 2,1349 3895 673,74 20463
-60 10240 679,27 2,1608 - 4089 679,16 20724
-50 10720 684,80 2,1861 4282 684,70 2.0978
-40 11200 €20,46 2.2108 4475 690,37 2.1226
-30 11680 696,23 2,2352 © 4668 696 16 2,1468
-20 12160 702,13 2,2530) 4861 70. .07 2.1707
-10 12640 708,15 2.2823 5054 708,10 21941

1] 13130 714.30 2,3052 5247 714,24 22170

10 13610 720,56 23277 5440 720,51 2,2395
20 14090 726,94 2,3499 5633 ¥126.90 2.2617
30 14570 733,44 23717 5825 733,40 2,2835
40 15050 740.06 2,391 6018 740,02 2,3050
50 15530 746,79 24143 6210 746.75 2,3261
60 16010 753,64 24352 6403 753,60 23470
70 16400 760,59 24557 6595 760,55 2.3676
80 16970 767 B5 24760 6788 767 62 2,387%
90 17460 774,82 24960 6580 774,78 24079
100 17940 782,10 25158 7173 782,07 24277
110 18420 789,49 2.5354 7365 789,46 24472
120 18900 796,98 2,5547 7558 796,95 24665
130 19380 804 .57 2,5738 7760 B804 55 2 4856
140 19860 812,26 2.5926 7942 812,24 2,6044
150 20340 820,05 2.6112 8135 820,03 256231
160 20820 827,93 2,8296 8327 827,92 25415
170 21300 835,91 26478 8520 835,90 25597
180 21780 843,98 2,6658 8712 843,97 25777
190 22260 852,15 2,6836 3904 852,13 2,5955
200 22740 860,40 27013 087 860,38 2.6132
210 - 23230 868,73 2.1187 9289 868,72 2.6306
220 23710 877.15 2.7360 9482 877,14 2,6478
230 24190 885,65 2.7630 9684 885,64 26819
240 24670 894,23 2,7689 9866 894,22 26618
250 25150 902,89 2,7866 10006 902,88 2.6985
- p=0.1 bar (£=-80,47°C) p=0,2 bar (t=-70,35°C)

t 1839 667 .92 1,9506 963,3 672,87 1,9086
-80 1844 668,17 1,9518 —_ - -
70 1942 673,51 1,9788 965 673,06 1,9105
-60 2030 678,97 2,0050 1015 678,58 1,991
-5 2137 681,51 22,0306 1064 684 21 1,0628
-40 2234 690,23 2,0555 1113 689,94 1,9879
-30 2331 606,03 2,0798 1162 695,78 20125
-20 2428 701,85 21097 1210 701,73 20065
-10 2524 707.99 21271 1259 TG7.79 20589
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Bang 7 (tiép theo)

t v.103 [ s v.10? i s
°c mKg KJ/Kg KJ/Kg.K m¥Kg [ KJKg KJ/Kg.K

) 262% 714,15 2.1501 1308 713,97 2,0829
10 2718 720,43 21727 1356 | 72026 2,1056
20 2814 726,82 2,1949 1405 726,67 2,127%
30 2014 733,33 2,2167 1453 733,18 2,1408
40 3007 739,85 2,2382 1502 739,83 2,1713
50 3103 746,60 2,2594 1550 746,58 2,1925
60 3200 75354 | 22802 1598 753.43 . 22134
70 3206 760,50 2,3008 1647 760,40 2,2340
80 3393 767,57 23211 1685 767,48 2,2543
90 3489 774,75 23412 1743 77466 }. 20743
100 3585 782,03 2,3610 1791 781,95 2,2942
110 3681 789,42 2,3805 1840 789,24 23138
120 3778 796,92 2,3998 1888 796,84 2,333t
130 - 3874 804,52 24189 19386 804,44 2,3521
140 3970 812,21 24377 1984 812,14 2,3709
150 " 4067 820,00 24564 | o032 819,93 2,3896
180 4163 827.89 2,4748 2081 827,82 2.4081
170 4259 1 83587 ‘| 2493 2129 | a8 24263
180 4355 843,94 25110 2177 843,89 2,4443
1580 4452 85210 { 25288 2225 1 85205 24621
200 4548 860,36 25465 | 2279 860,30 24797
216 4644 868,70 2,5640 2321 868,64 24972
220 4740 877,12 25812 2are 877,07 25145
280 4836 885,62 2,5982 " 2418 885,50 2,5315
240 ' 4933 89420 | 26151 2466 804,16 25484
250 5029 902,86 26318 2514 902,82 2,5651

p=0,3 bar {=-63,82°C) p=0,5 bar {t=-54,85°C)

1 860,2 676,05 1,8866 410,3 680,38 1,8586
-60 6730 678,20 1,8967 —_ —_ —
-50 7063 683,77 19227 | 420,2 683,19 1,8914
-40 739,3 689855 |  1,9481 4404 683,06 1,8971
-30 C 722 695,52 19727 | 4605 685,00 19221
-20 805,0 701,50 19968 480,5 701,04 1,9464
-10 837.6 707,59 2,0204 | 500,3 707,18 1,9702

¢ 870,2 714,79 2,04395 520,0 71342 19935
10 202,7 720,10 12,0662 539,7 719,77 2,0163
20 935.1 726,52 2,0885 5583 72622 2,0387
30 967.5 733,06 2,104 578.9 732,78 2,0607
40 899,9 739,70 2,1320 598,4 73945 2,0823
50 1032 746,45 2,1533 617.9 748,23 2,1036
60 1064 753,32 2,1742 - 6374 753,11 2,1246
70 1097 760,30 21948 656,9 760,10 2,1453
80 1129 767,38 2,2151 676,3 767,19 2,1657
90 1161 774,57 2,2352 6957 774,39 2,1858
100 1199 781,87 2,2550 7151 781,70 2,2056
110 1226 789,27 2,2746 734,5 789,11 2,2251
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Bang 7 (tiép theo)

t v.10° i s v.10? i s
°c m%Kg KJ/Kg KJ/Kg.K m/Kg KJ/Kg KJ/Kg.K
120 1258 796,77 2.2938 7538 796,62 2,2445
130 1280 804,37 2,3130 773,2 804,23 2,2636
1490 1322 812,07 23319 7826 811,94 2,2825
150 1354 819,87 23505 8119 819,74 2,3012
160 1387 827,76 2,3680 831,2 827.64 2.3197
170 1419 835,75 2,3872 850,5 835,64 23379
180 1451 843,83 2,4052 8699 843,72 2,3559
190 1483 852,00 24230 8892 851,90 23737
200 1515 860,26 24406 908.,5 860,16 2,3914
210 1547 868,60 2,4581 9278 868,50 2,4089
220 1579 877 02 24754 9471 876,93 2,4261
230 1611 88553 24925 966 .4 885,44 24432
240 1644 894,12 25094 985,7 894,03 24601
250 1676 902,78 25261 1005,0 902,70 24769

p=0,7 bar (1=-48,43°C) p=1,0 bar (t=-41,12°C)

ot 2098 683,44 1,8409 2149 686,86 1,8227
-40 3123 688,46 1,8629 2161 687,54 1,8257
-30 3269 694 48 1,8881 226.,6 693,68 1,8514
-20 3413 700,58 18127 2370 699,88 1,8764
-10 355.7 706,77 1,9367 247.2 706,14 1.9007

0 3969 713,05 1,89602 2574 712,49 1,9243

10 384,11 719,43 1,9831 267 .4 718,93 1,9475

20 3983 725,92 2.0056 277.5 725,46 1,8702

30 4123 732,50 2.0277 2874 732,08 1,9924

40 426 4 739,18 2,0483 2973 738,81 2.0142

50 4404 745,98 2,0707 a07.2 745,63 2,0356

B0 4544 752,88 2,0018 371 75255 2,0568

70 468,3 759,85 21125 3269 759,69 2,0776

80 482 3 767,00 2,1329 336.,7 766,72 2,0980

20 4962 774,22 2,1531 3465 77395 2,1182
100 510.1 781,53 2,1729 356,3 781,28 2,1382
110 5240 788,95 2.1925 366,1 788,72 2.1578
120 65378 796 47 22119 375.8 796,25 21772
130 551.7 804,09 2,231 3856 803,88 2,1964
140 5856 811,81 2,2500 3853 811,61 2,2153
150 5794 819,62 2.2686 4051 819,43 2,2340
160 5932 827,52 2.2871 4148 827,34 2,2525
170 807 1 835,52 2,3054 4245 835,35 2,2708
180 6200 843,81 2.3234 4342 843,45 2,2889
190 6347 851,78 23413 4439 851,63 2,3067
200 6485 860,08 2,3589 4536 859,90 23243
210 6524 868,41 2,3764 4633 868,26 2,3418
220 676,2 876,84 23037 4730 876,70 2,3592
230 690,0 885,35 24107 4826 88522 23763
240 7038 893,94 24277 4923 893,82 2,3902
250 7175 902,61 2 4444 502,0 902 49 2,4099
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Bang 7 (tiép theo)

t v.10% i s v.10° i s
oc mn*Kg K#/Kg KJ/Kg.K m*/Kg KJ/Kg KJ/Kg.K
p=1,5 bar (t=-32,11°C) p=2 bar (t=-24,00°C)

t 1470 690,98 1,68028 1129 694,83 1,7923
-30 148,6 692,32 1,8083 _ —
-20 1558 698,68 1.8339 15,1 697,44 1,8028
-10 1628 705,08 1,8588 1206 7039 1,8281

0 169,8 711,54 1,8829 1259 710,57 1.8526

10 176,7 718,07 1,9063 131,2 717,20 1,8765
20 183,5 724,68 1,9202 1364 723,80 1,8997
30 1902 731,38 1,9517 1416 730,65 1,8224
40 1969 738,16 1,9738 146.,8 737,30 1.9446
50 2037 745,04 1,9954 151.9 Td4 43 19664
&0 2103 " 752,01 2,0166 1569 751,45 1,9878
70 216,9 754,07 2,0375 162,0 758,56 2,0088
80 22386 766,24 2,0581 1670 765,76 2,0295
50 230,2 77é,50 2,0784 172,0 773,05 2,0458
100 236,7 780,86 2,0984 1769 780,44 2,0699
110 2433 788,32 | 2,1181 181.9 787.92 2,0897
120 2499 795,88 | 2,1376 186.8 795,50 2,1092
130 2564 803,53 '2,1568 191.8 803,17 2,1285
140 2629 811,27 2,1758 196,7 810,94 2,1475
150 2694 818,11 2,1945 2016 ' 818,79 2,1663
160 2760 827,04 22130 206,5 826,73 2,1849
170 282,5 835,06 22313 2114 834,77 2,2032
180 289,0 843,17 2,2494 216,3 842,50 22213
190 2955 851,37 2.2673 221.2 851,11 2,2392
200 301.9 859,65 2,2850 226,1 859,40 2,2570
210 3084 868,02 2,3025 2310 867,78 2,2745
220 3149 876,47 2.3108 2359 876,24 2,2918
230 3214 885,00 2,3369 2408 884,78 2,3089
240 327,9 893,60 2,3539 2456 893,39 2,3259
250 3343 902,28 2,3707 250,5 902,08 2,3427
' p=2,5 bar (t=-19,54°C) p=3 bar (t=-14,69°C) ‘

1 90,98 696,48 1,7788 76,44 69851 1,7705

-10 95,21 702,87 -1,8035 78,27 701.72 1,7828
0 9964 709,58 1,8285 82,07 708,57 1,8083
10 1040 716,31 1,8526 85,79 715,41 1.8329
20 108,3 723,08 18763 89,43 722,28 1,8567
30 125 729,93 1,8002 93,01 729,20 18799
40 16,6 736,84 19216 96,55 736,17 1,9026
50 1206 743,82 1,9435 100,0 743,21 1,9247
60 1249 750,89 1,9651 1035 750,32 1,8464
70 128,9 758,04 1,9663 106,9 757,51 1,9676
80 133,0 765,27 2,0070 1104 764,78 1,9085
90 137.0 772,60 2,0275 1138 772,14 2,0001
100 1411 780,02 2,0476 171 779,59 2,0293
110 1451 787,52 2,0675 1205 787,12 2,0492
120 149,0 795,12 2,0871 1238 794,75 2,0689
130 153,0 802,82 2,1064 127.2 802,46 2,0883
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Bang 7 (ticp theo)

t v.10? i s v.10? i s
°c m¥Kg KJ/Kg KJ/Kg.K m%/Kg KJiKg KJ/Kg.X
140 157.0 810,60 2,255 1305 810,26 2,1074
150 1609 81847 2,1443 133.8 818,15 2.1262
160 1649 826,43 2,1629 1371 826,13 2,1449
170 168.8 834 48 . 2,1813 1404 834,19 2,1633
180 1728 B42 64 2,1994 1437 842,34 21814
180 176,7 850,84 22174 1470 850,58 2.1994
200 1806 859,15 2,2351 150,3 858,89 22172
210 1846 867,54 22527 1536 867.29 2,2348
220 188.5 876.00 2,2700 1569 875,77 2,2521
230 1924 884,55 22872 1601 884,33 2,2693
240 1963 89317 2,3041 1634 832,96 2,2863
250 2002 901,87 2,3209 166.7 901,66 2,3031

p=3,5 bar {t=-10,41°C) p=4 bar (t=-6,58°C)

t 66,00 700,25 1,7635 58,08 701,77 1,7576
-10 66,14 700,54 1,7646 —_ —_— _—

0 69,51 707.52 1,7907 60,07 706 .46 1,7749
10 72,78 714,49 18157 63,01 713,54 1,8004
20 7597 721,45 1,8399 65,87 720,61 $,8250
30 79114 728,45 1,8633 68,67 727,69 1,8487
40 82,19 735,39 1,8862 7142 734 .80 1,8717
50 8523 742,28 1,.9085 7412 741,95 1.8942
60 88,24 749,75 1,9303 76,78 749.17 19162
70 91,22 756,98 -1,9517 7943 756.44 1,9378
B0 94,18 764,29 19727 82,05 763,79 19589
90 97,12 771,68 1,9934 84,64 771,22 1,9796

100 100,0 779,16 20137 87,22 778,73 2,0000
110 1029 786,72 2,0337 89,78 786,31 2,0201
120 1058 794,37 2,0534 92,33 793,98 2.0398
130 108,7 802,10 2,0728 94,87 801,78 2,0593
140 1116 809.92 2,0919 97 .40 809,88 2,0785
150 1144 817,83 2.1108 99,91 917,51 2,0975
160 1173 825,82 2,1295 1024 825,52 2,1162
170 1201 833,80 2,1480 1049 833,61 2.1346
180 1230 842,06 2,1662 1074 844,79 2,1529
190 1258 850,31 2,1842 1099 850,05 21708
200 1286 858,64 2,2020 1124 858,39 2,1887
210 1315 867,05 2,2196 14,9 866,81 2,2063
220 1343 875,54 2,2360 174 875,31 22238
230 1371 884,10 2,2541 119,8 883,88 2,2410
240 1399 892.74 22711 1223 892,53 22580
250 1427 901,46 2,2880 1248 901,25 22748
p=5 bar {1=0,10°C) p=6 bar (1=5,85°C)

1 46.83 704,32 17477 39.29 706,39 1.7397
10 4929 711,59 1,7739 40,12 709,55 1,7510
20 51,70 718,87 1,7992 42,23 717.08 1,771
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~ Bang 7 (tiép theo)

t v.10° i S v.10° | s
°c m¥Kg KJ/Kg KJ/Kg.K m’lKg KJ/Kg KJ/Kg.K
30 54,04 726,12 1,8235 44,26 724,53 1,8021
40 56,32 733,39 1,8470 46,23 731.94 1,8262
50 58,56 740,67 1,8699 48,16 739,36 1.8495
60 60,75 747,99 1,8922 50,04 746,79 1,8721
70 : 62,91 755,36 1,9140 51,89 754,26 1.8942
80 65,07 762,79 1,9354 53,72 761,77 1,9158
90 67,17 770.29 1,9563 55,52 769,34 1,9369
100 69,27 777,86 1,9769 57,50 . 776,97 19576
110 71,35 785,51 1,9971 59,07 764,67 1,9780
120 7342 793,23 2,070 60,82 792,44 1,9980
130 75.48 801.02 2,05366 62,56 800,29 20177
140 77.53 808,90 2,0559 64,28 808,21 2,0371
150 79,57 816,86 2,0749 66,00 816,20 2,0563
160 81,60 824,90 2,0937 - 67,71 824,28 2,0751
170 83,62 833,02 21122 69.42 832,44 2,0037
180 85,54 841,22 2,1305 FARE] 840,67 2,121
190 87.65 849,51 2,1486 72,80 846,98 2,1303
200 88,65 857,88 2,1665 74,49 857,37 2,1482
210 91,65 866,32 2,1842 76,17 865,83 2,1659
220 93,65 874,84 2,2016 77.84 874,37 2,1834
230 95,64 88343 2,2188 79,51 882,98 2,2006
240 97,63 892,10 2,2359 81,18 891,67 22177
256 99,61 900,84 2,2528 8285 900,42 2,2346
p=7.bar (=10,92°C) p=8 bar (t«15,47°C)

t 33,70 708,11 1,7329 29,51 709,58 1,7270
20 35,43 715,19 1,7575 30,31 713,22 1,7396
30 3726 722,86 1,7832 31,98 721,13 1,8661
40 39,02 730,45 1,8078 33,59 728,90 1,7914
50 40,72 738,01 1,8316 35,13 736,63 1,8156

.60 42,38 745,56 1,8546 36,63 744,32 1,8300
70 44,01 753,13 1,8770 . 38,10 751,99 1,8617
‘80 45,61 760,13 1,8088 39,53 759,68 1,8838
o0 4719 | 76838 1,9202 40,94 767,40 1,9054
100 . 4875 776,08 18411 - 4233 775,17 1,9265
110 1 5029 783,84 1,9616 43,70 782,99 1,9472
120 51,81 791,66 19818 45,05 790,87 1,9675
“130 ' 5332 | 79955 20016 | 46,39 798,81 1,9874
140 54,82 - 807,51 2,0211 47,72 806,61 2,0070
150 56,31 B1555 - 2,0403 49,04 814,88 2.0263
160 57,79 823,66 2,0503 50,36 823,03 20453
170 59,27 831,84 2,0780 51,66 831,25 2,0641
180 60,74 840,11 2,0964 52,96 839,54 2,0826
190 62,20 848,45 2,1146 54,25 847,90 2,1608
200 63,66 $56,56 2.1326 55,53 856,34 2,1189
210 65,11 . 865,34 2,1503 56,81 864,85 2,1367
220 66,55 872,90 . 2,1678 58,09 873,43 2,1543
230 6800 | es2s3 2,1852 59,36 882,08 2,1716
240 69,44 801,24 22023 60,63 800,80 2,1688
250 70,87 900,01 2,2192 61,89 899,59 2,2058
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Bang 7 (tiép theo)

t v.10% i s v.10? i s
°c m3/Kg KJd/Kg KJ/Kg.K m*/Kg Ki/Kg KJ/Kg.K
p=9 bar {t=19,62°C) p=10 bar (1=23.44°C)

1 26,23 710,83 1.7218 23,57 711,90 1,7170
20 26,29 711,15 17229 _— — —_
30 27.86 715,33 1,7503 24,55 717,44 1,7355
40 29,35 727,32 1,7762 25,95 725,67 1,7622
50 30,78 735,20 18010 27.28 733,74 1,7875
80 32.16 743,02 1.8249 28,56 741,71 18118
70 33,60 750,82 1,8480 29,80 749 62 1,8352
80 34,80 758,61 1,8703 31,00 757.52 18579
90 38,07 766,42 18921 32,18 765,41 1,6800

100 37,33 774,26 19134 33,33 773,33 1,9015
110 38,57 782,14 1,9342 34 47 78127 1,9225
120 39,79 790,07 1,9546 35,59 78926 1,431
130 41,00 798,06 19747 36,69 797,30 1,9633
140 42,20 806,11 1,9945 37.78 805 .40 1.8831
150 43,38 814,22 20139 38,87 813,55 2,0026
160 44,57 822 .40 2.0330 30,94 821,77 2,0218
170 4574 830,65 2.0518 41,00 830,05 2,0407
186 46,90 438,97 2,0704 42 06 838,40 2.0583
190 48.06 847,37 2,0887 43,11 846,82 2.0777
200 43 21 855,83 2,1068 4416 855,31 2.0058
210 50,36 864,36 21246 45,20 863,87 21137
220 51,50 872,96 2,1422 46,23 872,49 2.1314
230 52.64 881,63 2,1596 47,26 881,18 2,1489
240 53,77 890,37 2,1768 48,29 889,54 2,1661
250 54,90 899,18 2,1938 49,31 898,76 2.1831
p=12 bar (1=30,36°C) p=14 bar (t=36,37°C}

t 19,54 713,64 1,7085 16,62 714,94 1,7010
40 20,80 72217 1,7362 17,06 718,34 1,7119
50 22,04 730,66 1.7629 18,20 727,36 1,7404
&0 23,15 738,97 1,7882 19,26 - 736,07 1,7668
10 2424 747 15 18124 20,26 744 57 1,7919
80 25,30 755,27 1,8357 21,21 752,94 1.8159
o0 26,33 763,36 1,8583 22,13 761,23 1,831

100 2733 771,43 1.6802 23,03 769,48 1,8615
110 2831 779,52 1.8016 23,90 77772 1.8833
120 29,27 787 63 1,9225 24,75 78596 1,9046
130 30,22 793,77 1,9430 25,59 79422 1,9253
140 31,15 803,96 1,8630 26,42 802,51 1,9456
150 32,07 812,20 1,827 27,23 810,83 1,9655
160 32,98 820,50 2,0021 28,03 619,20 1,96851
170 33,89 828,85 20211 28,82 82762 2,0043
180 34,79 837,26 2.0399 29,60 836,10 2,0232
190 35,88 848,73 2,0584 30,38 244 54 2,0418
200 36,57 854,27 20767 31,15 853,23 2,0602
210 3745 862,87 20047 31,92 861,88 2,0783
220 38,33 871,54 21124 32,68 870,59 2,0961
230 39,20 880,72 2,1299 33,44 879,36 21137
312
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Bang 7 (tiép theo)

1 v.10? i s v.10° i s
°c m3/Kg KJ/Kg KJ/Kg.K m%Kg KJrKg K¥Kg.K |
240 40,07 889,07 21473 34,19 888,20 2,131
250 40,93 897.93 2.1645 34,94 897,09 2.1483

p=16 bar (1=41,81°C) p=18 bar (t=46,77°C)

1 14,40 715,87 1,6910 12,65 716,50 1,6875
50 15,30 723,78 1,7188 —_ -— J—
60 16,31 732,87 1,7469 13,98 729,65 1,7278
70 17,25 741,84 17731 14.88 738,96 1,7553
80 18,13 750,50 1,7980 15,72 747,95 1,7812
90 18,98 758,03 1.8218 16,52 75675 1.8058

100 19,80 76747 1,8447 17,28 765,41 1,8293
110 20,58 77587 1,8669 18,01 77398 1,8520
120 21,36 784,25 1,8858 18,72 782,50 1,8739
130 22,12 792,63 1,9096 19.41 791,01 1,8952
140 22,86 801,02 1,8301 20,09 799,52 1,9161
150 ’ 2358 809,44 1,9503 20,75 808,04 1,9365
180 24,30 817,90 1.9700 ' 2140 816,58 1,8565
170 2501 826,40 1,9894 22,04 825,15 18760
180 25,71 834,94 20085 22,68 B33,76 1,9952
190 26,40 843,53 2,0272 23,31 84241 2.0141
200 27.08 852,18 20457 23,93 851,11 2,0327
210 27.77 860,88 2,0639 24,54 859,87 2.0510
220 28,45 869,64 20818 25,15 868,67 2,0691
230 29,12 878,45 2,0985 25,76 877,53 2,0869
240 29,79 882,32 2,170 26,36 886,44 6,1044
250 30,451 896,25 21342 26,96 895,41 21217
p=20 bar {t=51,35°C) p=22 bar (t=55,59°C)

t 11,23 716,87 1,6813 10,05 717,00 1,6752
60 12,08 726,03 1,701 10,49 722,01 1,6803
70 12,97 735,89 +,7383 11,38 732,58 1,7216
80 13,78 745,28 1,7653 12,17 74244 1,7500
20 : 14,54 754,37 1,7907 © 1290 751,88 1,7763 |

100 15,26 763,26 1,8148 13,59 761,05 1,8011
110 . 15,94 772,03 18380 14,24 770,03 1,8249
120 : 16,60 780,72 1,8604 14,86 778,89 1,8478
130 17,24 789,37 1,8821 15,46 788,68 1,8699
140 17,87 797,99 1,9033 16,05 796,43 18013
150 18,48 806,61 1,923% 16,62 805,16 1.9122
160 19,08 815,24 1,9440 17.18 813,89 1.9326
170 18,67 823,89 19638 - 17.73 82263 1,9525
180 20,25 832,57 1.9832 18,27 831,38 1,9720
190 20,83 841,29 20022 18,80 841,16 ) 1,9912
200 21,40 850,05 2.0209 19,33 848 538 2,0100
219 21,96 858,86 2,0393 19,85 857,84 2,0285
220 22,52 867,71 2,0574 20,36 866,74 2,0468
230 23,07 876,61 2,0753 20,88 875,69 2,0648.
240 23,62 885,57 2,0929 21,38 884,68 2,0825
250 2416 894,57 21103 21,88 893,73 20999
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Bang 7 {ticp theo)

t v.10? i s v.10? i s
°c m*/Kg KJ/Kg KJ/Kg.K m¥/Kg KJ/Kg KJIKg.K
p=24 bar {=58,55°C) p=27 bar (t=65,05°C)

t 9.06 716.90 16691 7.831 716.36 1.6600
60 9,11 717.46 1,6708 —_ ——- —
70 10,02 728,98 1,7048 8,304 722,82 1,6789

.80 10,82 739,42 1,7349 9,122 734,48 1,7124
2] 11,53 749.27 1,7624 9,831 745,09 1.7421
100 12,19 758.74 1.7881 10,47 755,10 1,7693
110 12,81 76796 18125 11,06 764,73 1.7948
120 1341 777.02 1.8358 11.63 77411 1,8189
130 13,98 785,97 1,8583 12,17 78332 1,8420
140 14,51 794 .85 1,8801 12,68 79241 1.8643
150 15,08 803,69 1.9012 13.18 801,44 1,8859
160 15,60 812,52 1,9218 13.66 810,43 1,9069
170 16,11 821,34 1,8420 14,13 £19.39 19273
180 16,62 830,17 1.9620 14,59 828,34 1.9473
190 17,12 839.02 19810 15,05 837.29 1,9669
200 17,61 847 .90 2.0000 15,48 846,27 1,9861
210 18,09 856,81 2,0186 15,93 855,27 2.0049
220 18.57 865,76 2,036% 16,67 864,30 2.0234
230 19,04 874,76 2.0550 16,79 B73.37 2.0416
240 19,51 883.80 20728 17,22 882,47 2,0595
250 19,97 892.88 2.0903 17.64 BO1.61 2,0771

p=30 bar (1=70,10°C) p=35 bar (t=77.72°C)
| 6,822 715,31 1.6505 5476 712,38 1,6332
80 1715 728,84 1,6803 5,727 716,61 1,6452
80 8,443 740,51 1,7219 6,579 731,59 16871
100 9,080 751.21 1,7510 7.245 743,98 1,7207
10 8,659 761,33 17778 7,820 755.18 1,7504
120 10,20 771,08 1.8029 8,338 765.70 17775
130 10,71 780,58 +.8268 8818 775,79 1,8028
140 11,19 789,92 1,8487 9,270 785,59 1,8268
150 11,66 799.15 18717 8,699 795,19 1,8498
160 12,11 808.30 1.8931 10,11 804,65 18719
170 12,55 817 .40 1.9139 10,51 814,02 1.8933
180 12,88 826,48 1,9341 10,90 823,33 1,9141
180 13,40 835,55 1,9539 11,27 832,60 1,9343
200 13.81 844,63 1,9733 11,64 841,85 1,9541
210 14,21 853,72 1.9923 12,00 851,10 1,9734
220 14,61 862,83 20101 12,36 860,35 1,9923
230 15,01 871,86 2,0254 12,70 869,61 20109
240 15.40 881,13 20474 13,05 876,89 2,0292
250 15.78 890,33 2,0651 13,39 882,20 2,0472
p=40 bar (1=84,52°C) p=45 bar (t=30,67°C)

t 4,354 705,50 16112 3433 699,21 1.5841
90 5,024 719,70 1,6464 —— N —_—
100 5.800 73541 1,6891 4572 724 47 1,6528
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Bang 7 (tiép theo)

t v.103 i s v.10? i s .
oc m3Kg KJ/Kg KJ/Kg.K m¥Kg KJKg KJ/Kg.K
110 6403 748,28 17231 5.254 74028 1,9617
120 6.921 759.84 1,7529 5,794 753,36 1,7284
130 7.387 770,67 1,7801 6.260 765,15 1,7580
140 7.818 781,02 1,8055 6.680 776,19 1,7850
150 8,223 791,06 1,8285 7.068 786,74 1,8103
160 8,607 800,88 1,8524 7433 796,97 1,8342
170 8,975 810,55 1,6745 7.780 806,97 18570
180 9,331 820,11 1,8958 8,113 816,81 1,8789
190 9,676 829,60 1,9165 8,434 826,53 1,9001
200 10,01 . 83904 | 19367 8,745 836,17 1,9207
210 10,34 Ba8 45 1,9564 9.047 845,76 1.8408
220 10,66 857,85 1,9756 9343 855,31 1,9604
230 10,88 867,24 1,9945 9,633 864,85 1,9795
240 - 11.29 - 876,64 20130 - 9,917 87438 1,9083
250 11,59 886,05 2.0312 10,20 883,90 2,0167

p=5Cbar -~ . . .. : =55 bar

100 3,365 70761 | 1e020 | — _ —
110 4275 | 73058 1,6631 - 3,378 717,79 1,6248
120 4,864 746,06 1,7030 4,068 73761 1.6758
130 5,342 759,16 1.7360 4575 75257 | 17135
140 5,760 771,05 17651 - 4,999 765,56 1.7453
150 6,139 782,22 1,7918 5374 77747 T 17738
160 6,491 792,92 18168 5717 788,71 1,8001
170 6,823 803.29 1.8405 6,037 798,50 1,8248
180 7,138 813,43 1.85621 6,339 809,98 1,8482
190 7,440 823,41 1.8849 6.626 820,24 1,8705
200 773 833,27 19060 6,902 830,33 1,8920
210 8,014 843,05 19264 7.169 840,30 19128
220 8.290 852,77 1,9463 7428 850,19 1,9332
230 8,550 86245 19657 7.680 860,03 19500
240 8,822 ‘872,10 1,9847 7.926 869,82 1,9721
250 9,080 881,74 20034 " 8,167 879.58 1.9910
. p=63bar . -k . p=65 bar
110 ‘2461 - 698,18 15008 | 1891 672,89 1,5011
120 3,364 727.52 1,6455 2,721 715.04 © 11,6099
130 3918 745,26 1,6901 3,343 737.03 1,6652
140 4,355 759,66 1,7254 3,802 753,30 1,7051
150 4731 77247 1,7560 4,183 767,19 17383
160 5,069 784,33 1,7837 4518 779,78 17617
170 5,380 795,60 18004 [ 4824 79157 1,7946
180 5672 80644 1,8336 5,107 802,83 18197
180 5.948 817,00 1,8567 5373 813,71 18434
200 6211 827,34 1,8788 5,626 82432 - 1,8661
210 6.465 837,53 1,9001 5,869 834,73 1,8879
220 6.711 847,60 1,9207 6,103 844,99 1,9080
230 6,949 857,59 19407 6,430 |  B5514 1,9203
249 7.181 867,52 1,9603 6,550 865,22 1,9491
250 7,408 877 41 1,8794 6,765 875,24 1,9685
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Lo (7 e
‘p Bing 10. Nudc va hoi nudc bao hoa (theo nhiét dg)
1 I p ’i v vt ' o f F i r [ s s
°G bar m“fkg ' m3/kg kgjm“ i ki/kg | K/ikg  kikg ikj/kg.d@ klikg.do
W_L_ ,,_,_.J, —— J,,é-_.l_._._w - ; —t ; —
0.01 0006!(!8'000[0007 2063 004847 D 2501 ;2501 O AL
5 : 0.008719 0.0010001 1472 0006793 2005 | 2510 L gy 0.0762@ 0.0241
10 ‘ 0.012277 0.0010004 10642 0009398 4204 | 2519 | 2477] Q.US10 | 88994
15 i 00170411 00010010 T7.97 001282 6297 2528 24651 02244 | 8.7806
20 | 002337 00010018 5784 0.01729 300 | 2537 2454 | 02964 | B.6665
25 *%UOO](K}:»U:AS.-IQ" iﬁ.qz;m,;‘___msl_é 2547 | 2w 0.3(,72! 8.5570_
i i
30 004241 0001004 32.93 Eo.oz.nav 12571 I 2556 | zmi 0.4366 = 84523
35 005622 ‘ouummli 25241003962 1660 ' 2565 3413'; 05049 83519
30 | 007375 | nmumwi 1955 005115 !m?.sui 2574 240()1_ 0.5723@ B.2559
45 | 0095841000100‘)9 15.28 %u.or,544 .“88.40 | 2582 | 2304 ] O.6384é 8.1638
50 012335 00010121, 12.04 (008306 | 2093 | 2592 2383| 07038 | 8.0753
55 ‘0.15740 0.0010145i 9578 |0.1044 |230.2 | 2600 30y q,vmi 7.9901
P~ I o e Lo
60 | 0.19917 '0.9010171;; 7678 |0.1302 izsm 2609 2358 o,ssui 79084
65" 0.2501 | 0.001019¢ | 6.201(‘-;0.1613 )272.1 2617 2345l 0‘8‘)341‘ 7.8297
70 :i 03117 0.0010228?_ 5.045 10,1982 5293.0 2626 23330 0059y 7754
75 | 03885 I13_.0010253. 4133 |0.2420 3140 | 2635 23211 10157 78615
80 04736 00010290 3408 02934 3MY - 2643 | 2B 10753 76L16
8 . 0571 iiommm': 2828 fu_ls:m ;355.9 ' 2651 295 1.13421; 75438
90 | 0.7011 !En.mmasqg 2361 04235 37710 | 2659 22821 11925 | 74787
95 ; 08451 100010396 1982 ;05045 [3080 | 2668 | 2270 1.2502! 74155
00 | 1012 |ooioaas! 1673t asorr [asa | 267 257 | 1.3071‘ 7.3547
105 5 1.2079 00010474] 1419 10,7047 :1440.2 2683 | 2243 13632 72959
P11 w 00010515' 1210 108264 1461.3 2691 | 2230 14184 | 7.2387
15 ' 16905 ;o.mmssai 1036 09652 K25 | 2698 ' 216 14733 5 74832
120 19854 :0.0010r,(i3j 0.8917‘1.121 | 503.7 270(,-! 202 15277 71298
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Tiép bang 10

N ! ~
C s v vl i el e e
°C | bar | mkg | mikg kym' | kkg | kikg | Sikg |kI/kgdd [kIkgd
125 | 23308 | 00010649 07704 | 1298 ( 5250 | 2713 | 2188| 15814 | 70777
130 27011 [0.0010697 |0.6683 | 1496 | 5463 | 2721 | 2174| 16345 | 7.0272
135 . 3030 00010747 05820 | LTI8 | 567.5 | 27127 | 2159| 16869 | 69781
140 | 3614 [0.0010798 05087 | 1966 | S890 | 273 | 2U5| L7392 | 69304
145 . 4155 |0.0010851 [0.461 | 2242 | 6105 | 270 | 21300 17907 | 68839
150 | 4760 100010906 |03926 | 2547 | 6322 | 276 | 2114 18418 | 68383

i _
155 | 5433 100010962 03466 | 2885 | 6539 | 2753 | 2099 18924 | 6.7940
160 | 6180 00011021 [0.3068 | 3258 | 6755 | 2758 . 2082 1942} | 6.7508

N !
165 | 7008 looo11081 02725 | 3670 | 6973 | 2763 | 2066 19924 | 67081
1 k

170 | 7920 00011144 |02426 | 4122 | 7192 | 2769 | 2050 | 20417 | 66666
175 | 8925 00011208 02166 | 4617 | MLI | 2773 | 2032] 20909 | 66256
180 | 10027 0.0011275|04939 | 5.157--|-T63.1—— 2798201524395 65858
1854] 11234 0.0011344+6:1739  [-5750 |-785.2 | 2762 | 1997| 21876 | 65465
190 {12553 00011415 [0,1564 | 6394 | 8075 | 2786 | 1979| 22357 | 65074
195 | 13989 0.0011489 |0.1409 | 7097 | 8299 | 2m0 | 1960| 22834 | 646%4
200 | 15551 |0,0011565 [0,1272 | 7862 | 8524 | 2793 | 1941| 23308 | 64318
305 117245 | 0.0011644 [0.1151 | B.688 | 8750 [ 279 | 1921} 23777 ] 635
310 | [9.080 |0.0011726 |0,1043 | 9588  897.7 | 2798 | 1900 24246 | 63577
215 | 21062 [00011812 |0,09465 | 1056 | 9207 | 2800 | 1879 24715 | 63212
220 | 23201 |0.0011900 [0,08606 | 11,62 | 9437 | 2802 | 1858 | 25179 | 62849
235 125504 |0,0011992 |0,07837 | 12,76 | 9669 | 2802 | 1835| 25640 | 62488
230 | 2797 |0,0012087 007147 1 1399 | 9904 | 2803 | 1813 26101 | 62133
25 | 30635 00012187 006527 1532 |10139 | 2804 | 17H0| 26561 | 61780
240 | 33480 |0.0012291 [005967 | 16,76 10375 2803 | 1766 17021'1 6.1425
245 | 36524 |00012399 [0,05462 | 1830 |1061.6 | 2803 | 1741 2,147s€ 61073

! _ L

7
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Tiép bang 10

1 p v' v/I P | i ‘ i 1‘ r | s | s”
°C | har . mifkg | m'kg | kg;m-‘1 Kikg kg mfkg}mfkg(.delwkg.cio
. — ! ’ R DU S

250 | 2077 00012512 005006 . 1998 10857 | 2801 1 1715 | 2793 | 640721
255 | 43257 00012631 004591 | 2078 ;11102 2799 1689~ 28394 6.0366
2601 46,94 io.omzvss;o.mzlsi 2272 {11350 | 276 . 1661 | 28851, 6.0013
265 5087 [0.0012886| 003872 2583 111602 2794 le3 29307 59657
270; 55.05 ;n.w13023;u.035605 2809 :135.3i 20 1605 . 25764 59297
27si 59.49 10.001316850.03274! 30.53 %mo,?i 2785 1574.2% 30223 | 58938
80 6491 50,0013321!0.03013! 33.19 11236.9 2780 15429, 3.06813 5.8573
zas‘ 69.18 io.mmss‘iu.om” 36.05 }12(,3.1 2773 15102 30146 58205
290 I 74.45 30.0013655§ 0.01554‘ 39,15 51290.0 D766 14763, 31611 57827
205 | 8002 | 00013839 002351 4253 (131721 2758 i 1HLO 320797 57443
300 | 8592 | 0.0014036 002164 | 4621 11344.9! 79 14042, 3.2543@ 5.7049
305 | 9214 0001425 | 001992 5020 13730 | 2739 | 13656 33026 | 5.6647

I {
310 | 9870 io.omm @o.mss:‘i 54,58 !1402.1 | 2727 | 1315.2L 33508 | 5.6233
315 | 10561 | 0.001472 io.omsal 5942 |14317 | 2714 ' 12823 3.399(,i 5.5802
320 | 11290 iu.oomw ?0.01545’1 6472 ;1462.1 2700 | 12378° 3.4495| 55353
325 | 12657 | 0.001529 20.1417 | 7057 | 14936 | 2684 1190.3} 3.5002! 5.4891
330 | 12865 |0.001562 !0.012975 7700 | 15261 | 2666 . 11396! 355221 54412
335 | 13714 |oo01599 | 001184 8446 |15598 2646 ' 1085.7. 3.6056? 5.3905
3401 146.08 %0.001639 ?0.0,1073i 9276 | 15947 | 2622 | 102?.05 3.6605 | 53361
345! 15548 | 0.001686 E0.00977| 10234 {1639 2595 9635 | 37184 | 5.2769
350'| 165,37 | 0.001741 Eo.ooasos 1136 | 1671 2565 | 8935 i 3.7’?861 52117
5| s | 0,001807 10.007369! 1271 1718 . 2527 8130 | 38439 51385
360 | 186.74 | 0001894 Eo‘ooemﬂ 144,0 imz 2481 L 7193 “ 39162 5.0530
3(:5! 198,30 !0.00102 iLo.oos99 1663 wl1317 | 22 i 6035 ' 4.0009i 4.9463
3701 21053 ];0.00222 looo493 | 203 1893 \ 2331 } 4384 | 4.1137% . 7951 -
3743 22522 jﬁo.mzso | 0.00347 | 288 } 4&5.3; 5127 5 274 | 1.0332@ L0755
i i \ | { i ; j
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Clw ¥ —2 % { Lo

Bdng If Nuéc va hoi nudc bao hoa (theo ap suit)
T .
phar | 1°C : vim'/kg

s, I~

' KI/kgdd | KI/kg.dd

‘) Pu
m/kg ‘} kg/m’

o '
'RER U/Lg 1‘.kl/kg fkg}

1 '

1

|

z4s4§ U053 | 875

0,010 | 697 [0.00710001 1299 000770 . 3B37 7 2513
| i [ i
| 0.015 13.038 0.0010007% 8_7.90 _D.ﬂli38i 54.75 2525 2470 ‘ 0.1958 | 8.827

0020 | 17514/0.0010014 6697 001493 7352 2533 | 2459 02609 8722
1 ; | i

0.025 | 21.09410.0010021 | 54.24 | 0.01843 §8.50 | 2539 . 2451 03124 8642

0.030 | 24.097|0.0010028 | 45.60 007190; 10104 - 2545 . 2444 03546 8576

0.035 26,692}0.0010035? 39.48 ; 0.02533 11186 | 2550 L 2438 03908 | 8521
! | ! 1 |

! ‘ | : >

0.040 | 28.979/0.0010041 ; 34.81 007873 l2idz 2554 2433

04225 | 8473
. ! : i
QO4§ 31.033/0.0010047 | 31.13 ‘003711 130,00 2557 2427 | 04507 | 8431

0.050 |32.88 |0.0010053] 28.19 0035471 13783 | 2561 | 2423 1 04761 8393
} : .
0060 | 36.18 |0.0010064 | 23.74 »004?12, 15150 1 2567 | 2415 © 05207 | 8328

i H ‘
0.070 ! 39,03 :0,0010075 | 2053 004871 16343 . 2572 2409 055910 B274
0.080 ‘41.54 0.0010085 | 18.10 0055_5 1739 : 2576 | 2402 035927 | 8227

0090 |43.79 00010094 | 1620 | 006172 i 1833 | 2580 | 2397 | 06225 B.IS6

010 4584 [00010103| 1468 DOGE12 1919 | 2584 2392 0.m92! 8,149
011 4772 |00010111] 1340 S007462| 1997 | 2588 | 2388 . 06740 8.1l6
012 |4945 1000101197 1235 i0.0S()‘)‘ii 2070 | 2591 | 2384 t 06966 ; 8.085
013 [51.07 |0.0010126] 1146 ‘%ooa‘msi 2138 | 2504 | 2380 | 07174 8057
014 15258 [0.00101331 1069 | 0.09354 220 J 259 | 2376 07368 | 8031
| I ! ;
015 |54.00 |0.0010140| 1002 \009980i nei | 2% | 27| 07550 BT
020 |eoos logowor7t| 7647101308 | 2514 | 2609 | 2358 | omsm, 7907
025 | 6499 00010199, 6202]00612 | 2720 | 2618 | 2346 0893 | 7830

|

| |
030 |92 [00010222| 522601913 | 2893 | 2625 | 2336 } 09441 | 7769
040 |75.88 10.0010264| 3994 02504 3177 | 263 | 218 102610 7260
050 |8135 |0.0010299| 323903087 306 | 2645 | 2304 | 10910 | 7593

'
i
i

t
0.6 8595 |0.001033¢| 2.732)0.J661 | 3600 2653 2293 1 11453 | 7.531
' {

329
https://tieulun.hopto.org



Tié'p bang 14

o L \i o ; I l o
fpbar « 1C vim/kg N i . o VRIRg .k.l;‘kg rk_l,"kg i
, mikg | kgm' | ‘ ‘U/kgdﬁ | Klikg.dd
07 ¢ 8997 0.0010359 2364 04230 3768 | 2660 | 2283 - L1918 7479
B8 9352 00010385 2087 (04792 © 3918 2665 2273 L2330 T4
09 9672 0001409 1869 05350 4053 | 2670 2265, 12696 7394
‘ | ‘ . ;

WM 05U03__ 4124 | 26752258 1306 7360 |
0 . " -: \
1 1023200010452 1350 | 06453 289 | 2679 2250 13327 7328

\ |
; | |
12 1481100010472 1429 | 0.6999 4394 2683 2244 13606 | 7.298
S | | | _ a
13 10714 0.0010492 1325 1 0.7545 D492 0 20871 2238 L3661 7271
14 10933 00010510, 1236 . 0.8080 . 4585 000 2232 14109 | 7246
; | | 5 !
LS 1LL38 00010527 LIS9 | 08627 | 4672 2693 2226 14336 7.223
L6 I113. 32 00010543 1091 | 09164 | 475.4 2696 2221 14550 7.202
N X ' !
L7 11547, umwssu 1031 109699 | 4832 W9 226 14752 7182
i | { i |
18 11694 1LO0WSTS  0.9773 | 1.023 L4907 . 202, 2201 ;1443 7163
| : | .
1.9 {11862 00010591 092901076 | 4979 | 2704 | 2206 15126 7.145
! . i |
L 2.0 .120.2350.()010(,05 B.8854 | 1129 | 5048 1 2707 | 2202, 15302 7.127
21 | 12178 [0.0010619 08459 | 1,182 | 5114 ‘ 27109 msi 15470 ! 111
22 {1232710.0010633 080981235 | 5178 | 2711 | 2193 | 15630 7.0%
H 1 ' i
23 (1247100010646 0.7768 1 1287 | S240 ' 2130 2189 | 15783 | 748l
24 [12609'0.0010659 07465 | 1.390 | 5298 . 2715, 2185 ; 15929 7067
| L | 1
. i |
25 ,17743|00010672 07185 | 1392 | 5354 | 2717 2182 | 16671 7053
26 173 71 omums 06925 | 1444 | 5409 2719[ 178 | 1621 | 7040
| | b
27 12998 ll()(il()ﬁ‘)T 0.6684 | 1496 | S462 2721 | 2175 o163 | 7.027
! .
i

ssta 21220 2M | 1647 | 7018

|

|

28 13120 00010709 06461 | 1548 |
29 13239 ooomme 06253 | 159 1556,5 | ama 267 0 1660 | 7003

3

1

3.0 1133.54 00010733° 0.6057 | 1651 | 5614 735 64 1672 1 6922
A : _ |
. w 1 - '
i : ‘ |

L1 L6607 05873 ] 1.703 J 2061 | 1683 1 6981

i 506.3 2727

330 https://tieulun.hopto.org




-

oula

bl i

1
pirt gt k R
Tn&if /1 AT - Ti€p bang) 14
| AT T a j
. o » ' O
pbar 1 °C | v m/kg | ; . | KRy |"‘U/kg| rk.l;'kg‘ f
| \ m'/kg | kym® | U/Lgdaj kl/kg dO
| \ | i ; !
32 1135.75:0.010734 | 057011 L7534 ¢ 57LI I 2157 } 1695 | 6971
— i i | ! ‘
33 1368210001076 05539 1805 5757 | 2703 1 2154 L706 6961
q——— e X 1 .
34 ‘137ﬁ(,30001077f, 0.5386 1857 | 580.2 2731, 2151 . L7IT7 0 6951
35 13888|000107‘8(1. n:.mf 1.908 [ 584.5 3732 0 248 LT | 604
; i : ;
36 .13937 0001079?| 05104 1959 , 5887 273 | 2145, LTI . 6432
3.7 ;140.34 0.00!0807‘ 04975 2010 | 5928 s | e 1748 6923
: : ‘ : i _
8 KLY 0.0010317j DABS2 | 2060 3968 2736 | 21390 LIR | 69T4
114? 71| 0.0010827, 04735 2112 1 60038 7370 2136 L76B . 6905
i ; i * ! | ‘
F\m 1 §43,62 000!0836 n4m4i 2163 | 604.7 2738; A33,  L71T | 6897
| |
11 ‘k44.51i000108451 u45|8 2213 | 6085 M0 0 213t | LT8G | 6889
42 14539 0.0010855 0.4416,2264 ' 6123 7410 NP L5 6881
N B i . i |
43 :146.25|0.0010865; 0.4319; 2315 | 616.1 2742 1 2126 . 1804 | 6873
! i
‘ i
44 | 14709|0,0010874] 0.4227 2366 | 6198 2743 | 2123 ! 1.812 | 63865
45 |14792]000108831 04139 2416 | 6234 2744 | 2121-| 1821 | 6857
P i
50 |151841 00010927 03747: 2669 | 6401 2749 | 2109 | 1860 | 6822
6.0- | 158,8410.0011007 0.315(‘! 3.169 1 6705 2757 |- 2086 |—1.93t-1- 67611~
70 | 164.96] 0.0010811 QY78 3.666 | 697.2 2764 | 2067 | 1992 0 6709
A : r : ,
80 |17042(0.00111491 024031 4161 | 7209 2769 | 248 ! 2046 | 6663
! o
i
00 1753500011213 03149 4654 | 7428,| 2774, 2031 | 2094 | 6623
. Qiiuﬁ s1y9 | 76270 o045 5
10 - \179.88 _Q,Qg_m:tlﬁw — - 6587
11 184.05 | 0.0011331] 0,1775| 5634 | 7L 2781 | 2000 | 21 . 6354,
12 118795100011385] 0.1633! 6,124 | TUB3 2785 ; 1987 | 2216 6.523
13 191.6010,0011438 01512 6.614 | 8145 27871 1973 1 2251 | 6495
‘ - . . . i
14 195.04 [ 0,0011490| 0.1408} 7.103 | 8300 2790 1960& 2283 | 6469
! | .
- 1
' !
15 198,281 0.0011539| 0.1317! 7,593 | 844.6 2792 19471 2314 | 65
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Tiép bi’mﬂ
r i
oC va'kg Cikdkg kg kg
‘ i ,mi/kg o kg/im | i | ki/kgdd | K)/kg.do
?201.3(,;0.001153(, 01238 8080 = 8583 35 231 64
120230 00011632 01167 8569 - 8716 D193 237 6400
L 20710, 00011678 01104, 9.058 ° 8844 912 2397 | 637
1209.78:0.0011722° 01047 9549 896.6 o901 2422 . 6389
;'212.37§0.00117(1(:. 009958 __10.041 9085 ; 1891 - 2.447 ; 6.340
,214.&150.0011809i 0.09492 1054 " ovs 23000 1880 © 2470 ! 6322
21724, 00011851, 0.09068 1103 | 930.9 8 2492 | 6305
2195500011892 008679 1152 ; 9415 1860 2504 6.288
(22177{0.0011932. 0.08324 1201 | 9518 1850 25H | 6272
223.93{00011972 007993 1251 ' 9618 80 2554 | 6256
226031 00012012 007688 1301 9717 1831 2573 6242
22806, 00012050 0.07406, 1350 | 9813 o182, 2592 | 6227
123004] 0.0012088] 007141 1400 | 9904 | 2803 | 1813 2611 | 6213
1:231.%}0.00'12126' 0.06895 1450 | 994 . 2803 | 1804 | 2628 | 619
| 22383} 0.0012163 o.or,oss]; 1500 | 10083 |16 268 | 6186
| 237.44] 000122381 D.06246; 1601 | 1025.3 203 1T 2679 | 616l
| 240881 0.0012310] 005875 17.02 | 10419 |16 | 2710 | 6137
| 244,16, 0.0012380] 005543 1804 | 10575 D o1mas 20 | 63
; i ; : I
124731/ 00012450 0.05246 1906 | 1072.7 | 179 2769 | 6001
250,33} 0.0012520) 0.04977| 2009 | 10875 s ! 2me | eom
125324, 0.0012588' 0.04732f 2043 | 11017 s | 283 | 60
256,051 0.0012656] 0.04508 2218 | 1115.3 | 1683 | 2849 | 6029
| 258.75[ 0.0012724) 004305 2323 | 11288 , masi 2874 | 6010
-261.3730.(:012790; 004118 2429 | 11418 | 1654 ' 2898 | 5991
' ' ! ;
26391 00012857 00394 2535 {11544 | 2794 1640 | 2921 | 5973
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vl pT

» s | TKI/kg

m/kg ‘ kg/m” |
i \

i LS. s
" kIkg) rkdikg! [

phar | 1°C : v‘.mjlkg,
\ % ki/kg.do | kl/kg.do

35 76994| 0.0013021 003564 2806 | 11849 2790 | 16046 0 2976 ¢ 5930

60 77536 0.00131835; 003’43| 3084 ; 12139 2785 . 15708 ©  3.027 ¢ 5890
! : .

12413 ¢ 2779 | 15375 |

g
3
=

5.851

63 280.83, 0.00 13347= .02973 f 33.64
i : :

285.80; 0.0013510; 0.02737: 3654

=
—
[£53
~a

5814

70 16740 2772 1S9

520050 000136730.02532° 3949 0 12927 1 2766 147280 366 5T -
A I -

8G ; 20498 0.0013838; 0.02352- 4252 : 13170 ! 2758 1MLT . 3208 5.745

83 299, 'f'-l 0()014003‘ 002192 4562 | 13408 ‘ 2751 ¢ 14098 0 3248 5.711

48.83 ¢ 1363.7 | 2743 13793 3.287 5.678

9 | 303 22I 00014174! 0.02048
-_"_‘_"“—'—'—u__,_.;

05+ 307.22 00014345 001919 5211 . 13859 2734 1348.4‘ 3324 0 5046

106 ‘3](].‘)(» 00014521 0.01803° 5546 . 14077 2725 . 13170 3360 3.615

110 ‘31804 000148‘) 001598 6258 - 14502 2705 - 12554 3430 5.553

5492

g
A

120 ‘3"463 0001527 (001426] 7013 | L4OLI 119350 349

130 330.31i0.(m|5m Iu.mz'n@ %30 | IS3L5 - 2662 11308 3561 . 5432
140 33663@-0001611 0011491 §703 | 1508 | 3638 10669 3623 : 537
150 34711 00016 001035 9962 | 1610 2611 100L1 3681 5310
160 34732|0m17m 000931& 1073 1650 | 2582 9320 3o 5247
170 | 352.26! 0.001768 ! nouosssd 193 | 1690 = 2648 883 3807 - 5.7
180 356.96] 0.001837 =0007504 1332 | 1732 | 2510 782 | 387 - s.107
H ! ! -
190 361.44'j 0.001921 fo.ooaﬁsf o7 | 1776 o266 60 - 3938 5027
200 [36571 000204 1000585 1709 | 1827 2410 583 4015 | 4928
20 |36979 000221 |ooosss| 2007 | 1888 i 2336 48 4108 | 4803
w377 000273 ?000367: ms | 206 | 26 152 i 4303 | 4501
o | ‘ ’
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Hoi thay ngin bao hoa. Bang 12
Ap sudt - \hlct do  Lntanpi. kcal/ku 1 Nhigt i Introp1 hc_al/kw Thé tich riéng. m’ ;'Iu'
p. :bao hoa —— Chéahoil___. e .
at 1.\. oC lonu v hm i" r kecal/kg longs  huis” 16ng v’ “hoi v
DOﬂlD H‘).S 3‘)0 76,22 72,26 ‘ 00“9? 0,1959 0.0000752 1(13.9
0002 136 145 7661 7246 00132 03902 754 . 8616
0.004 1512 408 - 7703 7205 0 00145 - 01843 756 H8
0.006 1615 353 77.32 7198 0152 (1L 1808 738 30.62
0.008 1689 558  77.52 7194 00158 00765 750 2333
0010 1750 579 7709 7190 00163 01767 0 0.0000760 RO
o2 193.0 044 7820 7176 OHTE 07100 0.0000762 9 893
0k 2169 706 788 7162 093 01654 765 | 5178
046 2309 7463 0 A6 7153 ooz (12l 767 3.550
1118 2410 708 T 716 Q0208 DS 69 2716
.10 2496 K.25 .66 T14E Nn0213 LS8 70 2209
0,20 2773 216 80038 71.22 (L0230 1825 00000774 1.163
(1,30 294 4 073 BOB4 LI 0023t 494 0.0000770 0.7995
040 308,40 HEIR 8119 7100 044y 0T TR (L6140
0.3 kI ER 1055 Rl 004 0N355 0J433 780 0.5003
0.6 32640 g6 8174 088 060260 (L1439 781 04234
0.7 3354 11,12 8194 7082 00265 01428 782 0.3677
08 2.7 1.3 8201 7077 . 0269 0G4 D000UTE3 0.3253
0.9 9.2 1136 8229 7073 040272 (L1H08 00000784 ‘ 0.2922
B0 315540 1176 + 8245 .69 00275 01400 . 785 ).2655
1.2 3653 2.1 82.63 70.62 (L0280 0.1386 787 ¢ 02249
14 345 1238 R27 056 00285 L1375 788 £.1953
Lo /LY 126 83 2050 DU 04366 0.0D00TEY 1730
1.8 IRL3 12,94 §3.35 7045 30294 01357 DADUTY0 ' 0.1555
2 3K 1311 - 8351 040 00297 01340 791 0,1414
3 4224 1484 RI2S 021 003y 01320 795 0,0978Y
4 H24 75 T g0 Toee 00319 0298 798 ONTSSH
45 510 1503 . BS02 | U9 00323 ILI2RY | M9 006801
5 1589 1530~ 8523 6U93 00327 01282 Q0000801 - 0.06187
H 1728 1578 R55Y G081 0033 01270 O0000RO3 0,05254
7 485.1 16,20 + 8591 69,71 | 0033 u.l?jS‘ B80S 0.04578
8 4063 1639 806,10 69.61 0034 01249 806 0.0:4065
i S06.3 16,94 86.47 6953 . 0.9 024 R08 0.03660
1t 5135 17.25 86.70 6945 1 00353 0123 1).()00080‘); 0.03333
1 ! |
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Bdng i3 - Nuac

60

: f
pbarj ©°C,  20° 40
e e e

|

80 100 120 ! 140 160
i

3845 : 4075 {4307 14539 r 47.6‘)} 50,01 ; 52.31
2612 1 2650 | 2688 | 2726 ‘ 2764§ 2803 | 2841

|
8651 | 8762 | 8867 | 8Y66 ' 9.060 9,150 | 9.238

|

i

'

M |
¥

v 000008 362
004 i 0 837 2574
Cs o096 | 8537
v 30.001(10185{l.nummt) 19.19 ‘ 2031 | 2150 22661 2382) 2497, 3013
008 ¢ i . 837 . 167S 3612 2650 | 2688 | 2726 2764 2802 | 2841
s 02960 05715 | 8331 8441 18546 8645 80 B8O 8IIT

i
\
i
|
i
‘
|
!
|

v oooooions otoomf 1535 1627 17200 1813 1906 1998 2090
010 . i 83.7 1675 2611 2649 2688 1 2726 2764 2802 2841
502064 0STIS | 8227 8337 . 8H2 B542 8636 8727 8814

: v 00010018 Q0010079 [2.78 13.55 . 1433 1510 15.87: fo.4 - 1742
12 0 BT 1673 2011 2649 2087 2725 2764 2802 284t
s 0 02964 115715 8.143 8253 K358  BA57 BA52 8643 B30

v DO01001S Q0010079 10.95 L6l 1227 0129 T 13.60 1426 1492
004 i 3.7 1675 WL 2649 | 2687 2725 2763 2802, 2840
s 02064 0STIS | 8071 8IS0 |B287 838 84RI. K372 863

I

: i . . !
S v omtoots oooion® ] 9573 10060 L0740 S 11320 1189 12478, 13.057
006 i, 83T 1675 f 2610 0 2649 2687 ;2725 2763 2802 2840

s 1026 0575 f osaoy 8120 (8225 8324 8419 8510, 8597

S MLO010018 00010079 0.00101714 8,119 ; 8584 UMY 9513 9977 T044L
0.20 i 837 . 1675 . 2511 2048 2687 2725 2763 2801 2840
5 ¢ 0294 05715 7 08307, 8015 ! 8120 8220 K315 B4 - 8493

) v j’0.(]{1100181I).[NJIUU‘?U:U.UUI(J]?] 5400 [5713 6025 6335 413 6955
030 i | 837 1675 2511 2646 | 2685 2724 2762 2801 283
s : 02964 | 5715 08307 | 7825 | 7931 8031 8126 K217 8304

| : Smama |
v . 00010018 (LU010079 00010171 0.0010289) 1695 1795 1889 1984 2078
10 ‘ 837 1675 k1 339 f2676 2717 2757 290 283
s 102963 1 USTIS [ 08307 . 10748 | 7301 }7.4()5 7562 7634 7743
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va hoi gqua nhiét

. [ ] !
200 20 | 240 260 280 - 300 | 350 \ 100 ; 450 | 500 600
5463 15693 15924 | ALS6 6387 | 6618 - 7196 l 77.73| 8531) 89.28' 100.84
/R0 - 2918 2958 2997 3037 3077 . 3177 ¢ 3280? 3384! 3490 | 3707
9321 9402 9479 9.554 9.627 9698 9866 | 10024 10.171 L03LT 10585
: : ! !
: ' . ; i !
2729 284 2960 30.75 3190 3306 ¢ 3594 1 3884 4172 461! 50.38
2880 2918 2957 2997 37 3077 ¢ 3177 ° 3280 3384 3490, 3707
9.000 ‘ 9.081 © 9.159 9,234 4,306 9377 | 9546 | 9704, 9854 9997 10.265
‘ i ‘. i . !

2183 2276 2368 24,60 2553 2646 ' 2876 . 3108 3339, 3570 40.32
2879 2918 | 2957 2947 3037 3077 3177 3280 33/ 34900 3707
' . i |
8897 BYT8 - 9.056 9.131 9,203 9274 9.H3 9601 9751 Y895| 10.162
1819 1896  14.73 2050 227 2204 2396 0 2589 2782 29741 3360
2897 2918 2957 2996 036 3077 3177 3280 3384 3490 3707
8813 889 | 8IT2 9047 4119 9190 9359 ' 9517 9667 9810/ 10078
. . : I
1558 1624 . 16.90 17.56 18.22 1888 2053 | 2218, 29.83; 2549 28.79
287 2018 ' 2957 1 2997 3037 3077 | 3177 | 3280 33841 3490 3707
8742 18823 8900 8975 9448 9.119 | 9288 | 9446 9596 9.739: 10.007
13635 14213 114790 15367 15943 1652 | 1796 | 19411 20850 2229] 25.18
®M L2918 | 2957 | 2997 3037 3077 | 3177 | 3280 3384 34901 3707
\ i ! ! | . :

8680 '8761 | 8838  BYI3 8986 9057 | 9226 i 9381 953 9678 9945

i 1 ,
10905 111369 '11.832 ~ 12.295 12758 13220, 14376115530 1668 1782 20.15
2897 2918 . 2957 299 3036 3077 3177 | 3280 3384 390 3707
857 | 8.657 8T | B0 RE83 RS54 9123 | 92817 9431 9575 9842
| { : ‘ : | f !
7.246 7573 7.882 L osa9t 8500 B&NY  9.580 | 10351 11.12F 11891 13430
. 3 i
BB 12917, 2956 ¢ 2996 3036 3076 3177 ; 380 3384 390 307
8.388 (8469 | 8547 | 8622 B.6Y5 8766 | 8935 | 9.093 9.244! 9388 9655
: ' ; . | 1 .
‘ i l ' ! ‘
2172 2266 2359 | 2452 2545 ' 2638 | 2871 i 31021 3334 3565 4.028
75 918 29 1 2993 3033 3073 | 3175 ; 3278 3382 3488 3706
. ! | . ‘
7828 7910  TYB8 | B.OGH 8,139 8211 | 8381 | 8541' 8,690 8333 9.097
. ] 1 j : b
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L2040 60 80 120 140 1
0,0010018]0,0010079{0.0010171 | 00010289 1491 | 1572 | 1650 | 1,729
839 | 1675 | 211 | 3%49 s | 2155 | 275 ; 2834
02964 | 05715 | 08307 | 10748 1376 | 7475 | 7568 | 7657
]
OLHHO0L5: 0.0010076] 00010168 000011287 2 (L0010601 00016797 G.3167 i £,3348
843 | 1679 | 2515 | 3352 su37 |osso | 2759 2mus
02964 | 07516 | 0832 | 10744 1525 | 178 | 6767 | 609
LOOTOOES| 000E0076] 00067 0,0010284 Q00106000 0,0010795 ll;2¢473
845 |168.12517 3353 | 4192 89,0 | 6753
02962 | 05714 | 08300 | 10742 15263 | 1737 6715
0,0010014; 0,0010075] 0,0010166] 00010288 0,0010598| 0,0010794 0,1949
847 | 1683 | 2518 | 3354 - 5039 | 5892 2778
02960 | 05712 | 08298 | 1,0740 L6t | 1737 6.588
0,001 3] 0,0010074] 0,0010165| 0,0010284) ﬁ,m:lnS‘)’f G107931 0,00 10168 O, 1645
849 | 1685 | 2519 | 3355 s040 | 5893 | 6155 | 20
12059 | 05711 | 08297 | 10738 15259 | 1737 | 1940 | o5
0000012 0.00100731 0,000 164| 0,0(H10282 DO010396 00010792( 0,001 19[.%' 0,0011271
850 | 1687 | 2521 | 3357 542 | 589S | 6757 ¢ 7632
02058 1 05710 § 08296 | 10736 15257 1.736 1,940 F 2.137
0.0016081] 0.0010072] 0.0010163] 0.0010282 0.0010595] 00010790/ 00011013 0.001127
853 | 1688 | 2522 : 3358 s43 | s896 | 6757 | 7632
02958 | 05710 | 0829 | 10735 15256 | 1736 | 1940 2w
|
U.00H0L0] 0001007 0.0010862] 00011281 0.00HI594] 0.0010789] 0.6011012 0401 1268
. ]

R5.5 | 1690 | 2524 | 3360 545 | 5898 | 6758 7632
0.2U57 05709 08295 1.0733 1.5254 ] 1.736 1.939 2.136
¢ {

(.0010009] 0.0010070] 0.0010161| 0.0010280 24 0010593 0.00107874 0,001 1011} 0,001 1264
857 | 1692 | 2526 | 3362 S47 | SB99 | 6759 | 7632
02057 | 05708 | 08294 | 10731 15252 | 1736 | 1939 t 2,136
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Tiép bang 13

00 220 i 240 | 260 280 300 350 ¢ 400 | 4500 500 600
? K T i : . S :
1807 | 1886 | 1964 | 2042 | 2120 © 2197 | 2391 | 1584 | 2777 2970, 3357
BM 2913 L2053 | 2993 | 3033, 3073 3174 | 3278 | 33W, M88 3705
7742 | 7.824 ; 7.903 # 7979 | 8053 | 8126 . 8.296 58.45(; B.606, 3.749} 9,013

03520 ‘ 0. 3688: 0.3855 | 04019 | 04181 ' 04342 | 04741 ;0.5136 05335 nsow 0.6697
849 | 2891 J 03375 017 3059 3Med | 3270 | 337 3483 3701
6963 7051 | T35 . 7215 | 7292 7366 7541 ) 7.704| 7857 8001 8266

. i ! ' : '

0.2609 ‘ 0.273<£ [ 0.2867  0.2993 & 0.3118 03240 | 03542 | 0.3842(0.4137 0432 05018
2839 | 2883 1‘ 2026 | 2969 . 30M | 3054 | 360 | 3267 | 3373) 817 3699
6814 . 6905 | 6991 7073, 7151 7.226 5 7404 | 7508 | 7.722 7866 8.132
C IR 3 e ‘ :
02060 | 0.2169}/0.2274 02478 X 0.2578 . 10 2822 | 0.5065( 0.3303 03539 04010
27 | 287 § 2918 | 2 3005 [ 058 1] 3156 if—zﬂ* 3370| 3479 | 3698
6.692 | 6,788 6877 7.040 \7!16 g 7.296 1 7461 | 7.615 7761 B.027

; SR / '

0.1693 : 0.1788] 01879 | 61967 | 02054 | 02139, 0.2343 |0.2547{0.2747 02944 03339
2816 52865 2911 ¢ 2955 2999 3042 351 | 3260 | 3364 3477 3696
6.588 Ea.sss 6780 | 6866 ' 6947 . 7025 } 7206 | 7.373| 7.529) 76741 7.942
0.1429 | 0.1515] 0,159 | 0,1673 '9.1743 0.1823 \ 0.2176]0.2349 0.2520( 0.2858
3803 . 2855 | 2902 | 2948 | 2092 | 3036 | 3147 | 3256 | 3365 3474 | 3695
6497 ' 6.602 | 6.697 . 6784 | 0867 6945 L 30 | 729 74551 7601 | 7870

(- | : ! ]

0.0011565] 0.1309] 01382 | 01452 | 0.1519 | 01585 | 0.1743 10,1899} 0.2051 0.2201] 02499
8524 F844 | 2893 | 2040 | 298 | 3030 ¢ 3142 | 3253 | 3363| 3472|3693
2329 Josa o622 | e | 616 | 6877 1063 72331 7.390| 7537 7806

i ! i .

000115620 0.1149] 0,1216 | 01280 | 01341  0.1401 | (.1545 | 0,1683]0.1819 0,1953 0.2219
8524 §2833 | 2884 | 2032 | 2979 © 3025 . 3138 | 3249 | 3360| 3470 3691
2328 6452 | 6,554 i 6646 | 6732 | 6814 ‘[ 7003 | 7475 | 7333 7480 2.750

| F(”

a001561f0.1021) 1084 | 01143 | 0.1200 | 0.1255 {/0.1384 }7.1511 0.1634 0.1755; 0.1995
8524 [2821 | 2875 | 2924 | 972 | 3019 | 3134 3246 3357| 368 | 3690
2328 6385 ' 6491 6585 | 667 | 6757 | 6549 |/7122] 7282 7429| 7.701
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1
phar :‘-‘d 2t 4y [ 6t 80 LK} 120 140 k) | 180
v | O 00010065 00011157/ 0,00 11275 | 0,0010419] 1,0010587] 0.0010762 [(.001 LK (10101 1258
i 86T 170.1 2535 30 | 4209 | 5054 5906 | o764 | 7687
s| 02956 1 05707 | 0829 | 10726 | 13038 | 15244 1735 1938 | 244
| i )
v DIOUSI| 0010043 00010134 | 01010254 ] 0,0010398] 0,0010564] 0,0010754 |0.0010972 0,0011220
T ‘ 913 1746 (L2578 | 3412 | 429 | s09. 5934 6796 | 66,7
| s u.z-m’% 05686 | 08260 | LOGRY | 12996 | 15198 1730 1,931 2,126
vl u.mmuu?sj O0T0038: 00010129 | 0,010249] 00011393, 0,0010559] 0.0010749 [0,0010966 00011213
gn il a3 1755 . 2SR7 | M2 4257 | SM8 596 | 6803 | 7674
s 02040 0 05681 | 08253 | 10682 | L2988 | 15189 | 1729 1930 | 2125
| : : i
v [l.tl(l!)')‘)75| OJHION3 T ON0T0E25 | 00011245 0,0010386! 0,0010552| 0.0010741 | 0.0 10950 0,001 1201
Wi lo932 | 176y | 3see | 329 | 465 | sins | sus3 1 Rl | 7680
Ds | 02930 | o507 | 08247 | L0676 | 12982 | 15182 | 17 Loro2y ¢ 2423
| ; :
v [J.tNKlU‘J(ﬁi O0010024] 0.O0T0L 16! OUHO0236| 0,0010379 (.0010544| (0,0010732 [],ENJH}‘M(:‘ D01 118Y
120 00| 9sh 11782 | 2614 | 346 | 428 512,0 596,7 6824 1 7691
s 02035 ‘ 05668 | 08236 | L0662 | 12967 | LSI6S | 1,727 1927 | 2121
v | 0.0009961 0,0010020¢ 0.0010512] 0.0010231] 0,0010573 D.0010538] H.0010725 [0.00 939 0,001 1 182
130 | i| 960 1790 | 2622 | 3454 | 489 | S127 5974 6830 | 769,7
' s 02931 | 05664 | 08230 | 00655 | 1,2959 | 15156 1,726 1926 | 219
v | DOO0Y9ST 000FH016! 0.0010108 | 1.0010226] 0,0010368] 0,0010533] 00010719 [0.0010932 0.0011174
140 | il 969 179 | 2030 | 3462 | 4206 1 5131 5980 | 6836 | 7M02
s| 02930 | 05660 | 08224 | 10648 | 12951 | 15148 | 1724 ros |o20is
v | 00009948 0.0010007] 0.0010099| 0,0010217; 0,0010359] 0.0010522] C.0010707 u.mumJ 00011157
. 010
160 | i [--989 1817 | 2647 | 379 | 4312 | 549. | 5994 6849 | 7713
s| 02925 ] 05653 | 08212 | L0634 ; 12937 | 15131 1,722 °0 p922 ! 2116
v | 0,009912] 0,0X5973] 00010065 | 0,0010182{ 0.00103201 0.0010479] 0.0010660 |0,0010804 0,001 1095
240 | i 1064 1888 | 2715 2543 | 4372 | 508 6046 | 68992 | 7757
s! 02911 | 05625 | 08169 | 00582 | 12881 | 15062 1,715 1015 | 2108
v | 00009886 0.0009949] 0.0010041] 0.0010156] 0,0010293] 0,0010450{ 0,00106262{0,0010825 0,001 1050
300 [ i 120 | 4%y | 2765 | 3591 | 4419 | 5251 6090 | 6936 | 1M
si 02902 | 05603 | 08140 | 60545 | 1283 | 15024 1.709 1908 .| 2100
[ C
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Tiép bang 13

‘ _
200 220 240 260 280 300 1 350 400 l 450 500 60
looo11ss1; 0.001i891] 0.06826 | 007294 | 007720 | 0.08119 | 0.00051} 0,09929 0.1078) 01161 0.1325
8526 | 9435 ] 2823 | 2882 2037 | 2088 | 3111 | 32297 3343 3456 | 3682
236 | 2514 | 625 | 6¥3 | 6438 | 6530 | 6735 | 6916 | 7080 7231 | 7506
0,0011504| 0,0011833; (0,00122] 0,0012689] 0001325 0,0249 i N,03003 ll.(1343&1; 0.03821] 04177004844
gss0 | 9454 | 379 | 1134 | 12354 | 2784 | 2985 | N3S| 2 | 3307 | 364
2317 2,504 2688 | 2873 3059 5788 | 6426 | 63581 65521 6722 7019
i |
0,001 1496] 0,0011822] 0,0012207 000126691 0,0013246) 0,0014016§ 0.02586 | 0,031 0,03354 0.(}3()8”!(},04285
8555 | 9452 03k | 11342 | 12349 | 13443 | 2954 ) 3114 | 3254 3386 | 3631
2316 2,502 2.686 2870 3.056 3249 6,033 ' 6,280 1 6481 6,656 | 6,957
‘ o
0.0011482] 0.0011805] 0.0012185 0.0012650] 0,0013217 0.001397080.022471 1,02646 0,0297% 003281 |p03837
gs60 | 9458 | 103 | oa1san | a23as 13422 | 2020 | a3 3230 [ 3372 3621
2314 | 2500 | 2684 | 2868 | 3053 | 3244 | 5940 | 6207| 6416 w,g,om
fo.0011622] 0,00117881 0,0012164/0.0012612{ 0,0013164) 0,0013886§ 001726 | 002113 n,nzu'j 0,026810,03163
9015 | 9466 | 387 | 15339 | 12337 | 13400 | 2844 34y 1 32061 3347 ) 3603
2404 | 2497 | 2680 | 2863 | 3046 | 3235 | 5755 | 6071 06298 6487 | 6.803
lo.txn 1458| 0.0011777 0,0012150/0,0012593| 0.0013137, 0,0013847]D,01514] H.N1905] C.H2197 1,02450,0.02903
8574 | 9469 | 10389 | 11338 | 12333 | 13390 | 2799 | 3026 | 3189 3334 | 3294
2309 | 2495 | 2678 | 2860 | 3043 | 3230 | 5657 | 606, 62431 6138 | 6.758
10,0011448} 0,0011766; 0.0012136/0,0012575| 0,0013111| 0,0013808] 0,01325| B,01726 0.6201( 0,022520,02683
8570 | 9473 | 10391 | 11338 | 12329 | 13380 | 2750 | 300 | 3172 | 3320 ¢ 3585
2308 | 2493 | 2676 | 288 | 3M0 | 3226 [ 5550 | 5942| 6,19 63% | 6716
|o.0011430] 0,0012744) 0.0012109)0. 0012539 0013061 00013735 0.00978| 0.01429 0.01704 0,01930) 02322
8588 | 9480 | 10395 | H337 | 12322, 13362 § 2612 | 2045 | 3137 3294 | 3567
2305 | 2489 | 2672 | 2853 | 335 | 3218 § 5302 5816 60| 6303 ) 664
0,0011357] 0,001 1658! 0,0012004|0.0012404 | 00012883 (10013475} 00161 n.cumr.| 00977 001173 (001478
: | 1
862.6 950,9 | 10413 | (L1340 | 12303 | 13312 | 1625 | 2638 1 2971 YAt 393
5208 | 2477 | 2657 | 2835 | 3010 L 3090 | 3684 | 5236 | 5723 5999 | 63%4
| b
0,0011305| 0.0011597| 0,0011931/0,0012315} 0.0012764 (001331 1] 0601556 omzs; 00673 000869 |0.01144]
054 | 9533 | 10429 | 1347 | 1200 | 13290 | 1608 | 255 | 2816 | 3073 | 3aM
2287 | 2468 | 2647 | 282 | 299% | 317t | 3640 | 447 | 5446 579 i 6.242
o
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Bing 15
Hé sé dan nhiét ciia mdt sé6 hgp kim phy thudc nhiét do

: /1W/m 1]
Fén hop kim e do. t°C
S0 200 M0 400 S0 600
T T ;
Hagp kim nhdm: ‘ |
D% Al 8% Mg, 102 106 123 14§ — — —  —
80% Al. 20% Si 158161 169 1 — — = —
Pura I : : ‘ -
(91 +96)% Al
(3 +5)% Cu. 0.5% Mg s 168 181 1wl —  — —  —
D%')ng thau: l :
90% Cu. 105% Zn 02— 17 1H 49 166 180 193
0% Cu. 305 7n e  — 109 10 14 L6 10 (21
7% Cu. 33%7n 00— 167 813 120 128 135 IS
0% Ca 3% Zn oo 486 | — 120 17152 169 0 186 200
Nicrom l : : : )
90% Ni. 10 Cr 170 174 190,209 28 W6 — —
80% Ni. 20% Cr 220128 BB 156 172 W0 — 226
Dong thanh nhom I | |
95% Cu. 5% Al — g - = = = = =
_ Péng dd ‘
90% Cu. 10% $n — g - = == = =
75% Cu. 25 Sn s — e —m s —
88% Cu. 10% Zn. 2% Sn - W= - == = =
" Hgp kim Natri véi kali \ P
2% Na. B K L — s = — w6 — —
Hop kim chi vi bitmat ' j ' C
44% Pb, 55.5% Bi == - oss ,U.qi_:__} _
; ‘ |

342 ; https://tieulun.hopto.org



~ Théong so v at 1y cia cac loai vat lién thuwong pap  Bing 16
\
\

Tén vit licu P km' | n°C A Wimdr 1 C klkgdd

Lép cich nhiét bing cic | |
1a nhém mong cé Idp khong
khi day 10 mm - P — 00302 + 0.85.107 —
Amian da ché bifn: i : ]
-1ogi 3 L340 L — 0087 + 02410 0.816
- Logi 6 650 L — 001+ 04907 | 0816
Céc tong amian C900 S — 016 F0a7.00™ 0.816
Day amian L 800 L= 013+ 01500 0.816
Nhua durdng L2200 0+ 30 0 060 +o07 | 167
Bétdng tron di vun w00 0 1.28 I
Bétong s 1500 : 0 ‘ 0.7¢ | 0.80
Bong d¢t vii ' 80 - U 0.042 -
Gidy thuong _ — T 0.14 L B
"Thach cao {khd. dinh hinh) 1250 .20 043 f080 + 042
Pét sét 1600 +2000 20 | 09+07 | 084
Dit sét chiu lia 1845 450 L4 109
Gé: i i i :
- Gé thdng ngang thd (. 14 Lo +50 ;0 014 016 17
- G théng doc thé — P20 250 035 +072 2.72
- Gd dan 600 | ¢ 0.15 251
Than da: ) ' | 1
- ding € tgo khi R EE 120 £ 1000 . 36 + 40 —
- loai thudng. cing 1200 = 13561 20 0 #0627 | —
Bot than da L 70 130 + 100 oz +o0a3 | -
Cacténg I - | o +03 | 11
Gach: . 1 . i . I
- gach do ldm bing mdy | 1800 i 0o 0.77 | 0.58
- gach 06 lam bdngray 0 1700 | 0 0.70 | os8
- gach silicat 4o woo 0 0.81 084
Da {da thude} i — : 20 0.14 <016 —_
Than cdc dang b6t . M9 100 0.191 R W)

. H 1
Céu cdn 16 hoi: : ‘ :
- nhiéu thach cao 2000+ 2700 0 07 +23 L —
- nhiGu dé vbi o f00 25000 100 | 015 $23 - .
- nhigu silicat 300 1200 100 " 008 +023 0 —
Thach anh ké1 tinh: f : ‘ __ |
- ngang truc a — 0 | 0.72 : —
- doe tryc ! -— i 0 ‘ 1.4 : —
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Tiép bang 16

Tén vt ligu | p. kgm' 1 or°C 1 A Wmdo C. kl/kg.do
Mudi dén 165 40 007 +012 —
Bang (nwdc da) i 917 () I 22 226
Vii gai i —_ P 0.088 —
D4 phén w0 so | 09 0.88
Da hoa i 00 0 s 0.92
Parafin {sap) 920 20 0.27 —
Cél song min, kho 15 0+ 160 030 + 038 08
Cit sdng min. 4m roo16s0 20 113 2.09
Thay tinh huy co ‘ — . (N 0.184 —
Cac manh g bdc khé (hie) . 148 + 198 | 80 | 0042 + 0.053 1.76
Lic vy, céc mdu 4-5Smm 85 ! 0 60| 004+ 0058 1.7
Cao su: : ’
- oqi thudng, cing C12000 |0 100! 0157 + 0160 1.38
- logi mém o= 20 " o+ 0w 138
Dudng cat L0 0 058 1.26
Luwu huynh két tinb hinh | :
thoi - a 0.28 0.762
Diép thach (da c6 ddw) = — | o4 1.49 -
Mica (ngang qua cic Iop) 2600 + 3200 20 046+ 058 -
Thay tinh: i :
- kinh L2550 0 +100. 078 + 088 0.779
- thiy tinh thudng P 2500 20 | 0.74 0.67
- 1am phiét k€ L 2590 0 | 0.96 o
- thiy tinh thgch anh - ‘-** — 400 | 1.7% -
- nhu trén b= 800 | 240 —
- nhy trén b= 1200 | 305 —
Bong thiy tinh IS4+ 206 0 88 | 0051 + 0059 —
Su L0 | 95 1.04 1.09
St | 2400 1055 | 1.96 1.09
Xenlulo t 1400 k't 0.21 —
To ; 100 0 +9 f 0,043 + 0,06 —
Ebdain L1200 20 0457+ 047 -
Xi 1 hoi . L1000 0 0.29 0.75
Xi 16 cao dgng gt | s00 0| 0.15 0.75
Via trit tuong: ; l i :
- Vi L 1600 o 0.70 0.84
- Cét xi mang L1800 0 j 1.20 0.84
i 1
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Thong sd vat 1y cia khing khi khé (H = 760 mmHg) Bang 417
oc P G Al P alo® o0t ol
kgm' | kikgdd; Wmdd ! mUs Nsm® | mUs
50 +1s84 1013 P o2 127 1 146 923 | 0728
40 1515 1013 212, 138 15.2 1004 ' 0728
- 30 1.453 0013 2.20 149 15.7 1080 - 0,723
- 10 1395 1.009 228 162 | 162 1.9 - 0716
- 10 1.342 1009 2.36 174 167 1243 . 0712
-0 1293 1.005 2.4 188 | 172 1328 0.707
0 147 4005 251 200 | 176 - 416 0705
001205 . LS (259" 214 181 1506 0.703
30 L1650 1005 | 267 229 186 . 1600 0.701
4 | w18 0 1005 ! 2% 243 191 | 1669 . 0.6
~50 T™1093 . LDOS__ | 283 25,7 196 ﬁ_ﬁ_npq_g | 0698
60 1 TOR0 | 1005 - 290 - 272 20.1 1897 | 0.69
[ ' : IR
70 1029+ 1005 29 1 286 206 2002 0.694
80 1000 - 1005 | 303 30.2 1 2109 0692
90 0972 1 L00S - 343 39 215 . 200 069
: )
100 0946 i KO0 P 321 - 336 L 219 | 2343 . 0688
e A, T - R B R T
1207 . 08% ¢ 19 . 334 368 23 3545 | 0.686
140 0854 . 1013 | 349 | 403 237 2780 | 0.684
; i ‘ ! L
160 ¢ 0815 | 3017 i 364 | 439 245 ; 009 0 0.682¢
18 . 0TMm | 102 I 378 475 283 | 3249 | 0.8
200 1 0746 1026 ¢ 393 | 514 260 | M85 0.680
I ; i i |
250 | 0.6M 1038 | 427 | 6le_ | 274 - 4061 | 0677
A 1 0615 M7 | 460 716 297 ' 4833 | 00N
[0 | 0566 1059 | 491 | 819 314 | S546 | 0676
a0, 054 | 108 521 | 93 BO I 6309 007
500 5 0456 1093 | sHf | 1153 362 M8 (0687
60 0.404 14 632{ . 1383 1 9689 . L0699
00 0362 1435 6700 © 1634 418 1154 0.706
800 ° 0329 L1561 718 j 1888 #“3 | 148 o073
900 0.301 1172 ¢ 763 | 216.2 46.7 i 155.1 0.717
Pl b
1000 0277 1 118 807 ! 2459 490 177.1 0.719
Moo - 0257 L1970 B30 & 2762 5120 1 193 072
1200 ¢ 0239 | 1210 P 915 L3165 635 2337 0.724
! | j : !
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Théng sé vat Iy cia khoi (H = 760 mmHg; Bang 18
Pco, = 0,13; Puyo = 0,11 Px; = 0,76)
©c | P G AW et |0t e l pr
 kgm’ kikgdd | Wimdo | mys  Nsfmo o oms :
0 1S L2 328 6y, 158 0 1220 | 0M
0o 0950 1068 33 0 308 - 204 0 2054 069
200 0748 1.097 .01 . 489 243 | 3280 ! 067
300 0.617 L122 484 099 82 | 4581 | 065
4o 0.525 1151 S 943 3L7 0 6038 | 0.6
| |
500 0.457 1185 656 . 12L1 M8 | 7630 - 063
600 0,405 1214, 742 0 1509 0 379 361 | 062
700 0.363 123 | 827 1838 07 Rl | 06l
800 ' 0330 1,264 49.15 29,7 434 138 040
900 0301 [ 1290 10.0 258.0 5.9 1525 ¢ 039
Lo 0275 1306 L1090 303.4 B4 13 058
1100 0257 1323 ! 1175 3455 507 1971 1 057
1200+ 0.240 L34 12620 324 530 2210 ¢ 656
Théng s6 vat 1y clia diu mdy bién ap theo nhi¢t d Bany 19
o¢ P G | A lawt lwd awt et |
©L o kgm' kMkgdd: Wimdd . Ngm  m7s om0 1dd
00 B92S 1549 01123 ‘ 6298 . 05 | 814 ' 680 | 860
10 ¢ 8864 | 1620 01115 - 3355 379 . 783 685 | 484
20 803 L66o 00106 ¢ B2 225 756 | 630 298
3 8742 | L7 04098 1285 47 0 T8 0 695 Wl
; ; b i
40 - B6R2 L LTEE | 0I0%0 8Y.4 03 703 ;. 700 . 146
SO mizr | 186 ! 0d082 | 653 0 758 680 [ 705 b1l
. | B0 iS5 | 0do12 0 495 SR 638 1 TH0 87.8
0 8500 1964 U ogtost . 36 4540 e36 ¢ 715 . T3 |
1 ! :
80 B39 | 202 | 0005 ; 308 360 617 i 720 | 593
w838 1 2085 04047 1 254 . 303 600 0 735 505
100 8318 | 214 01038 L 213 - 236 583 130 139
110 8257 1 2202 | 01030 | 181 220 567 135 B8
120 BI9.6 | 2361, 0002 | 157 | 192 - 550 740 | 349
H . | I I
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Thang s6 vat Iy cia nuac trén duedong bae hia Bing 70

CCOP L p o Cp | MO ;alU | ,uo"| vIO i B’ “10 Cpr
. 3 : w 1
bar  kgm' ' klkg kI/kgdd' W/mdd ! m/s \ Ns/m~ ! m/s ! 1/d) | Njm :

0OLOI3 9999 000 4212 351 13l \1788 | 1.789 | -0631 7564 1367

1013 9997 424 491 ST4 137 1306 1306, 4070 746 Y52
200 1013, 9982 B39 4183 599 I3 (104 1006 182, 7269 702
300 1013957 1257 4074 61K LY BUES 0805 321 7122 542

- . - i B i :
_41:/14113 9923 7S W (K] 133 0 6533 0059 387, 6U6S 431

————— i _ §—

S0 Lol3 oRg) M3 LN 4.8 57 3494 0356, 449 6769 354
o LO13 9832 2500 4L [ o 4094 0478 5.1 6622 2U8
Loy 9778 2934 LI87 0.8 H3 4060 D45 570, 6435 155
80 La13 9718 3350 4095 624 (o - 3551 0305 63206259 221
90 LOL3 9653 3770 4208 1 68N 68 3149 0326 \ 695 6072 - LY5:

00 LOI3. 9584 4190 4220 683 169 2825 02V5 | 752 5886 LTS
11, 143 Y510 4614 4233 . 685 17 2590 0272 BO8 5690 Lol
130 198 94301 | 5037 4250 ¢ 686 170 . 2374 1 0252 BG4 S4BA . k4T
130 2T 938 Sdod 4266 686 172, 2178 02330 919, 5288 1367
40361 9260 5891 4287 685 17270 2011 0217 972 5072 126

50 476 9170 6322 4313 684 173 ° 1864 0203 103 4866 LIT:
160 618 974 6754 4346 g3 173 1736 191 10.7 . 4660 Lio
100 792 8973 7193 4380 0 679 173 1628 ¢ 04811 L3 4434 0105
180° 1003 | 8869 . 7633 | 44170 674 172 | 1530 | DI73] 119 | 4228 . 100
190° 1255 8760 * 8078 . 4459 | 670 11| 1442 0165 126 | 4002 ;096

00 1555 8630 8525 | 4505 1 663 170 { 1364 -01S8, 133 0 376.7 - 093
20 1908 0 RS28  BYTT . 4555 0 655 169 1305 053] M1 3540, 091
2200 2320 8103 9437 4614 0 645 166 | 1246 0149 148 336 089,
230’ 2798 8273 1 9902 4681 | 637 164 [-1197 1 00451 159 | 3100 ' 088
2400 3348 8136 10375 4756 | 628 | 162 | 48 . 0141 168 L2855 087

250 3978 00 85T 48K | L& - 159 | 1099 ¢ I3T: IRI 2619 086
60 4694 | TRA0 11330 1 4949 | 605 156 0 1059 0135 197 . 2374 0 087
2705505 7679 11853 1 §070 | 590 ! 151 1 1020 0133 216 | 2HR 088
280 6419 7507 12368 5230 ¢ 574 16 | 9&1 0431 237 L1913 090
200 7345 7323 12900 5485 ¢ S38 | 1391 M2 W 262 T 1687 093

00 8592 TIZS IFHY - 5736, S40. 132 0 912 A28 292 M2 097
30 9870 | 69L1 14022 . 6071 323 125 883 (128, 0329 1207 103
320'112.90 L 667.0 14621 " 65 506 @ 113 - 833 .().1281 8.2 98.10: 1,11
30[12865 6402 (15262 72H 1 484 104 | BId 0027 33, 670 123
34014608 1 6100 1598 1 R16S . 457 9070 715 0127 534 560 139
35016537 SM4 16704 - 9504 . 430 7B 726 012 668 RI6! 16D
360718674 52840 17615 13981 0 395 . 536, 667 04260109 20215235 -
37021053 - 450518825 40321 - 337 L 186 569 4l 1ed L AT 67
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Théng s vat 1y cia hoi nwrac trén duong bao hoa Bang 24

1°c P P : ro G | 210° a.l’[)'I 10" I'lUﬁ= pr

bar . kgm' | Kikg . kg kMkgdo |Wimdd ms Ns/m® ms

00 1013 0598 . 26759 22568 2135 237 1858 LL79 2002 1.08
HO . 143 08% 26914 22300 2177 2489 1383 1246 1507 . 109
1200 198 LI21 27065 22028 2206 | 2593 (1050 [285 lid6 . 10§
130 2.7 1496 27207 2143 2257 | 2686 | 7792 1324 885 L1l
Ho 368 1966 2730 21450 2315 ; 2791 0 6130 1354 689 LI2

|
150 476 2547 6T 2430 2395 2884 i 4728 1393 547 - 116
160 6.8 3258 275801 20826 2479 | 3012 | 3722 1432 439 | LI8
0 792 L1220 27689 2495 2583 38 | 2939 K72, 3571121
18 1003 5.S7T0 277851 20152 270 - 3268 233 1501 293 135

9 1255 27864 19788 2856 , 3419 | 1872 1560 244 130

o
<9
<
3

W0 1555 782 2L 19407 3023 3547 1492 1599 203 136
20 1908 9388 2MR2 19005 3499 372 12M4 1638 L1 L4
20 2320 : 1162 28015, 18578 3408 | 38% , 0983 1687 145 147
20, 2798 1399 . 8032 | 18130 363 409 0806  i736 124 154
240 3348 | 167 | 28032, 17656 3881 0658 1776 1.06 ! 161

| :
B0, 3978 ' 1988 | 0L 17158 4S8 | 4512 0544 RS 0.913) 168
260! 4694 | 2371 b2796.5 16614 | 4468 4802 | 0453 !8.84} 0.79441 .75
270" 5505 | 2809 | 27898 | 16044 | 4815 1 5006 | 0378 1932, 0,688 182

/O 6419 1 33U9 . 2779070 18429 5234 5489 . 0317 1991 0.600. 1.90

VO TaS | WIS | 27664; MT63 569 c SET D61 2060 05% 201
; H i [ ’

L300 8592 | 4621 ' 27492° 14073 6280 © 6268 | 0261 2129 0d6l’ 213

_ :_"0. YB0 | 54358 - 27274 13252 7118 | 6838 0176 2198 (403, 2.29

320, 1290 | 6472 2702 1238 8206 | 7513 ¢ 0141 2286. 0353 250
330 12865 § 7700 2«.5.9i 11397 - 9881 : 8257 | 0.108 " 234 0310 2.86
0! 14608 | 9276 | 26219, 10270 (235 | 9304 00811 2521 02721335
! E z’ ‘

350, 16537 11136 | 2565 | 8931 1624 11070 | 0.0580 2658 0334’ 403
018674 11440 48127 797 2303 (1279 0039 2004 0202 5.23

: | ! | : .
370 21053 12030 ' 23309! 43841 5652 [1710 | 00150 3375 0.146]1L10

348 https://tieulun.hopto.org



Dj den bifc xa toan phin dinh mic cia vat liéu  Bing -2

Tén vét liéu | t°C £
Nhom nhin 50 = 500 0.04 +0.06
Nhom c6 bé mat nhim ! 20+ 50 0.06 + 0.07
Dbng db nhin ! 50 0.1
Ddng dd nham L 50 150 055
Vonfram . 3 200 0.05
Vonfram 600 + 1000 0.1 + 016
Vonfram TOI500 2200 ¢ 024+ 031
! i

sS4t 5

— dién phan. dwgc danh bong cin thn 175 + 225 0052 +0.064

— duye danh bong 425 +1020 0144 -+0.377

1
— héa. duge dénh béng cin than ; 40+ 250 028
— s#t tdm chua gia céng ! 925 -+ 1115 0.87 + 095

Thép:
~— thép t4m dugc mai nhin | 940 -+ 1100 052 +0.61
— bi &xy hda & 600°C L 200 + 600 0.79 Y
— bj Oxy héa bé mat xu xi 40 + 370 094 + 097
Gang:
— duqge danh bong 200 i 0.21
— dugc tién 830 =+ W0 0.60 <070
~—bj Oxy hda & 660"C 200 + 600 064 + 0,78
— xd xi. bj 8xy hoa nhidu. 40 +250 | 0.96
Vang. dugc danh bong cin thin 225 +625 10018 +0.035
Déng thaw;
» . !
~— dirgc danh bong cin thén, thanh phdn khi hugng 3
73.2% Cu, 26, 7% Zn 245 + 355 0028 + 0.031
— dwgce dit mong vi bé mit ty nhidn E2 0.06
— bj md duc 50 + 330 0,22
— bi dxy héa khi dot néng dudi 600°C 200+ 600 061 + 059
. i
Dc‘bng: |
—- di¢n phén, duge danh bong chn than 80 0.018
— dugc dinh bong 115 0,023
—— bj dBt néng lién tyc vi bj phi mot IGp oxy day 25 i 078
— bj Oxy héa khi d6t ndng dudi 600°C : 200 600 057 4055
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Tiép bang 22,

Tén vit ligu : 1°C 3
Bach kim tinh khi€t dugc dénh bong I 25 +625 10054 + 0105
Cic ché phdm t bach kim:
— sgi manh 25+ 1230 0036 -+ 0,192
— day 25 + 1735 0073 4 0.482
Thly ngan tinh khiét 0100 © 009 + 012
Bac nguyén chdt duge danh béng 200 600 002 + 003
Crom 38 +538 . 008 +0.26
Céc vat ligu chiv Mra. cach nhiét. xdy dung
Cactdng amian : 4 0.96
Gach samdt 1100 0.75
Gach 06 bE mat xa xi 20 093
S €6 1rdng tring men 20 092
Véi via trdt xi xi { [0 <+ 90 091
|
Cic loai val liéu khac |
Than da da chon rda (36 tro 0.99%) ! 125 + 625 - 081 + 079
Nudc | 0 +100 095 + 0463
Bé mat kim loai bi dinh w6t | 20 © 0480
Son den bong phi trén bE mat thép 25 1 0873
Son den khdng bong 40 +95 | oy + 090
Cac loai son ddu mau sdc khic nhau 100 | 092 + 096
Son kim nha (nhom) trén thép tdm khong nhin ‘ '
bong ‘ 20 0.39
Cao su mém ¢a tinh ché, mau xam 24 0.859
Cao su cting da duge mai bong 23 0.945
Thiy tinh 250 + 1000 ' 087 + 072
Xi 16 hoi ! 0+ 100 097 + 093
Xi 19 hoi i 200 + 500 084 + 0.70
Xi 16 hoi I s00 +1200 076 + 07
Xi 19 hoi D' a0 + 1800 ¢ 049 + 067
S8t tring men mau trdng 20 | 0.9
Mubi 8én (md héng) cé hat > 0.075 mm a0 360 . 0915
Mudi dén teén thiy tinh nudc W +200 0.66
Mugi dén trén b2 mt cing b5 + 1000 0.96
Thach cao | 20 0.503
|

350
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Bang 29

Cac tinh chat nhiét vat ly ctia dung dich mudi NaCl.

£ tg Bis t C A w10t | w0t nao?
_ Keal Kcal KG.S Pr

"o | C | Kgmt|°C | Kgds | mhdd | m* | m¥s| m¥h
70 -a4 [ 1050 |20 | ovis | 0510 | 110 | 103531 ] 6
10| 0916 | 0495 | 144 | 134 {516 | 94
0 0,914 0,481 191 1,78 1 502 | 12,7
-4 0,912 0,474 220 | 206 | 5,00 | 148
11 -1.5 1080 | 20 (1,583 0,510 1,17 LO6 | 5,33 7,2
10 | 0880 | 0490 | 155 | 141 |55 | 99
0 | o878 | 0478 | 206 | 187|503 | 134
5 | og7r | 0472 | 249 | 226 | 498 | 164
_ 751 0877 | 0469 | 270 | 245 | 496 | 178
A3,60 1 98 | 1100 | 20 0,862 (3,510 1,25 1,12 15,40 7,4
: 10 0,860 0,488 1,65 | 1,47 | 515 | 10,3
0 0,857 0,476 2,19 1,95 |1 507 | 139
-5 0,856 0,470 266 | 237 {500 | 17,1
O8] 0855 | 0464 | 350 | 313 | 494 | 229
16,2 1-12,2 120 | 20 (K44 | 0,493 1,34 1,20 | 5,21 8,3
- 1 0,842 1,489 | 1,76 1,57 1 5,18 10,9
-5 0,838 (1,468 28971 258 1500 | 186
0 | 037 | 0460 | 356 | 318 | 293 | 232
-12,2 1 0,836 0,458 430 | 3,84 1490 | 283
18,8 [-15,1 P40 | 20 (0,827 0,500 1,46 | 1,26 | 5,32 8,5
10 | om25 | 0487 | 189 | 163 1517 | 114
0 | ow2 | oam | 261 | 225 1505 | 161
-5 0,820 0,466 3,18 | 274 1 500 | 198
-10 (1,819 0,458 395 340 1492 | 248
-15 0,818 0,451 487 1 4,19 | 486 [ 31,0
20,2 1-18,2 1164 § 20 081 | 0,498 1,58 1,33 | 5,27 9,1
10 (0,808 (1,454 2,05 1,73 | 517 | 12,1
0 0,800 0,470 288 | 244 1503 | 175
-5 0,804 0,463 3,51 296 | 496 | 21,5
-10 0,803 0,456 439 | 370 | 490 | 27,1
a5 | ooz | 0449 | 538 | @ss | 485 | 330
-18 0,802 0,445 | 6,20 | 524 | 480 | 394
23,1 |-21,2 1n7s | 20 0,799 | 0,480 1,70 | 142 1530 9.6
10 0,796 1,472 220 1 184 | 505 113,
0 0,794 | (1,468 30 1 259 | 502 {186
-5 0,793 ,461 382 | 320 /495 | 233
-10 0,791 0,454 | 480 | 4,02 1489 | 295
a5 | 0790 | 0447 | sse | 490 | 483 | 365
21 789 | 0,442 790 1 6,60 | 4,77 | 50,0

) as7
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Bang 20

Vét liéu cach nhiét moi

Vit higu cach nhiét P, A R |
KG/m Kcal (Kg/cm™)j
m.h.d§

Mép x0p Polystirol 30 0,035 15
MGp x0p Polyurctan 40 0,030 1,5
Mép x8p Polyclovinyt 65 0,028 17,0

Maop xdp éboxi 18 0,028 1,3
M&p xdp Phénoi rezol 50 0,035 -

Tam nhya t6 ong 45 0,045 -
MG3p xGp lam td nhya 10+15 0,02+0,025 2,5

phoocmaldehyt bién tinh

358
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Ham bién di¢u Betxen loai mét cip khong va cfp m@t Bing 34

X 1o(x} Ii(x) X To(x) h(x)
0.0 1,0000 0,0000 3.0 4,881 3953
0.1 1.0025 0.0501 31 5294 4326
02 | LM 0.1005 12 5747 4734
03 | 10226 0.1517 33 6.243 5.181
04 1 road ? 0.2040 34 6.785 5670
es e ozsw 35 7378 6.206
06 | L0920 03137 36 8,028 6.793
07 | 11263 03719 37 8.739 7436
0.8 1,1665 0.4329 38 1 9esi7 | 8.140
09 - 1.2130 0.4971 39 | 10369 J 8913
Lo - 12661 | 05652 40 - 3o | 9.7
M 362 0635 | 4l 12,32 (( 10,69
1.2 1.3937 1 07147 | 42 | 1344 1.71
13 13693 0.7973 43 1167 . 1282
14 | 155% 0.8861 a4 16.01 14.05
5 L6467 0.9817 45 1748 1539
16 1.7500 1.0848 46 19.09 16.86
L7 180 11963 a7 2086 1848
18 ¢ 198% 13172 ag | 22m 20.25
9 2em - 1482 1 49 | 49 2220
20 2.280 1591, S0 2724 134
21 | 2446 ! LM | 51 2m  | 268
22 . 2609 | 194 | 52 258 | 2015
23 | 283 2008 ¢ 53 3565 3208
24 | 3049 228 | S4 | 3901 35,18
25 329 2517 | 55 42,70 38.59
26 . 3583 2,755 r s6 | 46 R
27 | 3842 3.016 L 57 5117 46.44 '
2 4187 3301 ? 58 56.04 50.95
29 | 45w 3,613 ' 59 6138 55.90

https://tieulun.hod&8org



Ham bién diéu Betxen loai hai cdp khéng va cip mdt Bing32

0 Kef®) Ki(x) x ol Ko Ki(x)
. ]
00 . @ o0 22 0,089 ‘ 0.108
o1 247 " oss 23 0078 00942
02 ;1753 Y 24 0.071 0.0832
03 . 3056
5 0062 0.0739
0.4 1115 R
. ) 26 00ss 0.0660
05 094 1656 27 DM 0.0581
06 0,775 1.303 28 0.0 00503
0.7 0.061 1.030 RAY (034 0.0456
08 0565 0.862
3.0 0137 0.0402
09 ' 0487 N %3¢
; 3.1 00309 0.0356
A oo 0421 0.602 32 00283 00314
Ao 03 0509 33 - 00s1 0.0283
12 0318 i 0435 34 0.0220 0.0251
L3 | 02m o3
| ' 35 0019 0.0222
14 024 0320
_ 6 oM7L 00004
d s 021 C 028 37 0ms? 0.0173
16 | 0188 0.241 3% ITTR 0.0157
1.7 } 0.163 S 0w 39 00126 0.0141
18 % o6 0183 i
E : 0 eon2 0.0125
SL9 o P 0060 ! !
5 E 15 0006 0.00708
200 1 i | om0 50 00037 | 0.00404
20 010 I 3+ : |
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i
Ham sd mi va hypecbélic

x e** L‘LX— shx chi(l . | thx
R
0.0 l e . 10 | oew Lo 0.000
01 LI . 0% i 0100 | . 1005 0.100
02 122 ’ 0.82 0201 1.020 0.197
P S VR L 7 L oeas 14 0.291
04, J,UL-H!;_ 07 | oan e om0
0.5 L6 0.6 . oSt 1128 0.462
06 182 0S5 0637 | Li86- 05374
07 200 J 050 0 1255+ 0.601 ¢
08 222 : 045 . 0mss 1337 0,664
09 246 i 041 o 1027 1433 0.716
10 22 03 | s R 0.762
L w0 03 L 136 . 1668 0810
e amaw s e |oae |
3o am L am e | 1971 * 0862
14 406 . 035 L 2151 0.885
sl aso 022 219 2352 0.905
6 | 49 020 | 237 2577 | o
1.7 555 . 08 L 2646 288 | 0935
18 605 | 017 2942 3108 0.947
L9 | 6.63 ‘ 0.13 3268 3418 0.956
20 0 730 - om Coaer| 3wz | 096
21 a1 0a2 vl am2 ] 4au 0971
22 503 . oar 7 L 4457, 4568 - 0976 -
23 998 | - 010 ° | 4937 | 5037 | - 0980
4 1 one 1 em sd66 | 5557 0.984
25 1123 © 0083 . | 600 | 6132 | - 0987
2 | 135 Y 6695 679 . | . 0989
27 148 0,067 7406 747 0,991
28 164 0.061 8192 | 8253 0.993
29 18.2 0.055 9060 | 915 0994
3.0 ! o1 L o050 10018 10.068 0995

o 361
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Cic do thi
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Bang tinh ddi gitra °C thanh °F va ngugtc lai

Temperature Temperature Temperature

°C |CorF| °F °C |CorF| °F °C {CorF| °F

400, 40 ] 400} -233] -10f +140 -6, +200 +68.0
-394 -39 | -382 =228 -9 +13.8 0.1 +21} +698

=389  -38 | -36.4 -222 B +17.06 =360 +22) +710
~-383] 37 | 346 -21.7 -7 +19.4 =500 +23] +734
~378 =36 | -328]1 -211 ~61 +21.2 44 +24) +752
-37.20 =35 | 310 =20.6 =50 #2304 39 +25 +770
=367 =34 | -29.2 =200 -4 +24.8 =33 +206f +788
=361 33| -274 -194 =3 +266 -8 +27 +80.6
=356 -32 | -250 ~18.9 -2 +284 =22 +25 +824
=350 -31 } -238 ~-18.3 -1} +30.2 1.7 +29| +84.2
=344 . -30 | -22.0 -178 +0] +32.0 ~1.4  +30] +806.0

=339 -29 | -202) 172 41 +338 046 +311 +878
-333] 28 | 184 -167]  +2] +356) +00 +32] +896
-3280 227 | -166] -161} +3| +374] +06 +33] +914
322 <26 | -148) 156 +4| +392] +1.1 +34] +93.2

=317 =25 1 -13.0% 150 +5] +41.0 +1.7% +35 +950
=311 24 ) -11.2] 144 +6| +428 +24 +36/ +96.8
-30.60 -23 -941 -~139 +7| +446 +2.8 +37} +98.6
-30.00  -22 -761 -133 +8| +464 +33  +38] +1004
=204 -21 =58 -12.8 +91 +48.2 +34 4+ 390 +102.2

-289 20 | <40 -1221 +10[ +350.0 +4.4 +40| +104.0
-283] -19 =221 -11.7] +11| +518 +50 +41 +105.8
-278 -18 041 -11.1} +12| +5306 +5.6 +42| +1076
=272 17 | +14] -106] +13] +554( +6.% +43|.+1094
=267 -16 1 4321 W0 +14) +57.2 +6.7 +44] +111.2

260 15 | +350 94 +15| +590) +72 +45 +1130
=256 14 | +6.8 B9 +16] +608 +7.8 +46] +1148
22500 -13 1 +86 830 +17] +6260 +83 +47 +1166
244 -12 |+104 ~78] +18| +644] +8Y +48] +1184
-239 11 |+122 =721 +19| +66.2 + 9.4] +49; +1202

https://tieulun.hopto.org _



Temperature Temperature Temperature
°C |corF| °F || °C |corF| °F | °C |corF| °F
+10.01  +50] +122.0 || +26.7 +80] +176.0 [ +43.37 +110] +230.0
+106] +51 +1238 | +27.21 +81,+1778 | +~43.9) + 111} +231.8
+11.1 #3520 +1256 || +278F +82f +1796 | +44.4) + 112 + 2336
F11.7 +33 +1274 || +283] +83] +1814 || +450] + 113} +2354
+12.20 454 +1292 || +289] +8H + 1832 [ +45.6] + 1148 +237.2
+128  +550 +131.0 ff +294| +85 +1850 [ +40.1] +115] +239.0
+133F +356] +1328 || +30.0] +86] +186.8 || +46.7| +116] + 240.8
+13.90 +57 +1346 || +306] +87| +1886 | +47.2] +117] +2426
+144] +58 +1364 || +31.1| +88] +1904 {| +47.8} +11§ +244.4
1500 +359 +1382 || 317 +89+192.2 | +48.3} +119] +246.2
+15.6] +60] +140.0 )| +322[ +90| +1940 || +48.9] + 120} +248.0
+161 +61 +141.8 || +328( +91 +195.8 || +494| +121| +249.8
+16.71  +62| 1436 || +333] +92 +1976 | +50.0] + 122 +251.6
+17.2] +63 +1454 || +339| +93| +1994 || +50.6] +123} +253.4
+17.8 +64] +147.2 | +34.4} +94 +20L2 | +5L1| +124{ +255.2
+183 +65| +149.0 | +350] +95] +203.0 || +51.7] +125{ +257.0
+189 +66l +1508 I +356] +96| +2048 | +52.2] + 126} +258.8
+194] +67] +1526 | +36.1| +97| +206.6 || +52.8( +127| +260.6
+200 +68 +1544 || +36.7} +98} +2084 | +533| + 128] +262.4
+2061 +69 +1562 || +372) +991 +2102 | + 53.9] +129( +264.2
+2tl +700 +158.0 | +37.8[ +100] +212.0 || +54.4] + 130] +266.0
+21.7 +71 + 1508 §7+383| +101} +213.8 || +55.0| +131] + 267.8
+222 +72| +1616 | +389| +102 +215.6 | +55.6] +132| +2696
+228 +73 +1634 | +39.4| +103| +2174 | +56.1| +133 +271.4
+233 +74 +1652 [| +400] +104{ +2192 | +56.7| +134 +2732 |
+239 +75| +167.0 | +40.6] +105] +221.0 | +57.2| +135 + 275.0
+244 +76 +1688 § +41.1] +106( +2228 }| + 578 +136] +276.8
+2500 +77 +1706 | +41.7] +107| +2246 | +58.3] +137| +2786
+256]  +781 +172.4 | +42.2} + 108 +2264 || + 58.9| + 138} +280.4
+26.1 +79] #1742 +428) +109) +2282 || +59.4 +139) +282.2

https://tieul_un.hggf%.org
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Temperature Temperature Temperature
°C |CorF °F °C |CorF| °F °C |CorF| °F
+60.00 +140| +2840 | +76. +170] +338.01 +93.3 +200] +392.0
+60.6] +141] +2858 || +77.2 +171 +339.8 ) +939 +201} +3938
rol1] +142] +2876 | +77.8 +172| +3416| +94.4) +202| +395.6
+61.7] +1430 +2894 || +78.% +173| +3434 [ +950{ +203| +397.4
+62.2 +144] +291.2 || +78.9 +174] +345.2] +95.6] +204 +399.2
+02.8 +145] +293.0 (| +79.4 + 173 +347.0 +96.1 +203 +401.0
+633 +146] +2948 | + 300 +176] +348.8 |1 +96.7 +2006| +402.8
+639 +147] +2966 (| +80.6 +177 +350.67 +97.2| +207] +404.6
+64.4 +148] +298.4 || +81.4 +178] +352.4 | +978 +208 +406.4
+65.0] + 149 +300.2 || +8L7 +179) +354.2 (| +983] +209 +408.2
+65.6] +150] +302.01 +822 +180 +356.0|| +989 +210| +410.0
| +60.1] + 1510 +303.8 | +82.8 +181 +3578[ +99.4 +211] +411.8
+66.7 +152] +305.6 | +83.3 .+182 +359.6 | +100.0] +212| +413.6
+67.2) +153| +307.4 || +839 +183 +361.4 +100.6) +213| +415.4
+67.8 +154| +3092 [ +84.4 +184 +363.2| +101.1} +214 +417.2
+683 +155| +311.0{1 +85.0 + 185 +365.0] +101.7] +215 +419.0
+689 +156| +3128 | +85.64 +186 +366.81 +102.2] +216| +420.8
+69.4 +157 +3146 | +86.1 + 187 +368.6 [ +102.8 +217 +422.6
+70.0] +158] +3164 | +86. 7% +188[ +370.4( +103.3 +218{ +424.4
+ 7061 +159] +3182 || +87.24 +189 +372.21 +103.9 +219] +426.2
+ 711 +160] +3200 | +87.8 +19) +374.0 | +104.4f + 220 +428.0
+71.7] +161] +321.8 | +88.3Y +191j +375.8 (| +105.0] +221| +429.8
+722 +1621 +3236 || +889A +192 +377.64 +105.6 +222 +431.6
+ 728 +163] +3254 | + 89.4| + 193] +379.41| +106.1] +223| +433.4
+733 +164] +327.2 || +90.00 +194] +381.2] +106.7] +224) +435.2
+ 7390 +165] +329.0 | +90.6 +195 +383.0| +107.2] + 225 +437.0
+744 +166] +3308 || +9L.8 +196| +384.8 || +107.8] +226| +438.8
+75.0 +167] +3326 || +91.7 +197| +386.6 || + 108.3] +227| +440.6
+75.6] +168] +334.4 || +92.21 +198 +383.4 | +108.9 +228] +442.4
+76.1 +169] +336.2 1 +92.8 +199) +390.2(] + 109.4| +229| +444.2
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Temperature Temperature Temperature
°C |CorF| °F | °C |CorF{ °F °C |CorF| °F
+ 1100 +230] +446.0 [| +121.1] +250(+4820| +137.8 +280| +536.0
+110.6] +231] +4478 | +121.7] +251] +4838 )1 + 1389 + 282} +539.6
+ 1111 +232] +4496 || +122.2] +252| +485.6 || +140.0] +284] +543.2
+111.7] +233] +451.4 || +122.8 +253|+487.4 | + 1411 +286)+546.8
+112.2) +234[ +453.2 | +123.3[ +254| +489.2| + 142.2] +288| +550.4
+112.8 +235| +435.0 [| +123.9] ‘+255[ +491.0 || +1433) +290| +554.0
+113.3 +236] +456.8 || + 12448 +256[+492.8 || +144.4] +292| +3557.6
+113.9 +237| +458.6 || +125.0] +257(+494.6 || +145.6 +294| +561.2
+1144 +238] +460.4 [| +125.6] +258(+496.41{ +146.7] +296| +564.8
+115.00 +239] +462.2 | +126.1| +259[+4982 | + 147.8] +298| +568.4
+115.6 +240| +464.0 | +126.7 +260|+5000
+116.1] +241] +4658 | +127.8 +262| +503.6
+116.7 +242| +467.6 || + 1289 +264]+507.2
+11720 +243]| +469.4 | + 130.0) +266}+510.8
+117.80 +244] +471.2 { + 1311} +268| +514.4
+118.30 +245] +473.0 { +132.2[ +270| +5180
+ 1189 +246| +474.8 | +133.3] +272} +5216
+119.4 +247| +476.6 | +134.4 +274{+525.2
+120.0| +248| +478.4 | +135.6] +276} +528.8
+120.6] +249| +480.2 || +136.7 +278|+5324
Cach dung:

* Gid st dong h8 nhiét do chi 70°C, mubn d6i ra °F thi lam nhu

sau:

Tra c6t "C or F" & gia tri +70 sau dé gtong ngang: sang cét °F sé
dugc la +158,0 °F.
* Néu ddng hé chi 120°F, mu6n d8i ra °C thi lam nhu sau:
Tra cét “C.or F' & gia.tri +120 sau do gnong ngang sang bén trai &
c6t °C sé duge la +489 °C.
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Chuong 12 C4¢ chu trinh-thiét bi lam lanh 143
Chuong 13 ¢o s& nhiét déng cla cac qua trinh hed hoc 159

Phan 2: Truyén Nhiét.
chuong 14 Dan nhiét 177
Chuong 15 Tda nhidt ddi luu 215
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Phén 3: Phl_.l |l,lC. https://tieulun.hopto.org



§1-

§2-

§3-

§4-

§s-

Gia téc:
1 ft/s2
1 m/s?

Dién tich:

1in2 = 6,4516cm® = 6,4516X 104 m?
1 ft2 = 929 cn? = 0,0929 m?
1m2 = 10,764 ft2
Khéi lugng riéng: 3
1 Ib/in® = 27.680glcm® =" 27,680 x 10% Kg/m® ;
1bM® = 16019Kgm? :
1 Kg/m? = 0,06243 b/t :
1slugft? = 51538 Kg/m® ﬁ
1 b molft® = 16,019 Kg moVm? i
1 Kg mol/m3= 0,06243 Ib mol/ft? i
3
Sy khuyech tan ( nhiét, chat, dqng lu‘q‘ng ): 3
1fiZ/s = 0,0928 m¥s i
1fi2h = 0,2581cm?s = 0,'2'581 X 104 mé/s
1me/s = 10,7639 fi¥/s U i
icm¥s = 38745 ft2/h 4

Nang lugng, nhlet luo‘ng, cong

1J =
1 Blu
1 Btwh
1 cal
1hp
1t w.h
1 Kwh

L}

Bang don vi do ludng

0,3048 m/s?
= 3,2808 ft/s?

1w.s

= 1055,04J

0,2931 w
3,968 Btu

7457w -
3413Btu -

3113 Btu

i

1N.m = 107erg
o52 cal = 778,161 ft. Ibf
393x104hp
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§6- Mat 4o dong dién:
1 Btwh ft2 = 3,1537 w/m?2
1 w/mé = 0,31709 Btwh fi2

§7- Nang suat phat nhiét:
1Btwhft? = 10,35wm? = 89 Kcalh.m?
1 w/m3 = 0,0966 Btuh.ft3

§8- Hé $b truyén nhiét:
1BWwWhft2oF = 5,677 wm2°C

1 wm2C = 0,1761 Btwh.ft2°F
§9- Chiéu dai:

1A = 108cm = 109m

1mm = 103mm = 10%m

1in = 2,54cm

1ft = 0,3048 m

im = 3,2808ft

1mile = 1609,34m = 5180

§10- Khdi lugng:

t oz = 28359

1lb = 160z = 453,69
1Kg = 2,2046 Ib

1g = 15,432 grains

1slug = 3217391b

1ton (metricy = 1000Kg = 22051b
1ton(short} = 200010
Tton(long) = 22401b
§11- Ap suét, Iyfe:
1N = 1Kg.m/s? = 0,22481 Ib,
= 7,2333 poundals = 105 dyn
1 Iby = 32,174 ft.ibfs? = 44482 N
= 32,1793 poundals
11lb¢in® = {1 psi) = 6894,76 N'm?
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2116,2 Ib,lﬂ2
7355 mmhg = 10 mH0

= 1KcalKgoC 4186,69 J/Kg.°C

0,44704 m/s

28,3168 lit

37854 x 103 m?

ol R N
1tz = 47,880 N/m?
1bar = 105 N/m?

1 at = 14,696 bfin? =
= 09807bar =

§12- Nhiét dung riéng:

1 Btu/ib°F

§13- Téc a§:
1f/s = 03048 m/s
1 m/s = 3,2808 fi/s
1 mile/h = 1,4667f/s =

§14- Sifc cing bé miit:
1lp/ft = 14,5937 N/m
1 N/m . 0,068529 Ibyft

§15- Nhiét do:

T(°F) = 1.8(°K-273)+32
T(K) = 1—1;3—(°F-32)+273-
AT (°C)= 184T(°F)

§16- Hé sb dan nhiét:

' 1 BtwhftoF = 1,7303wm?°C
{wmoC = 05779 Btwhft°F
1 KcaVm.h.°C= 1,163 w/m.°C

§17- Thé tich:
1in? = 16,387 cm®
1 cm3 = 0,06102in?

143 = 0,0283168 m3=

1md = 35,315 ft

1 gal (Us} = 3,7854 lit =
= 0,13368 ft?
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BAI TAP
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142 TO HIEN THANH - Q.10
' DT : 650641

¥

Tn 1500 cu6n kho 14,5 x 20,5 cm tai Xi Nghigp in 2 BY Noi Vy
Hoan thanh thédng 10 /1993.
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