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VD:

+ Cac dong co nhiét: dong co dbt trong, dong co phan lyc...
+ Hé théng PHKK, cip dong, trit dong

+ May sdy, 10 hoi

+ Bom, quat, may nén

+ Céc hé thong sir dung NLMT
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CHUONG I: MOT SO KHAI NIEM CO BAN VA PHUONG TRINH TRANG
THAI CUA VAT CHAT O THE KHI

1.1. Mot s6 khai niém va dinh nghia

TAt ca cac bai toan vé Nhiét chung qui ciing chi nhdm: Xac dinh NANG LUQONG
ctia hé théng ciing nhu SUCHUYEN HOA NANG LUGQNG trong hé thong.

@ Cool

environment
Hot 20°C

coffcclNND. | 1.

7068

Hinh 1.1. Ly ca phé truyén néing luong ra méi truong

Hinh 1.2. Sw chuyén héa ning lwong tir nhiét nang (hoi) thanh co ndng lam quay truc

dong co Turbine

1.1.1. Nhiét lwgng va cong
- Nhiét luong: 13 lugng niang luong di xuyén qua bé mat ranh gidi khi giira chét
moi gioi va moi trudng c¢d sy chénh 1éch nhiét do:

Qui uéc:
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+ Vat nhan nhiét: Q (+)

+ Vat thai nhiét: Q (-)

- Cong: 13 lugng ning luong di qua bé mat ranh gidi c¢6 kha ning dich chuyén mot
vat nao do.

Qui udc:

+ Vat sinh ra cong: W (+)

+ Vat nhan cong: W (-)

Pon vi do:

- H¢ SI: 1J (Jun) =1 N.m ; 1 cal (calo) =4,18J

- Hé¢ khac: 1 Btu = 1055 J =252 cal; 1Wh = 3,413 Btu

1.1.2. H¢ nhiét dong

- Hé nhiét dong (HND) 1a khoang khong gian chira mot luong nhit dinh CHAT
MOI GIOI dang duogc khao sat bang cac bién phap nhiét dong.

- Khi xem xét mot HND can cha y:

+ Chat méi gidi 1a gi? Ngudn nong 1a ngudn nao? Ngudn lanh 14 ngudn nao?

+ Cong va nhiét luong trao dbi khi chat méi gidi bién doi trang thai

+ B& mit ranh gidi ngin cach gitta chat moi giéi va méi trudng?

- Phéan loai h¢ nhiét dong:

+ HND kin: lugng chit méi gidi trong hé théng duoc duy tri khong dbi, chat méi gisi
khong thé di xuyén qua bé mit ranh gidi ngin cach giita hé thdng va méi trudng. (VD:
may lanh)

+ HND ha: chat moi gidi co thé di vao va di ra khoi hé théng xuyén qua bé mat ranh
gidi. (VD: dong co ddt trong, tuabin khi, dong co phan luc...)

+ HND doan nhiét: trong hé thong nay, chat méi gisi khong cé su trao doi nhiét véi
moi trudng trong qua trinh hoat dong.

+ HND co lap: trong hé théng ndy, chat moi gidi va méi trudng hoan toan khong co

bdt ky sw trao doi ning lrong nao trong qué trinh hoat dong.
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1.2.3. May nhiét
1.2.3.1. Dong co nhiét

Day 14 loai may ding nhiét dé sinh cong. Trong loai may nay, chat moi gidi s&
van chuyén nhiét lugng theo chiéu thuén tir ngu6n nong dén nguén lanh va gian n¢

sinh ¢ong. (VD: dong co dot trong, dong co phan lyc, tua bin...)

Nguén néng
v Q

Dong co nhiét | —

1 Q

Nguon lanh

Hinh 1.3. So' d6 nguyén Iy co ban ciia dong co nhiét

- Xét bdo toan nang luong cho Pong co nhiét:

Q= |Q2|+W
- Hiéu sudt nhiét:
W el Rl
Q Q %

INTAKE COMPRESSION COMBUSTION EXHAUST

Combustion Chambers

J L J

Cold Section Hot Section

Hinh 1.4. Dong co phdn lyc
10
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1.2.3.2. Bom nhiét, may lam lanh

Day la loai may nhan cong tir bén ngoai dé van chuén nhiét lugng theo chiéu nguoc tur

ngudn lanh dén ngudn néng. (VD: méy lanh, bom nhiét)

Ngudn nong

I Q

Bom nhiét, |«
May lam lanh

TQ,

Nguon lanh

Hinh 1.5. So' d6 nguyén 1y co ban ciia mdy lanh, bom nhiét

Xét bao toan nang luong cho bom nhi¢t hay may lam lanh:
Qf=Q, +W|
Hé s6 1am néng (Cho bom nhiét):

() B ) O

Q= = = >1
|W| |Q1| _Qz |q1| -0,

Hé s6 lam lanh (Cho may lanh):

sz Qz — d,
|W| |Q1|_Q2 |q1|_Q2

E =

11
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May nén gy
Dwong hoi ayr _ Thiét bj ngwng tu
i' 1111 =¥ = il T — T —
A e
: e Quat —5 Khinoéng

Khéng khi —
ngoai moi
trwéng

Pwéng léng

Khi néng
trong phong
“—

Quat
théi ra < «<— Dong méi chat

Thiet bi bay hoi Van tiét lwu Fin loc

Hinh 1.6. So' do nguyén Iy mdy lam lanh

1.2.  Théng sb trang thai

théi ra

Tai mot diéu kién bat ky, trang thai cua chat moi gio1 co thé dugc x4c dinh b::ing

hai thong $6 trang thai doc l1ap
Céc thong sb trang thai thuong dung la:

- Nhigtdo T

- Ap suét p

- Thé tich riéng v
- Noinangu

- Entanpi i

- Entropi s

12
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P
Final state
2
I
I Process path
I
| Initial
: state
I
| 1
| |
| I
| I
} ’
1V v
I
| |
1
r I
} System : . ——
| I
e

(2) (n
Hinh 1.7. Gidn d6 moi quan hé giita hai thong soé trang thdi p -V

1.2.1. Nhiétd¢ T

- Lathong $6 trang thai thé hién muc do nong lanh cua vat
- Dung cu do: Nhiét ké (NK)

Nhiét ké ¢6 3 loai:

+ NK thity ngén, NK ruou: dua trén sy gidn né cua chat 1ong
+ NK dién tro: dua trén su thay ddi dién tro

+ Thermocouple: dua trén sy thay d6i dong dién

- DPon vi:
+ Do bach phan (°C):
5
°C==(°F-32
5("F-32)
+ D0 Fahrenheit (°F): °F=18°C+32
+ Do Kelvin (K): K="C+273

13
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373.15 K 100°C 212°F water
boils
273.15 K 0°C 32°F water
freezes
0K -273.15°C —-459.67°F absolute
Zero
Kelvin Celsius Fahrenheit

Hinh 1.8. Twong quan giira cdc thang do nhiét do

1.2.2. Ap suét p
- Lalyc tac dung 1én mét don vi dién tich bé mit ranh gi6i theo phuwong phap tuyén

v61 bé mat do

- Dung cu do:
+ Manometer (Ap ké): dung dé do ap suit du pas, phan ap suat ciia chat khi 16n hon ap
suét khi troi
+ Parometer: dung dé do ap suat khi trdi pa
+ Vacumeter (chan khong ké): dung dé do ap suat chan khong pek, phan ap suét cua
chat khi nho hon ap sut khi troi.
Ta co:
P = Pau T Pa

va Pg = P, — Py
Trong d6 pu 13 4p suat tuyét dbi
+ Pon vi:
1 Pa (Pascal) = 1 N/m?;

14
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1 bar = 10° Pa = 750 mmHg;

1 at =0,981 bar = 10 mH>0 = 735,6 mmHg;

1 mmHg = 133,3 N/m?

1 mmH,0 = 9,81 N/m?

1 at = 1 kgf/cm? = 9,81 N/ cm? = 9,81.10* N/m? = 14,223 psi

Pdv
_______________________ Pa —————e
Pck Pta
Pa - Pha
Pta
Chan khang tuyét ddi Pta=0 Chan khéng tuyét déi

Hinh 1.9. M6i quan hé giita dp sudt tuyét doi, dp sudt dw va dp sudt chin khéng

A flow section
or flow device

SG=0.85

Hinh 1.10. Manometer

Hinh 1.11. Barometer

15
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Mot s0 hinh anh vi du ve &p suat:

300 pounds

s UL

Hinh 1.12. Ap sudt ciia 2 nguoi ¢ cdn ndng khdc nhau 1én mdt dat

Fy=PyA,

Fi=PA

@

1

P|:P2 —

A A F,

Hinh 1.13. Ung dung ciia dp sudt dé ché tao con dji

1.2.3. Thé tich riéng v

- Lathé tich ung voi mot don vi khéi lugng

yV(my ot
Glkg) " p

Trong do:

+ G: Khbi luong ciia khbi chat moi gidi dang khao sét (kg)

h_h F

16
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+ V: Thé tich choan chd ctia khéi chat méi gidi d6 (m3)

+ p: Khéi lugng riéng ctia khdi chat méi giéi dang khao sat (kg/m?3)

Luu y: Thé tich riéng v méi 1a thong sb trang thai, con thé tich V khong phai 14 thong
sO trang thai

1.2.4. N§i nang
- Noi nang la ning lugng bén trong, giy ra do chuyén dong va twong tac giita cac phan

tir trong vat thé. Noi ning 13 loai thong sé trang thai khong do truc tiép duoc ma phai

tinh toan.
- No6i ndng U ctia mot hé théng bao g@)m:
+ Pong ning Us do chuyén dong tinh tién, chuyén dong quay cia cac phan tir, va do
cac dao dong trong ndi bd phan tir bén trong hé théng
+ Thé ning Ut do lyc twong tac giita cac phén tir trong hé thong
U=Uqs+ U
- Néu khao sat 1kg khéi luong chit méi gioi:

U= uq + Ut (kJ/kg)
Trong d6: uqa 13 ndi dong ning; ur 1a ndi thé ning cua 1 kg khdi luong

- Theo thuyét dong hoc phan tir:

+ No6i dong nang U4 chi phu thude vao nhiét 46

+ No6i thé ning u; phu thudc khoang cach trung binh giita cac phan tir, tirc phu thudc vao
thé tich riéng
Do dou=f(T,v)
- Pbi voi khi ly tuong: Luc tuong tac gilta cac phan tir duge xem bang khong, do d6
ndi nang cua khi 1y twdng chi phu thudc vao nhiét do.

- Don vi: kJ, kcal, kWh (hé SI) hoac BTU (British Thermal Unit)

Luu ¥: trong cac bai toan vé nhiét dong, ndi chung khong can biét gia tri tuyét ddi cia

ndi nang ma chi can biét luong bién doi ndi nang.

17
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1.2.5. Entanpi
- La loai thong sb trang thai khong do truc tiép duoc ma phai tinh toan hoic tra bang.

- Entanpi cua 1 kg khdi luong chat méi gidi duoc tinh theo cong thirc:
i=u+pv (kJ/kg)

- Dbi voi khi 1y twdng, do u va pv chi phu thudc vao nhi¢t do nén I cling chi phu
thudc vao nhiét do

Luu ¥: trong cac bai toan vé nhiét dong, ndi chung khong can biét gia tri tuyét d6i cua

entanpi ma chi can biét lugng bién doi entanpi.

1.2.6. Entropi

- Luong bién d6i entropi ds ciia 1kg khdi lugng chit méi gidi trong 1 qua trinh thuan

nghich duogc tinh theo cong thirc:

ds:@ hay dS:@
T T

Cho G kg chit méi gidi ta c6 dS = G. ds
Trong do:

+ 8q la nhiét luong trao doi gitra chit moi gidi va moi truong trong qué trinh thuan

nghich v6 cung bé
+ T 1a nhiét d6 tuyét ddi [K]

- Pon vi: kl/kg.K hoac kcal/kg. K
1.3.  Phwong trinh trang thai ciia vat chat & thé khi
1.3.1. Phwong trinh trang thai khi ly twéng
- Khi dugc xem la khi 1y tuong néu thoa méan 2 diéu kién sau:
+ Khong ¢ luc tuong tac gilra cac phan tir va nguyén tir
+ Khong c6 thé tich ban than phan tu
- Khi thyc c6 thé xem 1a khi 1y tuong & diéu kién ap suat kha thap va nhiét do kha

Ccao.

18
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- Moi quan hé giita cac thong s p, v, t ctia khi Iy tudng dau tién dugc rat ra tir cac két
qua thuc nghiém, sau d6 dugc chimg minh bang 1y thuyét nho thuyét dong hoc phan
tu.

Boyle’s Law (1662)

Boyle's Law

0 0.25 0.50 0.75 1.00

Pressure (atm)

pV = constant (constant temperature)

Hinh 1.14. Dinh ludt Boyle (Nhiét 36 khong déi)

Charles’ Law (1776)

P

-273.15°C \/ oc  100C t(°C)
Gas Liquiefies '

v
o =constant | (constant pressure)

Hinh 1.15. Binh ludt Charles (Ap sudt khéng doi)
19
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Gay-Lussac’s Law (1802)

Gay Lussacc

P
T

Hinh 1.16. Binh ludt gay-Lussac (Thé tich khéng doi)

= constant

l‘\u..\p..l.m‘////, Gas C

'/

o Z

P Measur

|4
/

S

7 7
e

data points

[ “)/

\/ L
:/‘//:'_4/_‘./&

od

/ Gas A

/ Gas B

— Gas D

*"72

315

t (°C)

(constant volume)

Phuong trinh trang thai khi ly twong (pt Clapeyron):

Trong do:

pv=RT

hay

pV =GRT

+p (N/m?): ap suit tuyét dbi cua khdi khi dang xét

+ v (m¥/kg): thé tich riéng cta khdi khi dang xét

+V (m®): thé tich cua khi khi dang xét

+ T (K): nhiét d6 tuyét ddi ciia khoi khi dang xét

+ G (kg): khoi luong cua khéi khi dang xét

+ R (J/kg.K): hiang s6 cuia chat khi dang xét
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Véi p 1 khéi luong phan tir cia 1 kmol khi dang xét (VD: p ctia Oz 14 32 kg, ctia N2 12
28...)

Vi du 1.1: Xac dinh thé tich riéng ctia CO> tai p = 70 bar, t = 40°C néu xem khi CO, &
diéu kién trén 13 khi 1y tuong.

Giai:

CO2=>p=12+2.16 = 44 kg/kmol

8413 J
Suy ra: RCOz - ﬂ =188, 955[kg—K]

Ap dung phuong trinh trang thai khi 1y tuong:

3
V= RT == RT _188,995.(40+273) _o, 00845£m_j

p 70.10° kg

1.3.2. Phuong trinh trang thai khi thue
- C6 hon 200 phuong trinh trang thai cta khi thuc di dugc cong b, hau nhu tat ca
déu xuat phat tir thue nghiém.
- Phuong trinh Van der Waals dugc thanh 1ap ndm 1873 dya trén phuong trinh trang
thai cua khi ly tuéng:
a v, =v.u (m®/kmol)
( P +v_2J(V“ “b)=R.T i R:; _8314 (3/ kmol K)

)7
Trong do:
+ a: hé s hiéu chinh khi tinh dén luc twong tac giita cac phan tir

+ b: hé s6 hiéu chinh khi ké dén thé tich ban than cuia phan tir

21



BAI GIANG NHIET PONG KY THUAT BIEN SOAN: HOANG VAN VIET

Bing 1.1: Théng s6 a va b cho phwong trinh khi thuc Van der Waals

Khi thuc a, bar.(m3/kmol)? b, m3/kmol
Air 1.368 0.0367
Butane (C4H1o) 13.86 0.1162
Carbon dioxide 3.647 0.0428
Carbon monoxide 1.474 0.0395
Methane 2.293 0.0428
Nitrogen 1.366 0.0386
Oxygen 1.369 0.0317
Propane (C3H8) 9.349 0.0901
Sulfur dioxide (SO2) 6.883 0.0569
Water 5.531 0.0305

Vi du 1.2: Xac dinh thé tich riéng ctia CO; tai p = 70 bar, t = 40°C khi xem CO, ¢ diéu
kién trén 1a khi thuc, str dung pt Van der Waals:

Giai:

Dua vao bang 1, d6i v6i khi CO ta ¢ a = 3,647 bar.(m3/kmol)? va b = 0,0428 m3/kmol

Suy ra:

5
(p +Viz)(v# -b)=RT < {70.105 +3’6£1'/#J(vﬂ —0,0428) = 8314.(40+ 273)

u u

& 70v3 —29,019v2 +3,647v, —0,1561=0
= v, =0,23(m*/ kmol )
vV, 0,23

=v=-+=""-0,005227(m°/ kg)
Y7, 44
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1.4.  HOon hop khi ly twéng
- Hon hop céc khi 1y twdng ciing 1a khi 1y tuong

N . G
Thanh phan khoi lugng: 0; = EI

G=G,+G,+..+G, = > g, =1

i=1

L V.
Thanh phan the tich: §; = v‘

V=V, +V,+..4V, = > =1
i=1

DPinh luat Gibbs-Dalton

P=P+P,+...+ P,

- Hang s6 chat khi Rnn ctia hdn hop
+ Phan ttr lugng twong duong ctia hdn hop
1

9,%, O
K H,

Hin (Néu biét gi ctia hdn hop)
Hay: f4, =4 + 00 +...+ 1 g (Néu biét 1 ciia hon hop)

+ Quan hé gitarivagi: 9; =
Hin

- Thé tich riéng va khdi luong riéng cta hon hop

V, , . ~
Vy, = —h — &+&+ ---+& (N€u biét gj cua hon hop)
o P P Pn

()
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G s ~
Pon =1, =RALH B, + 0, (Néw biét i cia hon hop)

hh

- Phén 4p suit cta cac thanh phan

Ppn = Pyt P+t P,

Pi = Pnn i Lo

Vi du 1.3: Hon hop khoi thai gdm 12,5% CO2, 4% O, 83,5% N2. Xéac dinh vin tai: p =
100kPa, t = 227°C.

Giai:

Xem hon hop 1a khi 1y tudng ta co:

R J
. R, =
Tinh Rhn: Ryn L [kng

VOI ey = L4t + o, + Lt = 0,125.44+0,004.32 + 0,835.28 = 30,16 (kg / kmol )

suy ra Rnn = 275,66 (J/kg.K)

Tir day tinh dugc thé tich riéng ciia hon hop khi 1y tuong:

o~ Rulw _ 275,66.(227+273) | sooq(m’
" p, 100.10° ’ kg
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CHUONG II: PINH LUAT NHIET PONG THU NHAT VA CAC QUA TRINH
NHIET PONG CUA KHIi LY TUONG

2.1. Cong
Cong = Cong k¥ thuat + Cong luu dong
Cong k¥ thuat:
- Cong gian nd (nén) trong hé théng kin
- Cong lién quan dén truc quay
- Cong lién quan dén hiéu tmg dién
Cong luu dong: trong hé théng ho
+ Tinh Cong khi luc khong doi:
W=F.x (J)

+ Tinh Cong khi luc thay dbi:
2
W :jF.(x)dx (J)
1

- Tinh cong gidn né hodc nén trong hé thong kin:

Cong sinh ra khi chat méi gi6i thay d6i thé tich tir trang thai 1 -> 2 Ia:
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pil- 1
Path
SW=pdv
-]
E
3
&

P 2
Area=
frav

v, dv v,
: Volume :
| I
: Gas or :
liquid
o
= X x

X

Hinh 2.1. Biéu dé thé hién cong gidn né hodc nén trong hé thong kin
vy
+ Trong truong hop dang ap p = const, ta co: Wy, = I pdV = p(V, -V,)
Vi
+ Trong trudng hop dang nhiét T = const, ta co:

A A
W, = [ pdv =GRTjd—V:GRT |n(\i]
: 3V V.

v GRT o
v Voi P= v (Khi 1y tuong)
< W, =pV,in (_2}
Vl
- Tinh cong lién quan dén truc quay:
W./Sh =2ntnT
r\ / 0000
I \jl I____‘._'/-
n = 4000 rpm
T =F
IR = T =200 N-m

Hinh 2.2. Cong lién quan dén truc quay
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p=W, =27nT = 27299 500 —83733(W) = 83, 73(kW)
sh 60

- Tinh luu dong (dong chay) trong hé théng ho:

Al
Fo ol 5 || He
L G || khao
P sat 5

Imaginary . 1|
p1ston

Hinh 2.3. Céng luu dong (dong chady) trong hé thong ho
Tai dau vao: hé Nhan mot cong luu dong:
V,
Vvlti =—hX :_Flzl:_plvl
Vvlti = _Gl( p1V1)
Tai dau ra: hé Sinh mot cong luu dong:
V
VV.ﬁ =-Fx, =-F 2= A2
A
\Nli =-G, ( pzvz)
Vay cong luu dong cua hé: Wy, =G, ( pzvz) - Gl( p1V1)

2.2. Nhiét lwong

2.2.1. Tinh Nhiét lwgng theo nhiét dung riéng

- Qua trinh 1a dang 4p: Q =G.c,.(t, -t) (KJ)
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fQ 1
SF I, 2 ¢

(a) (b)
Hinh 2.4. Qud trinh dang dp (a) va dang tich (b)

- Qua trinh 1a dang tich: Q =G.c,.(t, -t) (KJ)

Trong do:
+ Q (kJ): nhiét luong cung cap cho qua trinh
+ G (kg): khéi luong chit moi gidi
+ ¢p (kJ/kg.°C): nhiét dung riéng ding ap cta qua trinh
+ ¢y (kJ/kg.°C): nhiét dung riéng dang tich ctia qua trinh
+ 1, t2 (°C): nhiét 6 dau va cudi qua trinh

- Tom tit vé Nhiét dung riéng (NDR):

+ Dinh nghia: NDR cua 1 chit duoc dinh nghia 13 ning luong can cung cap dé 1

kg chét tang thém 1 d6 C.
+ Pon vi: kJ/kg.°C hoac kcal/ kg.°C
+ Phan loai:

> NDR dang ap Cp
> NDR dang tich cy
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2.2.1.1. Nhiét dung riéng cua chdt khi

- Qua trinh dang 4p (p = const): Thé hién sy thay d6i Entanpi theo nhiét do

dU =Q-W,; = dU =Gc,dT - pdV W, =

=dWU +pv)=Gcdr

e _(a_ij AU /
» ot ), Q¥

- -

- Qué trinh déng tich (p = const): Thé hién sy thay doi Noi ning theo nhiét do

dU =Q-W,; = dU =Gc,dT — pdV =Gc,dT fm==-----o

satd o M

Chu y: chang ta luén co cp > ¢y

- Riéng d6i véi khi Iy tuong:

pv=RT =i=u+RT

Vi u cua khi ly tuong chi phu thudc nhiét dé nén:

ﬂ:d—u+R:>c =¢,+R
dr dT P

p 1N A ~ TAL 51 )
k= o duoc goi 1a s6 mil doan nhiét cua khi 1y tuong
Vv
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- Phén loai NDR cuia chat khi:
+ NDR khéi lugng: ¢ (kJ/kg.°C)
+ NDR thé tich: ¢’ (kJ/m3°C)
+ NDR kmol: Cu (kJ/kmol.°C)

Quan h¢ gitra cac loai NDR:

c,=uc=224c

NDR khéi luong ciia hdn hop khi:

n
Con = Z 9iC;
i=1

Vi gi 1a cac thanh phan khdi luong ctia hdn hop

Thudng st dung nhét: cp, Cyp (dang ap), cv, Cu (dang tich),

Bing 2.1: Biang NDR kmol ciia mét s6 loai khi (kcal/kmol.°C)

kcal/kmol.dd
Loai khi k=cyc,
Cuv Cup
Khi 1 nguyén tur 3 5 1.6
Khi 2 nguyén ttr (O,, N,, ...) 5 7 1.4
Khi 3 va nhiéu nguyén tir
(CO, NH,, ) 7 9 1.3

Chuy: 1kcal = 4,186 kJ
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Bing 2.2: Biang NDR kmol ciia mét s6 loai khi (kJ/kmol.°C)

kJ/kmol.d¢
Loai khi k=c/c,

Cpy Cup
Khi 1 nguyén tur 12.6 | 20.9 1.6
Khi 2 nguyén tr (O,, N,, ...) | 209 | 293 1.4

Khi 3 va nhiéu nguyén tir
(CO,, NH,, ) 293 | 37.7 1.3
Vidu 2.1:

-Khi 02 ¢, =29,3—>¢, =cC,, / £1=29,3/32=0,9156 (kJ/kg."C)

- Khi CO2: €

o

,=37,7—>c,=c, [ u=37,7/44=0,857 (kJ/kg.’C)

- Khang Khi: €y =0,23C,0, +0, 77, , =1,016 (kJ /kg.°C)

2.2.1.2. Tinh NDR cho chdt léng va chdt ran

- D61 véi chat 16ng va chat ran: v=constnén cp = Cy = C

+ No6i nang: chi phu thudc vao nhiét do:

du=c(T)dT = Au=c(T,-T,)

+ Entanpi:

di =d(u+ pv) =du+ pdv+vdp =du+ vdp (vi v = const nén pdv = 0)

Suy ra: Ai =c AT +vdp (kJ /kg)

- Chat rdn: VAP khong dang ké nén Al =Au=c AT (kJ/kg)

- Chat léng:

+ Qua trinh dang ap: Ai = Au=c AT (kJ/kg)
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+ Qué trinh dang nhiét (Bom): Ai =vAp (kJ /kg)
2.2.2. Tinh nhiét lweng theo sw thay ddi Entropi

Luogng bién dbi entropi ds cua 1 kg khdi luong chat méi gidi trong 1 qué trinh

thuan nghich dugc tinh theo cong thic:

2
ds=§:>q=_[Tds
T 1

2.3. Pinh luat nhiét dong thir nhat

Dinh luat nhié¢t dong thir nhét thuc chit 1a dinh luit bao toan va chuyén hoa nang

luong tng dung trong pham vi NHIET

“Ning lugng khong tu nhién sinh ra hodc mat di ma chi co thé chuyén tir dang nay

sang dang khac”

Vay: Tong niang luong cua 1 hé cb 1ap 1a khong doi

E1 = Ez
U,=10kJ
: U,=0KkJ
Steel
nl A ball N

Q)

U,=7k]

U,=3KkJ
0 B @
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Nang lugng cia mét hé E:

E=N,+N,+U = const
/N O\

Thé naing Pong ning Noi ning

NIngh Nd:;mwz U=f(T,X)

- Néu hé khong trao doi ning lugng (Cong, Nhiét) véi bén ngoai:
E=N, +N, +U =const hay AE=0

- Néu hé c6 trao d6i ning lugng (Cong, Nhiét) véi bén ngoai AE =0

Dinh luat nhiét dong thwr 1

AE=0-W
Luong bién Nhiét lwong
do1 nang luong| —= ( ma h¢ —_

ctia hé NHAN VAO

Chu y:

- Khi thé ning va dong nang hé khong thay doi: A E = AU

- Q mang diu

am (-) khi hé sinh nhiét
- W mang ddu [ duong (+) khi hé sinh cong
{ am (-) khi h¢ nhan cong

Cong do hé

SINH RA

33



BAI GIANG NHIET PONG KY THUAT BIEN SOAN: HOANG VAN VIET

Mot s vi du vé PLND 1:

Vi du 2.2: Tinh cong suit dong co gio:

N\
—_—> Wind
Wind turbine
0 m/s ( ]
Ll > 60 m
\
—_—
: \4
3
Pu =125 kg/m

Ta co:

AE=E,—E, =Q—W<:>O—%m.a)f =0-Pt

2
—Pp-= %%.a}f _ %[mﬂ.%.l, 25}.102 —1766250(W) ~ 1766(kW)

Vi du 2.3: Lam ngudi binh chira bang may khudy

Qo = 500K
-
.. 1
| |
|
| U =800k
|
: U,=? :
|
| | Wepin=100K3
o % s
: Fluid J' \u

Ta co:

AE=AU =U,-U, =Q-W
= U, =U, +Q—W =800+ (~500) — (~100) = 400(kJ)
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Vi du 2.4: Nhiét téa ra tu tu lanh

Kitchen

—

out, ==

W =2 kW

Q,,=360 kJ/min

Food
compantment
4°C

Ta bi€t rang ndi nang cua hé khong doi, ta co:

AE=AU =U,-U,=Q, -Q,, —(-W)=0
=Q,-Q,+W=0=Q,, =Q, +W=360+2.60=480(kJ / min)

out

2.3.1. Pinh luat nhiét dong thir nhat viét cho hé kin

Ap dung dinh luat bao toan niang luong:
E+Q=E,+W,; =>AE=0Q0-W,,;
Trong cac h¢ nhiét dong kin, thuong khong c6 su thay doi vé dong nang va thé nang:

AE =AU =Q-W,,
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Vi du 2.5:

G =5 kg (ho1 nudc)
Q=80kJ

Wiy = -18.5kJ

u, =2709.9 klkg
u, =2659.6 kl/kg

Q N
2 = e ®

bay la hé nhi¢t dong kin nén:

AE =AU =G (U, —U,) =Q—W,; =80 (W, —18,5)
— W, =80+18,5-5.(2659, 6 —2709,9) = 350 (kJ)

piston

Cong duong nén Piston sinh cong, hoi nude gian nd

2.3.2. Pinh luat nhiét dong thir nhat viét cho hé hé

] ” . .
Mass : Wi Bdo toan khoi luwong
|
G; i E,=E,=const i
' |
i \-.L____. Mass G z Gi - Z Ge
'7777f777————7jl_ out e i e

Ap dung dinh luat bao toan ning luong:
2 2

El+c3i[ui +%‘+ gzi]+Gi(pivi)+Q= E,+G, (ue +a)—2‘*+ gzej+Ge(peVe)+WKT

D6i v6i hé ho hoat dong & ché d6 6n dinh: E1 = E2; Gi = Ge
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Mot s6 tng dung cia PLND 1 cho hé hd:

A) Tua bin -> sinh cong

- Ap dung PLND 1 cho Tuabin:
(()2 a)Z
G(Il +71+ gzlj =G [Iz +72+ gzz)+ Pubine +Q

- Turbin cach nhiét véi méi trudong xung quanh (Q = 0)
- Sy thay d6i dong ning va thé ning cua luu chét trong tuabin 13 khéng dang ké so

v6i su thay ddi entanpi

= P

turbine

=G (i,~i,) (W,kW,MW)

B) May nén (khi) -> Tang dp sudt

- Ap dung DPLND 1 cho may nén khi: y

P Nén T
! o’
PNen+G[|l+71+gzl]:Q+G(|2+72+gzzj Mo aen
- May nén khi cach nhiét v&i méi trudng xung quanh
(Q=0) T G

- Sy thay d6i dong nang va thé nang cua luu chét trong may

nén khi 1a khong dang ké so véi sy thay ddi entanpi

=B

Nen

=G (i,—i,) (W,kW,MW)

37



BAI GIANG NHIET PONG KY THUAT

BIEN SOAN: HOANG VAN VIET

Chu y: Cong cung cp 1am tang entanpi -> tang ap suat va nhiét d6 dong khi ra khoi

may nén.
C) Bom nuéc-> Tdang dp sudt

- Ap dung PLND 1 cho may bom nudc:

Sm é
|
b .ol ! _0.Gi w? e f— :
eom T+ |1+7+gzl =Q+ |2+7+gz2 :
|
)
- Bom nudc cach nhiét vé1 moi truong xung quanh i
)
(Q — 0) 60 m i
- Sy thay d6i dong ning cta chat 16ng hoat dong trong 2 5
bom 13 khéng dang ké so véi sy thay déi entanpi L) C
= W
Ol 5 -
= Poomn =G [(iz - il) +d (Zz - 21):| (W, kW, MW) T WATER
Trong do: (iz - il) =v(p,—p,)
Viy: Poon =G[VAD +gAz] (W, kW, MW)
D) Binh trao doi nhiét
Xét hé nhiét dong 1a toan hé théng: Fluid B
70°C
GA'Z +GB Il :GAI4 +GB |3 :_ti‘lﬁ:
. . . . E Heat i
= G, (1, —1,) =Gy (i, —iy) _§ . i
30°C <—
I I
E Heat i
% \ |
_______________ I,_',‘__ L
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E) Ong tang toc/ Ong ting ap

Bucket

Diffuser

F) Ong gidn né -> giam dp, giam nhiét @6 (Ung dung trong mdy lanh, bom nhiét)

Surrounding medium
such as the kitchen air

—~ T
o 0
CONDENSER .
T S00 kPa (a) An adjustable valve
30°C 60°C
EXPANSION net.in
VALVE COMPRESSOR [ <— m
120 kPa 120 kPa
—25°C —20°C (b) A porous plug
——————  EVAPORATOR
(273
Retrigerated space (c) A capillary tube

- Ap dung PLND 1 cho dng gidn né:
Qua trinh chat méi gidi di qua dng gidn nd 1a qua trinh dang entanpi i = const nén:

U + PV, =U, + PV,
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MBoi chit & trang thai bao hoa di qua van tiét luu (van gidn nd) c6 su tang tdc
dong chay tai van, tir 46 ap suit dong chay giam xudng, mot phan moi chat tir trang
thai LONG chuyén sang HOI -> thé tich riéng v» ting -> KET QUA: pov2 ting 1én

trong khi uz giam xuéng.

G) B¢ phdn hoa tron

- Ap dung DLND 1 cho bd phéan hoa trdn:
Gii, +G,i, =(G, +G, )i, o
=G, (i, —1,) =G, (i, —1,)

Riéng ddi v6i chat long:

di =c.dT +v.dp
= G(T,-T,) =G, (T, - T,)

Vi du 2.6: Cong suit bom nuéc hé théng

= 0.0011 m’ kg Bom nudc ¢, = 40mm

P> =101 kPa
¢ =60mm
p, =70 kPa
@.,=2 mils

- Ap dung PLND 1 cho hé théng bom nuéc:
! w?
Paorn +G[il+71+ gzll :Q+G(i2 +72+ gzzj

- Bom nudc cach nhié¢t vdi moi truong xung quanh (Q = 0)
- DAbi v6i chét long: Al = Au+vdp =CAT +vdp
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- Qué trinh bom nu6c xem nhu déng nhiét: Al =vdp

Viy ta co:
@ —@?
Pasm = G| V(P = p,) + A2 - gh} =-775,6 (W)

Vi du 2.7: Hé théng Turbine ndi véi binh chira kin

Ho1 nuoce |
=15 bar | V=06

T, =320 °C ;
> 1, =3081.9 kl/kg Turbine Binh chira

E

HE KHAO SAT

Bao toan nang luong cho hé khao sat:

Gi, =W

Turbine

+ Guz - WTurbine =G (il - uz)

2.4. Mot sb qué trinh nhiét dong co ban cia khi ly twéng
Cé 5 qua trinh nhiét dong co ban cua khi ly tuong:

- Qua trinh dang tich v = const

- Qua trinh dang ap p = const

- Qua trinh dang nhiét T = const

- Qua trinh doan nhi¢t Q =0

- Qué trinh da biét pv" = const

p, = 15 bar
. T, =400 °C

> u,=2951.3 ki/kg
> v,=0203 mikg
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2.4.1. Cac buéc tinh toan trong 1 qua trinh ddi véi KLT

GOm 3 budc sau:

Budc 1: phéc thao so do trao d6i NANG LUQNG cua qua trinh

Budc 2: xac dinh :

pv, =RT,

"\ %

(up, hy, sp)

Qua trinh 1-2
[E———— _
PV, = RT,

(1 sy 5))

- Qua trinh biéu dién = PT gi ?
- Cac thong sé nao da biét ?
- Céc thong sb nao can phai tim ?

Budc 3: TINH TOAN

1/ T PT biéu dién qua trinh 2 xac dinh quan hé giira

BT o= (Pava )

P/

3/ Cong giin né

Au=u, —u, :Cv(Tz _Tl)

Ai =i, —i, =cp(T2 _Tl)

ds=@
T

(nén) cua qua
trinh:

(kJ/kg.K)

w=]%pdv

Vi

(kT/kg) Chu ¥
wig KT ¢ +R
 Cong ky P
thudtcia  [Wer == | vdp
'~ qué trinh: Py
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4/ Nhiét lvong tham gia trong qua trinh: | trong 3 cach

* | g=c(T,-T,)| (K/ke) (chu y: ding NDR ¢ gi la phu
thudc vao tinh chat ctia qua trinh)

*  g=Au+w (kJ/kg) (Tir PT dinh ludt nhiét dong thir nhit)

x | q=[Tds (kI/kg)

L1 A At ) . s Au
5/ Hg so bién do1 nang lugng cua qua trinh: a= ?
6/ Biéu dién qua trinh "t
trén do thi cong p-v "I " 1
va do thi nhiét T-s *
p2 2 Tz 2
Y S
v, Vy v S1¥%2 s
2.4.2. Qua trinh ding tich (v=const)
1/ PT biéu dién qua P _ P

“ v=const = TL=12
trinh ding tich: I T,

2/ Au=u2—u1=cv(T2—T]) (kJ/kg)

Ai =i, =1 :cp(Tz_Tl) (ki/kg)

dT T
ds = 49 _ ¢, = As=c,In| = |=¢, In P2 || (kikex)
rrT T P
3/ Cong gian ng (nén) cua | Cong ky thuat cua qua
qué trinh dang tich: - trinh dang tich:
w=jpdv=0 1 chy':__deP:V(pl_Pz)
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4/ Nhiét lugng tham gia trong qua trinh dang tich:

g=c, (I,-T,) =Au (kJ/kg)

A A 1A A« , £ A
5/ He so bién doi ndng lugng cua qua trinh: a="2=]
q
6/ Biéu dién qua trinh AT T A
dang tich trén do thi b2 —— B
cong p-v va do thi
nhlét T-s p1

2.4.3. Qua trinh diang 4p (p=const)

=

1/ PT biéu dién qua v,

p=const => =22

2

2~

trinh dang ap:

2/ | Au=u,—u, =c,(T,~T,)| (kike)

Ai=i,—iy=c,(I,-T,) | (ke

dT
ds:ﬂch = |As=c lni —¢ In| 22 (k)/kg K)
T T i X Py

3/ Céng gidn nd (nén) clia qué trinh dang dp: | Cong ky thuét:
Py

Wer = —Ivdp =0

21

w= fpdv=p(v2 —v1)=R(T2 —Tl) (kJ/kg)

V1

4/ Nhiét lugng tham gia trong qua trinh dang dp:

g=c, (I,-1,)| =Ai=Au+w (Kkg)
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5/ HEé so0 bién do1 nang luong cua

a=— —
. 2 , T.-T) k
qua trinh dang dp: ¢ ¢(L-T)
- A - X o P A TA
6/ Biéu dién qua trinh - i 2
s, A aA - TN
dang dp trén do thi &
) . 2 ) P1= P2 ) 2 ,/(P
cong p-v va do thi IS Q
8. > T —
nhiét T-s '
v V. \Y S1 Sz S

2.4.4. Qua trinh diang nhiét (T = const)

1/ PT biéu dién qua
T =const = pv, = p,v,

trinh dang nhiét:
2/ | Au=c,(T,-T;)=0 (kJ/kg)
Ai=c,(T,-T,)=0 (kJ/kg)
dS=ﬂ = AS=H=Rln % jin| 2L (kl/kg K)
r r 4! 12
3/ Céng gidn né (nén) ciia qua trinh dang nhiét: %l
w= | pdv= .[Edv =|RT ln[v—zJ - RTln(&J (kT/kg)
vy v, 4 v] p2

Cong k¥ thuat ctia qua trinh dang nhiét:

KT_[ vdp = j RT‘i’_RTln[;"J RTIn (VJ =w  (kikg)
2 1

4/ Nhiét lugng tham gia trong qua trinh ding nhiét:

g=Au+w=w= RTln(‘;—ZJ = RT m(%J =T(s, —s,) (k)/kg)
1 2
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5/ Hé sb bién doi nang luong ciia qua trinh dang nhiét:

a=—n=0
q

6/ Biéu dién qua trinh dang nhiét trén do thi cong p-v va
do thi nhiét T-s

2.4.5. Qua trinh doan nhiét (Q =0)

1/ PTbicudiénqua  ¢=0= pv* =const

S6 mil
doan nhiét

k L L k-1
N Pzz("I); v_zz(&]k; L ()t _(n
P v, Y P 1 )2 v,

2/ | Au=c,(T,-T,) (kl/kg)

trinh doan nhiét: = plvlk = pzvi(

Ai=c, (I,-T) (k/kg)

ds=%=0:> As=0=ls, =s5,| (klkgK)
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3/ Cong gian nd (nén) cua qua trinh doan nhiet:
‘tdv

- Tur dinh nghia: w= I pdv=ppy’ [— (kl/kg)
R —
S I SR /U S
k-1 k-1
B k-1 k-1
hodc: | w= ki, 1-| AU PR e
) ‘< k-1 v, k-1 Vv,
I k1 k1
RT k k
hojc: | w=—L[1-|£2 A
’ k-1 P k-1 P
-TePIND 1: g=Au+w=0 =>w=—Au=c,(T,-T,)
* Cong k¥ thuat cua qua trinh doan nhiét: | we, =k w

4/ Nhiét lugng tham gia trong qua trinh dogn nhiér:

5/ Hé sb bién ddi ning luong:

6/ Biéu dién qua trinh dogn nhiét trén do thi cong p-v

va d6 thi nhiét T-s

P A Ta

|
P — T

=Y

Vi Vs
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2.4.6. Qua trinh da bién (c = const)

1/ PT biéudién qua ¢ = const = pv" = const

trinh da bién: = | pyvy = pyvs

" - n-t =
@&:(%J.V_z:(ﬁ]n_ L (p)Yr (v
P Vs Vi P 1 )2 v,

Nhén xét: qua trinh da bién 1a qua trinh téng quat voi s6 mii da bién

n—-k

n—1

n=(-—w)+(+) vanhiétdungriéng | c=c,

+Khi #n=20 laqua trinh ding tich véi NDR ¢,

+ Khi n = 0 12 qué trinh ddng ap v6i NDR Cp

+ Khi n = 1 1 qué trinh dang nhiét véi NDR ¢, = o0
+ Khi n = k 1a qua trinh doan nhiét véi NDR ¢, =0

2/ Cac cong thirc tinh sé mil da bién @

log 2y

hodc: n-1=

hodc:
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3/ |Au=c,(T,-T)

ri=c, (T, -T)

1 dS:d_q:ch
T T

(kJ/kg)

(kJ/kg)

= |As=c ]n[EJ
1

(kJ/kg K)

hoac tr: dg =c dT + pdv ===

T,
As=c, In-2 + RIn 2

1

]

hodc tr: dq =c,dT —vdp ==

hodc tr: pdv+vdp = RAT =~ weip>

T
As=c, ln—z—Rln&
1 P
A.s*ch]nv—z+cvlnp2
Vi P

4/ Cbéng gian nd (nén) ciia qua trinh da bién:

. . r td
- Tir dinh nghia: w= J' pdv=pyv/ kad (kV/kg)
-~ _
= R (Tl _Tz): PiV1 — PaVs
n—1 n—1
RT B n-1 n-1
=) hodc: | w=—=~|1- N a8 FR A
< n-1 V, n—1 v,
i n-1 n-l
hoic: szTl 1— Py |" | P 1— Py |"
‘ n—1 P n-—1 P
K L
* Cong ky thuét ciia qua trinh da bién: Wign =10 L
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5/ Nhiét lugng tham gia
trong qua trinh da bién:

6/ Hé sb bién doi ning luong:

n—k
q=c AT = C, —1 AT (kJ/kg)
a=g_ CV(TZ Ti) =n_1
n—=k k
q cvn_ (TZ_]Wl) "

7/ Biéu dién qua trinh da bién trén d6 thi cong p-v va

do thi nhiét T-s
p Au>0
P L
/‘ w>0
n=1 “n‘
n=0 -“\_-..,“‘ . q>0
n=tw n :‘E“n&

w>0
-"““h
I
#
’
’
’
n=1 s I.Ju>0
L3
: |1
&
n=0
o —_— >0
MHn=to| n=k
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CHUONG III: PINH LUAT NHIET PONG THU HAI

Dinh luat nhiét dong I 13 dinh luat vé bao toan va chuyén hoa niang luong, dinh luat
nay chi ra rang: trong qué trinh nhiét dong, hai dang ning lugng co ban 1a nhiét va cong

c6 thé bién doi qua lai 1an nhau.

NHIET .1 CONG

Tuy nhién c6 thé thiy rd rang, noi dung cia DPLND I khong dé cap t6i:
- Chiéu hudéng cia nhitng qué trinh dang khao sat 1 nhu thé nao.
- Diéu kién cin va du dé nhitng qua trinh c6 thé xay ra.
- Mirc d6 gi6i han cta su bién hoa ning luong tir dang nay sang dang khac va nguoc

lai.

Mot qué trinh muén dién ra dugc phai tuan theo DLND L. Tuy nhién néu DLND I

d3 duoc dam bao thi thyc té qua trinh d6 c¢6 dién ra dugc hay khong ?
Ta c6 thé khéo sat mot sb vi du:

Vi du 3.1: Dit mot cde ca phé nong trong méi truong cé nhiét do thap hon.
- Qua trinh dién ra s& tuan theo DPLND I:

Nang lugng (nhi¢t nang) cua ly ca phé sé tu tu

”~

giam xubng cho dén khi bang v6i ning lugng (nhiét

—

ndng) ma khong khi moi truong xung quanh nhan /
/"\

dugc (lac nay nhiét do cua ly ca phé bang véi nhigt /| HOT
d6 méi truong ). | " COFFEE A Heat
- Vay néu qué trinh dién ra theo chiéu nguoc lai .‘\
: A \\\ /
c6 duoc khong: =
Ning luong méi trudng xung quanh giam xudng M-
mot lugng ding bang lugng ning lugng ma ban dau Hinh 3.1

cdc ca phé truyén cho méi truong dé ly ca phé trd vé trang thai niang luong ban dau —
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diéu nay van tuan theo DLND I nhung qua trinh nay hoan toan khong thé dién ra vi dong
nhiét khong thé tu dong di chuyén tir noi c6 nhiét do thap t6i noi co nhiét do cao.

Vi du 3.2: Truong hop dién tre

- Chiéu thuan: Heat

Cong dong dién tao ra bién thanh nhiét truyén cho
moi truong. ‘
‘ =0
- Chiéu nguoc:
Moi truong cung cap cho dién tré ning luong nhiét
dé day sinh ra dong dién. .
Hinh 3.2
Diéu nay mét lan nita hoan toan khong thé xay ra.

Vi du 3.3: Truong hop canh khudy.

- Chiéu tu nhién:

Vat nang dich chuyén Xuéng tao ra cong trén truc

lam quay canh khudy, canh khudy va cham véi cac

CHHH
[HH

phan tir cia moi chét trong binh sinh ra nhiét (lac

nay ndi nang cua luu chét tang 1€n) Heat

- Chiéu nguoc lai:

Ning luong ciia moi chit giam xudng dé truyén
ning luong (nhiét nang) cho canh khudy dé kéo vat ning 1én.
Diéu nay hoan toan khong thuc hién dugc. Hinh 3.3

4  Nhan xét:

Khi DLNP I d3 duoc dam bao, chua chic mot qua trinh c¢6 thé dién ra, qua trinh 4y
con phai tuan tha mot quy tac khac d6 1a PLND II. Trong diéu kién da duoc xac dinh thi
qua trinh chi c6 thé chuyén bién theo mot chiéu.

Hinh anh dudi day minh hoa cho mét qua trinh mudn xay ra phai tuan theo dong

thoi BPLND I va BPLND II:
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PROCESS Ist law 2nd law

N\ 4 .
ViR

3.1. Hai phat biéu co ban ciia Pinh luat nhiét dong thix hai

3.1.1. Phat biéu Kelvin — Planck

Phét biéu Kelvin — Planck dya trén chu trinh thuén chiéu (Pong co nhiét)

“ Khéng thé ¢6 bat ki mot dong co nhiét
nao co thé bién toan bo nhiét lwong nhan

dwoc thanh ra cong. ”

Kelvin - Planck

Lord Kelvin Max Planck

Diéu nay ciing c6 nghia 13, khong thé c6 bat ki mot dong co nhiét nao hoat dong
trén co s& chi trao ddi nhiét véi mot nguén, hodc, khong thé ton tai bat ki dong co nhiét

nao ma hiéu suat nhiét ctia né dat 100%.

Thermal energy reservoir

Oy = 100 kW

\ Wet.our = 100 kKW

HEAT
ENGINE

O,=0

Hinh 3.4. Déng co nhiét cé hiéu suat 100%
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3.1.2. Phat biéu Clausius

Phat biéu Clausius c6 lién quan mat thiét dén chu trinh ngugc chiéu — may lanh

hay bom nhiét.

“Khong the c6 bat ki mot may lanh hay bom
nhiét nao co thé van chuyén nhiét lwong tw
noi co nhiét do nhé hon dén noi c6 nhiét do
cao hon ma khéng tiéu tén nang lwong.”

iy st i = i pnd ol eiausius

Rudolf Clausius

bicu nay ciing ¢6 nghia 13, hé so lam lanh cua may lanh hay hé so lam nong cua

bom nhiét luén phai co gia tri xac dinh, khong thé nao tién den vo cung.

Warm environment

Cold refrigerated space

Hinh 3.5. Mdy lanh hodc bom nhiét hoat dong khéng can cap céng
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Sy twong dong giita 2 phat biéu:

N i
> - X
Ql Q W Q] +Q2 i <

Bfmg co Ilhiét e I\If{y li_illh ZE:"> B’[{iy lk‘lllh

D

|
b |
<J ] ; —
Nguén lanh Q, | Ngudn li_mh/Qz_\|
|
|
|
|
|
|
|
|

Kelvin-Planck Clausius

(a) (b)
Hinh 3.6. Sw twong dong giita 2 phdt biéu

Hinh 3.6 1a su két hop ctia mdt dong co nhiét véi mot tu lanh, hai thiét bi nay cung
hoat dong giita hai ngudn giéng nhau. Gia sir dong co nhiét hoat dong vdi 100% hiéu
sudt (diéu nay vi pham phat biéu Kelvin — Planck) do d6 dong co nhiét da chuyén toan
b6 nhiét lugng nhan duge Qi thanh ra cdng Whet. Cong nay duge cip cho ti lanh dé lay
di tur nguén lanh md&t nhi¢t luong Q2 va nha cho nguén noéng mot nhiét luong Q1 + Q.
Ta thiy rang, trong qué trinh ndy ngudn néng chi nhan thém nhiét lvong Q2 ( d6 chénh
léch gitra Q1 + Q2va Q1 ), do d6 su két hop nay tuong duong vi mot ti lanh duge biéu
dién & hinh 2.9b rang nhiét lugng Q2 dugc truyén tir ngudn lanh dén ngudn néng ma
khong tiéu tén bat ki mot lugng cong nao tir bén ngoai.

Vay néu co dong co nhiét hoat dong véi hiéu suit 100% nhu hinh 3.6a thi cling co
thiét bi van chuyén nhi¢t nguoc chiéu ma khong can tiéu ton cong nhu hinh 3.6b. Tat
nhién, néu khong c6 dong co nhiét hoat dong véi hiéu suit 100% nhu hinh 3.6a thi cling

khong ton tai thiét bi van chuyén nhiét nguroc chiéu ma khong can tiéu tén cong nhu hinh
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3.6b. Nhu vay ta ching minh dugc su phu nhan phat biéu Clausius s& kéo theo su phu

nhan phét biéu Kelvin — Planck va nguoc lai.
3.2. Qué trinh thuan nghich va khéng thuan nghich

bay la khai ni¢m hét stc quan trong nhiét dong luc hoc, nhat 1a trong dinh luat nhiét

dong thr hai.

3.2.1. Qué trinh thuan nghich

- Pinh nghia: La qu4 trinh c6 thé tién hanh theo chiéu nguoc lai ma khong 1am bién doi
trang thai hé théng va moi trudong

- Vi du: Néu b6 qua ma sat -> chuyén dong ctia con lic c6 thé xem 14 qua trinh thuin

nghich.

Nhan xét vé qué trinh thuan nghich:

- Qua trinh thuan nghich 1a qua trinh 1y tuéng, khong thé xay ra trong thyc té.

- Hé thong sir dung qua trinh thuan nghich sé& sinh ra cong 16n nhat va tiéu hao it
nhién liéu nhat.

- Qua trinh thuan nghich dugc st dung trong 1y thuyét dé tinh toan kha ning toi da
cua hé théng, sau do so sanh voi kha nang thuc ctia hé théng trong thuc té.

3.2.2. Qua trinh khéng thuan nghich

- Pinh nghia: La qu4 trinh c¢6 thé tién hanh theo chiéu nguogc lai khi lam bién d6i trang
thai hé thong va méi truong
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Vi du 3.4: Qua trinh trao ddi nhiét gitra vat néng va vat lanh

(a) An irreversible heat transfer process (b) An impossible heat transfer process

Lon soda lanh dugc dat trong moi truong c6 nhiét do Am hon.

Vi du 3.5: Qua trinh gidn né cua chét khi ¢ nhiét 46 T = const

{a) Fast compression

(b) Fast expansion

50 kPa

Y

(c) Unrestrained expansion
Nhén xét: Qua trinh gian né ty do 1a qua trinh khong thuan nghich.
3.3. Chu trinh Carnot

Chu trinh Carnot 1a mét chu trinh nhiét dong luc hoc 1y thuyét cua Nicolas Léonard

Sadi Carnot dé xuit vao nam 1823 va dugc md rong trong nhitng nim 1830 va 1940.
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Chu trinh Carnot dugc biét dén 1a mot loai chu trinh 1y thuyét c6 hiéu suat nhiét 16n nhat

khi chuyén ddi nhiét nang thanh cong ndng, hodc ngugc lai.

Chu trinh Carnot bao gdm bdn qua trinh thuan nghich, trong d6 c6 hai qua trinh dang
nhiét thuan nghich va hai qua trinh doan nhiét thuan nghich xép xen k& nhau. (T =Ty

Qn=0Q1)

(1)—(2)
Energy =
source B
L=
aT, o H=

)

~

Oy

(a) Process 1-2

Qus trinh tir 1-2: day 13 qua trinh gidn nd dang nhiét thuin nghich, méi chat nhan nhiét
luong Qw tir ngudn néng, mdi chat nhiét do Tw khong ddi trong sudt qua trinh gidn né.

(TL=T2 QL=Q2)

(2) —(3)

Ty

o —
TL =

Insulation

(b) Process 2-3

Qua trinh 2-3: Pay la qua trinh gian no doan nhiét thuan nghich, trong qua trinh gian

nd moi chat khong trao doi nhiét voi mai truong va nhiét do moi chat gidm tir Th dén T,

(4)=—(3)
Energy Z
sink § —
at 7T, ] =
| =
O

(¢) Process 3-4
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Quaé trinh 3-4: Pay la qua trinh nén dang nhiét thuan nghich, méi chat thai cho ngudn

lanh nhiét luong Qu, mdi chét co nhiét d6 khong ddi trong sudt qua trinh nén.

(1)=— (4
8 Ty
El - —
£ | 7L =

(d) Process 4-1

Qua trinh 4-1: Pay la qua trinh nén doan nhiét thuan nghich, trong qua trinh nén moi

chat khong trao d6i nhiét v6i moi truong va nhiét d6 moi chét tang tir T dén Th.

Chu trinh Carnot dugc mé ta trén dd thi P-V nhu sau:

Pa

Hinh 3.7. biéu dién cho chu trinh Carnot thudn chiéu — Dong co nhiét Carnot.

Khi cc qua trinh dién ra theo chiéu nguoc lai va ciing & diéu kién 1y tuong, ta thay
dau tién chat moi gidi s tién hanh qua trinh doan nhiét thuan nghich 1-4, ké tiép la cac
qua trinh déng nhiét thuan nghich 4-3, doan nhiét thuan nghich 3-2 va déng nhiét thuan
nghich 2-1. Céc qua trinh dién ra theo chiéu nguoc lai nay duoc goi 13 chu trinh Carnot

nguoc chiéu.
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P

Hinh 3.8. 6 thi P-V biéu dién cho chu trinh Carnot ngwoc chiéu — Méy lanh hay bom

nhiét Carnot.
Hiéu suit nhiét/Hé sd lanh cua chu trinh Carnot
a) Chu trinh Carnot thuan chiéu (Pong co nhiét)
Hiéu suit nhiét:
— Wout —1— |Q2| —1— dt(A4sB)

77Carnot - Ql Ql dt(A12 B)

T
= Mcamot = 1- ?2

1

b) Chu trinh Carnot ngugc chiéu (M4ay lanh hodc bom nhiét)

Hé s lanh:

o ~Q _Q _d(AE)
" Vvin |Q1|_Q2 dt(1234)
T, 1
Tl_TZ_L_l
T

- gCarnot =

TA Q
1
T ! ‘ 2
-
o d
(" W()ut
T = 3
4] |
ol
I 1 » S
A B
TA
Q
LN
L -
W,
L 4 n
I
o
T, 5 — 3
Q,1
» S
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Xét vi du 3.6:

Mot dong co nhi¢t lam viéc theo chu trinh Carnot thuan
chiéu nhan mot nhiét lugng Qn = 500 kJ tir ngudn néng cé
nhiét d6 Tr = 652°C va thai cho ngudn lanh c6 nhiét do T
= 30°C mdt nhiét luong Qu chua biét. Xac dinh:

a, Xac dinh hi¢u suat nhi¢t cia dong co ?

b, Nhiét lugng QL ma dong co nhiét thai cho nguén lanh ?

Bai giai:

a, Pong co nhiét Carnot 1a dong co nhi¢t lam viéc theo qua
trinh thuan nghich, hiéu suat nhiét cua né dugc tinh theo
cong thtrc 2-16:

p—1 T _q 304273

TS 0,672
T, = 525+273

High-temperature reservoir

at Ty = 652°C
Qp= 500 kJ
.-",/ \\\\ “';net,_ out
Carnot '
HE | :
\ v
. ._//
Or

Low-te mp erature reservoir
at T, = 30°C

Hinh 3.9

Nhu vay, dong co nhiét Carnot chuyén 66,25% nhiét lugng ma n6é nhan dugc thanh cong.

b, Nhiét luong QL ma dong co nhiét thai ra cho nguén lanh duoc xac dinh nhu sau:

30+273

Q. =T—L.QH =— " 500=164kJ
TH

625+ 273

Chu y: dong co nhiét Carnot thai cho ngué)n lanh mot nhiét lwong 164 kJ cua 500 kJ ma

dong co nhi¢t nhan vao tir nguon nong la tinh cho moi chu ki.

Twr chu trinh Carnot thuan chi€éu — dong co nhi¢t Carnot ta c6 mot so6 di€u ndi vé chat

lugng cuia nguon nhiét.

Pong co nhiét Carnot ma ta vira xét & vi du 3.6 nhan nhiét tir nguén nong c6 nhiét do

625 °C va Chuyén ddi 67,2% nhiét luong nhan dugc trong moi chu ki thanh cong va nha

cho ngu@)n lanh ¢ nhiét d§ 30°C mot nhiét luong béng 32,8% nhiét lugng ma dong co

nhiét nhan vao.
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I K¢ High-temperature reservoir
at Ty
2000 Quality
. Ty, Koy %
1500 y- N 925 672
Thermal |.f' Rev. HE | 800 62.1
energy N / 700 56.7
1000 - N 500 394
~— 350 134
500 -
LOW-tCmpCI'El[UI'E! reservoir
at T, =303 K
Hinh 3.10 Hinh 3.11

Chung ta hiy xem hiéu suat ctia dong co nhiét thay d6i nhu thé nao khi thay doi nhiét
d6 cua ngudn néng va gitr khong doi nhiét do ciia ngudn lanh. Nhin hinh 3.11, ta thiy
rang khi giam nhiét d6 ngudn ndng tir 925[K] xudng 500[K] trong khi giit khong doi
nhiét do nguén lanh 303[K], nhu m0t phan ing, hi¢u suét nhiét cua dong co nhiét Carnot
giam manh tir 67,2 % xudng con 39,4%. Tiép tuc giam nhiét d6 ngudn nong tir S00[K]
xubng 350[K] va van giit khéng d6i nhiét 46 ngudn lanh, hiéu suit nhiét giam cang
manbh, tir 39% xuéng con 13,4%.

Gia tri hiéu suit nhiét lam ndi bat nén khia canh thtr 2 cua nang luong, do la chét
luong cua ning luong. Chat lugng ctia ngudn ning luong c6 thé hiéu 1a nguon nang
lieong nhiét ndo cé nhiét dé cang cao thi kha ndng sinh céng ciia nguén nang lrong nhiét
dé cang I6n, hodc, nguon ndng leong nhiét nao cé nhiét do cang cao thi ¢é chat lwong
cang tot.

Ta liy minh chimng tiép theo cho diéu ndy, ning lugng mit troi co sb lugng rat 16n,
cho vi du, c6 thé tich trix nang lugng mat troi & mot hd nude 1on goi la ho mit troi tai
nhiét d6 350[K]. Nang lugng dugc tich trit ndy sau d6 cé thé dugc cung cap cho dong

co nhiét dé sinh cong quay may phat tao ra dién nang. Tuy nhién, hiéu suat ctia nha may
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dién sir dung nang luong tir hd mit trdi 1a rat thap (dudi 5%). Nhung khi ta ding céac
collector tap trung dé thu gom ning luong mat troi thi khac, lic nay nhiét d6 do ning
luong mit troi tao ra rit cao va dong nghia v6i chat luong ning lugng mit troi dugc

nang cao.
Y nghia ctia chu trinh Carnot:

Trong tit ca cac chu trinh nhiét dong tién hanh cing ¢ diéu kién nhiét d6 cuc dai Tmax

va cling nhiét do cuc tiéu Tmin, chu trinh CARNOT luén ¢6 hiéu suat nhiét cao nhét.

T“ - Chu trinh bt ky 1234:
@] _ar(y43210)
T | : L B T=T0 T T aanw)

4 4 \, 2 - Chu trinh Carnot ABCD:

. 0| _,_armscu)

nCarnaf = 1 -

O,  dt(JABL)

F y

min

el

3 L > |:> i T > n

3.4. Cac hé qua cuaa Pinh luat nhiét dong thir hai

- Khi hoat dong gifta cac gidi han nhiét dé nhu nhau, khong thé c6 bat ky 1 chu trinh
nhiét dong thuan chiéu thuc t& nao c6 hiéu suat nhiét 16n hon hodc b::ing hiéu sut nhiét

cua chu trinh Carnot.
- Tat ca cac chu trinh Carnot thuan chiéu déu co6 hiéu suat nhiét bang nhau néu cung
hoat dong gitra cdc ngudn nong va ngudn lanh nhu nhau.

- Khi tién hanh 1 chu trinh thuan nghich bat ky (bao gdbm céc qué trinh thuan nghich),

ta luén ludn co:

f2-
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- Khi tién hanh 1 chu trinh KHONG thuan nghich bat ky (bao 1 hodc vai qua trinh

khong thudn nghich), ta luén ludn co:

<J.>5T—Q<O
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CHUONG IV: CHAT THUAN KHIET

4.1. Tong quat

- Pinh nghia: Chat thuan khiét 13 chat ¢ tinh déng nhat va 6n dinh vé thanh phan hoa

hoc.

- Phan loai:

+ Nhom 1: ¢6 thé tich riéng v gia ting khi dong dic (H20)

+ Nhom 2: ¢6 thé tich riéng v suy giam khi dong dic (CO,,...)

- Su bién ddi pha cta chat thudn khiét:

pt ot
Long : i Long /
Hoi i Hoi )
NHOM 1 (H,0) T I T

NHOM 2 (CO,)

Hinh 4.1. Biéu dé p-T ciia H,0 va CO;
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4.2.  Qua trinh héa hoi dang ap.
- Xét qua trinh gia nhiét dang ap cho 1 kg nudc trén dd thi T-v

n—_— Long s61
g état 5

état 3

P=1am

-~} vapeur T =300°C

T

300

T=100°C | liquide
saturé

‘L:‘lb

Ho1 qua nhiét

p 2
[ S

100 [~ \ ‘y

état 4

Ho1 biao hoa am

T P=1am

Long chua so1 re o0

eau

<V

Hinh 4.2. D6 thi T-v biéu dién QU trinh héa hoi dang dp cia nude
- Xét qua trinh gia nhiét dang ap cho 1 kg nudc trén dd thi p-v

Py Long chua soi
Ho1 bao hoa am

l Hoi qud nhiét
v
—M ~ —
lat - Lo .
\T’ I \f 2
Long so1 Ho1 bao hoa kho

P=1mm
T'=100°C

\

v

Hinh 4.3. D6 thi p-v biéu dién 5 trang thdi ciia mede trong qud trinh héa hoi dang dp
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4.3. Gian d6 khoi biéu dién quan hé p-v-T

- Gian d6 p — v — T ciia chat thuan khiét bi co lai khi déng bang

Solid-Liquid

Critical

Pressure

Hinh 4.4. Gidn d6 khéi p —v — T cia chdt thuan khiét bi co lai khi déng bing

- Gian do p — v — T cua chét thuan khiét bi gidn ng khi dong bang (VD: Nudc...)

Pressure

Hinh 4.5. Gidn d6 khoi p —v — T ciia chat thuan khiét bj co lai khi déng bing
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4.4. Qua trinh nong chay va qua trinh thing hoa
Céc qua trinh bién d6i pha cta chét thuan khiét duoc biéu dién dudi hinh sau:

p A

Nong chay Soi
RAN | Dong dac |LONG | Ngungiu |HOI
| Thang hoa T

Hinh 4.6. Cdc qud trinh bién doi pha ciia chat thuan khiét

- Qua trinh néng chay 1a qué trinh dién ra trén diém ba thé, khi duoc cip nhiét chat thuan

khiét chuyén dan tir pha rin (diém 1) sang pha 10ng (diém 3)

- Qua trinh thing hoa 14 qu4 trinh dién ra dudi diém ba thé, khi dugc cip nhiét cht thuin

khiét chuyén dan tir pha rin (diém 1°) sang pha hoi (diém 3°)

4.5. Cach xac dinh cac théng s6 trang thai ciia nwée va hoi nwéc.

D 4 Py K (Diém 1 han)
P;
1S 3
P> —e .
2 2 —
pl - /.‘
1 — 1

» Tai trang thai hoi bdo hoa 4m : p va T khéng déi
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Luu y: Tai viing trang thai hoi bdo hoa am 0< x <1: gid tri p va T khong doi

- Bé x4c dinh 1 trang thai nhat dinh caa hdn hop LONG — HOI ¢ trang théi hoi bdo hoa
am ta c6 khai niem DO KHO x:

X:%:
G

+ X = 0: trang théi long soi (co v’, 17, s”)
+ x = 1: trang thai hoi bdo hoa khé (c6 v’’,1”°,s”")

Hoi nuée 1a khi thuc vi vy phai ding Bang hodc d6 thi dé tinh

Pa

Trang thai nudc Bang 3 (Phu luc 2): nuédce
chua s61 (Piém 1): = chua so61 va hoi qua nhiét

Trang thai hoi bao ey | Bang 1&2 (Phy lyc 2):
hoz_tqam nude va hoi nude bao hoa
(P1ém 2, 3, 4):

> | Trang thai hoi qua =) Bang 3 (Phu luc 2): nude
vy | nhiét (Piém 5): chua soi va hoi qué nhiét

a) Truong hop NUOC CHUA SOI hoiac HOI QUA NHIET

Bang 3 (Phu luc 2): Nudc chua séi va hoi qua nhiét { P }—» o [
T
p T 20 40 60 80 100 120
bar .

|

v
/ N\
v (m’/kg) |0.001|0.001 | 0.001 [ 0.001 [[1.695\|1.795
1.0 1(klJ/kg) | 83.7 |167.5| 251.1 | 334.9 ({2676 ]| 2717

s (kJ/kg.K) 1 0.296 | 0.572 | 0.831 | 1.075 | \{V.361/ | 7.465
N
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Chu y: Noi nang u 6 thé tinh tir: u =1 — pv

b) Truong hop HOI BAO HOA AM: Vi p phuy thudc vao T

=)

Béang 1 (Phu luc 2): Nudce va ho1 nudce bao hoa (theo nhiét do)

Hoic

Bang 2 (Phu lyc 2): Nudce va hoi1 nude bao hoa (theo ap 511§1t)

Vidu:

Bang 1 (Phu luc 2): Nudc va hoi nude bao hoa (theo nhiét do)

T p ‘:,5 ‘..,’ p’ﬂ i) i” r S 2 s”

°C | bar | m¥kg | m¥/kg | kg/m?® | kJ/kg | kJ/kg | kJ/kg | kJ/kgK kJ/kg. K
0.01 | 0.006 | 0.001 206.3 0.005 0 2501 2501 0 9.154
100 | 1.013 | 0.001 1.673 0.598 419.1 2676 2257 1.307 7.355
105 | 1.208 | 0.001 1.419 0.705 440.2 2683 2243 1.363 7.296

PHUONG PHAP XAC PINH CAC THONG SO TRANG THAI CUA HOI BAO
HOA AM
- Ung v6i ap suit bio hoa p1 -> nhiét do soi t1
tuong Ung
- Vi trang thai 1 ndm giira 1’ va 1”’, ta ludn co:

vi<v<v"

i'<i<i"

§'<s<s" ,

- Neéu dat ¢ 1a 1 thong so nao do trong 3 thong so | Sl
1
1

(v, 1, s), ndi suy ta co:

X = —;_—fﬁ = p=01-X)p"+xp"

4.6. Cac qua trinh nhiét dong co ban

C6 4 qua trinh nhiét dong co ban cua chat thuan khiét:
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- Qué trinh dang tich (v = const)

- Qua trinh dang ap (p = const)

- Qua trinh dang nhiét (T = const)
- Qua trinh doan nhiét (q = 0)

Chu y: CTK (VD: Nudc) & trang thai hoi 1a khi thuc, do d6 khong thé dung phuong
trinh KLT

Buwéc 1: xac dinh cac thong s trang thai cta qua trinh: ding BANG

- Long chua s61 Bang nudce chua
\ . h / so1 va hoi qua nhiét
Béng ho1 - w | ) q
nude bio | —» (Irang thai )< _ Hoi bio hoa 4m » HOAC
LA i : : :
hoa am “ \ Bang hot nudce

\_- Ho1 qua nhiét bao hoa 4m

Cac thong ) trang thai: p, T, v,1,s

Buwéc 2: Dua vao dac tinh qua trinh va BPLND 1 ta tinh duwgc Cong W va Nhiét luong
Q tham gia trong qua trinh.

4.6.1. Qua trinh ding tich (v = const)

VvV = const

T v = const

P,

- Noinang: Au=u,—u, =(i,— p,V,)—(i,— p,)
2
- Cong cua qua trinh: w = J' pdv=0
1
- Nhiét lugng tham gia trong qua trinh: q=Au+w = Au
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4.6.2. Qua trinh ding ap (p = const)

P, T, p=const ',
p = const

- Noinang: Au=u,-u, =(i,— p,Vv,)—(i,— p,)
2
- (Cong cua qua trinh: w :I pdv = p(v, —V,)
1
- Nhiét lugng tham gia trong qué trinh: g=Au+w =i, —i,
4.6.3. Qua trinh ding nhiét (T = const)

P,

- Noéinang: Au=u,—u, =(i,— p,V,)—(i,— p,)
- Cong cua qua trinh: w=q—Au

- Nhiét luong tham gia trong qué trinh: q=T(s,-5,)
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4.6.4. Qua trinh doan nhiét (q = 0)

- Noinang: Au=u,—u, =(i,— p,v,)—(i,— pv;)
- Nhiét lugng tham gia trong qua trinh: q=0

- Cong cua qud trinh: w=g—-Au=-Au

- Cong ky thuat cua qua trinh: w,, =-Ai =i, —i,
Vidu 4.1:

Hoi nuéc ¢ ap suat p1 = 30 bar va entanpi i1 = 1500 kJ/kg duoc cap nhiét dé dat
dén nhiét d6 t, = 400°C ¢ diéu kién 4p suat khong doi. Cho biét luong hoi nudc dang
khao sat c6 khdi luong 13 250 kg. Xac dinh:

- Trang thai nuéc dau va cuoi?

- Luong nhiét can cung cip Q?

Giai:

- Trang thai dau:

Tra bang nudc va hoi nudc bao hoa theo ap sudt (Bang 2) ing vai p1 = 30 bar, ta dugc:

+ Nhiét do soi ts = 233,83°C
+i”=1008,3 kl/kg
+i” = 2804 kl/kg

Ta thay i’ <i <i’’: trang thai hoi bio hoa 4m
- Trang thai cubi:
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p2 = p1 = 30 bar; t> > ts = 233,83°C -> hoi qua nhiét
Tra bang nude chua s6i va hoi qua nhiét ¢ p2 = 30 bar, t2 = 400°C ta c6 iz = 3229 kJ/kg

- Qua trinh dang ap: Q = G.q = G (iz — i1) = 250.(3229-1500) = 432250 kJ
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CHUONG V: MOT SO QUA TRINH PAC BIET CUA KHi VA HOI

5.1. Qua trinh Luu dfng cua Khi va Hoi

5.1.1. Giéi thidu

- Su chuyén dong ctia méi chat goi la LUU BPONG

Ong tang téc

~

I
I

Nozzle —t=0,> W,
I

|

et g
/
/
1
)
/
/
/
/
/
/

O, —

—

‘____
\
\
\
\
\
\
\
\
\
\
\

Can xéac dinh:

- pv, T s

- tbc d6 V (m/s)

- luu luong G (kg/s)

Ong tang ap

- Ung dung qua trinh LUU DONG trong thuc té

+ Vi phun nudc:

Bucket
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+ Dong co phan lyc:

INTAKE COMPRESSION COMBUSTION EXHAUST

Cold Section Hot Section

- Cac gia thiét trong khi tinh todn qué trinh LUU PONG

+ Qua trinh luu dong 1a DOAN NHIET Q =0 (s1=52)

P A T a
1
p.  — T1 —— 1
T b—ou<y 2
pr I 2
V, V T.z' S = Sz rs

£

+ Luu luong G (kg/s) ctia mdi chat khong thay doi
theo thoi gian

fLop _ fo0,
Vi vV

G= =const (kg /s)

(f1, 01, v1 1an luot 12 dién tich tiét dién, tbc do va thé tich riéng cua méi chit tai 1)
5.1.2. Mt s6 quan hé co ban ciia dong luu dong

a) Quan hé gitta AP SUAT va TOC PO cua dong
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2 2
. , . .
Gli,+— =G| i, +—*

2 2

Mit khac: di =d(u+ pv) =du+ pdv+vdp

Qua trinh luu dong 1a tiét luu nén: g =du+ pdv =0
Suyra: di=vdp (2)

Tir (1) va (2) suy ra: wdw =—vdp

Khi TOC DO cua dong méi chat TANG thi AP SUAT s& GIAM va nguoc lai

- D6i v6i dng tang tdc: p2 < pi, 4p sudt & ddu GIAM -> Ong ting tdc dung dé ting
dong nang khi nhu dung trong tuabin.
- D6i v6i dng tang ap: p2 > p, ap suit & ddu TANG -> Ong ting 4p dung dé ting

ap suat khi nhu dung trong may nén khi.
b) Quan hé gitta HINH DANG ONG va TOC PO cua dong

Tbc do am thanh trong mdi truong c6 dong mdi chét luu dong doan nhiét:

a=.kpv (m/s)

Trong do:
+ a: tbc do lan truyén ctia Am thanh.

+ p,v: ap suat (Pa) va thé tich riéng (m%kg) ciia mdi chét trong moi truong ma 4m

thanh lan truyén.

+ k: SO mii doan nhiét cia moi chat.
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Vi du 5.1: O diéu kién khong khi chuan p = 1 bar, t =25°C, k = 1,4

,_ RT _8314.,(273+25)
P 29*100000

=0,854(m°/kg)

a = \/kpv = 4/1,4.100000.0,854 = 346 (m/s)

Tiéu chuin MACH:

M =2
a

Chu y: khi M > 1 qu4 trinh luu dong dugc goi la SIEU AM

~ odo=-vdp :
_ Ik Muon xac dinh
ro ) TR (32 21)99| — | hinh dang éng
B pvk = const @ phai xéc dinh
- & gia tri M trudce
. G=
1%
@, w,>0, o, ®,> 0,
—> — —> —
(Néu M <1) (NéuM>1)
@, W, <0, w, W,< W,
Ong - — — —
TANG AP
(NeuM <1) (NeuM>1)
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5.2. Qua trinh TIET LUU ciaia Khi va Hoi
- Pinh nghia: Tiét luu 13 qua trinh dong méi chit di qua 1 tiét dién bi co hep dot ngot
- Tinh chét:

+ Do vén tbc cuc bd qua tiét dién tang -> ap suét giam

+ Qué trinh Pang Entanpi iz = iy

IDEAL T T,=T,
GAS hy = hy
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CHUONG VI: KHONG KHi AM

6.1. Khai niém co ban

P(KKA) T=Tk=Th
V = Vk = Vh
G = Gk + Gh

@ hoinuwdc

> khoéng khi kho
@ + O Khong khi am

s " KK khé dugc xem
KK kho : hon hop gom O, + N, —  phy khi ly tuong ¢

diéu kién binh thuong
Dinh luat Dalton: P = Px + Ph

- Pn: phan 4p suét hoi nuée trong khong khi 4m (KKA) (thuong rat nho 15-20
mmHg)

- Px: phan 4p suét khong khi khé trong KKA

- P: ap suat KKA hay ap suét khi troi

- G, Gk, Gn (kg): 1an luogt 1a khéi lugng KKA, KKK va hoi nuéc

Tuy theo gia tri (Th, pn) ctia hoi nudc trong KKA, hoi nudce s€ ¢ trang thai: Hoi bao hoa

am hay hoi qua nhiét
Phén loai khong khi am:

KKA c6 thé ton tai & 1 trong 3 trang thai: 10 py=

phbh

a) KKA chua bao hoa PA= P

T6n tai khi chira hoi nu6c & trang thai HOI QUA NHIET T,
(Piém A): pn < phon -> Con c6 thé tiép nhan dugc hoi

nudc

b) KKA béo hoa .
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Tén tai khi c6 chta hoi nudc & trang thai BAO HOA KHO (Piém B): Ps = Pppn
¢) KKA qué b&o hoa

Khi ¢ chira hoi nuéc & trang thai hoi bdo hoa am (Piém D). Pay 1a trang thai khong

bén viing -> tré vé KKA béo hoa + 1 lwong nudc ngung ty.
Nhan xé&t:
- KKA chua bdo hoa (trang thai A) 13 trang thai thudng gip trong thuc té

- KKA chua bio hoa (trang thai A) c6 thé chuyén sang trang thai KKA bo hoa bang 2
cach:

Cach 1: buong AB
i Ps= Prn Giir nhiét do KK khong thay doi (T = const)
Tang luong hoi nudce bay hoi vao KK

Tang phan 4p suét cta hoi nude dén khi dat

trang thai bao hoa B

Céach 2: buong AC

Giit phan 4p suét cua hoi nuée trong KK

S

4

khong thay doi (pn = const)

Giam nhiét d6 khong khi xudng cho dén khi dat trang thai bdo hoa C (Tc = Tas: nhiét

do dong suong)
6.2. Cac thong so6 diic trung cia khong khi am.
- Do am tuyét dbi:
G, 3
Pn = vV (kg /' m*)
Trong do:
+ Gn: khéi lugng hoi nuéc chira trong khdi KKA
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+V: Thé tich khbi KKA
Chuy:
+ P06 am tuyét ddi khong quan trong bang d6 4m twong d6i

+ Vi phén ap suat cua hoi nude trong KK am rat nho -> c¢6 thé xem hoi nuée

trong KKA 1a khi ly tuong, do do:
AN =GRT hay p,=pRT

- B am tuong doi:

p=—b = Br (o

Ghbh phbh

La ti s6 giita khdi lugng hoi nude dang chira trong khdi KKA va khdi lugng hoi nude
t6i da c6 thé chira trong khéi KKA ¢ trang thai bio hoa.

Chu y: D6 4m tuwong dbi cang nho -> KKA cang c6 kha ning nhan thém hoi nuée bdc
hoi vao.

Mudn xé4c dinh phbh tai nhiét 3o T can tra bang “Nudc va hoi nudc bao hoa” theo nhiét
d6 -> Ap suét pron

- Do chura hoi

d=r—0,621— P~ 0,621 2Pur (kghj
G, P— P P— Py \Kg,

La ti s gitra khoi lugng hoi nudc trong khdi KKA va khéi lugng khong khi kho trong
khéi KKA.

- Entanpi ciia KKA
| =C,, t+d(2500+C,,t)=1,004t+d (2500+1,842t) (kJ /kg,)

Trong do:
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+ Cpk = 1,004 (kJ/kg.°C) 1a nhiét dung riéng cua khdng khi kho
+ Cph = 1,842 (kJ/kg.°C) 1a nhiét dung riéng cta hoi nudc
6.3. Po thi khong khi am.

- D€ giai cac bai todn vé KKA, ngoai cac cong thire tinh toan, chiing ta con c6 thé giai

bang phuong phap dung dd thi.

- Thuong st dung 1 trong 2 loai do thi: I-d hoc t-d
- Nguyén tic str dung:

Tir 2 théng sd ndo d6 da biét ciia KKA trong sb:

+ Nhiét do t (°C)

+ Phan 4p suit hoi nudc pn

+ D0 chira hoi d (g/kgy)

+ Do am tuong dbi ¢ (%)

+ Entanpi KKA 1(kJ/kg)

Tur day ta xac dinh duoc vi tri cia KKA trén dd thi va tiép tuc tim dugc cac thong s6 con

lai.
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> Do thi I-d ciia KK Am

f\\ Q':'SG/O @::200/0

&y _ 60%
7 Q,ﬂﬁ o

Entanpi I (kcal/kg KK kho)

00
Q

Y

ph;’

d,

KK am & 25°C c6 ¢ = 60%

d = const

Po chita hoi d (2/kgy)

ty t 4=25C

Nhiét d6 # (°C)
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6.4. Cac qué trinh nhiét dong co ban.

C6 4 qua trinh nhiét dong co ban cua KKA

- Quad trinh gia nhiét va lam lanh khong khi
- Qué trinh béc hoi, ting am

- Hon hop cac dong khong khi

- Qua trinh Say

6.4.1. Qua trinh gia nhiét va lam lanh
a) Qua trinh GIA NHIET khong khi
- Qua trinh gia nhiét 1a qua trinh c6 d = const
- Sau khi gia nhiét:

,(°C)>t(°C)
P, <P

- Nhiét lvgng cung cip cho qua trinh gia nhiét:

Q. :Gk(lz - |1) (kJ)

1 - d = const

A o q 0 ‘
Trong d6: Gi 1a khi lugng khong khi khd (Kgk) 14°C 30°C

Nhiét d6 ¢ (°C)
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b) Qué trinh LAM LANH khong khi

— - Lam lanh KK trén nhiét do
50 .

%‘D diém suong (Qua trinh 1-2)

=1 O qua trinh nay: d = const va
14 QL,=G.(,-1) (kJ)

10:6 - Lam lanh KK dudi nhiét d

diém swong (Qua trinh 1-4)

! ‘ O qua trinh nay:
15°C t,,=19°C  40°C ,
Nhidt do £ (°C) + Lugng nudc ngung tu:

G, =G (d,—d,) (kg)
+ Nhiét lugng lay di: Q, =G, (I, —1,) (kJ)

¢) Qua trinh KHU AM (giam am) khéng khi

Lam lanh Gia nhiéet

p=1mi _____ | | | 1
== | (o ot
T ) T 1 | |
G, i G, G, i lw'
¢ G, P27 100% o5 i i
t t, <t L=h t, t, t;
d, d, <d, d; =d, Nhiét do 7 (°C)

@ Lam lanh dudi nhiét d6 diém swong @ Gia nhiét @
d = const ;

(I phan hoi nuée ngung tu thanh nwé'c;

Lugng nudc ngung tu: Gn = Gk (d1 - d4) (kg)
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6.4.2. Qua trinh béc hoi, ting 4m
C6 thé tang d6 am cua KK bang 2 cach phun khac nhau:

a) Phun bang nuéc lanh: qua trinh nay c¢6 I = const

Luong nude can phun vao:

G, =G(d,—d,) (kg/h)

Trong d6 Gk 1a luu lugng khong khi di vao (kg /h)

t, t
t(°C) 2 1

b) Phun bang hoi nudc

KK 4m (t,,d,, 1) [ (6. dy 1)
_. < —»
G, =G, +Gy, = G, =G, Gy,
Hoi nwroc
(Gw > ih3)

Luong nuée phun thém vao: G, =G, (d, —d;) (kg/h)
Phuong trinh can bang chat: G, =G, +G,,

Phuong trinh cén bang nang lugng: G 1, +G,i,; =G,

Trong d6 Gw VA in3 1an luot 1a khdi lugng va entanpi cia hoi phun vao.
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6.4.3. HoNn hop cia cac dong khong khi
Hai truong hop hoa tron KK thuong gip trong thuc té

a) Hon hop doan nhiét cua cac dong KK

Ge t,,d,, L,

Can bang phuong trinh ta co:

L= Gl + Gty
G,,+G,, =G, ska+fé2 d
Gl + Gy, 1, =Gyl :><d3: k(131+(;k2 2

G.d, +G,,d, =G,.d, e Ik1+G kzl
|3 — k11 k212

G, +G,,

b) Hon hop phi doan nhiét cua cac dong KK

Gia nhiet QQ

£ d (gke,)

t39d3=I3

GK3
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Ta co:
t = Gty + Gyt
M
le +Gk2
Jd. = G d, +Gy,d,
M
le +Gk2
| = Gl + Gy,
M
le +Gk2

S

Qua trinh gia nhiét ta ¢6 dm = ds3, voi tz da biét ta suy ra cac thong s6 con lai tai diém 3

6.4.4. Qua trinh Say

Q

4

¢, 4 ¢y, 1 03, I3

O 0O 08
O 0O 0O

Gianhiét Budng say

[

Ll

d

- KK lanh ban dau ¢ trang thai 1 dugc gia nhiét dén trang thai 2. Qua trinh 1 — 2 ¢6 d

= const

- Sau d6 KK nong & trang thai 2 dugc dua qua budng sdy dé ldy am cua vat lidu say.

Qua trinh 2-3 c6 | = const

- Luong hoi nuéc lay di tir vat lidu sdy: G, =G, (d; —d,) (kg /h)

- Nhiét lugng cin cung cp cho bo gia nhiét: Q=G, (1, —1,) (kJ /h)
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CHUONG VII: QUA TRINH NEN KHi VA HOI

7.1. Khéi niém chung.

- May nén khi (hoi) dung dé tang ap suét khi (hoi)

- Néu p < 2 bar: day la pham vi st dung céc loai QUAT

- Néu p > 2 bar: dung cac loai MAY NEN
+ Nhém 1: ding cong co hoc dé nén khi: May nén Piston va May nén Turbine
+ Nhém 2: dung nhiét nang dé nén khi: May nén Ejector

Du khac nhau vé cau tao, nguyén 1y hoat dong...nhung cdc may nén nay déu c6 qua trinh

nhiét dong nhu nhau.

7.2. May nén Piston

3,

&

7.2.1. May nén Piston 1 cip

Nhitng qué trinh co ban ctia may nén piston 1 cap
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- g N e Cocra Il
— b R _.'_ 0 o

.......

(@)

[ | T

1) Qua trinh nap khi AB L] 3) Qua trinh xa khi CD
2) Qui trinh nén khi BC
p, = const

- BC : dang nhiétn =1
- BC, : da bién
- BC, : doan nhi¢t n =k

D C C G,

Hinh 7.1. Gidn d6 p-v va T-s biéu dién nhitng qud trinh co ban ciia mdy nén piston 1
cdp
a) Tinh cong tiéu hao ctia may nén piston 1 cap

Cong tiéu hao dé nén 1 kg khi tir ap suét p1 dén ap sut p2 dugce tinh theo cong thirc tinh

cong k¥ thuat:
p2
W:—_[vdpzwKT (J /kg)
pl

+ Nén theo qud trinh dang nhiét (T = const) (n = 1)
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w=-RTInP2-_py, (J /kg)
P, |o1

+ Nén theo qud trinh doan nhiét pv* = const (n=k)

k-

—k P, | "
W:T(pz pll)_k l PV ? -1 (3 7kg)

1

+ Nén theo qud trinh da bién pv" = const (1 < n <K)
Tuong tu qua trinh doan nhiét, cong nén cho 1 kg khi ctia qua trinh da bién la:

n-1
— _ n
W= n——nl( PV, — plvl):n—_nl PV (%jj —1](J/7kg)

Nhan xét:
Dua vao d6 thi p-v (hinh 7.1) ta thiy:

+ Cong nén cla qué trinh DPANG NHIET 1a NHO NHAT (Dién tich ABCD)

+ Cong nén cla qué trinh POAN NHIET 1a LON NHAT (Dién tich ABC2D)

b) Tinh nhiét lvong thai qua xylanh ctia may nén piston 1 cip

+ Nén theo qud trinh PANG NHIET (T=const) (n=1)

g=w =—-RT In—% P> _ —pV, In—= P2 (J /kg)
1 1

Nhiét lugng thai ra = Cong nhan vao

+ Nén theo qud trinh doan nhiét pv¢ = const (n=k) (q=0)

Nhiét d6 cudi qua trinh:
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k-1

T,=T, [&Jk [K]
Py

+ Nén theo qud trinh da bién py" = const (1 < n <K)
Nhiét d6 cubi qua trinh:

n-1

T2 - T1 [&J [K]
Py
Nhi¢t luong thai qua xylanh cia qua trinh
n—k
gq=C, (Tz _Tl) (kJ /kg)

n-1

c) Téac hai ctia dung tich thira

Dé tranh va dép trén thuc té giira nip xylanh va piston ¢ 1 khoang tréng, goi 1a dung

tich thtra Vi

- Qua trinh 1234 trén hinh 7.2 thé hién may nén ~ * ]

c6 dung tich thtra

- Do dung tich thtra, lugng khi nap thuc su vao P’

xi lanh chi con (V1 — Va)

- B¢ danh gia nang suat cia may nén piston bi

suy giam do dung tich thira ta sit dung hidu sudt

thé tich
a=Va (1=0,7+0,9) ]
V, -V, 3

- Khi 4p suét nén cang cao (1°2°3°4") -> A cang

thap -> dung may nén nhiéu cap.

Hinh 7.2. Gidn dé p-V thé hién
dung tich thira
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7.2.2. May nén piston nhiéu cap

, , P2
- Diing d& nén khi & 4p suit cao: — >10

1

- Giam dugc cong ti€u hao do c6 bg lam mat trung gian (dién tich 2344”)

4—‘ B6 lam mat trung gian

l | A | —
Xy =3 | [ X
lanh % lanh
ha _ cao
ap ap

pl

)

L\ )2
b <+
3 \
. i
d I D

Hinh 7.3. So d6 nguyén 1y va gian do p-V ciia mdy nén piston 2 cdp

a-1: Qua trinh hut khi vao xylanh cép 1

1-2: Qua trinh nén da bién trong xylanh cép 1

2-b: Qua trinh ddy khi qua binh lam mat trung gian trudc khi nap khi vao xylanh cip 2

b-3: Qua trinh 1am mat khi trong binh 1am mat trung gian va nap vao xylanh cap 2

3-4: Qua trinh nén da bién trong xylanh cép 2

4-c: Qua trinh thai khi tir xylanh cap 2 vao binh chira.

a) Phan phdi 4p suat nén gitta cac cap

ChonT1=Ts3; T2o=Ta
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pl

P4
= Ps

——

)
v pl

T \%

T,

v

Hinh 7.4. Gidn d6 p-V va T-S ciia mdy nén piston 2 cdp

Vi céac cap nén déu co6 cung sO mil da bién n nhu nhau, ta co:

Cép 1:

Cép 2:

P P [P
i 80 tang 4p moi cap la: ~ = - -
Py Ps Py
2 _ Pq

Ti s6 tang 4p clia may nén 2 cap la: X

b) Tinh toan cho may nén 2 cap
Ta co:

+ P2 =3

95



BAI GIANG NHIET PONG KY THUAT BIEN SOAN: HOANG VAN VIET

+Ts3=T
n-1
p n
LT,=T,=T, (—2
Py
s K~ , ) \ X \ — p2 _ p4 _ p4
- Ti s0 tang &p cua ting cap la nhu nhau: X = = =
P Ps Py
2 _Pa

Do d6 ti s6 ting ap clia toan may nén 2 cap la: X

Py
- Dung tich xylanh cip 1 (Xylanh ha ap) 1a V1 (m3)
- Dung tich xylanh cip 2 (Xylanh cao ap) 1a V3 (m®)

S , r 17 ) A V. = Vl 3
Vi T1 = T3, 4p dung pt khi 1y tudng suy ra quan hé: V3 = X (m*)

- Cong tiéu hao (cho 1 kg khi) cia may nén 2 cap:

+ Cép 1:
n-1
Wzn_—_anTl L&jn ~1| (3 /kg)
1
+ Cap 2:
n-1
W:n_—_anT3 (&jn ~1| (3 /kg)
3

Chut y: n 1a s6 mii da bién ctia qua trinh nén da bién ndi chung

P P
vi: T, =T, va X=—2="pan W, =W,
P Ps
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=> Cong tiéu hao cho 1 kg khi ciia may nén 2 cap la:

n-1

Wmn:w1+W2:%RT3 [&j " 1] /kg)
1

- Nhié¢t lugng khi nén thai qua xylanh va qua binh lam mat trung gian ciia may nén 2

cap:

+ Nhiét luong thai qua vo xylanh ctia mdi cdp nén 1a nhu nhau va bang;

n—k n—k n-t

=C AT =c T|x"™ -1| (kJ/k
ql Vn—l Vn—l 1( j ( g)

/ Py , .
Véi X = F la ti sO tang ap cua tirng cap
1

=> Nhiét luong thai qua 2 vo xylanh ctia may nén 2 cép la: 2.qs

+ Nhi¢t luong thai qua binh lam mat trung gian ctia may nén la:
d, =¢,(T,—T,) (kJ/kg)

Véi cp 12 nhiét dung riéng déng ap cua khi nén

=> Nhiét luong thai qua xylanh va qua binh lam mat trung gian cia may nén 2 cap 1a:

O = 20 + 0, (kI /kg)
7.3.  May nén Tuabin.

Nhuéc diém 16n nhat cia may nén piston 1a cho san luong khi (hoi) thap, ngoai ra

né con c6 mot sd khuyét diém nhu:
- Tdc d6 vong quay khong cao
- Nap va thai khi gian doan

- Anh huéng x4u cua dung tich thira
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- B¢ rung dong cao
- M6 men khoi dong 16n

May nén Tuabin c6 thé khic phuc nhitng nhuoc diém ndy, may nén tuabin co qua
trinh nap va thai khi lién tuc, luu lugng rat 16n, téc do quay cé thé gap hang chuc lan
may nén piston, khong bi anh hudng ctuia dung tich thira, m6 men khéi dong, do rung
nho, tudi tho cao, kich thudc nhé gon va hiéu suét cao tuy nhién cong ngh¢ ché tao doi
hoi cao, chi phi 16n.

May nén tuabin c6 2 loai chinh:

+ May nén ly tdm

+ May nén hudng truc

7.3.1. May nén ly tam

Ported shroud
Volute

Volute

Casing Impeller Radial diffuser Outlet pipe

Hinh 7.5. Cdu tao mdy nén ly tam (Centrifugal Compressor)

Nguyén ly hoat dong: Chét khi dugc hat vao cac ranh cua dia cong tac, dia cong
tac quay voi téc do cao (nhd dong luc bén ngoai truyén qua truc may), dudi tac dung cua
luc ly tim dong khi duoc ting tdc, dong khi ra khoi dia cong tac co toe do cao dugce din
vao dng tang ap (¢ day 1a éng hinh xodn b¢ c6 tiét dién tang dan), toc do giam xudng va

ap suét tang.

Cong thuc té cung cip cho may nén tmg voi 1 kg khi s& 1a:
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2 2
WG, ra-[ %)

Néu bo qua su thay d6i dong ning & cira vao va ra thi phuong trinh trén c6 dang:

W:(il_i2)+q

7.3.2. May nén hwéng truc

Hinh 7.6. May nén hudng truc trong dong co tuabin khi
Mady nén hudng truc c6 nguyén ly lam viéc twong tu may nén ly tam, chi khéc 1a
dong khi di doc truc.

May nén hudng truc thuong cho 1 Iuu lugng cuc 16n nén dugce st dung trong dong
co tuabin khi, ddng co phan lyc, trong may nén huéng truc dong khi it khi bi un dong
hon may nén ly tdm nén hiéu suit cao hon. Mubn cé ap sudt cao may nén huéng truc

phai ghép nhiéu ting, mdi tang co ty sé nén &€ =1,1+1,3.
7.4. Cong suit tiéu hao cia may nén va hiéu suit.
- Cong suit ciia may nén piston dugc tinh:

__ GWic
1000.7;¢ .77,
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Trong do:

WTC

+ The = =0,65+0,85,; hiéu suit nén dang nhiét

c
+ Wrc: Cong 1y thuyét khi nén theo qua trinh dang nhiét
+ Wc: Cong thyc té cip vao may nén (Sau khi da cong cac ton thit)

+ G: Luu lugng khi (hoi) kg/s

+ Nm: Hiéu suét co khi, thong thuong khi thiét ké 77,,, = 0,8 +0,93

- Cong suat ctia may nén ly tdm va hudng truc dugce tinh:

— G'WSC
1000.77..77,,

Trong do:
— % ‘n A, s cnl 1iA Ao a2 . fr g
+ Tlsc = W hi€u suat nén doan nhiét (hi¢u suat dang entropi). V&1 may nén ly
C
tam 77sc = 0,8+0,9, d6i v6i may nén huéng truc 775c =0,85+0,95,

+ Wsc: Cong 1y thuyét khi nén theo qua trinh doan nhiét

+ We: Cong thyc té cip vao may nén (Sau khi di cong cac ton that)

+ Nm: Hiéu suét co khi, thong thuong khi thiét ké 77,,, = 0,96 +0,98
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CHUONG VIII: CHU TRINH MAY LANH VA BOM NHIET

8.1. Khéi nié¢m.

May lanh/Bom nhiét: chuyén CONG thanh NHIET NANG

Nguon nén . g X
Chu trinh ngwge chiéu

1Q P 4
May lanh, | _
Bom nhiét

1Q,
S
=v

Ca May lanh hoac Bom nhiét déu hoat dong theo chu trinh nguoc chiéu nhung myc

dich ctia M4y lanh va bom nhiét hoan toan khéc nhau:

- May lanh: muc dich lay di nhiét lugng Q> tir khong gian can lam lanh

s sb1am 1 h-8=QZ= 2
He¢ s6 lam lanh: |W| |Q1|_Q2

- Bom nhié¢t: muc dich dua nhiét luong Q1 vao khong gian can sudi am

, _Q]__1Q]
H¢ s6 lémn(')ng: ¢ = |W| - |Q |_Q
1 2

>1

8.2. Chu trinh lanh dung khéng khi.

Khong khi ¢ thé xem 1a khi 1y tudng, nén st dung cac cong thirc ciia khi 1y tudng

dé tinh toan.
- bay 1a mdt trong nhitng may lanh dugc st dung,
- Hé s6 1am lanh khéng cao

- Vi hé s6 téa nhiét d6i luu ciia KK kha nhé -> Kich thudc hé thong 16n
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Hién nay khong con str dung may lam lanh bang KK. Trudng hop duy nhét con sir
dung hé thong nay 1a hé thong PHKK trén may bay.

R

Budng
Wen é 3 giginhiét |, 4 Wi
T.hiét bi
gian no
. May nén KK

Hinh 8.1. So' d6 nguyén 1y chu trinh lanh ding khong khi
1-2: Qua trinh nén KK doan nhiét
2-3: Qua trinh KK thai nhiét dang ap
3-4: Qua trinh gian nd KK doan nhié¢t
4-1: Qua trinh KK nhan nhiét dang ap

Tinh toén chu trinh lanh dung khong khi

P a ﬂql
3 2 Winn
'(\/
ol

Wen 4 ﬂ |
Jz

v

v

2

Tl

5 , 3
- Piém 1: Bidtpy, T1-> V1 = (M /Kg) véi R = 8314/29 (J/kgK)

1
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k-1

. . T TP
- biém 2: Biét p2, 1-2 doan nhiét-> '2 = 1 D voik=14
1

- Piém 3: Biét Ts, 2-3 dang ap -> ps = p2
- Piém 4:

k-1 k-1

e 0 e R
3-4 doan nhiét -> '4 = I3 = I3
Ps P

4-1 dang ap -> pa = p1
- Cong may nén can cung cp cho 1 kg KK: vi 1-2 13 qua trinh doan nhiét
Win =Wkra2) = k'Cv(Tl _Tz) = Cp(Tl _Tz) (kJ 7kg)
- Cong do 1 kg KK sinh ra tai thiét bj gidn no:
W, =Wyrag =C,(T; —T,) (kI /kg)
- Nhiét lvong ma 1 kg KK nhan vao tai buéng lanh:
U =gy = Cp(Tl —-T,) (kJ /kg)
- Nhiét lvong ma 1 kg KK thai ra tai budng giai nhiét:
th =3 = Cp(TS _Tz) (kJ 7kg)
- Hé sb lam lanh:

g,
W, + W,
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8.3. Chu trinh lanh dung hoi.
Khong giéng v6i chu trinh lanh dung khong khi, chu trinh lanh ding hoi can phai
tra bang:
+ Bang bao hoa
+ Bang hoi qué nhiét
- bPbaylahé théng may lanh dugc st dung rong rai nhat hién nay
- MOt s tac nhan lanh thuong dugc str dung:
+ Freon 22 (R22)
+ R410a
+ R32

+ Ammonia (NHs) thuong sir dung trong hé thong lanh 16n va rat 16n

t ot M

Dan ngung tu .
3 (Dan no’ng) 2 A Wi

Van tiét w
luu I:

A May nén

Dan bay hoi
(Dan lanh)

W

Hinh 8.2. So d6 nguyén 1y chu trinh lanh dimg hoi

1-2: Qua trinh nén hoi doan nhiét
2-3: Qua trinh hoi thai nhiét dang ap
3-4: Qua trinh hoi gidn no dang entanpi (i3 = ia)

4-1: Qua trinh hoi nhan nhiét dang ap
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Tinh todn chu trinh lanh dung hoi

E{)gP) A T[K] A
ar
Px| 73 Tk )
To
Po|_/ _ - 1

> »

1 (kJ'/kg) s (kJ—/kgK)

Hinh 8.3. Gidn d6 logp-i va T-s ciia chu trinh lanh diing hoi

- Pé x4c dinh thong $6 trang thai cua cac diém 1, 2, 3, 4 ta can biét 2 thong $6:
Vi du bai toan cho biét ps, T1, hoi st dung 12 R22

- Diém 1:
Hoi bdo hoa kho, biét T1 -> Tra bang hoi R22 bio hoa tng v6i Ti ta dugc ap sudt soi p
va
entanpi i1 =1”’, entropy s1 =s’’
- Piém 2:
Hoi qua nhiét, biét p2 = ps va s; = s1 -> Tra bang hoi R22 qua nhiét ta dugc iz
- Piém 3:
Long soi, biét ps -> tra bang hoi R22 bdo hoa ta dugc iz =1’
- Piém 4:
Hoi bdo hoa am, biét T4 = T1 VA is = i3 ta tim dugc x4

- Cong can cung cap cho 1 kg hoi cia may lanh:

|Wml| = ‘WKT(l—Z)‘ = iz - i1 (kJ 7kg)
- Nhiét luong 1 kg hoi nhan vao tai dan lanh:

a, = i1_i4 (k‘J /kg)
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- Nhiét lugng 1 kg hoi thai ra tai dan nong:
|0, =1, —i; (kI /kg)

- He¢ s6 lanh cua chu trinh:

d, il_i4 il_i3
&= =1 413 (kJ/kg)
|Wml| L -1 L -1
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