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LOI NOI PAU

Cuén "Bai tdp ky thudt nhiét" nay iiuqn' hién soan theo néi dung cuén gido
trinh "Ky thudt nhiét" cia cdc tac gia Bui Hai va Tran Thé Son, do Nha xudt
han Khoa hoc va Ky thudt phdt hanh dang ditoc sit dung cho viéc dao tao cdc hé
ky suw @ cdc truong dai hoc ky thudat.

Cudn "Bai tdp ky thudt nhiét" nay dicoc bién soan theo kinh nghiém giang
day lau nam cua cdc tac gia nham dap itng nhu cau hoc tap cua sinh vién cac
truong dai hoc ky thudt. Cudn sdch trinh bay tém lugc nét dung ly thuyét tiung
phdn, sau dé chi yéu la cdc bai tdp dd duoc gial san, o ddy cdc tac gid chit y téi
_cac dang bai tdp ngdn, nham phuc vu cho cdach thi trdac nghiém la cdach thi moi

cia mon hoc dang duoc su dung o mét s6 truong dai hoc ky thudt.

Sach gom hai phan 4 chuwong va phan phu luc duoc phdn céng bién soan
nhu sau : PGS. PTS. B Hai, Dai hoc Bach khoa Ha N¢i la chu bién va soan
chuwong 1, chuong 2 cua phan I; PTS. Hoang Ngoc Dong, Dai hoc Ky thudt Pa
Ndng soan chuong 3, chuong 4 ctia phan Il va phdn Il Phu luc. Trong qud trink
bién soan chdc chdn khéng tranh khdi sai sot, mong nhdn diuoc su gép y ciia ban
doc.

Cac tac gia






Phan|

NHIET BONG KY THUAT

Chuong 1

PHUONG TRINH TRANG THAI
VA CAC QUA TRINH NHIET PONG CUA CHAT KHi

1.1 THONG SO TRANG THAI

1.1.1 Nhiét va cong
Nhiét ky hiéu Q, don vi 1a J hoac ¢ = '(QE don vi 12 J/kg véi G 1a khéi luong

cua méi chit tinh theo kg. Cong ky hiéu L don vi la J hoac [ = E don vi la

J/kg.}Nhiét va cong khong phai 1a thong s6 trang thdi ma la ham cha qué trinh.
Dan vi do cua nidng lugng néi chung 1a J (Jun) ngoai ra con ¢6 thé sir dung cac
don vi chuyén déi sau :

1k =10°J; 1 MJ = 10° kJ =10°J,

1cal=4,18J; 1 kcal =4,18 kJ; 1 BTU =03 J.

Qui udc diu cia nhiét va cong nhu sau : moi chdt nhan nhié&t Q > 0, méi
ch4t toa nhiét O < 0; moi chat sinh cong L > 0, méi chit nhan céng /. < 0.

1.1.2 Thodng sd trang thai

a) Thé tich riéng
Thé tich riéng dugc x4c dinh theo cong thifc sau

i 3
T /k 1_1
V= n/Kg (1.1)



trong do :
V - thé tich, m",
G - khéi luong, kg.
Khéi luong riéng (hay mat do) p |a dai lugng nghich déo cia thé tieh riéng :
1 G
p=== kglm o (1.2) 35

b) Ap sudt
Ap sudt duoc ky hiéu p, don vi 1a N/m?> = 1 Pa (Pascal). Ngoai ra con c6hé
ding cédc don vi do khic nhu sau :
1 kPa = 10* Pa; 1 MPa = 10* kPa = 10° Pu
1 bar = 10° N/m* = 10° Pa =750 mmHg
1 at = 0,98 har =735,5 mmHyg = 10 mH,O
1 Psi = 6895 Pa ~ 0,07 at
mm#k g con dugc goi la ror.

Céc qui d6i trén theo mmHg & 0°C, néu cot mmHg do & nhiét dé ¢ khédc 0°C,
muén tinh chinh xac phai qui d6i cot mmHg vé 0°C réi méi dung quan hé qui doi
trén nhu sau :

I, = h(1 - 0,000172 1) (1.3)

trong dé :
h, - chiéu cao cot thuy ngéan qui déi vé 0°C;
h, - chiéu cao cot thuy ngan do & nhiét dé r;
t - nhiét do, °C.

Ap suat tuyét d6i p 1 dp sudt thuc clia moi chét. Gilta 4p suat tuyét d6i p, 4p sudt
thuc p, cia khi quyén, dp suit du p, va d6 chan khong p,, c6 quan hé nhu sau :
P =Pyt Py (1.4)
P =Po-Pa (1.5)
¢) Nhiét do

Thang do nhiét doé theo nhiét d6 bach phan cé ky hiéu ¢, don vi °C; theo
nhiét d6 tuyér doi c6 ky hiéu T, don vi °K, thang nhiét d6 theo Farenheit c6 ky
hiéu ¢, don vi °F. Giita ching c6 céc qui d6i sau :



T=27315+1t~273 +1¢ (1.6)
dT =dt ; AT = At

t((;C) = (Ie- 32)% (1.7)

d) Néi nding

No1 nang c¢6 ky hiéu U, don vi J hoac u, don vi J/kg. Noi nang & ddy 1a nang
lugng chuyén déng cha cac phan tir (n6i nhiét ning). Bién doi ndi nang cia khi
lytudng trong moi qui trinh theo céc quan hé sau :

du=C,drl (1.8)
AU=GAu=GCC,T,-T)) (1.9)
o day C, la nhiét dung riéng khéi luong dang tich.

Khi ly tudng 12 khi thuc khi bd qua luc tic dung tuong hé giira cac phan tu
va thé tich béan than cdc phan tir. Vi du khi O,, N,, CO,, khong khi ... & diéu kién
nhiét dé va dp sudt thudng déu dugc coi 1a khi ly tudng.

e) Nding luong ddy

Nang luong ddy la nang luong chi cé trong hé hd dé gitip moi chit chuyén
déng ra hoidc vao hé nhiét dong.

) Entanpi

Entanpi ¢6 ky hiéu /, don vi J hoic i, don vi J/kg, cling c6 thé dung ky hiéu
H, don viJ hoac h, don vi J/kg. Ta c6 quan hé :

i=u+pyv (1.10)

Bién doi entanpi cua khi ly tudng trong moi qué trinh theo cic quan hé sau:
=C,dr (1.11)

Al =GAi=GC(T,-T) (1.12)

g) Entropi

Entropi ¢6 ky hiéu S, don vi J/K hoac s don vi J/kg K. Bié€n déi entropi theo
quan hé sau :

ds = — (1.13)



T - nhiét d6 tuyét d6i cua moi chat.
h) Exergi va anergi

Exergi c6 ky hiéu E don vi J hoédc e don vi J/kg. Exergi 12 phin nang luong
c6 thé bién d6i hoan toan thanh céng trong qua trinh thuan nghich. Anergi cé ky

hiéu A don vi J hoac a don vi J/kg. Anergi 1a phdn nang lugng nhiét khong thé
bién d6i hoan toan thanh c6ng trong qu4 trinh thuin nghich.

V&1 nhiét g ta cé quan hé sau :
g=e+a (1.14)
trong dé :

e - exergl, J/kg;
a - anergi, J/kg;

Exergi cha nhiét luong g & nhiét d6 T khéic nhiét d6 moi trudong T, duoc xac
dinh theo quan hé sau :

T,
ezq(l—TO) (1'15){
Exergi cua dong moi chét chuyén dong dugc xac dinh nhu sau :
e =1-1iy-Tys-5p) (1.16)

trong do6 :

i, s - entanpi, entropi cia méi chét & nhiét d6 T, 4p sudt p khdc véi nhiét
do moi truong T, 4p sudt méoi trudng py;
iy, 5 - entanpi, entropi clta moi chét & T, p,.

1.2 PHUONG TRINH TRANG THAI CUA KHi LY TUONG

Phuong trinh viét cho 1 kg :

pv=RT (1.17a)
Phuong trinh viét cho G kg :

pV = GRT (1.17b)

trong d6 :
p tinh theo N/m?; v tinh theo m’/kg; T tinh theo °K;
R - hing s6 chat khi, dugc xéc dinh bang biéu thitc :



4
R=-83—1—. Jlkg ’K (1.18)
1l

u - kilomol cua khi ly tudng, kg/kmol (c6 tri s6 bang phan tr luong);
G - khéi lugng khi, kg

Phuong trinh viét cho 1 kilomol khi ly tuong :
pV,=R,T =8314T (1.19)
trong do6 :
V.- thé tich cua 1 kilomol :
V, =v.u, m'fkmol
R, - hing s6 phd bién cua khi ly tudng, R, = 8314 J/kmol K.
Phuong trinh viét cho M kilomol khi ly tuong
pV=M R,T=8314 M.T (1.20)

M - s6 kilomol.
1.3 NHIET DUNG RIENG CUA CHAT KHi

1.3.1 Cac loai nhiét dung riéng

- Nhiét dung riéng khdi lugng, ky hiéu C don vi J/kg.°K.

- Nhiét dung riéng thé tich, ky hiéu C’ don vi J/im’, °K.

- Nhiét dung riéng kilomol, ky hiéu C, don vi J/kmol °K.
Quan hé giita cdc loai nhiét dung riéng :

C=Cv,=— (1.21)
H

Vi, - thé tich rieng & diéu kién tieu chudn vat ly (4, = 0°C, p, = 760 mmHyg),
m’, Jkg.

- Nhiét dung riéng dang ép C,, C’,, C,,, - nhiét dung riéng khi qu4 trinh xay
ra & 4p sudt khong déi p = const. :

- Nhiét dung rieng dang tich C,, C’,, C,, - nhiét dung riéng khi qué trinh
x4y ra & thé tich khéng déi V = const.



Quan hé giira nhiét dung riéng dang 4p va nhiét dung riéng dang tich ciia
khi ly tuong

C,-C,=R (1.22)
C,=kC, (1.23)

k - s6 mi doan nhiét.

1.3.2 Nhiét dung riéng la hdng sd va nhiét dung riéng trung binh

Vi khi ly tudng, nhiét dung riéng khong phu thudc vao nhiét d6 va la hang
s6 duoc x4c dinh theo bang 1.1.

Bang 1.1 Nhiét dung riéng cla khi ly wuong

Loai khi T s6 kcal/kmol .’K kJ/kmol.’K
K Cow | Cwp | Cw | Cy
Mot nguyén t 1,6 3 5 12,6 20,9
Hai nguyén tor (N,, O, ...) 1.4 5 7 20,9 29,3
Ba hoac nhiéu nguyén tr 1,3 7 9 29,3 377
(CO, , H,0..)

V&i khi thuc, nhiét dung riéng phu thudc vao nhiét do nén ta c6 khdi niém
nhiét dung riéng trung binh. Nhiét dung riéng trung binh tir 0°C dén °C duge ky

hiéu C
0

va cho trong cdc bang & phan Phu luc. Nhiét dung riéng trung binh tir ¢,

t . .
dén r, ky hiéu C| tz hay C,, , duoc xdc dinh bang cong thifc tong quat sau :
1

nooo1 ty t
ol = el -a.f}| (1.24)

=

1.3.3 Tinh nhiét theo nhiét dung riéng

Thong thuong nhiét luong duoc tinh theo nhiét dung riéng khaoi luong :
- véi qué trinh dang 4p :

Q=GC,(t-1) (1.25)
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- vGi qud trinh dang tich :

Q=G0C.(h-1) (1.26)
- v6i qua trinh da bién :
Q=GC,(t,-1) (1.27)

Trong cdc cong thic trén
Q - nhiét luong, &J;
C, - nhiét dung riéng khoéi luong déng ap, kJ7kg 'K,
C, - nhiét dung riéng khoi luong dang tich, kJ/kg."K;
C, - nhiét dung riéng khoi luong da bién, kJ/kg °K;

1.4 BANG VA PO THI CUA MOI CHAT

Vi cde khi O,, N, khong khi, ... & diéu kién binh thudng cé thé coi 1a khi
ly tudng va cic thong so6 duoc xic dinh bang phuong trinh trang thai cua khi ly
tudng da néu & phin trén. Véi nudc, moi chat lanh ... khong thé cor 1a khi ly
tuong nén cac thong s6 duoce xédc dinh theo cdc bang s6 hodc dé thi cua ching.

1.4.1 Cac bang sé cua nudc hodc mdi chat lanh (NH,, R12, R22..))

Dé xac dinh céc théng s6 cha chat 1ong soi va hoi bio hoa kho, ta sir dung
bang hai bdo hoa theo nhiét do hoic theo dp suat cho trong phan phu luc. O day
can luu y cdc thong s6 cta chat 1ong so6i duoc ky hiéu vé moét ddu phay, vi du :

v, O, f,... cdn cdc thong s caa hoi bdo hoa khd dugce ky hiéu véi har ddu phay,

vidu : ", p", i",.... Trong cac bang s6 va do thi khong cho ta gid tri néi nang,
muén tinh néi nang phai dung cong thic :

u=i-py (1.28)
trong do :

u tinh theo J/kg;
i tinh theo J/kg;
p tinh theo N/m?;
v tinh theo m‘]'/kg.
Dé x4c dinh céc thong s6 cta chat 16ng chua s6i va hoi qud nhiét ta sir dung
bang hoi qua nhiét tra theo nhiét do va dp suat.

Hoi bao hoa 4m la hén hop giGa chat long s6i va hoi bao hoa khé. Cic
théng s6 cua hoi bdo hoa am v,, ,, s, dugc xdc dinh bang cac cong thic sau :

11



=V +x(v' - V) (1.29a)
=0+ (" -0 (1.29b)
5, =8 +x(s" -5 (1.29c¢)

trong d6 x 12 do khé (luong hoi bdo hoa khé ¢6 trong 1 kg hoi bdo hoa 4m). Néu
trong cong thiic (1.29) khi biét c4c gi4 tri v,, i, 5, ta c6 thé tinh dugc d6 khe.

Vidu :

(1.30)

1.4.2 Cac do thi cua mdi chat

Dé tinh todn v6i nudc, thuln tién hon ca 1a dung d6 thi i - s, d6 thi i - s*clia
nudc duge cho trong phan phu luc.

Véi moi chdt lanh nhu NH,, R12, R22,... thuan tién hon ca 1a dung d6 thi
Igp - h. D6 thi lgp - h cia mot s6 mai chat lanh cho trong phan phu luc.

1.5 CAC QUA TRINH NHIET DPONG CO BAN CUA KHi LY TUONG

1.5.1 Bié&n dbi ndi ning va entanpi ctia khi ly tudng
Bién d6i noi nang :
AU=U,-U,=GCt,-1,) (1.31)
Bién déi entanpi :
Al =1-1,=GCyt,- 1)) (132)

trong do6 :
U tinh theo kJ;
[ tinh theo kJ;
C, va C, tinh theo kJ/kg.’K;
t tinh theo °C;
G tinh theo kg.

12



1.5.2 Qua trinh ding tich

Qua4 trinh dang tich 12 qué4 trinh xay ra trong thé tich khéng déi V = const va
s6 mil da bi€n n = * oo, nhiét dung riéng cha qud trinh C,. Trong qua trinh nay ta
c6 nhilng quan hé sau :

- Quan hé giira nhiét do va ap suAt :

T, »r
L_Pn (1.33)
L A

- Cong thay déi thé tich : [, =0

- Cong ky thudt : Luiz = -v(p - py) (1.34)

- Nhiét cia qua trinh :

0=GCJt,-1) (1.35)
- Bién d6i entropi :

AS=G.C, ln%}— | (1.36)

1.5.3 Qua trinh ding ap

Qua trinh dang 4p 1a qua trinh xay ra khi 4p sudt khong thay déi p = const
va s6 mil da bién n = 0, nhiét dung riéng cta qua trinh C,. Trong qua trinh nay ta
cO cac quan hé sau :

- Quan hé giita nhiét do va thé tich :

L_»n (1.37)

Iy v

- Cong thay déi thé tich :

I, = p(vy-v)) (1.38)
- Cong ky thuat :
[,=0
- Nhiét cua qua trinh :
Q=GCGC\(-1) (1.39)
13



- Bién d6i entropi ;

T
AS =G.C, ln?z (1.40)
1

1.5.4 Qua trinh dang nhiét

Qua trinh dang nhiét 1a qué trinh xdy ra khi nhiét dé ctia qué trinh khong
thay doi T = const va s6 mii da bién n = 1, nhiét dung riéng clia qua trinh C. = oo,
Trong qua trinh nay ta c6 cdc quan hé sau-

- Quan hé giira 4p sudt va thé tich .

P2V

1 (1.41)
P W
- Cong thay déi the tich va cong ky thuat:
V2 P
l\»=1,,=RTIn = RT In (1.42)
! 172
- Nhiét cua quaé trinh :
_ _ _ P
Q=L,,=Gl,=GRT In (1.43)
P2
- Bién déi entropi -
- P :
AS = GRIn — (1.44)
P2

1.5.5 Qua trinh doan nhiét

Qua trinh doan nhiét 1a qué trinh xay ra khi khong trao déi nhiét véi méi
trudng ¢ = 0 va dg = 0, s6 mi da bién n = k, entropi cla qud trinh khong d6i s =
const va nhiét dung riéng clia qua trinh C = 0. Trong qua trinh nay ta ¢6 cdc quan
hé sau :

- Quan hé giita nhiét do, ap sudt va thé tich :

72 V|

P Vo

(1.45)
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T _ (&]T _ ["_lj (1.46)
T, P V2

- Cong thay d6i thé tich :

k-1
Tk
1, =P 1—[&J (1.47)
k-1 P
- Cong ky thuat :
k-1
kRT, ) &
loiy = kil = L 1-[”*] (1.48)
k=1 Pi

1.5.6 Qua trinh da bién
Qua trinh da bién 1a qué trinh xay ra khi nhiét dung riéng clla qud trinh
khong déi C, = const va dugc xac dinh bang bi€u thic sau :

n—k

n-—1

C,=C, =

(1.49)

Trong qua trinh nay ta c6 cic quan hé sau :

- Quan hé gira nhiét do, ap sudt va thé tich :

P2 _ [‘—'] (1.50)

Vs

-
n-1
T, ) n .
_-Z(P-J =[‘_'] (1.51)
T Pi )

- Cong thay déi thé tich :

1, = 214 1—[”—2] " (1.52)

15



- Cong k¥ thuat :

- Nhiét cia qud trinh :
Q=GC, (t,-1)
- Bién déi entropi |

Ty
AS=G.C,In—
T,

1.6 CAC QUA TRINH NHIET DONG CO BAN CUA KHi THUC

1.6.1 Bién ddi entanpi, ndi niang, entropi
- Bién d6i entanpi
Al = G.Ai= GG, - i)
- Bién d6i noi nang :
AU =GAu =G (uy - uy) = Gli, - pov, - (i - pyv)]
- Bién déi entropi :

AS=GAs=G(s, - 5)

1.6.2 Qua trinh dang tich
- Cong thay déi thé tich :
/,=0
- Cong ky thuat :
a2 == v(py-py)
- Nhiét cta qua trinh :

0 =AU = G(u, - uy) .

(1.53)

(1.54)

(1.55)

(1.56)

(1.57)

(1.58)

(1.59)

(1.60)



1.6.3 Qua trinh ding ap
- Cong thay déi thé tich :

li; = pvy-w)
- Cong ky thuat :

b2 =0
= Nhiét cua qua trinh :

Q=Al=G(,- 1)

1.6.4 Qua trinh ddng nhiét

- Nhiét cua qua trinh :

0 =G.T(s,-5,); q=T(s;- )

- Cong thay déi thé tich :
- Cong ky thuat :

ly=q - (uy - u)

laiz=q- (- 1)

1.6.5 Qua trinh doan nhiét thuan nghich

- Entropi cua qua trinh :

$, =S, = const

- Nhiét cia qua trinh : 0 =0

- Cong thay dgi thé tich :
" - Cong ky thuat :

[, =-Au=-(u, - u,)

b =-Ai=-(iy- 1))

1.7 QUA TRINH HON HOP CUA KHi HOAC HOI

1.7.1 Ho6n hap khi ly tu‘dngv_
UG U

a) Cdc thanh phan cua hén hop
- Thanh phan khéi luong g; :

2- BTKTN

(1.61)

(1.62)

(1.63)
(1.64)
(1.65)

(1.66)
(1.67)

(1.68)
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trong d6 : G,, G - khéi luong cta khi thanh phan va clia hén hop.
- Thanh phan thé tich v, :

V
v =y —=1
2V, ZV

trong do :
V, - thé tich cta khi thanh phén;
V - thé tich cta hdn hop.

- Thanh phéan kilomol r, :

M, B
2 ~—27—1

trong d6 M, , M 1a s6 kilomol cta khi thanh phén va cGa hén hop.
Ching minh dugc ring thanh phén thé tich bang thanh phdn kilomol.
b) Xdc dinh cdc dai luong cua hén hop

- Kilomol cua hén hgp p :

M=27H,

"= 1
&
p’i

trong do :
v., g - thanh phdn thé tich va thanh phdn khéi luong cta hén hop;
I, - kilomol cta khi thanh phén.

- Hang s6 chat khi cia hén hop : |

R 8314
u
R=2g,R,

trong do :

R, - hiing s6 chét khi cha khi thanh phén;

i - kilomol ctia hén hop khi dugc tinh theo (1.71) hoac (1.72).
- Nhiét dung riéng ctia hén hop C :

18

(1.69)

(1.70)

(1.71)

(1.72)

(1.73)

(1.74)



C=28C, (1.75)

trong d6 C,, C - nhiét dung riéng kh6i luong cia khi thanh phan va cia hén hop.
¢) Xac dinh phdn ap sudt cua khi thanh phdn p,

Py = 1P (1.76)
p - ép sudt cua hén hop duge x4c dinh theo dinh luét Dalton :

p=2r
d) Quan hé gita thanh phan g, va r;

& ;
K7 Hi
I T s (1.77)
K,

1.7.2 Qua trinh hén hdp cua chat khi
a) Hén hop trong thé tich da cho 'V
U=3U, (1.78)
trong d6 U,, U la ndi nang cia khi thanh phédn va cia hén hop.
Dai véi khi ly tuong, nhiét do ctia hén hop khi dugce x4c dinh theo coéng thiic :

- 28:Culs (1.79a)
28:C,
trong d6 C,, - nhiét dung riéng khéi lugng déng tich cla khi thanh phén.
Néu khi thanh phan 1a cuing moét chat, ta ¢6
t=2 gt (1.79b)

b) Hén hop theo dong

Hén hop dugc tao thanh khi ta n6i 6ng din cdc dong khi vao mot 6ng
chung. O day ap suit cua hén hop p thudng cho trude. Entanpi ctita hén hop duoc
xac dinh theo céng thic :

=21 (1.80)



trong d6 I, / 12 entanpi cta khi thanh ph4n va cta hén hop.
Nhiét do6 cia hdn hop khi Iy tudng dugc xac dinh theo cong thic :
T = Zgi‘C(JiTl
Z gle.l

C,; - nhiét dung riéng khéi lugng dang 4p cta khi thanh phén.

(1.81a)

Neéu céc dong khi 1a cung mot chét ta c6 :

t=2g1, (1.81b)
¢) Hén hop khi nap vao thé tich ¢6 dinh
Nhiét d6 cua khi ly tudng duge xac dinh theo cong thic :

n+1
g CuyT + 28,C,T,
T = =2 (1.82a)

Zgicw
1=l

Néu hén hop la cung mét chét :
t =g\t + g kty + gy ity +... 1.82b)

Ap suit cia hén hop dugc xéc dinh tir phuong trinh trang thdi :
pV = GRT

1.8 QUA TRINH LUU PONG VA TIET LUU CUA KHi VA HOI

1.8.1 Qua trinh luu ddong cua khi va haoi

a) Khdi niém co bdn
- Phuong trinh lién tuc :

Vi gia thiét dong luu dong 6n dinh va lién tuc, luu luong G tinh theo kg/s
clia dong moi chat qua tiét dién sé khong déi:

f.0.p = const hay Lo = const (1.83)
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trong do :

f - tiét dién cha 6ng, m%;

® - t6¢ d6 cua moi chat, m/s;

p - khéi luong riéng, kg/m’;

v- thé tich riéng ctia dong moi chat, m’fkg.
- T6c d6 am thanh a

a=\k.pv=vkRT (1.84)

trong do6 :

k - s6 mi doan nhiét;

p - 4p sult, N/m?;

v - thé tich riéng, m’/kg;

T - nhiét d6 cha méi trudong truyén 4m thanh, °K;

R - hdng s6 chat khi cia mot truong, J/kg K.
-S8 Mach M

mM=2 (1.85)

trong do :

o - toc do dong khi, m/s;
a - téc d6 am thanh trong khi dé,.m/s.

b) Céc céng thitc co ban vé luu déong
- Quan hé giira t6c dd dong khi va ap sudt
wdw=-vdp (1.86)

Tir d6 ¢6 niui niém : 6ng tang t6c¢ trong do téc do tang, dp suldt giam; 6ng tang
ap trong do 4p sudt tang, téc do giam.

- Quan hé gita t6c d6 va hinh dang cua 6ng:

%=(M‘—Ud—m (1.87)

)

Tiu d6 c6 khéi niém : 6ng tang t6c nhd din (khi M < 1), 6ng tang téc 16n
dén (khi M >1), 6ng tang t6c hén hop hay Laval (khi vao 6ng M < 1, khi ra khot
8ng chat khi c6 M > 1). Ong tang dp nho ddn (khi M > 1), 6ng tang 4p 16n dén
(M < 1), 8ng tang 4p hén hop (khi vao dong khic6 M > 1, khiraM < 1)
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- Téc do dong khi tai cita ra cua bng tdng toc

+ v6i khi 1y tudng ta ¢6 cong thitc:

k-1

0, = kz—_klie'rl 1—(”—2J , mls (1.88)

trong do :

k - s6 mi doan nhiét;

R - hiing s6 chat khi, J/kg °K;

T, - nhiét d6 cua khi khi vao éng, °K;

p, - 4p suit cua khi khi vao 6ng, bar;

P, - 4p sudt cua khi tai ti€t dién ra ctia 6ng, har.

+ vt khi thue (hoi nuée...) thuong dung céng thic : -

(1)2 21/2(1-2—1-]),”7/5 4 (1-89)

{|, I, - entanpi cua khi tai tié€t dién vao va ra cta ong, J/kg.

-T! s6 dp sudt toi han B, duoc xdc dinh theo céng thic :

k

B, = =( 2 J"’—“ | (1.90)

P k+1
P. - ap sudt téi han (4p suét & trang théi khi o = a).
Véi khi hai nguyén tir k = 1,4 thi 3, = 0,528, véi hoi nuéc qua nhiét B, = 0,55.
-Téc do toi han o, :

+ véi khi ly tuong :

k-1
2k —
oy = [T RT[1-B |, s (1.91)

+ vdi hol nudc :

© = +[2(iy — iy ) , mls | (1.92)
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), i~ entanpi cia hoi moi chdt & trang thai t6i han, J/kg, cé 4p suit téi han
Px= P By

- Luu luong dong khi G

Luu lvong dong khi G duge x4c dinh tir phuong trinh lién tuc viét cho tiét
dién ra cia 6ng:

®
G = 1292  kels (1.93)
V2 '
trong dé :
f> - tinh theo m?;
®, - tinh theo m/s;
v, - tinh theo m'/kg.
- Line hitong lom nhdt G

max -

+ v4i 6ng tang t6c nhoé dén:

®
Gx = f 2‘ k| kgls (1.94)
k

+ vGi 6ng tang té¢c hén hop :

w,
ax = fmm k , kg/S (195)

Vi

G

trong d6 :

fos foun - di€n tich clra ra va ti€t dién bé nhat caa éng, m?;
v, - thé tich riéng & trang thai t&i han, m’/kg c6 4p sudt p,.

1.8.2 Qua trinh tiét luu cua khi hodc hai

a) Tinh chat khi tiét luu

- Ap sust giam : p, < p,

- Entanpi trudc tiét luu 7, va sau tiét luu i, khéng déi : i, =1,

- Nhiét do cia khi |y tuong khéng doi: T, =T,

- Nhiét d6 cta khi thuc giam (T, < T, - nhiét d6 chuyén bién).
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b) Ung dung

Qu4 trinh tiét lvu dugc iing dung trong m4y lanh nhu van tiét luu nhiét
(giam 4p sudt va co diéu chinh nang sudt lanh), 6ng mao dan (chi giam ap suft)
va trong tuabin d€ diéu chinh c6ng suAt cta tuabin.

1.9 QUA TRINH KHi NEN

M4y nén ciing nhu bom, quat 12 mdy tiéu hao cong, nén cd gang dé gid tn
cong hay c6ng suit cia miy nén cang nho cang tot.

C6 hai loai mdy nén khi : may nén pitténg va may nén ly tdm. Nguyén ly
1am viéc va cdu tao cua hai loai may nén nay khic nhau nhung chiing giéng nhau
trong viéc phan tich tinh chat nhiét dong hoc.

1.9.1 May nén pittdng mot cap ly tudng va thuc

M4y nén pitténg goi 1a 1y tudng khi pitténg chuyén dong dén sit nap
xylanh, mdy nén pitténg thuc khi pitténg chi chuyén dong dén gin nap xylanh,
nghia 12 con mo6t khoang hd goi 1a thé tich thira (hay thé tich chét).

Cong trong mdy nén pittdng moét cép 1y twong hodc thyc khi qua trinh nén 12
qué trinh da bién vdi s6 mi da bién n dugc tinh theo cong thitc sau :

nm

n-1
GRT, [nT —1] J (1.96)

n—1
trong do :
T - t1 s6 nén:
P2
P
G - khoi luong khi, kg;

R - hing s6 chit khi, J/kg.°K:
T, - nhiét do khi hit vao may nén, °K.

=

Nhiét luong  toa ra trong may nén khi nén da bién :
n=1
Q,=-GCT|n" —1} J (1.97)
C, - nhiét dung riéng clia qua trinh da bién, J/kg.°K.
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1.9.2 May nén pittdng nhiéu cap.

Vé6i mdy nén mét cdp, ty s6 nén cao nh4t khoang 7 = 6 +8, vdy muén nén
t6i dp sudt cao hon phai ding mdy nén nhiéu cip. Téng quat khi ky hiéu sé cdp
mdy nén la m, ta cé ty s6 nén gita cic cdp nhu nhau va bang :

= ,,i/ P (1.98)
Pa

P. - 4p sudt cudi cung;
P4 - 4p suit ban ddu cua khi.

trong do :

Cong cua may nén  m cp bang n 14n cong may nén cdp mot L,

n

L

=mL, =-m

mn

n-1
Gmn][n ! —1] (1.99)

n-—1

1.10 KHONG KHi AM

1.10.1 Tinh chat cua khéng khi am

Khéng khi 4m 12 hdn hop cia khong khi khé va hoi nuée. Vi phdn ap sudt
ctia hai nudc trong khong khi 4m nho nén hoi nuéc & day cé thé xem nhu 1a khi
ly tudng.

Ap sust cha khéng khi 4m p (4p suit ctia khi quyén) 1a téng cha phan 4p
sudt khéng khi kho p, va hoi nu6ce p, :
P =Pc+t Pn | (1.100)

Nhiét d6 ctua khéng khi 4m ¢ bang nhiét do cua khong khi kho ¢, va bang
nhiét d6 cua hoi nudc ¢, :

Thé tich cha khong khi 4m V bing thé tich cia khong khi khé V, va bang
thé tich hoi nuéc V, .

V=V, =V,

Khoi luong clia khong khi 4m G béng tdng khéi luong cta khéng khi kho
G, va hoi nuéc Gy, :
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G=Gk+Gh (1.101)

Tuy nhién, vi lugng hoi nudc trong khoéng khi 4m thudng rdt nhd nén cé6 thé
coi khdi luong cua khong khi 4m bing kh6i lugng cta khong khi kho :

G =G,.
G day ta c6 thé ding phuong trinh trang théi ctia khi ly tudng cho khong khi 4m :
pV =GRT
- ddi vaéi khong khi kho :
p.V =G.RTvVS R, =287 Jkg K.
- déi véi hot nude :

| 314
p,V =G,R,T v6iR, = 8—18— = 462 Jlkg ’K.

1.10.2 Cac loai khéng khi am

- Khong khi 4m chua bio hoa 1a khéng khi 4m trong d6 con c¢é thé nhan thém
mot lugng hoi nude nhét dinh nita tir cic vat khic bay hoi vao. Hoi nuéc & day 1a
hoi nuéc qud nhiét.

- Khong khi 4m bdo hoa la khong khi 4m trong dé khong thé nhan thém mot
luong hoi nudc nao nia tir cdc vat khdc bay hoi vao. Hoi nuéc & day 1a hoi nude
bdo hoa kho. :

- Khong khi 4m qué bdo hoa 1a khong khi 4m bdo hoa va con chira thém mot
luong hoi nuée nhét dinh, vi du suong mu 1a khong khi 4m qué bao hoa.
1.10.3 Cac dai luong ctia khong khi am
a) B dam tuyét doi
Po6 dm tuyét d6i duoc tinh theo cdng thirc :

G
py =~ » kelm’ (1.102)

b) D6 am tiong déi ¢

Do 4m tuong doi ¢ 1a ty s6 gitta do 4m tuyét d6i cha khong khi 4m chua
bdo hoa p, va ciia khéng khi 4m bao hoa p,,,,, & cling nhiét do:
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o= Pr__ P (1.103)

phmu\ Py Ry

trong d¢ :
v - phan dp Suat cua hoi nudc trong khong khi 4m chua bio hod;
Phnax = Ph&N dp sudt cta hoi nuéc trong khong khi &m bao hoa;

Gié [ 1 3 - ,1 Ld ~ . ’ - - ’ ’ e - ~
g :r; Phma UM U bang nude va hoi hude bio hoa (theo nhiét d6) véi nhiét do
h - .

c)1 Do chita hoi o
A Do chita hoy  1a lugng hoi nuée chia trong khong khi dm tng véi 1 kg
khong khi kho. Do chita hoi con goi la dung 4m :
d _ ﬂ - p’l . A
= = 0,622 —"— kg hoi / kg kho (1.104)
GL P— Py

| D6 chiaa hoi trong khong khi dm bao hoa goi la d6 chia hoi 16n nhit d__
(H-“ Ph = th.n) :

X

dppyy = 0,622 —Lhmax 4o b/ ke kho (1.105)
P = Phma

d) Entanpi cua khong khi dm [

Entanpi cia khong khi 4m 12 t6ng entanpi clia 1 kg khong khi kho va d kg
hoi nudc

I =t+d 2500+ 1,93 1), kJ/kg khd (1.106)
r - nhiét do clia khong khi 4m, 'C.
e) Nhiét dé bdo hoa doun nhiér t

Khi khéng khi tiép xic véi nuée, néu su bay hoi cia nude vao khong khi
chi do nhiét luong ciia khong khi truyén cho, thi nhiét d6 cta khong khi bdo hoa
goi |2 nhiét do bdo hoa doan nhiét T (nhiét d6 1 1dy gdn ding bang nhiét do nhiét
k€udt t=1).

f) Nhiét do dong suony t,

Nhiét d6 dong suong hay diém suong 12 nhiét do tai d6 khong khi chua bao
hoa tré thanh khéng khi 4m bdo hoa trong diéu kién phan dp sudt cia hoi nuéc
khong ddi, p, = const. Tir bang nudc va hoi nudc bdo hod, khi biét p, ta tim duogc
nhiét do ¢,.
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g) Nhiét dé nhiét ké'uot t,
Nhiét do nhiét k& uét 12 nhiét d6 do duge bing nhiét k&€ u6t (nhiét k€ cé boc
vai udt bén ngoai).
Khi ¢ = 100% tacd t, =t
khip< 100%tacdt, <t,.

1.10.4 D6 thjl - d cha khéng khi am

Hinh 1.1 biéu dién d6 thi ] - d, trong d6 :

- d = const 1a dudng thiang dimg, don vi g hoi / kg 'khéng khi khe, .

- [ = const 1a dudng nghiéng géc 135°, don vi kJ/kg hoac kcallkg;

- t = const la dudng thiang chéch lén phia trén, don vi "C;

- @ = const la dudng cong di 1én khi gap dudng nhiét d6 r = 100°C sé 1a
dudng thang dung;

- p,, = const 1a duong phan dp suit cua hoi nudc, don vi mmHg.

Al kgJ/ kg

—P»
s0 d,g9/kg
Hinh 1.1 D3 thi / - d cha khéng khi 8m

o
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Sir dung dé thi I - d (hinh 1.2), vi du trang théi khéng khi 4m dugc biéu
dién bang di€ém A 12 giao diém cla dudng ¢, va t,. Tir d6 ta tim dugc entanpi /, ,
d6 chita hoi d, , phan dp suit hoi nudc p,, nhiét d6 nhiét k& ué6t ¢, (duong /1, =
const cit dudng ¢ =100%), nhiét d6 dong suong ¢, (dudng d, = const cat dudng
¢ = 100%), 46 chira hoi 16n nhat d, ,,, va phan 4p sudt hoi nudc 16n nhat p, .., (t
di€m ¢, = const cit dudng ¢ = 100%).

IS
| | r
j ph max
/II | 1;,, &
dA d,q maQax j 7
Hinh 1.2 ' Hinh 1.3

1.10.5 Qua trinh say

Quaé trinh sdy la qud trinh 1am kho vét cin sfy. M6i chat dung dé sdy
thudng 12 khéng khi. C6 thé chia qua trinh sdy ra lam hai giai doan :

- giai doan dét néng khéng khi /-2 (hinh 1.3), & day d = const, d6 4m tuong
déi ¢ giam, nhiét do khong khi tang.

- giai doan sy 2-3, & ddy [ = const.
Luong khong khi 4m ban ddu cdn dé 1am bay hoi 1 kg nudc trong vat say :
1 +d,

, kglkg hoi (1.107)

dy — d,

Luong nhiét cdn dé bay hoi 1 kg nudc trong vat sdy:
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o a7

kJlkg hoi (1.108)

1.11 BAI TAP VE PHUGNG TRINH TRANG THAI

VA CAC QUA TRINH NHIET DONG CO BAN

Bai tap 1.1 Xdc dinh thé tich riéng, khéi luong riéng ctia khi N, 0 diéu kién tiéu
chudn vat ly va & diéu kién 4p sudt du 0,2 at, nhiét do 127°C. Biét 4p suét khi
quyén 760 mmHg.

Loi giai

3 diéu kién tiéu chudn vat 1y : p, = 760 mmHg, t, = 0°C, thé tich riéng v, va
khoéi luong riéng p, cua N, duoc xac dinh ta phuong trinh trang thai (1.17a):

RT,
povy=RT, — vy = —2
’ o
4 4
R = 8314 _ 831 . T,=0+273=273K,
o 28
Py = @.105 Nim?
73
5, = 8312202 0.8 mke
28 x ——10°
750
] ]
= — =— =125 ko/m®
Po Vo 08 8

The tich riéng v va khoi lugng riéng p cua N, ¢ diéu kién dp suat du 0,2 at,
nhiét do 127°C ciing dugc xdc dinh tir phuong trinh trang thai (1.17a):

R =%; T =127 + 273 = 400°K;

30



_ 760 |
P=po+p, = —10% +0,2 x09810° =1,2110° N/

750
. 8-314 x 400 ~0.98 nr'/kg
28x1,2110°
P = 2 = 1 =1,02 kg/m’
0.98

Bai tap 1.2 Xac dinh thé tich ciia 2 kg khi O, & dp sudt 4,157 bar, nhiét do 47°C.
Loi giai

Khi coi O, Ia khi ly tudng, ta c6 phuong trinh trang théi (1.17b):

pV = GRT
. GRT 2x8314x( 3
V- _2x 1 ><(47+37.):0'4 o
P 32 x4,157.10
Bai tap 1.3 Xadc dinh khéi lugng cta 2 m khi O, & dp sudt 4,157 bar, nhiét do
47°C.
Lon giai
Tu phuong trinh trang thdi (1.17a) vé1 O, . _

pV = GRT

_pV  4]15710° x2

a 4
RT 8314 0 073
32

G

=10 kg

Bai tap 1.4 Mot binh c6 thé tich 0,5 m’, chia khong khi & ap sudt du 2 bar,
nhiét do@‘C‘rLuc_mg khéng khi can thodt ra khoi binh la bao nhiéu dé 4p suat
trong binh ¢6 do chan khéng 420 mmHg, trong di¢u kién nhiét dé trong binh
xem nhu khong déi. Biét ap sust khi quyén 768 mmHg.
Loi giai

Luong khong khi thodt ra khoi binh bang :

G=0G, -G,

G,. G, - lugng khong khi c6 trong binh lic ddu vi sau khi 14y khéng khi ra

khoi binh.
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Luong khong khi G,, G, dugc xdc dinh tir phuong trinh trang théi (coi
khong khi 1 khi 1y tudng) theo (1.17b) :

pVy =GRl P2V, = G, RT,

1% ,V.
G, :%f G, = P22
| RT,

_ 8314 8314
1L 29
T,=T,=T=20+273 =293K.

trongdé: V,=V,=V=05m"; R =287 Jlkg’K

pV o p,V Vv
G="1l--t—= (= p2)

JN0° = 3,024 Nim’

768 — 4
P2=pPot Paa= i : 20 .105 = 0,464 Nim?

Bai tap 1.5 Mot binh thé fich 200 / chia 0,2 kg khi N,, dp suat khi quyén 1a 1 bar

a) Néu nhiét do trong bi
nap binh.

b) Néu nhiét do trong

1a 7°C, xac dinh chi s6 dp k€ (chan khong k€) gén trén
P

inh 14 127°C, xdc dinh chi s6 4p k&€ gén trén nap binh.
Lot gidi

a) Khi nhiét d6 trong binh |4 7°C, 4p sudt tuyét d6i trong binh p :

8314
oday :G=0,2kg;, R= T; T=7+273=280K;

V =200/=200dm*=0.2n?’.

12 fo= Y+ qu



Vay ta cé:

_0,2x8314 x 280

=0,8314.10° N/m? =0,8314 bar
0,2x28

P

Chi s6 4p k€& gén trén nap binh :
P«=Po-p=1-08314=0,1686 har
b) Khi nhiét d6 trong binh 1a 127°C, 4p suét tuyét déi trong binh p:

_ GRT
P=7y

0,2 x28
Chi s6 4p k&€ gan trén nap binh :
Yo
Pa=p-po=1,1877-1=0,1877 bar

Bai tap 1.6 Tim nhiét dung riéng khéi luong ding ap trung binh va nhiét dung
riéng thé tich dang tich trung binh tir 200°C dén 800°C cta khi N,.

Lot giai

Ta c6 thé giai bai nay theo cong thiic téng quat tinh nhiét dung riéng trung
binh (1.24):

i T
ey =it [clet-clg (a)

Tir bang 2 & phu luc, nhiét dung riéng trung binh phu thudc nhiét d6, d6i v6i khi
N, tacé:

L

C,| = 1,024 +0,00008855 1 kilkg K
O day véi t, = 800°C; t,=200°C, tacé:
C|Z = 1,024 + 0,00008855x800 = 1,09484

C| = 1,024 + 0,00008855x200 = 1,04171

Vay tacé :
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) 1

¢ W 800—200

P

(1,09484x800 - 1,04171x200) = 1,11255 kJlkg.°’K

Ta ciing cé thé tinh ngan gon hon nhu sau :

C

14

;: 1,024 + 0,00008855 ¢ = a + bt

C|§‘ =a + bty C|;| =a + ht,
Khi thé cac gia tri nay vao biéu thic (a), ta nit ra duoc két lun :
CI:]2 =a+ b(t,+1,) (b)

va véi t, = 800°C; ¢, = 200°C, ta c6 :

f

= 1,024 + 0,00008855x%(800 +200) = 1,11255 kJ/m’ .°K

C

P,I

Ciing tir bang 2 & Phu luc, ta cé nhiét dung riéng trung binh thé tich dang
tich cla khi N, .

C',]. = 0.9089 +0,0001107 ¢ k7 nr’ K

Ap dung qui tac (b) ta cé :

C,

:.2 = 0,9089 + 0,0001107x(800 +200) = 1,0196 kJ/m* °K

Bai tap 1.7 Biét nhiét dung riéng trung binh tir 0°C dén 1500°C clia moét chét
khi C,, = 1,024 + 0,00008855 ¢, kJ/kg."K. X4c dinh nhiét dung riéng trung binh
cua khi d6 trong khoang nhiét dé tir 200°C dén 300°C.

Loi gidi

O day chi viéc thay ¢t = ¢, + ¢, = 200 + 300 = 500°C vao nhiét dung riéng
trung binh da cho:

C, = ci:f = 1,024 + 0,00008855(¢, + 1,)

= 1,024 + 0,00008855x500 = 1,0683 kJ/kg.’K.
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Bai tap 1.8 Biét nhiét dung riéng thuc ctia chét khi phu thu6c nhiét do tr 0°C
dén 1500°C 1a C = 1,02344 + 0,0000548 ¢, kJ/kg."K. X4c dinh nhiét dung riéng
trung binh cta khi d6 trong khoang nhiét do tir 400°C dén 600°C.

Loi giai
: i ... .. . . L+,
O day ddu bai cho nhiét dung riéng thuc nén chi viéc thay t = ——=

’2

t, +1,4
= 1,02344 + 0,0000548 - = 1,0508 kJ/kg."K.

C,o=C

Ui

Bai tap 1.9 Xac dinh nhiét dung riéng da bién cua khi H, khi thuc hién qua
trinh dabiénn=1,5.

Loi gidi
Theo (1.49) nhiét dung riéng cua qua trinh da bién :
n—k

n-—1

C,=C

" ¥

: C,.
G day C, =—, véi H, 1a khi 2 nguyén tir, theo bang 1.1, ta c6 k = 1,4;
K

Cy =5 kcallkmol "K va H, cé p =2 kg. Vay tacé -

_515-14
"2 1,5-1

= 0,5kcallkg"K =0,5%x4,18 = 2,09 kJ/kg 'K
Bai tap 1.10 Xéc dinh cdc théng s6 : entanpi, thé tich riéng, n6i ning cha 1 kg
hoi nudc va 300 kg/h hoi nudc & dp sudt p = 10 bar, d6 kho x = 0.9.
Loi gidi
Véi 1 kg hoi nudce va & day la hoi bao hoa 4m, theo (1.28) va (1.29) ta c6 :
=1 +x("-1)
v, = v +x(v" - V)
Wy = 1 - PV,
Tir bang 4 hoi nude bao hoa trong phin Phu luc, v6i p = 10 bar ta tra duoc :
i'=762,7 klikg, " =2728 kJlkg
v =0,0011273 m’lkg; v" =0,1946 m’fkg
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vatacd:

i, =762,7+0,9(2778 -762,7) = 2576,5 kJ/kg

2. =0,0011273 + 0,9(0,1946 - 0,0011273) = 0,17525 m’[kg
Vi 300 kg/h hoi nudc ta co :

I.=G.i, =300x2576,5 = 772950 kJ/h = 215 kW

V. =G.v, =300x0,17525 = 52,6 m*/h = 0,0146 m’/s
Néi nang cua 1 kg hoi nudc :

dy = 1y = PV,

u, =2576,5.10° - 10.10° x 0,17525 = 2,4.10° J7kg = 2400 kJ/kg
Noi nang cua 300 kg/j, hoi nudc :

U, = G.u, = 300x2400 = 720000 kJ/h = 200 kW

Bai tap 1.11 Xic dinh entanpi, thé tich, entropi, néi nang clia 10 kg hoi nuGc c6
ap sudt p = 10 bar, nhiét d6 ¢ = 300°C bang bang hodc dé thi i - s.

Loi giai

Véi 1 kg hoi nudc, tir bang 5 & Phu luc vdi nudc chua s6i va hoi qua nhiét
khi p = 10 bar va t = 300°C, ta cé :

v=1072578 mfkg; i =3058 kJikg; s=1,116 kJ/kg.°K
Vai 10 kg hoi nudc:

V =G.v=10x0.2578 =2,578 m’

[ =G.i =10x3058 = 30580 &J

S=Gs=10x7,116 =71,16 kJI’K
Véi ndi nang cua 1 kg hoi nudc :

u=1t-pv

u =3058.10" - 10.10° x0,2578 = 2,8.10°% J/kg = 2800 kJ/kg
Noi nang cua 10 kg hoi nuéc : ‘

U = G.u=10x2800 = 28000 kJ.
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w Baitap 1.12 1 kg hoi bdo hoa khé moi chét lanh R12 & nhiét do - 50°C duoc
nén doan nhiét (s = const) dén 4p suidt 0,4 MPa. X4c dinh 4p sudt ban ddu, thé
tich ban ddu va cu6i, entanpi ddu va cuéi, nhiét d6 cuéi qué trinh nén bang d6 thi
lgp -i cua R12.

Lot giai

St dung dé thi lgp - i ciia R12 & phén Phu luc. Dang d6 thi trén dugc biéu
thi trén hinh 1.4. ' '
Tir d6 thi ta tim duoc 4p sut p, (qua diém 1) : G '
p, = 0,04 MPa = 0,4 bar A
Thé tich ban d4u

v, = 0,4 m'fkg.
Entanpi ban dau i :

i, = 630 k/kg

Tu diém 1 (giao diém
cta t, = -50°C va x, = 1, vi
la hoi bao hoa khé) vach
duong s, = const cit dudng
dp suit p, = 0.4 MPa tai
diém 2. Tir d6 ta tim dugc
thé tich cuéi v,, nhiét do

cudi t,, entanpi cufl qua
trinh i, : Hinh 1.4

v, = 0,05 m’/kg; t,=30°C; i, =670 kJ/kg.

Bai tap 1.13 10 kg khong khi & nhiét d6 27°C dugc dét néng & 4p sudt khong
d6i dén 127°C. Xdc dinh nhiét lugng, bién déi entanpi, bién déi noéi nang, cong
thay déi thé tich cia qua trinh d6t néng (coi khong khi 12 khi hai nguyén tir va cé-
kilomol p = 29 kg).

Loi giai
Khong khi [a hén hop cia nhiéu khi nhung chd yéu la N, va O, nén coi

khong khi 1a khi hai nguyén tir va khi tinh todn c¢6 p = 29 kg. Vi day la qua trinh
dang 4p nén nhiét luong tinh theo nhiét dung riéng (1.25):

37



Q=GCGC(;-1)
& ddy nhiét dung riéng C, tinh theo (1.21) va bang 1.1 khi coi khéng khi 12 khi 1y

tudng :

Cpp 2 |
C,=—= 03 L01kIikg %K ~ 1 kiikg K
u 29

Vaytaco: QO =10x1,01(127-27)= 1010 kJ
Bién déi entanpi Af tinh theo (1.32):
Al=GC(t,-t,)=0=1010kJ
Bién doi noi nang AU tinh theo (1.31) :
AU =G.Ct, - 1,)
Nhiét dung riéng C, tinh theo (1.21) va bang 1.1:

C,. _ 209
V1

C =

v

= 0,72 kJ/kg."K

AU = 10x0,72(127-27) = 720 &J

Cong thay déi thé tich cla qu4 trinh dang 4p cé thé tinh theo (1.38), nhung & day
vi di biét nhiét lugng Q va bién doi ndi nang AU nén tinh theo phuong trinh dinh
luat nhiét dong I:

O=AU+L,,
L,=0-AU=1010-720=290 &J.

Bai tap 1.14 1 kg nudc & 4p sudt 1 bar, nhiét d6 20°C dugc dét néng dén 200°C
trong diéu kién 4p sudt khong doi. Xdc dinh nhiét lugng ¢, d6t néng nudc ban
d4u dén nhiét do soi, nhiét lugng ¢, bién nudc soéi thanh hoi bao hoa kho, nhiét
lugng ¢, bi€n hoi bdo hoa kho thanh hoi qué nhiét va nhiét lugng ¢ bi€n nudc
ban ddu thanh hoi qué nhiét & trang thdi cudi.

Loi gidi
Nhiét d6t néng nude dén nudc sé1 g, véi nhiét dung riéng nude C, = 4,18
kJikg"K -

q,=C, (¢t -t)=4,18(100 - 20) = 334 4 kJ/kg
Nhiét luong bién hoi nuéce séi thanh hoi bao hoa kho:
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q,=1" -1 =r=2258 kJtkg
Tu bang 4 & Phu luc véi hoi nuéc bao hoa theo p = 1 har, ta ¢6 r = 2258 kJ/kg.
Nhiét lugng bién hoi bao hoa kho thanh haoi qu4 nhiét:
qr=1-1"
Tir bang 4 hoi nudc bao hoa & Phu luc theo p = 1 har, ta c6 i" = 2675 kJ/kg.

Tir bang 5 hoi qué nhiét & Phu luc véi p = 1 har, t = 200°C, ta ¢6 i = 2875
kJlkg. Vay ta cé :

¢, = 2875 - 2675 =200 kJ/kg
Nhiét lugng t6ng cong bi€n nudc ban ddu thanh hoi qua nhiét :
q=q, +q,+¢q.=334,4 + 2258 + 200 = 2792,4 kJ/kg.

Bai tap 1.15 Xylanh c6 dudng kinh d = 400 mm chda khong khi ¢6 thé tich
0,08 m’, 4p suit 3,06 at, nhiét d6 15°C. Néu khong khi nhan nhiét trong diéu
kién pittong chua kip dich chuyén va nhiét do khong khi tang téi 398°C. Xic
dinh luc tdc dung lén mat pittdbng, khoi lugng khoéng khi cé trong xylanh, nhiét
lugng cung cap, lugng bi€n ddi entropi.

Loi giai
Luc tic dung 1én mait pittdng sau khi nhan nhiét :
F=p,S8 N
P, - 4p sudt khong khi sau qud trinh nhan nhiét, N/m?*;
S - dién tich mat pittdng :

nd®  314x0,4°
=

S= =0,1256 m®

Khong khi nhan nhiét trong diéu kién pittong khong dich chuyén, cé nghia
& day 1a qud trinh dang tich, theo (1.33) tacé :

P _n
g T,
T 8+27
pr=p -2 =3060721 _ 5129 u
- T, 154273

Py =7,129x0,98.10° = 6,986.10° N/m*

39



Luc t4c dung :
F =6,986.10° x 0,1256 = 0,877.10° N

Khéi luong khong khi dugc x4c dinh tir phuong trinh trang théi :
p\V, =GRT,

1% 0,98.10° x
G-V _3,06x0,9810 ><0,08=29 e
RT, 287(15+273)

Luong nhiét tod ra trong qu4 trinh dang tich tinh theo (1.35)
~— 0 =G.Ct, - 1,) = 0,20x0,72(398-15) = 79.97 kJ
Bién déi entropi AS duoc tinh theo (1.36):

AS =GC,In E—
I,
=0,29%x0,72 In 398+273 =0,177 kJ/ °K
15+273

Bai tap 1.16 Ngudi ta d6t néng 1 kg khong khi trong diéu kién 4p suit khéng
déi p = 2 bar tix nhiét d6 20°C dén nhiét d6 110°C. Tinh thé tich cuéi, lugng
nhiét, cong thay déi thé tich, luong thay d6i néi nang va entropi.

Loi giai
Khong khi dugc coi 1a khi 1y tudng va day 1a qui trinh déng 4p cho 1 kg
khong khi. Thé tich cuéi tinh theo (1.37) :
T T
_2 = _‘_)l ; v2 = vl __2_

T, v T,

v, dugc xac dinh tir phuong trinh trang thai:

pvi =RT,
7 7
V= RT, _ 28 (20+52 3) _ 0,42 milkg
v, = 0,42.M = 0,549 m’/kg
20+ 273

Luong nhiét clia qué trinh déng 4p v6i G = 1 kg tinh theo (1.39) :
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q= Cp(t2 5 tl)

Nhiét dung riéng diang 4p C, cua khong khi dugc xac dinh theo (1.21) va
bang 1.1 nhiét dung riéng, v6i p =29 kg :
C 2
Cp=—=t= 93 _ 1,01 kJ/kg’K
K 29

q = 1,01(110 - 20) = 20,9 kJ/kg
Cong thay doi thé tich tinh theo (1.38) :

l,=p(v,-v) =210 (0,549 - 0,42) = 25,8.10° J7kg

l,, =258 kJikg

Bién d6i noi nang c6 thé tinh theo hai cach. Cich thi nhét tinh theo (1.31)
voiG =1 kg:

Au = Cv(tl - [l)
Nhiét dung riéng ding tich C, xdc dinh theo (1.21) va bang 1.1 nhiét dung riéng
véi n =29 kg : '

C
C,=——= 2;9 =0,72 kJlkg°K

m

Au=0,72(110 - 20) = 64,8 kJ/kg

Ciéch thit hai khi da biét nhiét ¢ va cong thay déi thé tich /,, c6 thé tinh Au
tir phuong trinh dinh luat nhiét dong I :

qgq=Au+l,
Au=gq-1,=909-258=065,1kllkg

Sai s6 khi tinh Au bang hai phuong phép 1a do khi tinh ta da 14y gdn ding mot s6
gid tri nhu R =~ 287 kJ/kg °K, u ~ 29 kg,...

Bién ddi entropi clia qué trinh dang 4p tinh theo (1.40) :

T 7
As = 8 C,ln—%t= I,OIInM =027 kJlkg’K
G T, 20 + 273

Bai tap 1.17 10 kg khi O, & 527°C duoc 1am ngu6i ding 4p dén 27°C. Tinh bién
déi entropi AS va lugng nhiét Q toa ra.
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Lot giai
Bién d6i entropi clia qud trinh dang ap tinh theo (1.40) v6i nhiét dung riéng

theo bang 1.1 :

T. T,
AS:G.C,,In?ZLG.CPIn—'

| T2
L 293 | 527+273

=-10 In
32 27 +273

= -9,095 kJ/ °K

Nhiét luong toa ra trong qua trinh déng 4p :

29,3
=GC (t,- t,)=10.—
Q p(2 I) 32

(27-527)=4578 kJ

Bai tap 1.18 Xic dinh cong k¥ thuat qué trinh dang nhiét cia 2,9 kg khéng khi
o nhiét d¢ 127°C, 4p sudt tang tir 1 bar dén 2,7 bar.
Loi giai

Trong qua trinh dang nhiét, cong k¥ thuat bang cong gian nd, theo (1.42) :

Ly, =L,;=GRT In s

P2
=29. gﬁ(127 + 273)]nL =-332,6.10°J =-332,6 kJ
29 2,7
. C . ) 8314 8314
(& day hing s6 chat khi cia khong khi R = = Jlkg."K).
m

Bai tap 1.19 Khi nén ding nhiét 4 kg chat khi (coi 1a khi 1y tudng) cé hang s6
chit khi R = 189 J/kg."K tir 4p suft 2 at dén 5,4 at, cdn thai luong nhiét 378 kJ.
Xéc dinh nhiét d6 cGa qud trinh, thé tich ban ddu va thé tich cu6i cta chat khi dé.

Loi gidi

Trong qué trinh ding nhiét cta khi ly tudng nhiét bing cong va duge xéc
dinh theo céng thic :

0 = GRT in 2L

P2

Tir d6 nhiét d6 ciia qué trinh :
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3
r-—¢ __—378I0 5— =500 'K
GRiIn P 4 x189.In—
54

)

t=500-273=227°C

Thé tich ban ddu cha chat khi dugc xéc dinh tir phuong trinh trang théi :

p.V, = GRT, |

_ GRT, _ 4x189x 500
P 2x0,9810°

V, =193 m’

Thé tich cuéi cua qud trinh ¢6 thé tinh theo phuong trinh trang théi hoac theo
quan hé (1.41):

Pr v _ Y

P v,

v, =V, Pl 21932 072m°
L5 5,4

Bai tap 1.20 Khong khi c6 thé tich 2,48 m', nhiét do 15°C, ap sust 1 bar, khi bi
nén doan nhiét khong khi nhan cong thay ddi thé tich 471 kJ. Xéc dinh nhiét do
cu6i, bién déi ndi nang va entanpi.

Loi giai
Khéng khi & day dugc coi 1a khi ly tudng, qué trinh & day 1a qua trinh doan
nhiét. Bién d6i ndi nang duoc suy ra tu phuong trinh dinh luat nhiét déong I:
Q=AU+L, =0
AU =-L,,=-(-471) =471 kJ

Nhiét do cuGi cia qué trinh dugc suy ra tir biéu thic tdng quat tinh luong
thay d6i néi nang :

AU =G.C[(t-1)

AU

- =1t +
27V G

It
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Khéi luong riéng ctia khong khi dugc xdc dinh tir phuong trinh trang théi
ban diu :

PV, =GRT,

pV,  110° x2,48
= =3 kg
RT,  287(15+273)

471

3x0,72

=233°C

t, =15+

Bién déi entanpi duoc xac dinh theo cong thic :
Al = GC,(t, - 1,) = 3x1,01.(233 - 15) = 661 kJ.

Bai tap 1.21 2 kg khi O, thuc hién qua trinh da bién véi s6 mi da bién n = 1,2
tir nhiét do ¢, = 27°C dén ¢, = 537°C. X4c dinh bién d6i entropi, nhiét luong cha
qué trinh, bién déi noi nang, cong thay ddi thé tich va cong ky thuat clia qué
trinh.

Loi giai
Nhiét dung riéng cla qua trinh da bién dugc xac dinh theo (1.49) :
-k
C.=C, =
n-1

Nhiét dung riéng dang tich C, dugc xdc dinh tir bang 1.1:

C.,
C,=—= 209 _ 0,65 kJlkg.’K
L 32
C, =0,65. 1’12 “L4 0,65 kike K

Bién déi entropi cua qué trinh da bién tinh theo (1.55) :

AS = GC, lnT—2
I,

537 +273 3

-1,3 kJI°K
27+273

=2(-0,65)In

Luong nhiét cia qué trinh da bié€n theo (1.54):
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0 = G.C.(1, -t,) = 2(-0,65)x(537 - 27) = -663 kJ
Bién ddi ndi nang clia qué trinh theo (1.31) :
AU = G.C(t, -t,) = 2x0,65x(537 - 27) = 663 kJ
Cong thay d6i thé tich c6 thé tinh theo phuong trinh dinh luét nhiét dong I :
Q=AU+ L,
L,=0-AU = -663 - 663 = -1326 kJ
Céng ky thuat ctia qua trinh tinh theo (1.53) :
Lo, =nLy=12x(-1326) = -1591 kJ

Bai tap 1.22 Xdc dinh s6 mi da bién khi quad trinh da bién thay ddi tir 4p suat
0,001 at, nhiét d6 - 73°C dén 4p suat 1000 at, nhiét d6 1727°C.

Lo giai

Tir dang thic quan hé gira nhiét d6 va 4p suft cia qua trinh da bién (1.51),
ta tim duoc s6 mi da bién n:

n-1
T_zz[ﬁ] ~
T, P
T
In2 lnl727+273
n-l_ T -73+273 _ 66

" n 2 ln——lOOO
P 0,001
n-1=0,166 n
1
n=—=1],
1-0,166

Bai tap 1.23 2 kg O, thuc hién qud trinh nén da bi€n véi n = 1,2 tir nhiét do
27°C dén 537°C. X4c dinh bién ddi entropi va nhiét lugng cta qud trinh.

Loi giai

Theo (1.55) ta c6 bién déi entropi trong qua trinh da bién :
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n—-k 5 1,2-1,4

C =C, == 4,18 = —0,65 kJ/kg.°K
n-1 32 1,2 -1
C,.
(v6i khi O, lakhi 2 nguyéntik=14,C,= ——= > x 418 kJlkg K )
u
7
AS = 2x0.65 1020213 _ 1 30k
27+ 273

Nhiét cua qua trinh da bién duoc xac dinh theo (1.54):
Q =G.C(t - t)) =2%(-0,65)x(537 - 27) = -663 kJ

Bai tap 1.24 Xiéc dinh céng nén cta 16 kg khi O, nén da bién v6i n = 1,5 tir
nhiét do6 27C, 4p suit 1 bar dén 8 bhar.

Loi giai
Cong nén la cong thay déi thé tich theo (1.52) véicha y p,v, = RT, .

n—1

L,=Gl,= 2 1—[”—2] '
n-1 P

1.5-1
16 x 8314(27 + 273) . [8)?

32(15-1) 1

= -249010° J = 2490 kJ

L, =

Bai tap 1.25 Hoi nuéc bio hoa 4m c6 do kho x = 0,3, & dp sudt 5 bar entanpi va
thé tich riéng cla hoi bdo hoa kho 2749 kJ/kg va 0,3747 m'kg; entanpi va thé
tich riéng cla nuéc soi 640 kJ/kg va 0,0011 m*kg. Xac dinh entanpi va thé tich
rieng cua hoi bio hoa dm.

Loi giai
Theo (1.29) ta cé:
=1 +x(i"-7)=640 + 0,3(2749 - 640) = 1272,7 kJ/kg
v, = v 4+ x(v" -v") =0,0011 + 0,3(0,3747 - 0,0011) = 0,11318 m’lkg
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Bai tap 1.26 Xic dinh do khé cla hoi nudc bdo hoa 4m biét entanpi clia nuéc
$0i 560 kJ/kg clia hoi bdo hoa kho6 3450 kJ/kg va clia hoi bdo hoa dm 2750 kJ/kg.

Loi giai

Theo (1.29) v6i i =i+ x(i" - "), tacd :
7 2750 |
=i 750 - 560 076
i"—1" 3450 - 560

Bai tap 1.27 100 kg/h hoi nudc & trang thai ddu p, = 8 har, t, = 240°C gidn nd
doan nhiét dén dp suit p, = 2 bar. Xac dinh do kho cua hoi sau khi gian no va
cong ky thudt cua qud trinh.

X =

Lo giai
Day [a qud trinh doan nhiét cua

hoi nudc, hinh 1.5 biéu dién qua
trinh trén doé thi 7 - 5.

T bang hoi nudc bio hoa véi
p, = 8 bar, ta cé6 nhiét do soi ¢t =
170,42°C, vi nhiét d6 di cho ¢, > ¢,
nén hoi da cho Ja hoi qué4 nhiét. Ta
co :
-

3N = S2 = const

Hinh 1.5

Sz - Szl + .’;2(.';2” - 52')
D6 kho cua hoi sau khi gidn nd :

S2 =52

Cong ky thuat cua qud trinh doan nhiét theo (1.67):
Li,=GCl,,=-Gli,-i)=G{, -1,)

Tir bang hoi nuSc qua nhiét v6i p, = 8 bar, t, = 240°C ta tim duogc :
i, = 2926 klikg; s, = 6,991 kilkg.’K.

Tir bang hoi nudc bao hoa véi p, = 2 har ta cé:
s, = 1,53 kJlkg °K;, s, = 7,127 kJlkg °K

Vay d6 kho cta hoi :
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6,991-1,53 _

0,977
7,127 1,53

.X2=

Gi4 tri entanpi i, c6 thé tim tir d6 thi [ - s qua diém 2 ta tim dugc i, = 2656 kJ/kg.
Vay coéng ky thudt cba qua trinh :
L., = 10002926 - 2656) = 27000 kJ/h = 7,5 kW

xBai tap 1.28 Xdc dinh khéi lugng riéng va thé tich riéng clia khong khi & diéu
kién nhiét d6 t = 27°C, 4p suét p = 1 har (khi tinh to4n 14y kilomol clia khong khi
=29 kg).
Truloi p=1,163 kg/m’; v=0,86 m'/kg.

v Bai tap 1.29 Khi CO, dugc bom vao binh chita ¢é thé tich V = 3 m’ bing mdy
nén. Chi s6 4p k& gan trén nép binh chi 4p sufit du trudc khi nén 0,3 at va sau khi
nén 3 ut, nhiét dé khi CO, trong binh tang tir ¢, = 45°C dén t, = 70°C. X4c dinh
lugng khi CO, di bom vao binh chia néu 4p su4t khi quyén 1a 700 mmHg.

Trd l6i G=118 kg

% Bai tap 1.30 Mot binh kin thé tich 100 / chia 2 kg khi O, & nhiét do 47°C. biét
ap sudt khi quyén p, = 1 bar. Xac dinh chi s6 déng ho6 dp k&€ gan trén nap binh.

Tra loi 15,64 bar.

*Bai tap 1.31 Biét nhiét dung riéng trung binh tir 0°C dén 1500°C clia mét chat
khi: C,, = 1,024 + 0,00008855xt¢, kJ/kg.K. X4c dinh nhiét dung riéng trung binh
cia khi d6 trong khoang nhiét dé tir r, = 200°C dén «, = 800°C.

Goi y: Chi viéc thay vao gid tri nhiét dung riéng trung binh da cho ¢':
t=D(, + 1)
Trd loi Cp=1,11255 kJlkg °K

xBai tap 1.32 Biét nhiét dung riéng thuc cia mot chat khi phu thuéc vao nhiét
do, tir 0°C dén 1500°C c6 : C = 1,02344 + 0,0000548xt, kJ/kg.°K. X4c dinh nhiét
dung riéng trung binh cua chét khi d6 trong khoang nhiét d6 tir 7, = 400°C dén
t, = 1600°C.

Goi y: Chi viéc thay vao gid tri nhiét dung riéng trung binh di cho & :
t=0,5(s + t,)
Tra loi C,, = 1,078 kJ/kg.’K
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Bai tap 1.33 O 4p suét 10 bar, entanpi clia nuéc s6i va hoi nuéc bio hoa kho 12
762,7 kJ/kg va 2778 kJ/kg. Xé4c dinh entanpi cia hoi nuéc bdo hoa 4m c6 d6 kho
x=0,8.

Traloi i, = 2375 kJlkg

Bai tap 1.34 O 4p sufit 10 har, entropi ciia nuéc s6i va hoi nude bio hod kho 1a
2,138 kJ/kg.’K va 6,587 kJ/kg."K. Xac dinh d6é kho ctia hoi nuée bio hoa 4m néu
biét entropi cua hoi bio hoa 4m 1a 4,138 kJ/kg.°K.

Trd loi x= 0,45

‘Bai tap 1.35 Mot binh kin thé tich V = 0,015 »’ chida khong khi & 4p sudt ddu
Py = 2 bar, nhiét d6 1, = 30°C. Ngudi ta cung c4p cho khong khi trong binh moét
nhiét lugng 16 kJ. Xdc dinh nhiét do cudi, dp suit cudi qui trinh va luong bién
"déi entropi cia khong khi (18y p = 29 kg).
Traloi t, = 674"C; p, = 6,25 bar; AS =28,2J"K
‘Bai tap 1.36 1 kg khong khi & 4p sudt ddu p, = 1 at, thé tich v, = 0,8 m*/kg nhan
lugng nhiét 100 kcal/kg trong diéu kién 4p suat khong d6i. Xdc dinh nhiét do ddu
va nhiét d6 cudi, thé tich cudi qua trinh.
Tra loi t, =0°C; 1,=416°C; v, =2,202 m'/kg.

. B8i tap 1.37 Khéng khi trong xylanh gian nd dang nhiét & nhiét d6 ¢ = 20°C,
thé tich V, = 1,5 m®, 4p sudt p, = 5 bhar dén thé tich V, = 54 n’. X4c dinh lugng
nhiét cdn cung cip, cong thay ddi thé tich va lugng bién d6i entropi cla khéng
khi trong xylanh.

Trdloi = Q=L,=96k]: AS=328 k'K

" Bai tap 1.38 Khong khi duge nén doan nhiét trong may nén tr dp sudt p, = 1 ar
dén ap sudt p, = 8 at. Hay xac dinh cdc thong $0 trang thdi cia khong khi sau khi
nén va cong k¥ thudt cua qud trinh nén véi 1 kg khong khi, néu biét nhiét do
khong khi trude khi nén ¢, = 15°C.

Trd loi 1, =249°C; v, =0,1906 m'fkg; I, = -167 kilkg.

“Bai tap 1.39 1 kg khong khi duoc nén da bién véi s6 mii da bién n = 1,2 trong
m4y nén tir nhiét do 7, = 20°C, 4p suat p, = 0,981 har dén 4p suit p, = 7,845 bar.
Hay xic dinh nhiét do khong khi sau khi nén, lugng bién déi néi nang,luong
nhiét thaira, cong thay déi thé tich va cong k§y thuét ctia qua trinh nén. :

Tra loi t,=141°C; Au =872 klikg.
g =872 kllkg; ,,=-174,4 kJlkg;, I, = -209 kJ/kg.
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1.12 BAI TAP VE HON HQP KHi VA LUU BONG

Bai tap 1.40 Hén hop khi gébm O, va H, c6 thanh phén thé tich o, = 30%:
ru, = 70%. Xac dinh hang s6 chédt khi cia hén hgp, thanh phin kh6i lugng va
phan 4p sudt cua khi thanh phin néu biét ap sudt cia hén hop l1a p = 1 bar.
Loi giai
Hing s6 chAt khi cia hén hgp duge xac dinh theo (1.73) khi biét thanh phédn
thé tich :
8314
R="1
K

Theo (1.71) kilomol cta hén hop :
p’ = zrl p’i = r02 “02 +rH2 'VI'H‘z
u=0,3x32+0,7x2 =11

R= 8?% = 7556 Jikg K

Thanh phdn khéi lugng cla hén hgp dugc xéc dinh theo (1.77) khi biét
thanh phén thé tich :
Y . 5
Zpiri

r02 ‘MOZ _ 0,3 X 32
ro,-Ho, + 1, -Mu, 03x32+0,7x2

8i

g0, T =0873=87,3%

g, =1- g0, =1-0873=0127=12,7%

Phén 4p sudt cta khi thanh phén theo (1.76):
Po, =r02.p=0,3x1 =0,3 har
Pu, =Tu,-P=07x1=07 har

(hodc py, =P~ Po, = 1-03=0,7 bar).
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Bai tap 1.41 Mot hén hgp khi c¢é thanh phan kh6i lugng cua N, 1a 60%, cua
CO, 1a 40%. X4c dinh hing s6 chat khi, thé tich riéng ctia hdn hgp & diéu kién
tiéu chuén (p, = 760 mmHg, t, = 0°C).

Loi giai
Hang s6 chat khi cia hén hop duoc x4c dinh theo (1.74)
R = Z gi RI = gN2 'RN2 + gC02 'RC02

. 4 L
cR=06321% 04338 5537 ke k
3 28 a4
Thé tich riéng ctia hén hop dugc xéc dinh theo phuong trinh trang théi :
povo = RT,
 RT, 253.7x273
VA = =
’ Po ;’EQ x
750

= 0,684 m’lkg
10°

Bai tip 1.42 Dong khong khi thit nhat cé luu luong G, = 100 kg/s, nhiét d6
150°C hop véi dong khong khi thi hai cé luu luong G, = 144000 kg/h. nhiét do
200°C. X4c dinh nhiét d6 chia hén hop.

Lo giai

P4y la trudng hop hén hop theo dong va céc dong la ciung mot chat, vay
nhiét d6 cua hén hop dugc xic dinh theo (1.81b):

t=XgL=g4L+g1

G 100 0,714

Vol & = = =
G, +G, 100+40

gzz ]_ 'gl = 1 -O,714=0,286
Nhiét dé ciia hén hgp
t=0,714x150 + 0,286x200 = 164,3°C

Bai tap 1.43 Dong khi O, ¢6 luu luong 20 kg/s, nhiét do 47°C hop véi dong khi
N, ¢6 ¢6 luu luong S kg/s, nhiét do 147°C. Xéc dinh nhiét d6 cta hén hop.

Loi gidi

Day la trudng hop hén hop theo dong, theo (1.81) nhiét d6 ctia hén hop :

51



T__
502CP02 +gN2CPN2
o day :
20 _
g02=20+5=0!8l gszl—g02=l—0,8=O,2

T02 =47+ 273 = 3200[(; TNz =147 + 273 = 420°K
C " keallkg®K : Co = - keallke 'K
=— kc K ; = — kcallkg.
PO, 32 & pN> 28 1

O,8x?72—x320+0,2xlx420

T = - 278 = 342K (= 69°C)
08x —+0,2x—
32 28

Bai tap 1.44 0,64 kg khi O, & 127°C hén hgp v6i 0,36 kg khi N, & nhiét do
27°C trong thé tich da cho. X4c dinh nhiét d6 ctia hén hop.

Lot gidi
Day 1a trudng hop hén hop trong thé tich da cho, theo (1.79a) nhiét d6 caa”
hén hop :

80,Cv0,To, +&n, Cin, Iy,

g02 CV02 + gNz CVN2

T =

o day :
0,64
50, T 064 +0.36

To, = 127+273 = 420°K; T\, =27+273 = 300°K

=0,64; gy, =1-go, =1-0,64=0,36

5
Cv02 = /(Lal/kgoK, CVN2 —_ 2_8

= kcallkg.’
3 callkg"K

0,64x%x420+0,36xix300

T = 2 — 258 = 3739 (= 100°C)
0,64 x—+0,36 x —
32 28
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Bai tap 1.45 10 kg khi O, & nhiét d6 127°C hén hop véi 30 kg khi O, & nhiét do
27°C trong thé tich da cho. Xéc dinh nhiét d6 ctia hén hap.

Lon gidi

Day la trudng hop hén hop trong thé tich di cho ciing mét chét, theo
(1.79b) ta c6 nhiét d6 cta hén hop :

Izzgltl=gl tl+g2t2

G _ 10
G, +G, 10+30

vOli g = 0,25

g,=1-g, =1-025=0,75
t,=127°C; 1,=27°C

Nhiét do ciia hén hop
t=0,25%127 + 0,75%27 = 52°C

Bai tap 1.46 Mot dong khi c6 khéi luong G, = 10 kg & nhiét d6 ¢, = 127°C dw
nap vio binh c6 thé tich V = 10 m® chita sin khong khi & nhiét d6 ¢, = 27°C.
sult p, = 1 har. Hay x4c dinh nhiét d6 ctia hén hop va dp sudt cua hén hop.
Loi gidi

Day 12 trudng hop hén hop khi nap vao thé tich c6 dinh, nhiét d6 ciia hén
hgp tinh theo (1.82):

o 8C,Ti+8C, T,

glcw i gZC\'2

- " . C
Vi hon hop gébm cung mét chét (khéng khi), néntacé C,, = C,, va Ep— =k.

Vay tacé :
T=gT,+kgT,
Khdi luong khong khi ¢6 san trong binh G, duogc xéc dinh theo

BV 1.10° x 10 A

G, - -
RT, ~ 287 x 300

11,6 kg

Vdy thanh phén khéi luong g,, g, bang :



G, _ 116

- = 0,54
G, +G, 116+10

8 =

e&=1-g=1-054=046
Nhiét do ctia hén hop :
T = 0,54x300 + 1,4x0,46x400 = 419,6°K (= 146,6°C)
Ap sudt ctia hén hop dugc xdc dinh tir phuong trinh trang thai viét cho hén hop :
pV = GRT
G=G,+G,=11,6+10=216 kg

. GRT 21,6x287x419,
p==,= a 10x 196 _ 56105 Nim? = 2.6 bar

Bai tap 1.47 Khi O, & 4p suit p, = 60 at, nhiét d6 ¢, = 100°C chuyén dong qua
Ong tang toc (6ng phun) nho ddn vao méi trudng c6 dp suit p, = 36 at. X4c dinh

t6c do cta dong khi O, tai tiét dién ra cha 6ng va luu luong néu ti€t dién ra f, =
20 mm?.

Loi gidi
Trudc tién cdn so sidnh ty s dp sut B = p_ V61 ty s6 dp sudt téi han B, = 0,528.
1
véi O, 1a khi hai nguyén tir :
B=[:)—?=—2%=0,6 > B, = 0,528

Vay dong O, chua dén trang théi téi han nén téc d6 ©, < cok, lwu luong G < G,
Téc do o, duge x4ac dinh theo (1.88) :

k-1
) imll_ﬂk}

k-1

1.4-1

2x14 8314(100+273)1— 6 14 | =304 mis

1,4-1 32
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Luu luong dong O, duge xég dinh theo phuong trinh lien tuc tai tiét dién ra
theo (1.93) :

G = 0,

V)

0 day v, - thé tich riéng dugc x4c dinh theo qud trinh doan nhiét (luu dong dang
xét 12 lvu dong doan nhiét):

k
P v
2 _ [_1J =B
™ Va

Vz = Vl . B—I

v, - thé tich riéng & trang th4i ddu dugc x4c dinh ti phuong trinh trang théi :
pwv, =RT, .
b =B 8143 01648 miskg

P 32 x60x0,9810°

1
v, =0,01648x 0,6 L4 =0,0236 m3/kg

Vay luu lugng O, bang :
_20107° x304
T 0.0236

Bai tap 1.48 Ch4t khi luvu dong doan nhiét trong 6ng tang t6c nhd din, entanpi
giam di mot lugng 45 kJ/kg. Xac dinh t6c d6 khi tai cira ra cua 6ng.

Lot giai
Téc d6 cua khi duoc x4c dinh theo (1.89):

= 0,258 kgls

©, = J2(i; —iy) =v2Ai =2 x4510° =300 mis

Bai tap 1.49 Chat khi lvu dong trong 6ng tang téc véi téc do tai cira ra 1a 200
m/s, c6 entanpi vao 40 kJ/kg. Xac dinh entanpi cua khi khi ra khéi éng.
Loi gidi

Theo (1.89) tacé :
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o= 255 hay ©F=23i~i)

w3 2002

i =i - = 40.10° - =20.10> Jikg = 20 kJ/kg

Bai tap 1.50 Xdc dinh ty s6 4p su4t t6i han cia dong khi c6 s6 mii doan nhiét
k=14

Lo gidi
Ty s6 4ap sudt t6i han dugc xdc dinh theo (1.90) :

1.4

2 T 2 4-
BL=[—“= L1 _ o598
k+1 1,4+1

Bai tap 1.51 Mot hén hop khi gém ‘H, va O,. Thanh phdn khéi luong cha H, 12
10%. xac dinh hang s6 chat khi cia hén hop, thé tich riéng ctia hén hop & diéu
kién tiéu chuén (p, = 760 mmHzg, 1, = 0°C).

Tra loi R =648,5 J/kg °K; v =1,747 m’lkg

Bai tap 1.52 1 kg khong khi kho gém N, va O, c6 thanh phdn thé tich
I'o, =21%, 1y, =719%. Xéac dinh kilomol p cia hén hop, hang s6 chét khi cia hén

hop va phan 4p sudt cia O, va N, trong hén hop khi 4p sudt ctia hén hop p = 10
har.

Traloi u=128.84kg; R=288Jkg’K
Po, = 2.1 har; P, =79 bar.
Bai tap 1.53 Trong mot binh cé vich ngén. Ngéan bén tréi chira 1 kg khi O, &

nhiét d6 27°C, rigan bén phai chita 1 kg khi N, & nhiét do 127°C. Hay xac dinh
nhiét d6 ctia hén hop sau khi bo vich ngan.

Trd lon t =80°C

Bai tap 1.54 Dong khong khi tha nhét c6 khéi luong G, = 120 kg/h, nhiét do
t, = S00°C hén hgp véi dong khong khi thit hai c6 G, = 210 kg/h, nhiét d6 ¢, =
200°C. Hay x4c dinh nhiét do cta hdn hop.

Tra loi t = 309°C
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Bai tap 1.55 Mot binh kin c6 chira 10 kg khi O, & nhiét d6 27°C. Ngudi ta nap
vao binh mé6t dong khi ciing 13 O, & nhiét d6 37°C. Hay x4c dinh nhiét do cla
hén hop.

Trd ioi t=49°C

Bai tap 1.56 Khi hai nguyén t ¢6 hing s& chat khi R = 294,3 J/kg.’K & 4p suat
p, = 63,7 bar, nhiét do T, = 300°X luu déng qua ong tang t6c nho ddn phun vao
moi trudng cé ap sufit p, = 35,4 har. Xac dinh t6c do tai clra ra cha 6ng, luu
luong ctia dong khi néu dudng kinh coa tiét dién ra d, = S mm va B, = 0,528.

Tra loi w, =310 m/s; G =0,257 kgls

Bai t:fip 1.57 Hoi nuéc qua nhiét & 4p sudt p, = 10 har, nhiét do ¢, = 300°C luu
dong qua dng tang t6¢ nho din vao moi trudng trong hai truong hop :

a) c6 ap sudt p, =7 har
b) cé dp sult p, = 4 har

X4c dinh t6c do clia dong hoi tai clra ra cha 6ng tang t6c¢ trong hai truong
hop trén biét B, = 0,55.

Trd 161 a) 0, = 447 mls; , ) , = o, = 510 mis

Bai tap 1.58 Khong khi luu déng qua 6ng tang t6c hdn hop ¢é 4p sult p, = 8 at,
nhiét d6 ¢, = 127°C vao moi trudng c6 4p sudt p, = 1 at. Xac dinh t6c do tai cila
ra clia 6ng va dudng kinh tiét dién ra néu biét lvu luong cla khéng khi 1a 2 kg/s.

Tra loi w, = 600 m/s; d, =63 mm.

Bai tap 1.59 Hoi nudc qud nhiét & dp suft p, = 20 bar. nhiét d6 ¢, = 400°C luu
doéng qua 6ng tang tdc hén hop vao méi trudng ¢ dp sudt p, = 5 bar. Xéc dinh
t6c do tai clra ra va t6c do tai tiét dién bé nhdt cua 6ng, biét B, = 0,55.

Tra lon w, = 837 m/s; o, = 600 m/s.

1.13 BAI TAP VE QUA TRINH NEN KHi VA KHONG KHi AM

Bai tap 1.60 M4y nén ly tudng mot cdp mbi gid nén duoc 100 »? khong khi tir
4p sudt p, = 1 at, nhiét do ¢, = 27°C dén 4p suil p, = 8 at theo qud trinh da bién
v6i n = 1,2. Xac dinh cong suflt cia may nén, lugng nhiét toa ra trong quad trinh
nén.-

Loi gidi

Cong sudt (hay cong) ciia may nén d‘uqc xac dinh theo (1.96) :
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n-1
N —=-— GRT(n " -1)

nm n— 1

n-1

n n1
=L pVim -1
n-—1

ddayn=12; p,=1at=1x0,98.10° N/m?,
100

V, =100 m’/h = m’[s
3600 '
T = —pi = § = 8
14 1
1.2 100 "=+

(812 —~1)=-6,7810° W

N, =- x 0,98.10° x ——
1,2 3600

=-6,78 kW
Nhiét toa ra trong qua trinh nén dugc tinh theo (1.97) :

n-1

0, =-G.C,T(n " -1)

Khoi lugng khi G(kg/s) duge xdc dinh tir phuong trinh trang théi :

_pYy . 1x09810° x100

G =
RT, 287 x(27 +273) x 3600

= 0,0316 kg/s
Nhiét dung riéng cua qua trinh da bié€n C, dugc xic dinh theo (1.49), véi
khong khi k= 1,4:

n-k 209 12-14
“an-1 29 12-1

C. =-0,72 kilkg’K

C,=C

n

= -0,72 kJIkg’K

Cp
dday C, = —; C,, = 20,9 kJ/kmol °K tra & bang 1 Phu luc, p = 29 kg.
K

Vay nhiét toa ra trong qua trinh nén :
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0,2
0, =-0,0316x0,72.10%(812 —1) = -2,8210° W = -2,82kW

Bai tap 1.61 Khong khi 4m & ap sudt p = 1 at ¢6 nhiét do ¢ = 25°C, d6 4m tuong
d6i @ = 0,6. X4c dinh phan 4p sudt hoi nuéc p,, nhiét d6 dong suong z,, d6 chia
hoi d, entanpi I cia khéng khi 4m.

Loi giai
Theo (1.103) tacé :
_Pu_

P hmax

(p:

Vay p, = @. Prna

Tir bang nudc va hoi nudc bio hoa véi ¢, = ¢ = 25°C, tra dugc 4p suflt py,, =
0,03166 har. Vay phan 4p suat ctia hoi nudc :

Pr = 0,6x0,03166 = 0,018996 har = 0,019 bar

Tiur bang nudce va hoi nude bao hoa véi p, = 0,019 har ta tra dugc nhiét do
dong suong t, ~ 17°C.

D6 chira hoi theo (1.104) -

Ph _ 6299019 12 gike kho = 0,012 kgikg kho
-, 1-0,019

d =622

Entanpi tinh theo (1.106) :
I=t+d(2500+ 1937
=25+ 0,012(2500 + 1,93x25) = 55,6 kJ/kg kho.

Bai tap 1.62 10 m’ khong khi 4m & dp sudt p = 1 har c6 nhiét d6 ¢ = 20°C, nhiét
dé dong suong ¢, = 10°C. Xdc dinh d6 4m tuong déi ¢, do chita hoi d, entanpi /
va khéi lugng khong khi 4m G, khéi luong riéng cta khong khi 4m p.

Loi giai
Theo (1.103) ta cé :

P
P hmax

(p:
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Tir bang nudc va hoi nudce bio hoa theo :
t =20°C ta cb p,.., =0,0234 bar
t = 10°C tacé Py, = 0,0123 bar

_ 0,0123 - 053
0,0234

Theo (1.104) ta c6 :

Vay : ¢

GL =0622—Lh o,szzw
P = Py 1-0,0123

=0,00775 kgl/kg kho
Theo (1.106) ta c6 :
I=t+d(2500+ 1,93 )
= 20.+ 0,00775(2500 + 1,93x20) = 39,67 kJ/kg kho
Luong kh6ng khi 4m :
G=G,+G,
Tur phuong trinh trang thai viét cho hoi nuée va khong khi khé ta tinh duoc :

p,V _ 0,012310° x 10

Ry T %;—4-.(20+ 273)

Gh

= 0,09 kg hoi nudc

_pV_ (1-0,0123).10° x10
T RT 287 x(20+273)

G, = 11,75 kg khéng khi kh6

G=009+11,75= 11,84 kg.
Khéi luong riéng clia khéng khi 4m:

P G o ﬂ =1,184 kg/m3 1,2 kg/m3.

"V 10

Bai tap 1.63 Khong khi 4m c6 d6 4m @ = 70%, 4p suét hoi nudc bdo hoa py,
=0,06 bar, ap sudt khi quyén p, = 1 har. Xdc dinh d6 chia hoi d.

Loi giai
D6 chita hoi ctia khéng khi m theo (1.104) :
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d=622 —Lh . o= Pn
Po — P P

Py = @ pyy = 0,7%0,06 = 0,042 bar
0,042

d=622—2%  _ 973 ok
1—0042 75"

Bai tap 1.64 Khong khi dm c6 phan dp suat ctia hoi nuéc 30 mmHg, 4p sudt khi
quy€n p, = 750 mmHg. Xdc dinh d6 chia hoi.

Loi giai
Theo (1.104) d6 chita hoi :

d=622 — P 6203 _ 959 gike
Po = P 750 - 30

Bai tap 1.65 Khéng khi 4m & trang thai ddu cé nhiét d6 1, = 20°C, do am ¢, =
40% dugc d6t néng tGi £, = 80°C rdi dua vao budng sdy. Sau khi sdy nhiét do
giam xudng tdi t; = 35°C. X4c dinh d6 chira hoi, d6 4m tuong d6i clia khong khi
sau khi sdy, nhiét va luong khong khi cdn d€ béc hoi 1 kg nudc trong vat say.

Lai gidi
Tir hinh 1.3 va dé thi / - d ciia khéng khi 4m trong phan Phu luc ta tim duoc:
d, =6 glkg, d,=24glkg, ¢,=66%
I, =83 kcallkg, I, =23 kcallkg.
Vay dé chia hoi sau khi sdy d, = 24 g/kg, d6 m tuong déi ctia khong khi sau khi
sdy @, = 66%.
Luong nhiét cdn thiét dé boc hoi 1 kg nudc trong vat sdy theo (1.108):
-1,  23-83

0= =4 " 002470006

=817 kcallkg

Q =817x4,18 = 3415 kJ/kg
Luong khang khi 4m cdn dé béc hai 1 kg nu6e trong vat sdy theo (1.107):

l+d,  1+0,006
dy—d, 0,024 +0,006

G= =559 kelkg.
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Chuong 2

! |

CHU TRINH DONG CO NHIET VA MAY LANH

2.1 CHUI TRINH NHIET DONG

2.1.1 Cong cua chu trinh, hiéu suat nhiét, hé sé lam lanh va bom nhiét

- Cong cla chu trinh nhiét dugc tinh bing téng coéng thay déi thé tich hodc cong
k¥ thuat cha cic qua trinh trong chu trinh:

[, =£_l, =21y (2.1)
Cong cia chu trinh con dugc tinh theo nhiét:

Vi chu trinh dong co nhiét (thuén chiéu, céng sinh ra) cong cta chu trinh
12 hiéu s6 giira nhiét cdp ¢, cho chu trinh va nhiét nha ¢, cho nguén lam mat:

w=a1- |72 | @2

Véi chu trinh mdy lanh va bom nhiét (chu trinh nguge chiéu, cong tiéu hao)
cong cta chu trinh mang d4u 4m /;, < 0 va ciing 1a hiéu s6 gita nhiét nha tir chu
trinh ¢, va nhiét 1dy cta vat cin lam lanh ¢,.

lol=lan]-92 (2.3)
- Hiéu sudt nhiét 7, dé ddnh gid mic do hoan thién cia chu trinh déng co nhiét:

ol @l o

4 q
- Hé s6 1am lanh £ dé ddnh gid mitc d6 hoan thién cla chu trinh mdy lanh:

9
£= =
I{o) -4

(2.5)
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- Hé s6 bom nhiét ¢ dé d4nh gi4 mitic d6 hoan thién cla chu trinh bom nhiét
(bom nhiét 12 mdy lam viéc theo nguyén Iy may lanh, nhung & day sit dung nhiét
¢, 0 nhiét dd cao cho cdc qua trinh nhu sdy, sudi...):

¢ = "|"—"'|' = g+1 (26)
0

2.1.2 Hiéu suét nhiét cua chu trinh Carnot

Chu trinh Carnot gém hai qu4 trinh dang nhiét va hai qud trinh doan nhiét
xen ké nhau, & nhiét d6 hai nguén nhiét khong déi T, = const (nguén néng),
T, = const (nguén lanh). Chu trinh Camnot 1a moét trong nhimg chu trinh thuan
nghich. Hiéu sudt nhiét cia chu trinh Carnot thuin chiéu bang:

L-T,
' = 27
e T (2.7)
Heé s6 lam lanh ctia chu trinh Camot nguoc chiéu bang:
= 2 (2.8)
I,-T,

2.2 CHU TRINH DONG CO bOT TRONG

2.2.1 Chu trinh chay (cap nhiét) ding tich

Nhién Jiéu & day la xang hoac khi, qué trinh chdy xay ra rit nhanh nén coi
1a chéy dﬁmg tich v = const. Hiéu suit nhi4t cta chu trinh béng:

.

=] — —— 2.9
rll Ek_] ( )
trong do6:
£ - ty sO nén:
i
V2

k - s6 mii doan nhiét.
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2.2.2 Chu trinh chay ding ap

Nhién liéu la ddu mazut,...,qué trinh chdy xdy ra cham nén coi la chdy dang
dp p = const. Day la dong co diézen trudc day. Hiéu sudt nhiét ctia chu trinh
bang:

pt-1

=l - —P—
{ Jek! (p-1)

(2.10)

L -ty $6 gidn nd sém:

V3
V)

p

2.2.3 Chu trinh chay hon hop

Nhién liéu la ddu mazut,.., duoc phun vao xi lanh nh¢ bom cao dp va vdi
phun duéi dang nhimg hat 1t nho nhu suong mu, qua trinh chdy xay ra nhanh
hon va coi la chdy hén hop (phdn ddu chdy ding tich, phdn sau chdy dang 4p).
Day la dong co diézen hién dai. Hiéu suat nhiét cua chu trinh bang:

Ap* -1
e [A-1+kA(p-1)]

n,=l — (2.11)

A -ty 6 tang 4p trong qud trinh c4p nhiét:
P
P

2.2.4 So sanh hiéu suat nhiét cua cac chu trinh déng co dot trong

Khi ky hiéu hiéu suit nhiét ctia chu trinh chdy dang tich 7, chdy ding 4p
Np,chdy hon hop 7, ta ¢6:

- Clng ty s6 nén va nhiét lugng cap vao:

- CUng P, Tenax V2 nhiét lugng thai ra:

T]lp > Thh >’7tv
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2.3 CHU TRINH TUABIN KHi
Chu trinh cép nhiét déng ap

Chu trinh cép nhiét dang 4p dugc ing dung nhiéu trong thuc t&€ vi c6 cu tao
budng d6t don gian, c6 it van nén tén th4t qua c4c van ciing nhé. Hiéu sudt nhiét
cua chu trinh bang:

IR,
n=l - E‘l h pk-D/k (2.12)
trong d6:
B= Py ty sO tang ap trong qué trinh nén trong mdy nén;

T,,T, - nhiét d6 khong khi vao va ra khoi mdy nén;
k - s6 mi doan nhiét. .

2.4 CHU TRINH DPONG CO PHAN LUC

2.4.1 Chu trinh dong co phan lyc (may bay) c6 may nén

Hiéu suit nhiét cia chu trinh giéng hiéu suit nhiét cua tuabin khi c4p nhiét
dang 4p bang:

1
- B(k—l)lk

n, =l (2.13)

[3:& - ty s6 tang 4p trong 6ng ting 4p va may nén:
- P

k - s6 mii doan nhiét.
2.4.2 Chu trinh dong co tén Itra
O c4c chu trinh trén, oxy cin cho chu trinh chdy ldy tir khi quyén, & day

oxy dué6i dang chit 16ng dugc chira ngay trong tén lira. Hiéu suét nhiét coa chu
trinh bang:
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2
_co%__ ®y

i )
" 2g, 2C,(T3-Ty)

(2.14)

trong dé6:
@, - toc do khéi ra khoi tén lira , mls
C

, — nhiét dung riéng cta khéi, J/kg;:"K '
T, - nhiét d6 sau khi chdy trong qung det,

T, nhiét d6 khi vao buéng dét.

2.5 CHU TRINH RANKINE CUA NHA MAY NHIET DIEN

Chu trinh gém cic qua trinh : qua trinh gidn n& doan nhiét trong tua bin,
ngung tu dang 4p trong binh ngung, nén doan nhiét trong bom, c4p nhiét dang 4p
trong 10 hot va b6 qué nhiét.

Hiéu sudt nhiét cta chu trinh bing:

; &
n=-L=12 (2.15)
a1  h—i

trong doé:
[, - cong cua chu trinh (J/kg)
q,- nhiét cap cho chu trinh (J/kg)
f; - entanpi vao tuabin
i, - entanpi ra khoi tuabin

i’,- entanpi nudc ngung ra khoéi binh ngung.
2.6 CHU TRINH MAY LANH VA BOM NHIET
2.6.1 Chu trinh may lanh khong khi

Moi chét lanh 12 khéng khi, hién nay chi con dugc dung trén mdy bay. He
s6 1am lanh cta chu trinh bang:

66



§

€= (2.16)
I,-T,
&6 day T, - nhiét do khi vao mdy nén, T, — nhiét d0 khi ra khoi may nén.
2.6.2 Chu trinh may lanh dung hgi cé may nén
M6i-chat lanh thudng dung NH, , freonR12, R22,...
Hé s6 lam lanh ¢ :
e=d2_h~h (2.17)

o] iy

G day:

q, - nhiét méi chat lanh nhén tir nguén lanh (vat cdn lam lanh)

[, - cong cia may nén

I, - entanpi vao may nén.

I, - entanpi ra may nén.

I, - entanpi vao binh bdc hoi (hodc ra khoi bo phan ti€t huu)
He s6 bom nhiét:

p=c+1

2.7 BAI TAP CHU TRINH NHIET BONG

Bai 2 Xac dinh hiéu suat nhiet ciia chu trinh Camnot thuan chiéu khi biét nhiét
do ngudn néng ¢, = 927°C , nhiét d6 ngudn lanh 7, = 27°C. X4c dinh hé s6 lam
lanh cta chu trinh Carnot nguoc chiéu khi biét nhiét do ngudn néng ¢, = 37°C,
nhiét d6 nguén lanh ¢, = -3°C .

Loi giai

Hiéu sudt nhiét cua chu trinh Carnot theo (2.7)
T,-T, (927+273)~(27+273)
T, 9274273

Nye =0,75=75%

Ch
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Heé s6 lam lanh ctia chu trinh Carnot theo (2.8):

N ~3+273 %
“T-T, (37+273)~(-3+273)

]

Bai 2 Chu trinh dong co d6t trong cip nhiét dang tich c6 ty s6 nén & = 5, s6
mi doan nhiét k= 1,5. X4c dinh hiéu suit nhiét cta chu trinh.

| Loi gidi
Hiéu suat nhiét caa chu trinh duoc x4c dinh theo (2.9):

1 1

M=l el - e =0,553=55.3%

Bai 2.3 Chu trinh dong co d6t trong c4p nhiét dang tich c6 nhiét do méi chat
vio 20°C, ty s& nén 3,6, ty s6 ting 4p 3,33. X4c dinh cong va hiéu suét nhiét chu
trinh v4i moi chat 1 kg khong khi.

Loi gidi

Hiéu sudt nhiét cta chu trinh déng co d6t
trong cAp nhiét ding tich (hinh 2.1) theo (2.9):

]

] ——
N s g T 3
1
T]t =] — on,4=40% 2 4
) _ ; ]
O day khong khi 1a khi hai nguyén tir nén %
k=14 v
: : Hinh 2.1
Coéng cta chu trinh dugc xdc dinh theo hi¢u
sudt nhiét:
lo= 19, (
g, - nhiét cdp vao trong qud trinh chdy dang tich 2.3:
g, =C(t;- 1)

Tir qué trinh nén doan nhiét 1-2 ta c6:
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k-1
L {wn —gh-1_3 gld-1_3 604
T.i v2 ? 2

T, =T,3,6 = (20 + 273).3,6>* = 489%K = 216°C
Tir qu4 trinh cdp nhiét (chdy) dang tich 2.3, ta cé:
T,=T,A=489.3,33 =1628°%K = 1628 - 273 = 1355°C
Vdy ta c6 v6i nhiét dung riéng dang tich ctia khong khi C, = 0,72 kJ/kg K.
g1 = C{ts - ;) = 0,72(1355 - 216) = 820 kJ/kg.
I, = 7.g, = 0,4.820 = 328 kJ/kg.

Bai 2.4 Chu trinh dong co dét trong c4p nhiét hén hop, méi chat 1a 1 kg khong
khi ¢6 p_, = 0,9 bar, t, = 67°C; p,... = 45 bar, £ = 10, nhiét nhan tir nguén néng
1090 kJ/kg. Tinh nhiét nhan trong qu4 trinh dang tich, ding 4p.

Loi giai

Nhiét cdp cho chu trinh (hinh 2.2), trong
qui trinh 2.3-4:

=q, +
) =49 T 49 p*
91 =9n=C(T5-T)) B

dip =491 - 91v

Nhiét dé6 T, trong qua trinh nén doan nhiét /-2
v6i khong khicé k= 1,4:

T,=T&" = (67 +273).10" = 854°K.

Nhiét do T, trong qua trinh c4p nhiét dang tich
23"

Hinh 2.2

T; =T2&; P3 = Pmax = 45 bar.
P2

Ap suft P, trong qua trinh doan nhiét /-2:
p,=py.& =09.10" = 22,6 bar.
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Vay ta cé:

T, = 854 —+>__1700°K
22,6

?

g,, =CT,-T,)=0,72.(1700 - 854) = 609 kJ/kg.
41y = 41 - 91, = 1090 - 609 = 481 kJ/kg.

Bai 2.5 Chu trinh tua bin khi c4p nhiét ding 4p, méi ch4t 1a 1 kg khéng khi c6
ty s6 tang dp B = 7, ty s6 gidn nd sdm p = 1,3, nhiét d6 khéng khi vao ¢, = 27°C.
Xéc dinh hiéu sust nhiét va céng sudt cua chu trinh.

Loi gidi
Hiéu su4t nhiét clia chu trinh tuabin khi c4p nhiét dang 4p (hinh 2.3) theo
k- -
(2.12) véi l=l’4 1=0,286 :
. P ﬁ
N
3 k1) 2 3
! 1 ‘Q ¢
n=1- 30286 =1- 40,286 !
14
n, =043 =43% Hinh 2.3
Céng cua chu trinh tinh theo hiéu sué: nhiét:
ly=1 4,
Nhiét c4p cho chu trinh trong qua trinh chdy dang 4p 2.3:
q,= Cp(T3 -T5)

C,= 1kJ/kg ’K nhiét dung riéng dang 4p clia khéng khi.
Nhiét dé T, trong.qua trinh nén doan nhiét /-2:

(k-1)
T_zz(P_z] * g
T P

k-1

T, =T,\p ¥ =(Q27+273).7%%¢ =523 °g
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Nhietdo T, trong qua trinh ding 4p 2.3:
L v 0
== =p; T,=T,.p=523 x1,3 =680K

rAENG:

Vay ta cé:

9= 1x(680 - 523) = 157 kJ/kg
lo=0,43 x157 = 67,5 kJ/kg

Bai 2..6 Chu trinh Rankine thiét bi déng luc hoi nudc c¢6 nhiét do va 4p sudt vao
tua bm.t] = 500°C, p, =100 bar, 4p sut binh ngung p, = 0,05 bar. X4c dinh hiéu
sudt nhiét va céng cua chu trinh . '

Lon giai
Hiéu suat nhiét cia chu trinh Rankine
theo (2.15)
h—h _ 1l

Ne=—"7

Entanpi i{; dugc x4c dinh theo hinh
2.4 qua diém 1 va dé6 thi i-s clia H,O trong
phdn phu luc, hoic st dung bang 5 hoi
nudc qué nhiét trong phén phu luc theo p,
=100 har , t,= 500 °C; i,= 3372 kJikg ,

s =6,596k] kg K

Entanpi /, ciing cé thé duoc x4c dinh theo dé thi i-s (hinh 2.4), hoic duoc
tinh todn cung bang hoi nuéc:

iy =1 +x(i5 —iﬁ)
Tir bang 4 hoi nudc bio hoa trong phédn phu luc theo p,=0,05 har ta cé:
i, =138 kJ/kg, i, =2561 kl/kg, s, =0,476 kJ/kg.°K, s,'=8,393 kJ/kg.’K
Vi qua trinh /- 2 la doan nhiét:

Sl = 52 = Sz. + .X(SZH‘S{ )
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s, -5y 6,596-0,476
55 — 8 8,393-0,476

x =

=138 +0,773(2561 -138) = 2011 kJ/kg

Vay hiéu suit nhiét va céng chu trinh:
_ 3372-2011
3372-138
lo=1,-1,=3372-2011 = 1361 kJ/kg

Bai 2.7 Chu trinh Rankine thiét bi dong luc hoi nu6c c6 entanpi vao tuabin
5600 kJ/kg, entanpi ra khoéi tuabin 4200 kJ/kg, entanpi cua nuéc ngung ra khoi
binh ngung 1000 kJ/kg. X4c dinh hiéu suit cua chu trinh.
Lo giai

Hiéu suit nhiét cia chu trinh Rankine theo (2.15) vé6i i, = 5600 kl/kg,
i,= 4200 kJ/kg, i,=1000 kJ/kg:

i —i, 5600 - 4200

N i T 5600-1000

= 0,42 = 42%

N,

= 0,304 = 30,4%

Bai 2.8 Hoi nuée trong chu trinh Rankine gian nd doan nhiét trong tuabin,
entanpi giam di 150kJ/kg, sau d6 hoi nudc ngung tu dang 4p trong binh ngung
thai nhiét 280kJ/kg. Xac dinh hiéu suit nhiét cha chu trinh.

Loi gidi
Hiéu sudt nhiét cha chu trinh Rankine theo (2.15)

e B S q, = ly +|q,| =150 +280 = 430 kJ/kg
9

n =22 — 035 = 35%
430

Bai 2.9 Chu trinh miy lanh khong khi v&i nhiét d6 khoéng khi vao méy nén -
13°C, nhiét d6 khéng khi sau khi nén 47°C. X4c dinh hé s6 1am lanh va hé s6
bom nhiét.

Loi giai
He s3 lam lanh clia may lanh khéng khi véi ¢, = -13°C, t,= 47°C theo (2.16)

72



L _ ~13 +273 433
T,-T, (47+273)-(-13+273)

He 56 bom nhiet

£ =

P=€+1=4334]=5,33

Bai2.10 My lanh dang hoi NH,, hoi hit vio may nén a hoi bao hoa khé & dp
sudt p, = 1 baf', éP suat sau khi nén doan nhiét p, =5 bar, cong suit cia miy nén
N,= S;Okt‘:v- Xéc dinh hé s6 1am lanh, luong moi chat lanh, nang sudt lam lanh cha
may lanh.

Lot giai _
Tir d6 thi lgp-h trong phédn phu luc va !3'1 NH,

hinh 2.5 v6i p,=1har = 0,1 MPa, p>=0,5
MPa ta tim dugc:

1,=1720 kJ/kg, i,=1950 kJ/kg
i, =1, =520 kJ/kg.
Hé s6 lam lanh theo (2.17):

i\ —i,  1720-520

=i T 1aso_1720 02
2=h - Hinh 2.5
Luong méi chat lanh:
G=_"N N 022k

iy —i;  1950-1720

Nang suit lanh:
0, = G, - i) = G(i)- i3) = 0,22(1720 - 520) = 264 kW

Bai 2.11 Maiy lanh ding hoi R22 c6 entanpi vao mdy nén 700 kJ/kg, entanpi ra
khoi mdy nén 740 kJ/kg, entanpi ra khoi binh ngung 550k//kg. Xéc dinh hé s6
1am lanh va hé s6 bomn nhiét.
Loi giai

He s6 lam lanh theo (2.17) véi chi y i)= 700 kJ/kg, iy = 550 kJikg = i, (1a
entanpi vao binh b6c hoi):
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iy —i;  700—500
iy —i, 740-700

3,75

Hé s6 bom nhiet: @ =g +1=3,75+1=4,75

Bai 2.12 May lanh toa nhiét 1250 &J cho nguén néng, tiéu t6n 250 kJ. X4c dinh
hé & 1am lanh.
Loi gidi

Theo (2.6) hé s6 bom nhiét @ véi Q,= 1250 kJ, L, = 250 kJ-

_loi| _12s0 _

L] 250 ’

Vay hé s6 lam lanh: ¢p=¢+1; eg=¢-1=5-1=4

Bai 2.13 Maiy lanh (hodc bom nhiét) nhan nhiét 800 &J tir nguén lanh, thai nhiét
1000 kJ cho ngudén néng. Xac dinh hé s6 lam lanh £ (hoac hé s6 bom nhiét ¢).

Loi giai

Theo (2.5), hé s6 1am lanh £ va theo (2.2) cong cha chu trinh Ly

£ =% . Ly =0, —|0,|=1000-800 = 2004/
0

_ 800 _
200

Hé s6 bom nhiét:

€ 4

p=€c+1=4+1=5

@] _ 1000 _

I 5.
7Ly 200
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Phan li
TRUYEN NHIET

Chuong 3
DAN NHIET VA pOI LUU

3.1 DAN NHIET

3.1.1 DAan nhiét 6n dinh mét chiéu khéng c6 ngudn nhiét bén trong

3.1.1.1 Dén nhiét qua vdach phdng

o
B waa)

qg=
n 6,
o

W/nm? (3.1

g - mat do dong nhiét, W/m® ;

&, - chiéu diy cua 16p thit i, m;

A, - hé s6 din nhiét cua 16p thia i, W/m K, (gia thiét A, = const)
t,, - nhiét do bé mat trong.

’w(n;u) - nhiét 46 bé mat ngoai ctia 16p thi ~.

Phan b& nhiét do theo chiéu day vich c6 quy lut dudng thang (khi A, = const)
3.1.1.2 Ddn nhiét qua vich tru

by —t W(n+)
: , Wim (3.2)
3 ] In M

] 2TA, d

q, - mit dQ*dbng nhiét trén mot mét chiéu dai, W/m
d; - dudng kinh cla l6p thit i

Q=

‘ i
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Phan b6 nhiét do theo chiéu day véch c6 quy luat dudng cong Logarit

3.1.2 Dan nhiét &n dinh mét chiéu khi cé ngudn nhiét bén trong
3.1.2.1 Tdm phdng cé chiéu day 25

o
t=t+ v
Q

9y s2 2
+21(6 x°) (3.3)

Nhiét d6 trén bé mat cla tdm:

)
t, =t + v (3.4
o
Nhiét d6 tai tAim cia tAm:
qv5 qv 2
ly=1+ + o 3.5
0 f a 22’ ( )

t; - nhiét d6 moi trudng xung quanh;-

a - hé s6 toa nhiét, Wm’ K

q. - nang suft phat nhiét cia nguén nhiét bén trong, Win'. .
Phan b6 nhiét do theo chi€u day vach cé quy luat dudng cong parabol.

3.1.2.2 Thanh tru dong chdt bén kinh r,

qvfﬁio dv (. 2 2
=1t + + re —r 3.6
/A 41(0 ) (3.6)
Nhiét d6 trén bé mat thanh tru:
q.-7
t,=t;+ 37
w S 20 ( )
Nhiét do tai tam:
PRL) 9y 2
to =t + +—=— (3.8)
7T 20 a0
Mat d6 dong nhiét tai bé mat:
L= (3.9)

Phan b6 nhiét do theo chi€u day vich c6 quy luat dudng cong parabol
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3.1.3 Dan nhiét khéng 8n dinh
Vdi tdm phing rong 25
Nhiét d6 tai tam tim:
0%-0 = /,(Bi /Fo) Tra d6 thi hinh 3.1
Nhiét d6 trén bé mat t4m:

0%. = f2(Bi/Fo)  Tradé thj hinh 3.2

trong dé:
- aa -~ " il .
Bi = T , la tiéu chuin Biot

art . , .
Fo = — la tiéu chuan Fourier
o

X = é : kich thudc khéng thit nguyén

Phan b6 nhiét do theo chiéu day vich ¢6 quy luat duong cong parabol

3.2 TRAO BOI NHIET BOI LUU
Khi tinh todn luong nhiét trao déi bang d6i luu ta dung céng thic Newton:
QO=aFl, -t,) W

trong dé:

O - luong nhiét trao déi trong mét don vi thai gian 1a mot gidy, s

F - dién tich bé mat trao déi nhiét , m’

T.~ nhiét d6 trung binh cta bé mat vat ran;

t, - nhiét do trung binh ca moi trudng (chdt 1ong hoac chat khi).

a - hé s6 toa nhiét, W/m* K

He s6 toa nhiét a dugc xdc dinh tir cdc phuong trinh tieu chuidn. Cic
phuong trinh tiéu chudn nay dugc xic dinh tir thuc nghieém.
Nu = f(_Re, Pr, Gr,...)

trong d6:
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Nu = aT'l - tiéu chudn Nusselt

Re = L chuén Reynold
V

Pr=- - tiéu chuén Prandtl
a

3
Gr=gB[AI

v2

- tiéu chuén Grashoft

vai :

a - hé s6 toa nhiét, W/m* K;

A - hé s6 ddn nhiét, W/m.K;

@ - t6c d6 chuyén déng, m/s; _.

v - d6 nhé6t dong hoc, m’/s;

a - hé s6 din nhiét do, m’/s;

g - gia t6c trong trudng 9,81 m/s%;

A=, -1,

[ - he s6 gian nd thé tich, °K’

Vi ch4t 1ong tra bang;

V&i chat khi:

[ - kich thuéc xac dinh, m.

3.2.1 Toa nhiét ddi luvu tu nhién
3.2.1.1 Tod nhiét déi luu tu nhién trong khéng gian vé han
Péi véi 6ng hodc tdm dat ding, khi (Grf { prf ) >10°%

Pr 0,25
33 S
Nuf =0,15(Grf Prf)) (Pr J
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D61 v6i 6ng hoac tdm dat ndm ngang, khi 10° < (GrPr;) < 10°:

0,25
( )025 Prf
Nuf—O,SGrf Prf o

(3.11)

Nhiét d6 x4ac dinh l1a nhiét d6 chét long hay khi ¢ ; kich thuéc xdc dinh véi
ong hoac tdm dat dimg 1a chiéu cao h, v6i 6ng nam ngang 12 duong kinh, v6i tdm

nam ngang la chiéu rong.

3.2.2 Toa nhiét dai luu cudng birc khi chat 16ng chuyén dong trong &ng

3.2.2.1 Ché do chay ting

0,25
0,33 0,23 0,1 Prf
Nuf —O,ISRCI pl'f Grf ?

D6i véi khong khi:

Nu, = 0,13Re > Gr,*!

/
Céng thic trén 4p dung cho truong hop 7 > 50

Néu % < 50 thi hé s6 toa nhiét cdn nhan thém hé s6 hiéu chinh.

3.2.1.2 Tod nhiét khi chdt long chady réi

Pr 0,25
Nuc= 0,021 Re > Prfo'“(P—f] £1£
I

w

Trudong hop

i>50:5:,=]
1

§< 50 : g, tra theo bang.

6-BTKTN

(3.12)

(3.13)

(3.14)
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3.2.3 Chit 1dng chuyén dong ngang qua chiim 8ng
3.2.3.1 DG6ivoi chium 6ng song song

Pr 0,25
Nu , =0,26Re** Pry® [#J €€,

w

€ - hé s6 xét dén thit tv hang 6ng.

(3.15)

Déi véi hang 6ng thi nhét g = 0,6, hang 6ng thit hai & = 0,9 tir hang 6ng

thit batro di g = 1.

g, - hé s6 xét dén anh hudng cla budc 6ng theo chiéu sau.

S 0,15
)
d

3.2.2.2 Doivoi chum ong so le
0,25
Pr. Y
Nu;=0,41Re}° Pr}’-”(P—rf] €8,

g - hé s6 xét dé&n thir tur hang 6ng.
DG6i v6i hang 6ng thi nhét g, = 0,6, &, = Q{T? 5=

1/6
Khi ﬁd = —.Si
S2 SZ
i>2 £,=1,12
S,

S, - budc doc; S, - bude ngaﬂg

(3.16)

Trong céc cong thic trén. Re, = 10° = 10°. Kich thuéc x4c dinh 1a dudng

kinh ngoai. Nhiét d6 x4c dinh 12 nhiét d6 trung binh cha chét long ¢,

3.2.4 Toa nhiét khi cé bién ddi pha

3.2.4.1 Tod nhiét khi soi
Khi nudc séi bot & 4p sudt p = 0,2 = 80 bhar:
o = 46.A7"p%  Wim' K
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at =1, - ¢,
t, - nhiét 46 bé mat vich dét néng;
t, - nhiét do bao hoa g v&i 4p sudt soi;
p - ap sult soi, bhar,
3.2.4.2 Toa nhiét khi ngung mang:
Ngung trén bé mat vach dimg hoac 6ng ding:

3
o, = 09434 P8} w0k (3.18)
u(t.—t, )h

Ngung trén bé mat 6ng ndm ngang

. 3
= 0,72f{[ rPgh ik (3.19)
L

(ts -, )d

Trong d6:

g - gia toc trong truong, g = 9,81 m/s*;

A - hé s6 din nhiét cia chat 16ng ngung, W/m K;

r - nhiét hod hoi, J/kg;

p - khéi lugng riéng cua chét long nglmg, kg/m’,

v - d6 nhét doéng hoc, m’/

h - chiéu cao cua vich hoac 6ng dat dimg, m

d - dudmg kinh ngoai ctia 6ng, m;

t,, - nhiét d6 bé mat vach, °C;

t, - nhiét dé bao hoa \ing véi 4p sudt ngung hoi, °C;
Trong cédc cong thic trén, nhiét d6 xac dinh la ¢, = 0,5 (¢, + t,).

.
b

3.3 BAI TAP VE DAN NHIET

Bai 3.1 Vich budng sy duoc xay bing hai 16p: 16p gach do c6 d6 day 250 mm,
c6 heé s6 din nhiét bang 0,7 W/m.K; 16p ni boc ngoai c6 hé sd din nhiét bing
0,0465W/m.K. Nhiét d6 mat tudng trong bubng siy bing 110°C. Nhiét d6 mat
tudng bén ngoai bing 25°C. X4c dinh chiéu day 16p ni dé t8n that nhiét qua vach
bubng sdy khéng vuot qud 110 W/m’. Tinh nhiét d6 tiép xiic giita hai 16p.

Léi gidi
Mat d6 dong nhiét qua vich bubng sy theo (3.1) véi vach 2 16p:



_ " W3 Wim?
TTE L
7\1 12

[1 10-25 0250
5, = -

= 0,0465 = 0,019 m’
110 07 | f

Vay chiéu day 16p ni bang 19 mm.
Nhiét do ti€p xiic giira hai 16p dua vao diéu kién ddng nhiét én dinh:

ty, = lw,
q9=49,= 5
M
: : A,
t,, =110 - 110,220 _ 707 9¢

)

Bai 3.2 Viach phing hai 16p c6 d6 chénh nhiét 46 105°C, chiéu day va hé s6 din
nhiét tuong ing cua hai 16p: &, = 100 mm, &, = 50 mm, A, = 0,5 Wim°K, X, =
0,1 W/m.°K. X4c dinh mat d6 dong nhiét din qua véch.

Loi giai

Mat d6 dong nhiét qua vach phéang 2 16p theo (3.1) véi &, = 100 mm = 0,1
m; 6,=50mm=005mvadt=1t, -t, = 105°C.
B At # 105
T8 8, 01005
+ ’ +
Ay A/ 05 01
V = J/J. 2 -
Bai 3.3 Biét dong nhiét qua vach phang day 20 ¢m c6 hé s6 dan nhiét 0,6
W/m.°K 1a 150 W/m?. X4c dinh d6 chénh nhiét dé gitra hai mat vach.

=150 W/ m?
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Loi giai

Theo (3.1) Mat d6 dong nhiét qua vich phang 1 16p ¢ = 150 W/m?, § =.20
cm=02m, At=t, ~1, ;

I

. At = q.E = 15022 = 50 ¢
A 0,6

.Y
"%

A

Bai 3.4 Vich tru dai 1 m, dudng kinh d,/d, = 144/120 mm, c6 d6 chénh nhiét do
gitra hai mat vach 60°C, hé s6 din nhiét cia vach 0,4 W/m.K. Xé4c dinh dong
nhiét din qua vich.

Lon giai
Dong nhiét dén qua véch tru mot 16p theo (3.2) v6il=1m, At= ¢, =t = 60°C:

O=lgq = LA _ 160 = 8267 W

1 d, 1 (144]
In In
2nA | d, 2x314x0,4 120

Bai 3.5 Mot 6ng din hoi bing thép dudng kinh éng dy/d, = 110/100 mm, hé s6
din nhiét A, = 55 W/m.K duoc boc mot 16p cich nhiét ¢6 A, = 0,09 W/m.K. Nhiét
do6 mat trong 6ng ¢, = 200°C, nhiét dd mat ngoai 16p céch nhiét ¢,; = 50°C.

X4c dinh chiéu day & va nhiét do ¢,, ¢ tdn that nhiét qua vach 6ng khong
vuot quéa 300 W/m.

Loi giai
Dong nhiét trén 1m chiéu dai 6ng theo (3.2) véi vach 2 16p

Ly, = tw,
qa =
d d
1 In—% + 1 In=3
2k, 4 2nh, d,
t, —t, d
P B U S S, 2.1,
d2 ql 2.“.7\,1 d]
d 00-5
4y (20050 T 1100 5 314%0,09 = 0,282
d, 300 2x3,14x55 100

85



d
3 2 o028

d,
d, = d,.e"* = 110. ***? = 146 mm.
Chiéu day 16p cach nhiét 6:

di— d 146 -110
§ = 3 2 = =18 mm
2 2
Dé tim nhiét d6 gita hai 16p t,,, ta dua vao diéu kién trudng nhiét 46 én dinh:
41 = qn = 4 = const.

4 =49n = -
d

1 In—2

2nA, d|

fo=t 1 ld2

w w, h
XY W)

t,. =200 - 300,10 1999 'C
2 2x3,14x55 100

Bai 3.6 Mot thiét bi sdy bang dién duoc ché tao tir cdc day hop kim niken -
crom dudng kinh d = 2 mm, dai 10 m. Khéng khi lanh théi vao thiét bi sdy cé
nhiét d6 20°C. Tinh nhiét luong toa ra trén 1 m day, nhiét d6 bé mit va nhiét do
tam cha day. Néu dong dién d6t néng c6 cuong d6 25 A, dién trosudt p = 1,1 2
mm?{m, hé s6 din nhiét cia day A = 17,5 W/m.K, hé s6 toa nhiét tir bé mat day
téi khong khi a = 46,5 W/m* K.

Loi giai
Dién tro cia day dot néng:

1,1.10
R=;>l—=-——-_—3,59
S 314x1?

Nhiét do day phat ra:
Q=RF=35x25"=2I875W.
Nhiét luong phat ra trén 1 m day:
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Q 21875

== =21875 W/ m.
T 0 m
Niang suat phét nhiét :
g, =-__ 21875 _ 69,710 W/ m’

nrl  314x0,001
Nhiét d trén bé mat clia day theo (3.7):

d,.To

. 69.7x10° x1.107>
2% 46.5

t,=20

w

=769 °C.

Nhiét d6 tam day theo (3.8):

N e
t0=tf+q2 o+qv r02

2.0 4.

697x10° x1x1073 N 69,7 x1% x10% x107°
2x 46,5 4x%175

t, = 770°C.

Bai 3.7 Mot tdm cao su diy 28 = 20 mm, nhiét d6 ban ddu ¢, = 140°C dugc 1am
ngudi trong moi trudng khéng khi c6 nhiét do ¢, =15°C. X4c dinh nhiét d6 & tam
va trén bé mat tdm cao su sau 20 ph. Biét d6 din nhiét cua cao su A = 0,175
W/m.K, hé s6 din nhiét d6 a = 8,33.10°® m?/s. Hé s6 toa nhiét tir bé mat tdm cao
su dén méi trudng a = 65 W/im’ K.

Loi giai
M ad 65x0,01
f= = =

= =3,71
A 0,075

at _ 8,33 x1078 x20x60 B
52 0,012
Can cit Bi = 3,75 va Fo = 1, tir d6 thi hinh 3-2 va 3-1 ta cé:

Fo= 1.
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8, =0,038
0y =026

Vay nhiét do trén bé mat:

Lyg =1y +9:¥=a(to—tf)
t._s =15+0,038(140 -15)=254°C.

Nhiét dé tai tam:

leco=1y+ e:\’=0(t0_tf)
t._o=15+0.26(140-15)=475°C.
Bai 3.8 Mot tudong gach cao 5 m, rong 3 m, day 250 mm hé s6 din nhiét cua

gach A = 0,6 W/m.K. Nhiét d6 bé mat tudng phia trong 1a 70°C va bé mat tudng
phia ngoai 12 20°C. Tinh tén that nhiét qua tudng.

Trd loi O = 1800 W.

3.4 BAI TAP VE TOA NHIET POl LUU

Bai 3.9 Bao hoi cta 1 hoi dit nam ngang c6 dudng kinh d = 600 mm. Nhiét d6
mat ngoai 16p bao on ¢, = 60°C, nhiét d6 khong khi xung quanh # = 40°C. X4c
dinh luong nhiét toa ra tr 1 m° bé mat ngoai cia bao hai tdi khéng khi xung
quanbh.

Lot giai
Tir nhiét d6 khéng khi ¢, = 40°C tra bang 6 trong phdn Phu luc cia khong
khi ta co:

A=0,0276 WimK v=16,69.10°m’/s, Pr,= 0,699
Ciing tr bang 6 vdi 1, = 60°C ta c6 Pr,, = 0,696. Ta nhan thdy Pr; ~ Pr, nén

0.25
Prf .
P,

Tiéu chuin Gr:

88



Gr, = N At
O day g = 9,81 m/s?, B = : — =0,0032, At =1,—1¢; =20°C.
T, 40+273
i 3
Gr, = 9,81x0,0032x0,6° x20 - 487108

(16,69x107% )2
Gr.Pr,=4,87.10°.0,699 = 3,4. 10°
Ta dung cong thic (3.11)
Nu; = 0,5.(Gr.Pr)** = 0,5 (3,4. 10°)** = 68
Nu, = _7&—
vay hé s6 toa nhiét dé1 luu:

_ Nu,) 68x0,0276

=313W/m* K
d 0.6

a

Nhiét toa ra trén 1 m* bé mat bay hoi:
g = a.At =3,13x 20 = 62,6 W/m*

Bai 3.10 Tinh hé s6 toa nhiét trung binh cia ddu mdy bié€n 4p chay trong 6ng cé
duong kinh d = 8 mm, dai 1 m, nhiét d6 trung binh cua ddu ¢ = 80°C, nhiét do
trung binh ctia vach éng ¢, = 20°C. Téc d6 ddu chay trong 6ng @ = 0,6 m/s.

Loi giai
Kich thuéc xdc dinh duong kinh trong d = 8. 107 m.
Nhiét do x4c dinh ¢, = 80°C.
Tra c4c théng s6 cia ddu may bién 4p theo 80°C, & bang 8 Phu luc:
A=0,1056 WimK, v=3,66.10° m%s.
p=17210*°K", Pry;=59,3; Pr,, =298 (tratheo t, = 20°0C)
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Tinh Ref _ o.d =O,6.><8.10 ~1310.

v 3661078

Re, < 2300 dau chay tdng, do vay:

Pr 0,25
_ 0,33 01 p_043 S
Nuf—O,IS.Ref Grf Prf [Pr]
w

3 -4 _031n-9 =
Tinh Gr, =_g.B.d At _ 9,81x7,2107" x8°.107" x(80-20)
v? (3661076 )?

Gr,= 16198

0,25
Nu ,;=0]151310%%.16198°'59,3%4 (_59'3J

298

_Nush, 163x0,1056

y e I Wim’ K.

Tinh Qa

Bai 3.11 Biét phuong trinh tiéu chudn trao déi nhiét d6i luu clia khéng khi
chuyén déng trong 6ng Nu = 0,021Re"’. Néu t6c d6 cha khéng khi giam di 2 l4n
con céc diéu kién khéic khéng déi, lic nay hé s6 toa nhiét o, s& 1a bao nhiéu so
véi @,. Nguoc lai néu t6c d6 tang 1én 2 14n thi @, bing bao nhiéu?

Loi giai

Vi Nu=a'7d va Re=w'—d nén ta co:

v

Nu = 0,021Re%®

0,5
“—: ~0021 [5‘3—‘1]

.V.
Khi chi cé t6c do thay d6i, cac théng s6 khac khong déi, ta cé:
o~ (atyle véi n®)

05 . 0.5
w ~ 07 0~ 0,
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0,5
“_2_[22_] L N
- - - 1

o @ J2° V2
Vay hé s6 tdéa nhiét a, giam di V2 l4n so véi a,.
Nguoc lai, n€u t6c d6 tang 2 14n thi a, tang lén V2 l4n so véi a,. Chi ¥
néu téc do gi khong déi con dudng kinh gidm di 2 14n thi @, tang lén J2 14n,
khi dudng kinh tang 1én 2 l4n thi @, gidm +/2 1l4n so véi a.

Bai 3.12 Khong khi & nhiét d6 27°C c6 d6 nhét déng hoc 16.10°° m?/s, trao ddi
nhiét d6i luu tu nhién véi 8ng tru ndm ngang dudng kinh 80 mm véi nhiét do bé
mit 67°C. Xéc dinh tiéu chudn déng dang Gr,.
Loi giai

Tiéu chudn déng dang Gr, v6i 6ng tru nm ngang c6 kich thuéc xac dinh / = d:

3
Gr, = g.p.d” At
2
v
1 1 1

T, 273+27 300

O day: g = 9,81 m/s? (gia t6¢ trong trudmg), P=

d = 80 mm = 0,08 m; At = 1, - t, = 67 - 27 =40°C; v =16.10° m¥s.

9.81x0,08> x40

=2,61610°
300.(16.107° )?

Grf=

Bai 3.13 Mot chum 6ng so le gébm 10 diy 6ng. Buong kinh ngoai clia 6ng d =
38 mm. Dong khong khi chuyén dong ngang qua chum 6ng c6 nhiét do trung
binh ¢, = 500°C. T6c d6 clia dong khong khi la 12 m/s. X4c dinh hé s6 toa nhiét
trung binh cua chum éng.

Loi giai
Kich thuéc x4c dinh: d = 38.10° m.
Nhiet do xic dinh  : t, = 500°C.

Tra cdc thong s6 vat ly ctia khong khi dng véi 500°C & bang 6 Phu luc, ta cé:
A=574102W/mK; v=179,38.10° m¥s; Pr,=0,687.
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Tinh Re/=w'd= 12x38.10
Toov 7938107°

Re, = 5745
Tinh theo (3.16) véi hang 6ng thi 3:
~ Nu, = 041 Re/°Pr/>  (v6i khong khi coi Pr, = Pr, va bé qua
anh hudong buée 6ng g, = 1)
Nu, = 0,41x 5745% x0,687%
Nu, = 65,2.

Nus A 652x574.1072
Tinh o= a{ : :810_30

a, =985 WimlK.

He sé toa nhiét trung binh cla chum 8ng so le véi o; = 0,63, = 0,7 va
n - s6 ddy éng: ' ’

oty H(n-2)a;

n

_ 0,6(13'1‘ 0,7013+(10—2)(13 _ 9,3(13
10 -

o = 91,6 Wim’ K.

Bai 3.14 Xaic dinh hé s6 toa nhiét va luong hoi nhan dugc khi nuéc séi trén bé
mat c6 dién tich 5 m’. Biét nhiét do cta vach ¢, = 156°C va ap suit hoi p = 4,5
bar.

Loi giai
Nhiét do soi (nhiét 46 bao hoa) tuong tng v6i p = 4,5 bar 1a 148°C.
Nhiét hod hoi r = 2120,9 kJ/kg. (tra bang 4 Phu luc):
At=t, -t =156 -148 = 8°C.
He s6 toa nhiét khi séi bot theo (3.17):
a = 46. APPp®* = 46. 8274 5"
a = 12404 Wim* K.
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Luong nhiét bé mat véach truyén cho nudc:
Q = aF(t, - t,) = 12404x5x(156 - 148)
Q = 496160 W

Luong hoi nhan dugc sau 1- gig:

_ 496160x 3600

G 3
2120910

=842 kg/h.




Chuong 4
TRAO DOI NHIET BUC XA VA TRUYEN NHIET

41 TRAO DBOI NHIET BUC XA GIUA CAC VAT

4.1.1 Hai tam phing dit song song

4 4
T, T
=& C —-].— — _2
T ™ Fqd °[[100J [100]

D6 den quy dan:

. %, 4.1)

|
“qd T 1 (4.2)
— +— -1
€1 &

Hé s6 bic xa cla vat den tuyét d6i:
Co = 5,67 Wim’ K*.
4.1.2 Hai tdm phing dit song song ¢6 man chin

Khi c¢6 m - man chan & giita v6i d¢ den ¢,= ¢, = &, , ldc ndy bifc xa tir tdm
phang I sang 2 sé& gidm di (m+1) l4n :

_ 9
(92 )m = (m+l) (4.3)
4.1.3 Hai vat boc nhau
Y (1)
2 = Eqd:CO'ﬂ'{(ﬁ)la] ‘(ﬁ) j| W (44)
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D6 den quy dén:
1

E =

qd
L+ Fl _1__1
e, F,

F, - dién tich bé mat vat bi boc (vt nhd) m?

(4.5)

F; - dién tich bé mat vat bi boc (vat 16n) m?

Chu y: Néu 2 tam phiang hoac hai vt boc nhau 12 vat trang tuyét d6i (vat cé hé
s6 phin xa R = |, he s6 hap thu A va do den & : A = € = 0) thi do den qui dén
€qa = 0 va nhiét trao d6i bic xa g,,= 0 hay Q,, = 0.

4.2 TRUYEN NHIET VA THIET B| TRAO BOI NHIET

4.2.1 Truyén nhiét

4.2.1.1 Truyén nhiét qua vdch phdng
q = k(t;, - tp), Wim’ (4.6)
He s6 truyén nhiét cia vich phang n 16p:

k= ! - Wim’ K
n 8 1

Ao

14, lp - nhiét d6 ciia méi chat néng va lanh;
a,. a, - hé s6 toa nhiét tir bé mat dén cdc méi chat , Wim’ K,
S, A, - chiéu day va hé s6 din nhiét caa l6p thi ..
4.2.1.2 Truyén nhiét qua vach tru
g, = ki(tg - 1), Wim “@.n

k, = ; WimK.
! 1 a 1 d1+] 1 I

+> In +
o,.nd; 12mk, d, a,nd

n+l

k, - hé s& truyén nhiét qua vach tru n 16p.
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4.2.1.3 Truyén nhiét qua vdch c6 canh
Q=kty-1), W (4.8)

1
k. = . WIK
¢ 1 o 1 !

-+ +
a‘l.F] AI-F‘I az.Fz

k. - hé s6 truyén nhiét cia vich c6 canh. Ngudi ta lam cdnh & bé mat phia
cé gid te hé s6 a nho.

F
Mat d6 dong nhiét phia khong lam canh véi hé s6 lam céanh : g, = 2
1
4, = ky(ty, - tp), Wim? (4.9
1
k= ; Wim’ K
T s fm
—+—+
o, A o,.E,
Mat d6 dong nhiét phia 1am cénh:
g, = ky(tq - 1), Wim’ (4.10)
1
k,= ; Wim* K
2 e, B, 1
+ +
o A oy
d
9=
£

Ta thdy khi hé s6 1am canh €, tang mat d6 dong nhiét phia khéng lam canh
¢, tang va nguoc lai khi €, giam thi ¢, gidm . Con khi tang hé s6 cdnh €_ thi mat
d6 dong nhiét phia 1am cdnh g, s€ giam va nguoc lai khi €, giam thi ¢, tang.
4.2@ Thiét bi trao ddi nhigt
4.2.2.1 Cdc phuong trinh co bdn tinh todn thiét bi trao déi nhiét loai vdch ngan
a) Phuong trinh truyén nhiét

O =kFAt, W 4.11)
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trong d6:
Q - luong nhiét trao déi giita hai moéi chat, W;
F - dién tich bé mat trao d6i nhiét, m’;
k - hé s6 truyén nhiét cha thiét bi trao d6i nhiet, W/m’ K,
At - d6 chénh nhiét d¢ trung binh.
b) Phuong trinh can bang nhiét
Q=G,C,(t)-t,") = G,C(t," - t;) . W
Chi s6 1 1a caa ch4t 16ng néng, chi s6 2 la cua ch4t long lanh.
- ky hiéu " " cdc thong s6 di vao thiét bi
- ky hiéu " » " cac thong s6 di ra thiét bi.
G - luu luong khéi lugng, kg/s:
G=Vp
V- luu lugng thé tich, m’/s.
p - khéi luong riéng, kg/m?
C, - nhiét dung riéng khéi lugng dang ap, J/kg K.
c) b6 chénh nhiét d6 trung binh logarnt

At — At,

At
n—L
At,

At =

D6i véi cdc dong chat 16ng chuyén déng song song ciing chiéu
at, =t'-t
a, =t t,"

D6i v6i cac dong chat 16ng chuyén déng song song ngugc chiéu
at,=1t,- 4,7

At:z: tl,’— tzl

7-BTKTN

(4.12)

(4.13)
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4.2.2.2 Xdc dinh dién tich bé mdt thiét bi trao d6i nhiét

2 (4.14)

k.At

4.3 BAI TAP VE BUC XA NHIET VA TRUYEN NHIET

Bai 4.1 Mot thanh thép c6 nhiét do 1a 727°C, d6 den £ = 0,7. Tinh kha nang bic
xa cua thanh thép. Néu nhiét do giam di 2 l4n thi kha nang bic xa gidm mdy l4n.

Léi gidi
Kha nang bic xa cta thanh thép:

4
E=eCy| — !
100

T = 2734727 = 1000°K
E=07x5 67( IIOOOOOJ _ 3.97.10° Win?.

E =39710°Wim’.
Né&u nhiét dd cha thanh thép giam 2 l4n:

T= 273+%7——6365 K

E=07x5 67(6130605} =6514,4 W/m°.

E =6514,4 Win’.

3,97.10° \
Kha nang bic xa giam ———=6,09 l4n.
65144

Bai 4.2 Hai tdm phéang dat song song, tdm tha nh4t cé nhiét dé ¢, = 527°C, do
den &= 0,8, tdm thi hai ¢6 nhiét d¢ ¢,= 27°C, d6 den & = 0,6. Tinh kha nang bitc

xa cta moi tdm, do den qui din va lugng nhiét trao déi bang bic xa giira hai tdm
phéng.
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Lo giai

Kha nang bic xa cta timg tdm:

7\ 800
E =¢,Cy| — | =08x567 __J
100 100

E, = 18579 Win?,

7, 300’
100 100

E,=275Wim'.

Luong nhiét trao dé bing bic xa giita hai tdm phang (ng véi mot don vi
dién tich theo (4.1), (4.2):

4 4
T T
) =g C _I - _2 ,
T1-2 = tqd 0{[100] {100]}

J day do den qui dén béng;
1 1

= = =0,526
®4d ] ] 1 |
—t — =1 — 4+ — =1
€1 € 08 06
800\' (300
G1-2=0,526x567| — | -| = | |=11975 W/m’
) 100 100

Bai 4.3 Xadc dinh tdn thdt nhiét do bdc xa tir bé mat 6ng thép cé dudng kinh
d = 70 mm, dai 3 m, nhiét d6 bé mat 6ng ¢, = 227°K trong hai trudng hop:

a) 6ng dat trong phong rong c6 nhiét do tuong bao boc ¢,=27°C.

b) éng dat trong céng cé kich thuéc (0,3  0,3) m va nhiét d6 vich céng
t,=27°C. Biét do6 den ca 8ng thép &= 0,95 va clia vich c6ng ¢, = 0,30.
Loi giai

Truong hop 6ng thép dat trong phong rong theo (4.4), (4.5), khi F, = oo:

4 4

T T
=g  CoF|| —| =| =1 |
2= Eqa-Co ‘[[100} (100]}
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Véi £,=6; F, = mdl=314%x0,07x 3 = 0,66 m".

q

4 4
Q,., =0,95%x5,67x0,66 590 400 ,
100 100

0,,=1934 W.
Trudng hop 6ng thép dat trong 6ng hep d6 den quy dén theo (4.5):
1

& =
gd
F
i_*. 1 L_l
e, e,

F,=2(0,3 +0,3).3 = 3,6 m?

Cod = : = 0,675

1 0,66( 1 ]
+ -1
095 3,603

4 4
0., =0,675x5,67x0,66 001" _[3% )
100 100

0,,=1374W.

Bai 4.4 Hai hinh hop 14p phuong c6 canh 5 ¢m va 20 ¢m boc nhau, trao déi
nhiét bic xa, d6 den bé mat hinh hop nam trong 0,4, d6 den bé mat hinh hép boc
ngoai 0,5. Xédc dinh d6 den quy din cta hé théng 2 vét boc nhau.
Lot gidi

D6 den quy din ciia 2 vat boc nhau theo (4.5) véi ¢, = 0,4, & = 0,5:

= 1 = 1 = 0,39

E
“T 1 R I 6x0,05%( 1 )
—+— — -1 + -1
04 6x022 \05

G day F, = 6x0,052, m% F, = 6x0,20%, m*.
F, va F, 1a dién tich cdc mat cta hinh lap phuong.

Bai 4.5 Mot tuwong 10 bén trong 12 gach chiu lira, day 250 mm, hé s6 din nhiét
bing 0,348 W/m.K, bén ngoai 1a 16p gach do day 250 mm, hé s6 din nhiét bing



0,695 W/m.K. Néu khéi trong 16 c6 nhiet do 1300 %C, hé s6 toa nhiét tir khéi dén
gach 1a 34,8 W/m® °K; nhi¢t d6  khong khi xung quanh bing 30°C. He s6 tod
nhiét tir gach dén khong khi 1a 11,6 W/m* K.

Tim mat d6 dong nhiét truyén qua iub‘ng 10 va nhiét d6 tiép xiic giira hai 16p
gach. '

Loi giai
Mat d6 dong nhiét truyén qua tudng 10:
q = k(t; - tg), Wim’.
1 1

1 o, 9, 1 1 0,250 0,250 1
+ + + +

+ +
a, A, A, a, 348 0348 0695 116

k = 0,838 W/m* K.
g = 0,838 (1300 - 30) = 1064 WIim* K.
Nhiét 46 bé mat tudng phia khéi:
1 1 0
ty=1tr—q— =1300-1064——=1269"C
oy 34,8

Nhiét d6 ti€p xiic giita hai 16p gach:

f =t — g2l =1269 — 1064220
r, 0,348

th = 5040C

Bai 4.6 Mot 6ng din hoi 1am bang thép, duong kinh 200/216 mm, hé s6 din
nhiét bing 46 W/m.K, dugc boc bang moét 16p céch nhiét day 120 mm, c6 hé s6
din nhiét bing 0,116 W/m.K. Nhiét d6 cia hoi bang 300 °C. Hé s6 toa nhiét tir
hoi dén bé mat trong cta 6ng bang 116 W/m*K, nhiét d6 khéng khi xung quanh
bing 25 °C. Hé s6 toa nhiét tir bé mat ngoai 16p cdch nhiét dén khong khi xung
quanh bing 10 W/m’ K. X4c dinh t6n thét nhiét trén 1 m chiéu dai 6ng va nhiét
d6 bé mait 16p céch nhiét.

Loi giai
Tén that nhiét trén 1 m chiéu dai 6ng theo (4.7):
q1= k,(tﬂ - IfZ)' W/m
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1
k= W/m.K.
T T 4, 1 4, 1 m

+ ——In—+— In— +
ond, 2mAh, d; 21k, dy a,md,

d,=02m;d,=0,216m
dy=d,+26=0,216 + 2x0,120 = 0,456 m.

1
1 ] 1 , 216, I 456, 1
116x3,14x02 2x314x216 200 2x314x0116 216 10x3,14x0,456

k,=09 WimK.
g, = 0.9(300-25) = 247,5 W/m.

Nhiét d& bé mat ngoai 16p cdch nhiét xac dinh tir diéu kién dn dinh:
QI =qu=a.mdyt;- tp)

fyy=1y+ —1— =251 2475 :

T and, 10x3,14x0,456

f“,_; = 420C.

Bai 4.7 Mot thiét bi trao déi nhiét chét 16ng néng duge 1am ngudi tir 300°C dén
200°C, ch4t 16ng lanh dugc d6t néng tir 25°C dén 175°C. Tinh d6 chénh nhiét do
trung binh trong cdc truong hop sau:

a) Ch4t 1éng chuyén dong song song cung chiéu.
b) Ché4t 16ng chuyén dong song song ngugc chiéu.
Lot giai
a) Trudng hop chdt long chuyén dong song song ciing chiéu:
At =t 1, =300 - 25 = 275°C
At =1,7- £, =200 - 175 =25°C

At — At 275-125
At,=———2 = =104°C
At 275
In— In—

At, 25

b) Trudng hop chét 16ng chuyén dong song song ngugc chiéu:
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Aty =t,-t,” =300 - 175 = 125°C
A, =1t,"-t; =200 -25=175C

A 2 Bu-An 125175

ac At
[n —1 In ﬁ

Al 175

=149°C

Bai 4.8 Trong mot thiét bi trao d6i nhiét cdn 1am nguoi 275 kg/h chét long néng
tr 120°C dén 50°C, chat 16ng néng c6 nhiét dung rieng C,, = 3,04 kJ/kg.K. Chét
long lanh (ch4t gid1 nhiét) c6 luu luong 1000kg/h, nhiét d6 vao thiét bi la 10°C,
nhiét dung riéng C,, = 4,18 kJ/kg.K . Biét hé s6 truyénmhiét cia thiét bi & =
1160 W/m? K. Tinh dién tich truyén nhiét cta thiét bj trong céc trudng hop sau:

a) Chdt long chuyén dong song song cung chiéu.
b) Chat 1ong chuyén dong song song nguoc chiéu.
Loi giai
Nhiét luong do chét long néng nha ra:
Q0 =GC,(t'-t")
0= 275 3,0410%(120-50)=162555 W
3600
Nhiét d6 ra cta chét l6ng lanh xédc dinh tr phuong trinh can bang nhiét (4.12):
Q=G,C,(t)-17) = GCo(t;" - 1,)
G.Cplti=t)
Gz sz

275x 3,04(120 —50)
1000x 4,18

ty =10+ =24°C

Po6 chénh nhiét d6 trung binh logarit trong trudng hop chuyén déng song
song cung chiéu theo (4.13):

Atl = tl" tz, = 120 = ].0= llooc
A, =t 1" =50 - 24 = 26°C

103



_Aty-At,  110-26

In ﬂ In M
At, 26

At = 583°C

Dién tich bé mat truyén nhiét trong trudng hop chuyén déng song song
cung chiéu theo (4.14):

Q = k FCC' AT‘CC

Foo_Q __16255 ..

“ kAr, 1160x583

D6 chénh nhiét d6 trung binh logarit trong trudng hop chuyén déng song
song nguoc chiéu theo (4.13):

Aty =t,- "= 120 - 24 = 96°C
At, =t~ t,’= 50 - 10 = 40°C

Atj— At, 96 — 40

nc =
In—— d In 26
At, 40

At = 64°C

Dién tich bé mat truyén nhiét trong trudng hgp chat 16ng chuyén dong song
song nguoc chiéu theo (4.14):

Q = k' Fﬂf' ATnc

F - Q _ 16255 . .o .2
kAt,. 1160x 64
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Bang 3 Nudc va hoi nudc bao hoa theo nhiét do

t; P, v, vt P [ " r; s'; s"
°C bar m¥kg m¥kg | kg/m® | kd/kg | ki/kg | kJikg | kJkg.do | kJikg.do
0.01]0.006108(0,0010002] 206,3 [0,004847 0 2501 2501 0 9..1544
o> 10,008719(0,0010001( 147,2 10,006793 21,05 | 2510 2489 | 0,0762 | 9,0241
10 10,012277(0,0010004( 106,42 10,009398| 42,04 | 2519 2477 0,1510 | 8,8994
15 (0,017041{0,0010010{ 77,97 [0,01282| 62,97 | 2528 2465 | 0,2244 | 8,7806
20 |0.02337|0,0010018 57,84 |0,01729| 83,90 | 2537 2454 | 0,2964 | 8,6665
25 10,031660,0010030| 43,40 |0,02304|104.81 | 2547 2442 0,3672 | 8,557
30 10.0424110,0010044| 32,93 |0,03037 125,71 | 2556 2430 0,4366 | 8,4523
35 |0.0562210,0010061| 25,24 |0,03962 | 146,60 | 2565 2418 | 0,5049 | 8,3519
40 [0,07375(0,0010079| 19,55 |0.05115| 167,50 | 2574 2406 0,5723 | 8,2559
45 |0,09584 10,0010099| 15,28 |0,06544| 188,40 | 2582 2394 | 0,6384 | 8,1638
50 10,12335]0,0010121| 12,04 |0,08306| 209,3 | 2592 2383 0,7038 | 8,0753
55 |0,1574010,0010145( 9,578 | 0,1044 | 230,2 2600 2370 0,7679 | 7,9901
60 [0,1991710,0010171] 7,678 | 0,1302 | 251,1 | 2609 2358 | 0,8311 | 7,9084
65 | 0,2501 {0,0010199 6,201 0,1613 | 2721 | 2617 2345 | 0,8934 | 7,8297
70 | 0,3117 10,0010228| 5,045 | 0,1982 | 293,0 | 2626 2333 | 0,9549 7,7544
75 | 0,3855 |0,0010258] 4,133 | 0,2420 | 314,0 | 2635 2321 1,0157 | 7,8615
80 | 0,4736 |0,0010290| 3,408 | 0,2934 | 334,9 | 2643 2308 | 1,0753 | 7,6116
85 | 0,5781 |0,0010324| 2,828 | 0,3536 | 355,9 | 2651 2295 | 1,1342 | 7,5438
90 | 0,7011 |0,0010359| 2,361 | 0,4325 | 377 26§§ 2282 1,1925 | 7,4787
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Tiép bang 3

t, p; V' V" p" i ! r: s, s",

°C | bar m¥%kg | m¥kg | kg/m® | kdikg | klikg | kJikg | kd/kgdd | kllkg.dd
95 | 0.8451 [0,0010396| 1,982 | 05045 | 398 | 2668 | 2270 | 1,2502 | 7,4155
100 | 1,0132 [0,0010435| 1,673 | 0,5977 | 419,1 | 2676 | 2257 | 1,3071 | 7,3547
105 | 1,2079 |0,0010474| 1,419 | 0,7047 | 440.,2 | 2683 | 2243 | 1,3632 | 7,2959
110 | 1,4326 [0,0010515] 1,21 | 0,8264 | 461,3 | 2691 | 2230 | 14184 | 7,2387
115 [ 1,6905 [0,0010559| 1.036 | 09652 | 4825 | 2698 | 2216 | 1,4733 | 7.1832
120 | 1,9854 |0,0010603| 0,8917 | 1,121 | 5037 | 6 2202 | 1.5277 | 7,1298
125 | 2,3208 |0,0010649| 07704 | 1,298 | 5250 | 2713 | 2188 | 1,5814 | 7,0777
130 | 2,7011 |0,0010697| 0,6683 | 1.496 | 5463 | 2721 | 2174 | 16345 | 7,0272
135 3,130 |0,0010747| 0,582 | 1,718 | 567,5 | 2727 | 2159 | 1,6869 | 69781
140 | 3,614 |0,0010798| 0,5087 | 1,966 | 589,0 | 2734 | 2145 | 1,7392 | 6,9304
145 | 4,155 |0,0010851| 0,4461 | 2,242 | 610,5 | 2740 | 2130 | 1.7907 | 6.8839
150 | 4,760 |0,0010906| 0,3926 | 2,547 | 6322 | 2746 | 2114 | 1.8418 | 6,8383
155 | 5,433 [0,0010962| 0,3466 | 2,885 | 653,9 | 2753 | 2099 | 1,8924 | 6,7940
160 | 6,180 [0,0011021| 0,3068 | 3,258 | 6755 | 2758 | 2082 | 1,9427 | 6,7508
165 | 7,008 [0.0011081| 0,2725 | 3,670 | 697,3 | 2763 | 2066 | 1.9924 | 6.7081
170 | 7,920 [0,0011144| 0,2426 | 4,122 | 719,2 | 2769 | 2050 | 2.0417 | 6.6666
175 | 8,925 [0,0011208| 0.2166 | 4,617 | 7411 | 2773 | 2032 | 2,0909 | 6.6266
180 | 10,027 |0,0011275| 0,1939 | 5,157 | 763.1 | 2778 | 2015 | 2,1395 | 6,5858
185 | 11,234 |0,0011344| 0,1739 | 5,750 | 7852 | 2782 | 1997 | 21876 | 6.5465
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Tiép bang 3

Tt p; V' v p" i i r; s' 5" ;

°C | bar m¥kg | m¥kg | kg/m?® | ki/kg | kd/kg | kdikg | kkg.dd | kilkg.dd
190 | 12,553 (0,0011415| 0,1564 | 6,394 | 807,5 | 2786 | 1979 | 2,2357 | 6,5074
195 | 13,989 (0,0011489] 0,1409 | 7,097 | 829,9 | 2790 | 1960 | 2,2834 | 6,4694
200 | 15,551 [0,0011565| 0,1272 | 7,862 | 852,4 | 2793 | 1941 | 2,3308 | 6,4318
205 | 17,245 |0,0011644| 0,1151 | 8,688 | 8750 | 2796 | 1921 | 2,3777 | 6,3945
210 | 19,080 |0,0011726{ 0,1043 | 9,588 | 897,7 | 2798 | 1900 | 2,4246 | 6,3577
215 | 21,062 |0,0011812{0,09465 | 10,56 | 920,7 | 2800 | 1879 | 2,4715 | 6,3212
220 | 23,201 |0,0011900{0,08606 | 11,62 | 943,7 | 2802 | 1858 | 2,5179 | 6,2849
225 | 25,504 [0,0011992(0,07837 | 12,76 | 966,9 | 2802 | 1835 | 2,5640 | 6,2488
230 | 27,979 [0,0012087|0,07147 | 13,99 | 990,4 | 2803 | 1813 | 2.6101 | 62133
235 | 30,635 |0,0012187/0,06527 | 15,32 |1013,9| 2804 | 1790 | 2,6561 | 6,1780
240 | 33,480 |0,0012291/0,05967 | 18,76 | 1037,5| 2803 | 1766 | 2,7021 | 6,1425
245 | 36,524 [0,0012399/0,05462 | 18,30 | 10616 2803 | 1741 | 2,7478 | 6,1073
250 | 39,776 |0,0012512/0,05006 | 19,98 |1085,7 | 2801 | 1715 | 2,7934 | 6,0721
255 | 43,25 |0,0012631/0,04591| 21,78 |1110,2| 2799 | 1689 | 2,8394 | 6,0366
260 | 46,94 |0,0012755/0,04215| 23,72 | 11351 2796 | 1561 | 2,8851 | 6,0013
265 | 50,87 [0,0012886]0,03872| 25,83 |1160,2| 2794 | 1631 | 2,9307 | 5,9657
270 | 55,05 |0,0013023|0,03560| 28,09 |1185,3| 2790 | 1605 | 2,9764 | 5,9297
275| 59,49 |0,0013168|0,03274| 30,53 |1210,7 | 2785 | 1574,2 | 3,0223 | 5,8938
280 | 64,91 [0,0013321/0,03013| 33,19 |1236,9( 2780 | 1542,9 | 3,0681 | 5,8573
285 | 69,18 [0,0013483|0,02774 | 36,05 | 1263,1 | 2773 | 1510,2 | 3,146 | 5,8205
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Tiép bang 3

t. p: v, V' p": i"; i": r: s s";
°C | bar mikg | m¥kg | kg/m® | kdikg | kikkg | kdikg | kW/ka.dd | kJikg.do
200 | 74,45 |0,0013655|0,02554 | 39,15 |1290,0| 2766 | 1476,3 | 3,1611 | 5,7827
205 | 80,02 |0,0013839|0,02351| 42,53 |1317,2| 2758 | 1441,0 | 3,2079 | 5,7443
300 | 85,92 |0,0014036|0,02164 | 46,21 [1344,9| 2749 | 1404,2 | 3,2548 | 5,7049
305 | 92,14 |0,0014250,01992| 50,20 |1373,1| 2739 | 1365,6 | 3,3026 | 5.6647
310 | 98,70 |0,001447 |0,01832| 54,58 |1402,1| 2727 | 1325,2 | 3,3508 | 5,6233
315 | 105,61 | 0,001472 | 0,01683 | 59,42 |1431,7| 2714 | 12823 | 3,3996 | 5,5802
1320 | 112,90 | 0,001499 | 0,01545 | 64,72 |1462,1| 2700 | 1237,8 | 3,4495 | 55353
325 | 120,57 | 0,001529 | 0,01417 | 70,57 | 14936 | 2684 | 1190,3 | 3,5002 | 5,4891
330 | 128,65 | 0,001562 | 0,01297 | 77,10 |1526,1| 2666 | 1139,6 | 3,5522 | 54412
335 | 137,14 | 0,001599 | 0,01184 | 84,46 |1559,8 | 2646 | 1085,7 | 3.6056 | 5,3905
340 | 146,08 | 0,001639 [ 0,01078 | 92,76 | 1594,7 | 2622 | 1027,0 | 3,6605 | 5,3361
345 | 155,48 | 0,001686 [0,009771| 102,34 | 1639 | 2595 | 963,5 | 3,7184 | 52769
350 | 165,37 | 0,001741 [0,008803| 1136 | 1671 | 2565 | 893,5 | 3,7786 | 5,2117
355 | 175,77 | 0,001807 |0,007869| 127,1 | 1714 | 2527 | 813,0 | 3,8439 | 5,1385
360 | 186,74 | 0,001894 [0,006943| 144,0 | 1762: | 2481 | 719,3 | 3,9162 5.0530
365 | 198,30 | 0,002020 {0,00599 | 166,8 | 1817 | 2421 | 603,5 | 4,0009 | 4,9463
370 | 210,53 | 0,00222 [ 0,00493| 203 | 1893 | 2331 | 4384 | 4,1137 | 4,7951
374 | 22522 | 0,00280 {0,00347| 288 | 4853 | 5127 | 27.4 | 1.0332 | 45020
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Bang 4 Nudc va hdi nudc bao hoa (theo ap suat)

p; t, V' V', p": i r s, 4

bar °C m¥/kg m¥kg | kg/m® | kd/kg | kJ/kg | kJikg | kJ/kg.dd kJ/kg.do
0,010 6,92 [0,0010001 | 129,9 |0,00770| 29,32 | 2513 | 2484 | 0.1054 8,975
0.015(13,038( 0,0010007 | 87,90 |0,01138| 54,75 | 2525 | 2470 | 0,1958 8,827
0.020(17,514| 0,0010014 | 66,97 |0,01493| 73,52 | 2533 | 2459 | 02609 8,722

0,025|21,094 | 0,0010021 | 54,24 (0,01843| 88,50 | 2539 | 2451 | ©,3124 8,642

0,030|24,097| 0,0010028 | 45,66 |0,02190{101,04| 2545 | 2444 | 03546 8,576
0,035|26.692( 0,0010035 | 39,48 [0,02533|111,86( 2550 | 2438 | 0,3908 8,521
0.040(28,979( 0,0010041 | 34,81 |0,02873}121,42| 2554 | 2433 0,42\“25 8,473
0,045(31,033( 0,0010047 | 31,13 |0,03211|130,00| 2557 | 2427 | 04507 8,431
0.050( 32,88 [ 0,0010053 | 28,19 [0,03547(137,83| 2561 | 2423 | 0.4761 8,393
0,060} 36,18 | 0,0010064 | 23,74 [0,04212(151,50| 2567 | 2415 | 0,5207 8,328
0,070| 39,03 0,0010075 20,63 (0,04871|163,43| 2572 | 2409 | 0,5591 8,274
0,080 41,54 | 0,0010085 | 18,10 |0,05525| 173,9 | 2576 | 2402 | 0,597 8,227
0,090 43,79 | 0,0010084 | 16,20 |0,06172| 183,3 | 2580 | 2397 | 0.6225 8,186

0,10 | 45,84 | 0,0010103 | 14,68 (0,06812| 191,9 | 2584 | 2392 | 0.6492 8,149
0,11 147,72 10,0010111 | 13,40 |0,07462| 199,7 | 2588 | 2388 | 0,6740 8,116

0,12 | 49,45 | 0,0010119 | 12,35 |0,08097] 207,0 | 2591 | 2384 | 0.6966 8,085

0,13 | 51,07 1 0,0010126 | 11,46 |0,08726| 213,8 | 2594 | 2380 | 0,7174 8,057

0,14 | 52,58 |1 0,0010133 | 10,69 [0,09354| 220,1 | 2596 | 2376 | 0,7368 8,031

0,15 | 54,00 | 0,0010140 | 10,02 | 0,0998 | 226,1 | 2599 | 2373 | 0,7550 8,007
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liép bang 4

p; t; vy V' p" i"; i"; r; s'; s";
bar °'G mkg m¥kg | kg/m® | kJ/kg | kd/kg | kJ/kg | kJ/kg.dd | kJ/kg.do
0,20 | 60,08 | 0,0010171 | 7,647 | 0,1308 | 251.4 | 2609 2358 | 0,8321 7,907
0,25 | 64,99 | 0,0010199 | 6,202 |0,1612 | 272,0 | 2618 | 2346 | 0,8934 7,830
0,30 | 69,12 | 0,0010222 | 5,226 | 0,1913 | 289,3 | 2625 | 2336 | 0,9441 7,769
0,40 | 75,88 | 0,0010264 | 3,994 | 0,2504 | 317,7 | 2636 | 2318 | 1,0261 7,670
10,50 | 81,35 | 0,0010299 | 3,239 | 0,3087 | 340,6 | 2645 | 2304 | 1,0910 7,593
0,6 | 8595 10,0010330| 2,732 | 0,3661 | 360,0 | 2653 | 2293 | 1,1453 7,531
0,70 89.97 0,001 0559 A 2,364 | 0,4230 | 376,8 | 2660 | 2283 | 1,1918 7,479
0.8 | 93,52 | 0,0010385| 2,087 | 0,4792( 391,8 | 2665 | 2273 | 1,2330 7,434
0,90 | 96,72 | 0,0010409 | 1,869 | 0,5350 | 405,3 | 2670 | 2265 | 1,2696 7,394
1 99,64 | 0,0010432 | 1,694 |0,5903 | 417,4 | 2675 | 2258 | 1,3026 7,360
1,10 {102,32| 0,0010452 | 1,550 | 0,6453 | 428,9 | 2679 | 2250 | 1,3327 7,328
1,2 |104,81|0,0010472( 1,428 | 0,6999 | 4394 | 2683 | 2244 | 1,3606 7,298
1,30 1107,14| 0,0010492 | 1,325 | 0,7545 | 449,2 | 2687 | 2238 | 1,3866 7,271
14 1109,33| 0,0010510 | 1,236 | 0,8080 | 458,5 | 2690 | 2232 | 1,4109 7,246
1,5 |111,38| 0,0010527 | 1,159 | 0,8627 | 467,2 | 2693 | 2226 | 1,4336 7,223
1,6 [113,32] 0,0010543 | 1,091 | 0,9164 | 4756 | 2696 | 2221 | 1,4550 7,202
1,7 {115,171 0,0010559 | 1,031 O,QGQé 483,2 | 2699 | 2216 | 1,4752 7,182
1,8 1116,941 0,0010575 | 0,9773 | 1,0230 | 490,7 | 2702 | 2211 | 1,4943 7,163
1,9 [118,62| 0,0010591 | 0,9290 | 1,076 | 497,9 | 2704 | 2206 | 1,5126 7,145
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Tié€p bang 4

P t; v, Ve p"; i i 5 s, B

bar | °C m3kg mkg | kg/im* | ki/kg | ki/kg | kikg | kJkg.dd | kifkg.dg
2,0 (120,23} 0,0010605| 0,8854 | 1,129 | 504,8 | 2707 | 2202 | 1,5302 7,127
21 [121,78]| 0,0010619 | 0,8459 | 1,182 | 511,4 | 2709 | 2198 | 1,5470 | 7,111
2,2 |123,27]0,0010633 | 0,8098 | 1,235 | 517,8 | 2711 2193 1,5630 | 7,096
2,3 |124,71]|0,0010646 | 0,7768 | 1,287 | 524,0 | 2713 | 2189 | 1,5783 | 7,081
2,4 (126,09)|0,0010659 | 0,7465 | 1,340 | 529,8 | 2715 | 2185 | 1,5929 7,067
2,5 (127,43 0,0010672 | 0,7185 | 1,392 | 5354 | 2717 | 2182 | 1,6071 | 7,053
2,6 |1128,73]|0,0010685 | 0,6925 | 1,444 | 540,9 | 2719 | 2178 1,621 7,040
2,7 [129,98]0,0010697 | 0,6684 | 1,496 | 546,2 | 2721 | 2175 1,634 7,027
2,8 [131,20] 0,0010709 | 0,6461 | 1,548 | 551,4 | 2722 | 2171 | 1,647 7,015
2,9 |132,39| 0,0010721 | 0,6253 | 1,599 | 556,5 | 2724 | 2167 | 1,660 7,003
3 [133,54]|0,0010733 | 0,6057 | 1,651 | 561.4 | 2725 | 2164 | 1,672 6,922
3,1 |134,66|0,0010744 | 0,5873 | 1,703 | 566,3 | 2727 | 2161 | 1,683 6,981
32 |135.75/0,0010754 | 0,5701 | 1,754 | 571,1 | 2728 | 2157 | 1695 6,971
3,3 |136,82| 0,0010765 | 0,5539 | 1,805 | 575,7 | 2703 | 2154 | 1,706 6,961
3,4 |137,66|0,0010776 | 0,5386 | 1,857 | 580.2 | 2731 | 2151 | 1,717 6,951
3,5 (138,88 0,0010786 | 0,5241 | 1,908 | 584,5 | 2732 | 2148 1,728 6,941
3,6 [139,87]|0,0010797 | 0,5104 | 1,959 | 588,7 | 2734 | 2145 1,738 6,932
3,7 |140,84| 0,0010807 | 0,4975 | 2,010 | 592,8 | 2735 | 2142 1,748 6,933
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Tiép bang 4

P t; v, V" p" i i"; r; s'; s",
bar | °C m3kg m¥kg | kg/m® | kJ/kg | kJ/kg | kd/kg | kdrkg.do | kdrkg.do
3,8 |141,79| 0,0010817 | 0,4852 | 2,061 | 596,8 | 2736 | 2139 1,758 6,914
3.9 |142,71|0,0010827 | 04735 | 2,112 | 600,8 | 2737 | 2136 1,768 6,905
4 |143,62|0,0010836 | 0,4624 | 2,163 | 604,7 | 2738 | 2133 1,777 6,897
4,1 |144,51| 0,0010845 | 0,4518 | 2,213 | 608,5 | 2740 | 2131 1,786 6,889
t2 |145,39]|0,0010855 | 0,4416 | 2,264 | 612,3 | 2741 | 2129 1,795 6,881
,3 |146,25| 0,0010865 | 0,4319 | 2,315 | 616,1 | 2742 | 2126 1,804 6,873
f 44 {147,091 0,0010874 | 0,4227 | 2,366 | 619,8 | 2743 | 2123 1.812 6,865
| 45 1147,92| 0,0010883 | 0,4139 | 2,416 | 623,4 | 2744 | 2121 1,821 6,857
5,0 1151,84| 0,0010927 | 0,3747 | 2,669 | 640,1 | 2749 | 2109 1,860 6,822
6,0 |158,84| 0,0011007 | 0.3156 | 3,169 | 670,5 | 2757 | 2086 1,931 6,761
7.0 |164,96]0,0011081 | 0,2728 | 3,666 | 697,2 | 2764 | 2067 1,992 6,709
8,0 [170,42) 0,0011149 | 0,2403 | 4,161 | 720,9 | 2769 | 2048 2,046 6,663
9,0 |175,35|0,0011213 | 0,2149 | 4,654 | 742,8 | 2774 | 2031 2,094 6,623
10 179,88 0,0011273 | 0,1946 | 5,139 | 762,7 | 2778 | 2015 2,138 6,587
11 1184,05/ 0,0011331| 0,1775 | 5,634 | 781,1 | 2781 | 2000 2,179 6,554
12 1187,95( 0,0011385 | 0,1633 | 6,124 | 798,3 | 2785 | 1987 2,216 6,523
13 [191,60( 0,0011438 | 0,1512 | 6,614 8145 | 2787 | 1973 2,251 6,495
14 1195,04| 0,0011490 | 0,1408 | 7,103 | 830.0 | 2790 | 1960 2,284 6,469
15 |198,28| 0,0011539 | 0,1317 | 7,593 8446 | 2792 | 1947 2,314 6,445
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Tiép bang 4

"o,

L LI

p; t; v v, p"; - : r, s, s,
bar | °C m3/kg mikg | kg/m?®°| kd/kg | kd/kg | kd/ikg | kJ/kg.dd | kJ/kg.<
16 [201,36| 0,0011586 0,12\38 8,080 | 8568,3 | 2793 | 1935 2,344 6,422
17 |204,30] 0,0011632 | 0,1167 | 8,569 | 871,6 | 2795 | 1923 2,371 6,40(
18 (207,101 0,0011678 | 0,1104 | 9,058 | 884,4 | 2796 | 1912 2,397 6,37¢
19 |209,78|0,0011722 | 0,1047 | 9,549 | 896,6 | 2798 | 1901 2,422 6,35¢
20 |212,37|0,0011766 | 0,09958 | 10,041 | 908,5 | 2799 | 1891 2,447 B6,34(
21 1214,84]10,0011809 |0,09492| 10,540 | 919,8 | 2800 | 1880 2,470 6,322
22 |217,24|0,0011851 | 0,09068| 11,03 | 930,9 | 2801 1870 2,492 6,30¢
23 219,551 0,0011892 [ 0,08679| 11,52 | 941,5 | 2801 | 1860 2,514 6,28¢
24 221,771 0,0011932 | 0,08324 | 12,01 | 951,8 | 2802 | 1850 2,534 6,272
25 1223,93(0,0011972|10,07993| 12,51 | 961,8 | 2802 | 1840 2,554 6,256
26 |226,03|0,0012012|0,07688| 13,01 | 971,7 | 2803 | 1831 2,573 6,242
27 )228,06(0,0012050 [0,07406| 13,50 | 981,3 | 2803 | 1822 2,592 6,227
28 230,041 0,0012088 | 0,07141| 14,00 | 990,4 | 2803 | 1813 2,611 6,212
29 1231,96(0,0012126 | 0,06895| 14,50 | 999.4 | 2803 | 1804 2,628 6,19¢
30 |233,83|0,0012163 | 0,06665| 15,00 |1008,3| 2804 | 1796 2,646 6,18¢
32 1237,44]|0,0012238 |0,06246| 16,01 |1025,3| 2803 | 1778 2,679 6,16
34 1240,88|0,0012310|0,05875( 17,02 |1041,9| 2803 | 1761 2,710 6,13
36 |244,16| 0,0012380 | 0,05543| 18,04 11057,5| 2802 | 1745 2,740 6,11,
38 247,31 0.0012450. 0,05246| 19,06 |1072,7| 2802 | 1729 2,769 6,09
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Tiép bang 4

p: t, Ty V', g s ot r; s'; s"
bar it m3kg m¥kg | kg/m® | kJ/kg | kd/kg | kd/kg | kJ/kg.do | kJrkg.do

40 |250.33| 0,0012520 |0,04977 | 20,09 |1087,5| 2801 | 1713 2,796 6,070
42 |253.24]| 0,0012588 |0,04732| 21,13 [1101,7| 2800 | 1698 2,823 6,049
44 |256,05| 0,0012656 |0,04508 | 22,18 [11153| 2798 | 1683 2,849 6.029
46 |258,75( 0,0012724 | 0,04305| 23,23 | 1128,8| 2797 | 1668 2,874 6,010

48 |261,37|0,0012790 | 0,04118| 24,29 |1141,8| 2796 | 1654 2,898 5 991

50 |263,91|0.0012857 |0,03944| 25,35 [1154,4| 2794 |1640,0( 2,921 5973
55 |269,94 0,0013021 0,03564| 28,06 |1184,9| 2790 |16046| 2,976 5,930
60 |275,56|0,0013185 |0,03243| 30,84 |1213,9| 2785 |1570,8| 3,027 5,890
65 |280,83|0,0013347 | 0,02973| 33,64 |1241,3| 2779 |1537,5| 3,076 5,851
70 |285,80|0,0013510 [ 0,02737| 36.54 | 1267 4| 2772 |1504,9| 3,122 5,814
75 |290,50| 0,0013673 | 0,02532| 39,49 [1292,7| 2766 |1472.8| 3.166 5779

80 [294,98|0,0013838 0.02352. 42,52 | 1317 | 2758 | 14411 3,208 5745

85 |299,24| 0,0014005 |0,02192| 4562 |1340.8| 2751 | 1409,8| 3,248 5711
90 |303,22|0,0014174 |0,02048 48,83 |1363,7| 2743 (1379,3| 3.287 5,678
95 |307.22|0,0014345|0,01919| 52,11 |1385,9| 2734 |1348,4| 3,324 5,646
100 [310,96| 0,0014521 | 0,01803 | 55,46 |1407,7| 2725 |1317,0| 3,360 5615
110 |318,04| 0,0014890 | 0,01598 | 62,58 [1450,2| 2705 |1255,0( 3,430 5,553
120 |324,63|0,0015270 |0,01426( 70,13 [1491,1| 2685 |1193,5| 3,496 5,492

130 |330,81| 0,001567 [0,01277| 78,30 |1531,5| 2662 |1130.8| 3,561 5,432
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Tiép bang 4

p; t; v V' p"; i " P s'; s";
bar °C m3/kg m¥kg |"kg/m® | kJ/kg | kd/kg | kd/kg | kJ/kg.do | kJ/kg.dod
140 |336,63| 0,001611 |0,01149| 87,03 |1570,8| 2638 | 1066,9| 3,623 5,372
150 |342,11| 0,001658 |0,01035( 99,62 | 1610 | 2611 |1001,1| 3,684 5,310
160 |347,32| 0.001710 |0,009318[ 107,3 | 1650 | 2582 | 932,0 3,746 5,247
170 | 352,26 0,001768 [0,009682| 119,3 | 1690 | 2648 | 858,3 3,807 5,177
180 [356,96( 0,001837 U0,007504 133,2 | 1732 | 2510 | 778,2 3,871 5,107 -
190 [361,44| 0,001921 |0,00668| 149,7 | 1776 | 2466 690 3,938 5,027
200 |365,71| 0,002040 |0,00585]| 170,9 | 1827 | 2410 583 4,015 4,928
210 369,79 0,002210 |0,00498| 200,7 | 1888 | 2336 | 448 4,108 4,803
220 |373,70| 0,002730 |0,00367| 272,5 | 2016 | 2168 152 4,303 4,591
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Bang 5 Nudc chua séi va hoi qua nhiét
p. bar |°C 20 40 60 80 100 120 140 160 180
v | 0,0010018 36,12 38,45 40,75 43,07 | 4539 | 4769 | 50,01 |52.31
004 | i 83,7 2574 2612 2650 2688 2726 2764 2803 | 2841
s 0,2964 8,537 8.651 8.762 8,867 | 8,966 § 9,060 | 9,150 | 9,238
v | 0,0010018 | 0,0010079 19,19 20,34 215 2266 | 2382 | 2497 | 2613
008 | i 83,7 167.5 2612 2650 2688 2726 2764 2802 | 2841
s 0,2964 0,5715 8.331 8.441 8.546 | 8,645 8,74 8.830 | 8,917
v | 0,0010018 0,00{0079 15,35 16.27 17.2 18.13 19,06 19,98 | 20.90
010 | i 83.7 \ 167.5 2611 2649 2688 2726 2764 2802 | 2841
s 0.2964 05715 8,227 8,337 8442 | 8542 8,636 8.727 | 8.814
v | 0,0010018 | 0,0010079 12,79 13.55 14,33 151 15.87 16,64 | 1742
012 { i 83,7 167.5 2611 2649 2687 2725 2764 2802 | 2841
s 0,2964 0.5715 8.143 8,253 8.358 | 8457 | 8552 | 8,643 | 8,73
*
v | 0,0010018 | 0,0010079 10,95 11.61 12,27 | 12,94 13,6 14,26 | 14,92
014 | i 83.7 167.,5 2611 2649 2687 2725 2763 2802 | 2840 |
s 0,2964 0,5715 8.071 8.181 8,287 | 8,386 | 8,481 8,672 | 8,659
v | 0,0010018 | 0,0010079 9,573 10,16 10,74 11,32 | 11,899 | 12.478 |13,057
0,16 | i 83,7 167.5 2610 2649 2687 2725 2763 2802 | 2840
S 0,2964 0,5715 8,009 8.12 8,225 | 8.324 | 8419 8,51 |8,597
v | 0,0010018 | 0,0010079 | 0.0010171 8.119 8,584 | 9,049 | 9,513 | 9,977 |10.441
020 | i 837 167.5 2511 2648 2687 2725 2763 2801 | 2840
s 0.2964 0.5715 0.8307 8,015 8.12 8.22 8315 | 8.406 | 8,493
. L 3
v | 0,0010018 | 0.0010079 | 0.0010171 540 5713 | 6,025 | 6,335 | 6,645 | 6,055
030 | i 83.7 167.5 2511 2646, 2685 2724 2762 2801 | 2839
s 0,2964 0,6715 9.8307 7,825 7.931 | 8,031 8,126 | 8.217 |8.304
v | 0,0010018 | 0,0010079 | 0,0010171 (0,0010289] 1,695 | 1.795 1,889 | 1984 | 2,078
10 | 83,7 167.5 2511 3349 2676 2717 2757 2796 | 2835
S 0,2964 0,5715 0,8307 1,0748 7,361 | 74665 | 7562 | 7.654 |7.743
Ghi chu:

thang 1A cia hoi qué nhiét, v - m’/kg, i - ki/kg, s - ki/kg.do

56 li¢u nAm du¢h dudng bic thang 13 cia nuéc chua s6i, 56 lieu nim tren dudng bac
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Tiép bang 5

200 220 240 260 280 300 350 400 450 500 600
5463 | 5693 5924 | 6156 | 63.87 66,18 71,96 77.73 85,31 89,28 | 100,84
2880 2918 2958 2997 3037 3077 3177 3280 3384 3490 3707
9321 | 9.402 9.479 | 9,554 | 9.627 9,698 9,866 10,024 | 10,174 | 10,317 | 10,585
2729 2844 296 30,75 31.9 33.06 3594 38.84 41,72 | 44,61 50,38
2880 2918 2957 2997 3037 3077 3177 3280 3384 3490 3707
9,000 | 9.081 9,159 | 9.234 | 9.306 9377 9,546 9,704 9,854 9,997 | 10,265
2183 | 2276 23.68 246 25.53 26,46 28,76 31,08 33,390 357 40,32
2879 2918 2557 2997 3037 3077 3177 3280 3384 3490 3707
8.897 | 8.978 905 | 9,131 | 9,203 9,274 9,443 9,601 9,751 9,895 | 10,162
18,19 18,96 19.73 205 21,27 22,04 23.96 25,89 27.82 29,74 | 336
2897 2918 2957 2996 3036 3177 3177 3280 ¢ 3384 3490 3707
8813 | 8894 8972 | 9.047 | 9119 9.19 9.358 9517 9.667 9.81 10,078
1558 | 16,24 16.9 17.56 | 18,22 18.88 20,53 22,18 29.83 2549 | 28,79
2879 2918 2957 2997 3037 3077 3077 3280 3384 3490 3707
8,742 | 8,823 39 8,975 | 9048 9,119 9,288 9,446 9,596 9,739 | 10,007

13.635| 14,213 | 1479 | 15367 | 15943 16,52 17.96 19.41 20.85 22,29 | 2518
2879 2918 2957 2997 3037 3077 3177 3280 3384 3490 3707

8.68 8.761 8,838 | 8913 | 8986 9.057 9,226 9,384 9,534 9678 | 9,945
10,905] 11.369 [ 11.832 | 12.295 | 12,758 13.22 14,376 15,53 16.68 17,82 | 20,15
2897 2918 2957 2996 3036 3077 3177 3280 3384 3480 3707
8576 | 8657 8,735 8.61 8.883 8.954 9,123 9,281 9,431 | 9,575 | 9,842
7,246 | 7573 7.882 | 8.191 8.5 8.809 9.58 10351 | 11121 | 11,891 | 13,43
2878 2917 2956 2996 3036 3075 3177 3280 3384 3490 3707
8,388 | 8.469 8,547 | 8,622 | 8,695 8,766 8.935 9.093 9.244 9,388 | 9.655
2172 2.266 2,358 | 2452 | 2,545 2,638 2871 3.102 3,334 3.565 | 4,028
2875 2914 2954 2993 3033 3074 3175 3278 3382 3488 3706
7.828 7.91 7.988 | 8064 | 8139 | 8211 8.381 8.541 8.69 8.333 | 9,097
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Tiép bang 5

p.baft’C 20 40 60 80 100 120 140 160 180
v | 0.0010G18 | 0,0010079 | 0.001017 | 0,0010289 | 0.0010434 1.491 1.572 1.65 1.729
12 ] i 83.9 167.5 251,1 334.9 419 2715 2755 2795 2834
s 0.2964 0.5715 0.8307 1.0748 1.3067 7.376 7.475 7.568 7.657

v | 0,0010015 | 0,0010076 | 0,0010168 | 0,0010287 | 0,0010432 { 0,0010601 | 0.0010797 0,3167 0,3348
601 i 84,3 167.9 2515 335.2 4191 503.7 589.1 2759 2805
s 0.2964 0.7516 0,8302 1.0744 1,3062 1,5265 1,738 6.767 6,869

v | 0.0010015 | 0.0010076 Fi'5.0010‘!67 0.0010286 | 0.0010431 | 0,00106 | 0.0010795 | 0001102 | 02473

80| i 84,5 168.1 2517 335.3 4192 503.8 589,1 6.753 2792
s 0.2962 0.5714 0.83 1.0742 1.306 1,5263 1.737 1.941 6,715

| v | 0.0010014 | 0.0010075 | 0,0010166 | 0.0010285 | 0.001043 | 0.,0010598 | 0.0010794 | 0.0011018 | 0.1949
10 i 84.7 168.3 251.8 3354 419.3 5039 589,2 6754 2778
s 0,296 0.5712 0,8298 1,074 1.3058 1.5261 1,737 1.941 6,588

v | 0.0010013 | 0,0010074 | 09010165 | 0.0010284 | 0,0010429 | 0,0010597 | 0,0010793 | 0,0011016 | 0,1645

12 | i 849 168.5 2519 335.5 4194 504 589,3 675.5 2790
[ 0.2959 0.5711 0.8297 1,0738 1.3056 1,5259 1.737 1.94 6534

v | 0.0010012 | 0,0010073 | 0.0010164 | 0,0010282 | 0,0010427 | 0.0010596 | ¢,0010792 | 0.0011015 P.0011271

14 |1 85,1 168,7 2521 3357 419,6 5042 589.5 675.7 763.2
S 0.2958 0.571 0.8296 1.0736 1,3054 1.5257 1,736 1.94 2,137

v | 0.0010011 | 0.0010072 | 0.0010163 | 0.0010282 | 0.0010426 | 0.0010595 | 0,001079 | 0.0011013 |0.001127

16 | 1 85.3 168.8 252,2 3358 4187 504.3 589.6 6757 763,2
S 0.2958 0.571 0.8296 1.0735 71,3052 1,5256 1,736 1,94 2.137

v | 0.001001 | 0.0010071 | ¢.0010162 0.0010281 | 0.0010425 0.0010594 | 0.0010789 | 0.0011012 P.0011268

18 | i 85,5 169 2524 336 419.9 504,5 589.8 675.8 T 7632
5 0.2957 0.5709 0,8285 1,0733 1,305 1.5254 1,736 19 38 2,136

v | 0,0010009 | 0.001007 | 0.0010161 | 0,001028 | 0,0010424 | 0,0010593 |0.00107878| 0.0011011 pP.0011267

20 |i 85,7 169.2 2526 336.2 4201 504.7 589,9 6759 763,2
S 0,2957 0.5708 0.8294 1.0731 1.3048 1.5252 1,736 1.939 2,136
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Tiép bang 5

200 220 240 260 280 300 350 400 450 500 600
1,807 1886 | 1964 | 2,042 212 2A97 | 2,391 | 2,584 2,777 297 3.357
2874 2913 2953 2993 3033 3073 3174 3278 3382 3488 3705
7.742 7824 | 7903 | 7979 | 8,053 | 8.126 | 8,296 | 8.456 8,606 8,749 9,013

0,3520 |0,3688 |0,3855|0,4019|0,4181 104342 |0,474110,5136| 05528 |05919| 0.669
28490 2891 2933 2975 3017 3059 3164 3270 3376 3483 3701
6.963 7051 | 7135 | 7215 | 7292 | 7.366 | 7.541 | 7,704 7.857 8.001 8.266
0.2609 | 0,2739 | 0,2867 | 0,2993 | 0.3118 | 0,324 | 0,3542 | 0,3842 | 04137 | 0,4432| 0,5018
2839 2883 2926 2969 3011 3054 3160 3267 3373 3481 3699
6,814 6905 | 6991 | 7073 | 7,151 | 7226 | 7404 | 7.568 7,722 7,866 8.132
+
0.206 0,2169 | 0,2274 | 0,2377 | 0,2478 } 0,2578 | 0,2822 | 0,3065 | 0,3303 | 0.3539 0.401
2827 2874 2918 2962 3005 3058 3156 3263 3370 3479 3698
6.692 6.788 | 6.877 | 6.961 7.04 7,116 | 7,296 | 7,461 7,615 7.761 8,027
0,1693 | 0.1788 | 0,1879 | 0.1967 | 0,2054 | 0,2139 | 0,2343 | 0,2547 | 0,2747 | 0,2944 0,333
2816 2865 2911 2955 2999 3042 3151 3260 3364 3477 3696
6.588 6,688 6.78 6,866 | 6947 | 7,025 | 7,206 | 7.373 7,529 7.674 7,942
0.1429 | 0.1515]0,1586 | 0,1673 | 0,1748 | 0,1823 | 0,2001 | 0,2176 | 0.2349 0,252 0,285.
2803 2855 2902 2948 2992 3036 3147 3256 3365 3474 3695
6.497 6,602 | 6,697 | 6,784 | 6,867 | 6,945 713 7,299 7,455 7.601 7.87
0.0011565| 0,1309 | 0,1382 | 0,1452 | 0,1519 | 0,1585 | 0,1743 [ 0,1899 | 0,2051 | 0,2201 0,249
852,4 2844 2893 2940 2986 3030 3142 3253 3363 3472 3691
2.329 6,524 | 6622 | 6,711 | 6,796 | 6,877 | 7.063 | 7.233 7,39 7537 7,804
0.0011562| 0,1149 | 0,1216 | 0,128 | 0,1341 | 0,1401 | 0,1545 | 0,1683 | 0.1819 | 0,1953 | 0.2211
8524 | 2833 2884 2932 2979 3025 3138 3249 3360 3470 3690
2,328 6.452 6,554 | 6646 | 6,732 | 6,814 | 7,003 | 7,175 7.333 748 7,75
0.0011561}| 0,1021 | 1,084 | 0,1143 | 0,12 | 0,1255|0.,1384 | 0,1511 | 0,1634 | 0,1755 0,199
852.4 2821 2875 y 2924 2972 3019 3134 3246 3357 3468 3690
2,328 6,385 | 6491 | 6585 | 6674 | 6,757 | 6,949 | 7.122 7,282 7429 7,701
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Tiép bang 5

200 220 240 260 280 300 350 400 450 500 600
0,0011551|0.0011891 | 0,06826 | 007294 | 00772 | 008119 [ 009051 [009929| 01078 | 0.1161 | 0.1325
852.6 9435 2823 2882 2937 2988 3111 3229 3343 3456 3682
2826 2514 6 225 6.337 6.438 6,53 6.735 | 6916 7.08 7,231 7.506
&

0.0011504 | 0,0011833 | 0001221 |0.0012689 | 0,001357 | 0.0249 | 0.03003 |0.03438 | 0.03821 | 004177 | 0.04844
855.0 9451 1037.9 1134.4 1235.4 2784 2985 3135 3270 3397 3640
2317 2,504 2,688 2.873 3059 5,788 6.126 | 6,358 | 6.552 6722 | 7.019

0,0011496 | 0,0011822 | 0.0012207 | 00012669 | 0,0013246 | 0,0014016 | 0.02566 |0.03001 | 0.03354 | 00368 |0.04285
855 5 9452 1038,1 1134,2 12349 1344.4 2954 3114 3254 3386 3631
2316 2,502 2,686 2.87 3,056 3,249 6,033 628 6 481 6.656 | 6.957

0,0011482 | 0,0011805 | 0,0012185 | 0,001265 | 0.0013217 | 0.0013970 | 0.02247 | 0.02646 | 0.02979 | 0.03281 | 0,03837
856 9458 1038.3 1134.1 12345 1342.2 2920 3093 3239 3372 3621
2314 25 2,684 2 868 3,053 3,244 5 a4 6207 | 6.418 6,595 | 6.90

00011622 [ 00011788 | 0 0012164 | 0.0012612 | 0,0013164 | 0 0013886 | 0.01726 |0,02113| 0.02414 | 0.02681 | 003163
901 5 946.,6 10387 1133.9 1233 7 1340 0 2844 3049 3206 3347 3603
2.404 2,497 2 680 2,863 3,046 3,235 5755 | 6.071 6298 6.487 | 6.803

0.0011458 | 0 0011777 | 0,001215 | 0 0012593 | 0,0013137 | 0,0013847 | 001514 [0,01905| 002197 | 00245 | 0.02903
857 4 946.9 10389 1133,8 12333 1339 2799 3026 3189 3334 3294
2 309 2,495 2,878 2,86 3.043 323 5657 | 6,006 | 6243 6138 | 6758

0.0011448 | 0,0011766 | 0,0012136 | 0.0012575 | 0,0013111 | 0.0013808 | 0.01325 |001726| 00201 | 0.02252 | 0 02683
857.9 947.3 1038, 1 1133.8 1232.9 1338 2750 3000 3172 3321 3585
2.308 2,493 2,676 2,858 3,04 3226 5550 | 5942 6.19 6.39 6.716
0001143 | 0.0011744 | 0.0012109 | 0.0012539 | 0.0013061 | 00013735 | ©.00978 J0.01429| 001704 | 00193 | 02322
858 8 948 1039.5 1133 7 1232.2 1336,2 2612 2945 3137 3294 3587
2,305 2,489 2,672 2,863 3,035 3,218 5302 | 5816 6,09 6,303 6,64

00011357 | 0.0011658 | 0 0012004 | 0.0012404 | 0,0012883 | 0.001375 | 0,001612 |0 09676 | 0.00977 | 001174 | 0 01478
8626 950 9 10413 1134 1230.3 1331.2 1625 26p8 2971 3174 3493
2.295 2,477 2,657 2,835 3.011 3,19 3,684 5,296 5723 5999 | 6,394

0,0011305 | 0,0011597 | 0 0011931 | 0 0012315 | 0.0012764 | 0.0013311 | 0.001556 | 0,00283 | 0 00672 | 0.00869 | 0.01144
865.4 953,3 1042.9 1134,7 1229 1329 1608 2155 2816 3073 3434
2,287 2,468 2,847 2,822 2,996 3,171 3.64 4476 | 5.446 5799 | 6.242
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Tiép bang 5

P. o' 20 40 60 80 100 120 140 160 180
bar C
v | 00010004 | 0.0010085 | 0.0010157 | 0.0010275 | 0,0010419 | 0,0010587 | 0,0010782 | 0,0011004 | 0,0011258
30 ] 186,7 1701 2535 337 420.9 505.4 590,6 676,4 763,7
s 0.2956 0,5707 0.829 1,0726 1,3038 1,5244 1,735 1.938 2,134
v 0 000983 0.00%00043 0.0010134 | 0.0010254 | 0,0010398 | 0,0010564 | 0,0010972 | 0,001122
80 91.3 1746 2578 3412 424.9 509.1 593,4 679,6 766,7
s 0,2943 0.5686 0,826 1,0689 1,2996 1,5198 1,73 1,931 2.126
v | 0,0009978 | 0,0010038 | 0,0010129 | C 0010249 | 0.0010393 } 0,0010559 | 0,0010749 | 0,0010966 | 0,0011213
90 I 923 175,5 2587 3421 4257 509.8 5946 680.,3 767.4
5 0,2941 0,5681 0.8253 1,0682 1,2988 1,5189 1,729 1,93 2,125
v |0,0009975 | 0,0010031 | 0,0010125 | 0,0010245 | 0,0010386 | 0,0010552 0.0010741 | 0.0010956 | 0,0011201
100 93.2 176.9 2596 3429 426.,5 510,5 5953 681 768
s 0,2939 0,5674 0.8247 1,0676 1,2982 1.5182 1,718 1,929 2,123
v | 0,0009965 | 0,0010024 | 0,0010116 | 0,0010236 | 0,0010379 | 0,0010544 | 0,0010732 | 0,0010946 | 0,0011189
120 i 95.1 178.2 261.4 3446 428 1 512 596.7 682.4 769,1
s 0,2935 0,5668 0,8236 1,0662 1,2967 1.5165 1.727 1,927 2121
v |0,0009961| 0001002 | 0,0010112 | 0,0010231 | 0.0010573 | 0,0010538 | 0,0010725 | 0,0010939 | 0,0011182
130 96 179 262.2 3454 428,9 5127 597.4 683 769.7
0,2931 0,5664 0,823 0,0655 1,2959 1,5156 1,726 1,926 2,119
0.0009957 | 0,0010016 | 0.0010108 | 0,0010226 | 0.0010368 | 0,0010533 | 0,0010719 | 0.0010932 | 0,0011174
140 96,9 179.9 263 346,2 4296 5131 598 683.6 7702
0,293 0,566 0.8224 10 648 1,2951 1.5148 1,724 1,925 2,118
v | 0.0009948 | 0,0010007 | 0.0010099 | 0,0010217 | 0.0010359 | 0,0010522 | 0,0010707 | 0.0010918 | 0.0011157
160 98,9 1817 2647 3479 4312 5249 5994 6849 771.3
s 02925 | 0.5653 0,8212 1,0634 1,2937 1,5131 1,722 1,922 2,116
Y 0009912 | 0.0009973 | 0.0010065 | 0.0010182 | 0,001032 | 0,0010479 | 0,001066 | 0,0010864 | 0.0011095
240 106.4 188.8 2715 2543 4372 520,8 6046 689.9 7757
5 0,291 0,5625 0.8169 0,0582 1,.2881 1.5062 1,715 1,915 2,108
v [0,0009886 | 0,0009949 | 0,0010041 | 0,0010156 | 0,0010293 | 0,001045 | 0.0010662 | 0,0010825 0.001105
300 112 194 1 276.5 3591 4419 5251 609.0 693.6 7791
s 0,2902 0,5603 0.814 0.0545 1,2864 1,5024 1,709 1,908 2.100

122




Biang 6 Thong so vat ly cua khong khi kho (P = 760 mmHg)

t, p. C,. A 10% al0? pn 100 v 108 Pr
€ kg/m' ki/kg dé W/m.do m’/s Ns/m’ m*/s
-50 1,584 1.013 2,04 12.7 14.6 9,23 0,728
40 1,515 1.013 212 13.8 15,2 10,04 0,728
-30 1,453 0.013 2.2 149 15.7 10.8 0.723
-20 1,395 1,009 2,28 16.2 16.2 11.79 0.716
-10 1.342 1,009 2,36 17.4 16,7 12.43 0.712
0 1,293 1,005 2.44 18.8 17.2 13.28 0.707
10 1,247 1,005 2,51 20 17.6 14,16 0.705
20 1.205 1,005 2,59 214 18,1 15.06 0.703
30 1,165 1,005 2,67 229 18.6 16 0.701
40 1,128 1.005 2,76 243 19.1 16.69 0.699
50 1,093 1,005 2,83 25,7 19.6 17.95 0.698
60 1,06 1,005 29 27.2 20.1 18.97 0.696
70 1,029 1,005 2,96 28.6 20.6 20,02 0.694
80 1 1,005 3.05 30.2 214 21.09 0.692
90 0.972 1,005 3.13 319 21,5 22.1 0.69
100 0,946 1,009 3.21 33.6 21.9 23,13 0.688
120 0.898 1,909 3.34 36.8 22.8 25.45 0,686
140 0.854 1,013 3.49 40.3 23.7 27.8 0.684
160 0.815 1.017 3.64 43,9 245 30.09 0,682
180 0,779 1,022 3,78 47,5 25.3 32,49 0,681
200 0.746 1,026 393 51.4 26 34 85 0,68
250 0.674 1,038 427 61 27,4 40,61 0.677
300 0.615 1,047 46 716 29,7 48,33 0.674
350 0.566 1.059 4,91 819 314 55,46 0.676
400 0,524 1,068 521 93.1 33 63.09 0.678
500 0,456 1.093 5,74 115.3 36.2 79.38 0.687
600 0.404 1,114 6,22 138.3 39.1 96,89 0.699
700 0,362 1,135 6,71 163.4 418 1154 0,706
800 0.329 1,156 7.18 188.8 44,3 1348 0.713
900 0.301 1,172 7.63 2162 46.7 155.1 0.717
1000 | 0,277 1,185 8.07 2459 49 177.1 0.719
1100 | 0.257 1,197 8.5 276.2 51,2 199.3 0.722
1200 | 0,239 1.21 9,15 316,5 63.5 233.7 0.724
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Bang 7 Théng s6 vat ly cua khéi (P = 760 mmHg; P,

=0,13, A,, =0,11; A, =0,76)

3 0. C. A0, a 107 4108 vicd Pr
(¢ Kp/m® kg dob Wini do ni*fs Nsimi? nifs
1 0 1.295 1,042 2.28 16.9 15,8 12,2 0,72
100 0.95 1,068 3.13 30,8 20.4 21.54 0.69
200 0.748 1,097 4.01 48,9 24 5 32.8 0.67
300 0617 1,122 4,84 69.9 28,2 45.81 0.65
400 0,525 1,151 5,7 94,3 31,7 60,38 0,64
500 0,457 1.185 6.56 121.1 34,8 76.3 0.63
600 0,405 1.214 7.42 150.9 37.9 93.61 0,62
700 0,363 1,239 8,27 183.8 40,7 112.4 0.61
800 0.33 1,264 9.15 219.7 43.4 131.8 0.6
900 0.301 1.29 10 258 459 152.5 0.59
1000 0.275 1.306 10.9 303.4 48 4 174.3 0.58
1100 0,257 1,323 11.75 345,5 50,7 197.1 0.57
1200 0.24 1,34 12.62 392.4 53 221 0.56
Bang 8 Théng s6 vat ly cua ddu may bién ap theo nhiét do
L b, c, 10, 1P v 1@ a 10" B 10° Pr
C kg/m' ki/hg do W/m dé Ns/m’ m'/s m'/s 1/do
0 892.5 1,549 0,1123 629.8 705 8,14 6.8 866
10 | 886.4 1,62 0,1115 3355 37,9 7.83 6.85 484
20 | 880.3 1,666 0.1106 198,2 225 7.56 6.9 298
30 | 8742 1,729 0,1098 128.5 14,7 7.28 6,95 202
40 | 8682 1,788 0,109 89.4 10.3 7.03 146
50 | 862.1 1.846 0.1082 65,3 7.58 6.8 7.05 11
60 856 1,905 0,1072 49.5 5.78 6.58 7.1 87.8
70 850 1,964 0.1064 38,6 4,54 6,36 7.15 71.3
80 | 8439 2,026 0.1056 30,8 3,66 6.17 7.2 59,3
90 | 8378 2.085 0,1047 25.4 3.03 6 7.25 50,5
100 | 831.8 2,144 0.1038 213 2.56 5,83 7.3 439
110 | 825.7 2,202 0,103 18.1 2,2 5.67 7.35 38,8
120 | 819.6 2261 | 01022 15,7 1,92 55 7.4 34,9
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Bang 9 Théng sd vit ly cua nudc trén dudng bao hoa

7 10'@

t, p. p. 1 C, | awr | alo viok | p1ot | o10° P,
%€ bar kg/ni® kitkg | klfkg do | Wim.do | ni’ls Ns/ni* m’s 1/do Nlm

1 2 3 4 5 6 7 8 9 10 11 12
0 | 1.013.] 999.9 0 4212 | 55.1 13.1 1788 | 1,789 | 0,63 | 756.4 13,67
10 | 1,013 | 999,7 | 4204 | 4,191 57.4 13.7 1306 | 1.306 0.7 7416 9,52
20 | 1013 | 998,2 | 8391 | 4,183 | 59,9 14.3 1004 | 1.006 182 | 7269 7.02
30 | 1.013 | 995.7 125.7 | 4,174 61.8 149 80156 | 0,805 3.21 712.2 542
40 | 1013 | 9922 | 1675 | 4174 | 63,5 153 | 6533 | 0.659 | -3.87 | 696,5 431
50 | 1013 | 988,1 | 2093 | 4.174 | 648 157 | 5494 | 0556 | 4.49 | 6769 3.54
60 | 1013 | 983.2 | 2521 | 4179 | 659 16 4694 | 0478 | 5.11 6622 2.98
70 | 1,013 | 977.8 293 4,187 | 66.8 16.3 | 406.1 | 0.415 57 643.5 2.55
80 1,013 | 971.8 335 4,195 | 674 166 | 3551 | 0,365 | 6.32 | 6259 221
90 | 1,013 | 9653 377 4,208 68 16.8 3149 | 0.326 6.95 607.2 1.95
100 | 1,013 | 9584 | 419.1 4,22 68.3 16,9 | 2825 | 0295 | 7,52 | 5886 1,75
110| 1.43 951 4614 | 4233 | 68,5 17.1 259 0272 | 8,08 569 1.6
1201 1.98 943.1 503.7 425 68.6 171 2374 | 0.252 8.64 548 4 147
130 2.7 9348 | 5464 | 4,266 [ 68,6 172 | 2178 | 0233 | 9.19 | 5288 1,36
140| 3.61 | 9261 | 589.1 | 4,287 | 68,5 172 | 2011 | 0,217 | 9.72 | 507.2 1,26
150 | 4.76 917 632,2 | 4313 | 684 17.3 1864 | 0.203 10.3 | 4866 1,17
160 | 6,18 | 9074 | 6754 | 4346 | 68,3 17.3 173.6 | 0,191 10,7 466 1.1
170 792 | 8973 | 7193 | 4,38 67.9 17.3 1628 | 0,181 113 | 4434 1,05
180 | 10,03 | 8869 | 763.3 | 4417 | 674 17.2 153 0,173 119 | 4228 1
190 12,55 | 876 807.8 | 4.459 67 17.1 1442 | 0,165 | 126 | 4002 0,96
200| 1555 | 863 8525 | 4505 | 66.3 17 1364 | 0,158 13.3 | 3767 0,93
210| 19,08 | 8528 | 8977 | 4555 | 655 16.9 130,5 | 0,153 14 1 3541 0,91
220 23.2 | 8403 | 943.7 | 4614 | 645 16.6 1246 | 0,149 148 | 3316 0.89
230 2798 | 827.3 | 990.2 | 4.681 63.7 16.4 1197 | 0.145 159 310 0.88
240 | 3348 | 8136 | 10375 4.756 | 62.8 16.2 | 114,81 | 0,141 16,8 | 2855 0.87
250 | 39,78 799 | 1085.7 | 4844 | 61.8 159 109,9 | 0,137 18,1 2619 0.86
260 | 46,94 784 | 11351 | 4949 | 60,5 15.6 1059 | 0135 | 19.7 | 2374 0,87
270 | 55,05 | 7679 | 11853 | 5.07 59 15.1 102 0133 | 216 | 2148 0.88
280 ) 64,19 | 750.7 | 12368 | 5.23 574 14,6 98.1 0,131 23,7 1913 0,9
290 | 7445 | 7323 | 1290 | 5485 | 558 13.9 942 | 0129 | 26.2 168.7 0,93
300| 8592 | 7125 | 13449 | 5736 54 13.2 912 | 0.128 | 29,2 1442 0.97
310 98.7 | 691.,1 | 1402.2 | 6.071 52.3 12,5 883 | 0,128 | 329 120.7 1.03
320 | 1129 | 6671 | 1462,1| 6,574 | 50,6 11.5 853 | 0128 | 38.2 98,1 1,11
330 | 128,65| 640,2 | 1526.2 | 7.244 | 484 10,4 814 | 0127 | 43.3 | 76.71 1,22
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Tiép bang 9

1 2 3 4 5 6 7 8 9 10 11 12
340 | 146,08 | 610,1 | 15848 | 8,165 457 917 77.5 0,127 534 56.7 1,39
350 | 165,37 | 574.4 | 16714 | 9.504 43 7.88 72,6 0,126 66,8 38,16 1,6
360 | 186,74 | 528 1761,5 | 13,981 395 5.36 66.7 0,126 109 20.21 2,35
37021053 | 450,5 | 18925 | 40321 | 337 | 186 | 569 | 0126 | 164 | 471 | 679

Bang 10 Théng sé vat ly cta hol nudc trén dudng bio hoa

1, p. ol i" r, C, A10%, alQ® M 106_ v106, P,
°C bar kgim' | kitkg | Kilkg | kilkgdo | Wim.do m’[s Nsint* s
100 1,013 0,598 | 2675,9 | 2256,8 2,135 2,372 18,58 11,79 20,02 1,08
110 1.43 0,826 | 26914 | 2230 2,177 2.489 13.83 12,46 15,07 1,09
120 1,98 1.121 | 2706.5 | 2202.8 2,206 2.593 10.5 12,85 11.46 1.10
130 2.7 1496 | 2720.7 | 2174 .3 2,257 2,686 7,792 13.24 8.85 1.11
140 3.61 1966 | 27341 | 2145 2.315 2,791 6.13 13,54 6,89 1.12
150 476 2547 | 2746.7 121143 2.395 2,884 4,728 13,93 547 1,16
160 6.18 3.258 2758 20826 2479 3,012 3.722 14,32 4,39 1,18
170 7.92 4122 | 2768,9 | 2049,5| 2,583 3.128 2,939 14,72 3.57 1.21
180 10,03 5,157 | 2778,5 |12015,2| 2.709 3.268 2.339 15,11 2.93 1.25
190 12.55 6,397 | 27864 | 1978,8] 2.856 3419 1,872 15,60 244 1.3
200 15,55 7.862 | 2793.1 [1940.7| 3,023 3,545 1.492 15,99 2.02 1.36
210 19,08 9,588 | 2798.2 | 1900.5 3.199 3,722 1.214 16,38 1.71 1.41
220 23.2 1162 | 28015 |1857.8] 3.408 3.896 0.983 16.87 1.45 1.47
230 | 27,98 13,99 | 28032 1813 3634 4,094 0,806 17.36 1,24 1.54
240 | 33.48 16,76 | 2803,2 [ 17656| 3,881 4,291 0.658 17.76 1.06 1,61
250 39,78 19,88 | 28011 | 17158 4,158 4512 0.544 18.25 0,913 1,68
260 | 46.94 2372 | 2796516614 | 4,468 4802 0,453 18.84 0,794 1.75
270 55.05 28,09 | 27898 |1604.4| 4.815 5,106 0.378 19,32 0,688 1.82
280 | 64.19 33,19 | 2779,7 | 1542.9 5,234 5,489 0,317 19,91 0.6 1.9
290 | 74,45 39.16 | 27664 | 1476,3| 5,694 5,827 0.261 20,60 0,526 2.01
300 85,92 46,21 | 27492 | 1407.3 6,28 6.268 0,216 21.29 0,461 213
310 98,7 54 58 | 27274 113252 7,118 6.838 0,176 21,98 0,403 2.29
320 | 1129 64,72 | 2700,7 | 12381 8.206 7513 0.141 22.86 0.353 25
330 | 128,65 77.1 2665,91139.7| 9,881 8.257 0,108 2394 0,31 2.86
340 | 146,08 | 92,76 | 2621.9 | 1027 1 12,35 9,304 0.0811 25,21 0,272 3.35
350 | 165,37 | 113,6 | 25645 | 8931 16,24 10.7 0,058 26,58 0.234 4,03
360 | 186,74 144 2481.2 | 719.7 23.03 12,79 0.0396 29.14 0,202 523
370 | 210,53 203 23309 | 438,4 56,52 174 0.015 33,75 0,116 111
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