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Prre LGttt menbee

Tén m6n hec : NHIET PONG KY THUAT
Sotinchi :4
1.1. Muc tiéu mon hoc
Sau khi hoc mon nhiét dong k¥ thuat sinh vién co thé:
> Nam vitng Cac qui ludt vé bién doi nang lwong
(chii yéu \& nhiét ndang Vva co nang) tir doé deé
xudt CAc bién phap nham nang cao hiéu qud sir

dung nang luong.
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» Tao tién dé cho viéc nghién cuu, thiét ké hodc
cdi tién, Nang cdp cac loai may nhiét néi riéng
Vva Cac hé thong nhiét ndi chung.

VD:

+ Cac dong co nhiét: dong co dot trong, dong
co phan luc...

+ Hé thong PHKK, cap dong, trit dong
+ May say, 10 hoi

+ Bom, quat, may nén

+ C4c hé thong stir dung NLMT
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1.2. Panh gia mon hoc

> Chuyén can + thi giita ky Aodc bai tap 16n + kiém tra
nhé trén 16p: 20% + 20%

> Thi cu6i ky : 60% (theo lich cta trudng)

Thong tin lien hé:
Email: nguyenthanhdung@Ittc.edu.vn
Phone: 0988992616
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1.3. Tai liéu tham khao
[1] Hoang Dinh Tin — Lé Chi Hiép, Nhiét dong luc
hoc k¥ thuat, NXB DHQG, 2013.
- Sach, tai liéu tham khao:
[2] Hoang Dinh Tin — Bui Hai, Bal tap Nhiét dong hoc
ky thuat va truyén nhiét, Nha xuat ban DHQG
TP.HCM, 2012.

[3] Cengel, Y. A. — Boles, M. A., Thermodynamics: An
Engineering Approach, 5" Edition, McGraw-Hill’
publisher, 2006.

Mua séch tai: Nha sach gido trinh Bach Khoa, ki 6t 61-
62-63, 142 T6 Hién Thanh, P.14, Q.10, TP.HCM.

SPT: 02838. 651. 212 — 02822. 409 897

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét



C Gt mentee

NOI DUNG MON HOQC
CHUONG I: Mot so khai niém co ban va phuong trinh trang
thai cua vat chat o thé khi
CHUONG II: Pinh luat nhiét dong thir nhat va cac qué trinh
nhiét dong cua khi ly tudng
CHUONG III: Binh luit nhiét ddng thir hai
CHUONG IV: Chat thuan khiét
CHUONG V: Mot s6 qua trinh dic biét cua khi va hoi
CHUONG VI: Khong khi am
CHUONG VII: Qua trinh nén khi va hoti
CHUONG VIII: Chu trinh may lanh va bom nhiét
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1.1. C4c van dé chung

> Tat ca cac bai toan vé Nhiét chung qui ciing chi
nham: X4ac dinh NANG LUONG cuia hé thong ciing
nhu SU CHUYEN HOA NANG LUONG trong hé
thong.
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1.1.1 Nhiét lwong va cong

> Nhiét lwong: 1a luong ning luong di Xuyén qua bé
mit ranh gi6i khi gitta chat moi giéi va moi trudng
cO suw chénh léch nhiét do
= Qui udc: + Vat nhan nhiét: Q (+)

+ Vat thai nhiét: Q (-)

> Cong: 1a luong ning luong di qua bé mat ranh gidi
c0 kha nang dich chuyén mot vat Nao do
= Qui udc: + Vat sinh ra cong: W (+)

+Va an cOnQ: -
Pon vi do: Vat nhan cong: W (-)

- Hé SI: 1J (Jun) =1 N.m ; 1 cal (calo) = 4,186 J
- Hé khac: 1 Btu = 1055 J = 252 cal; 1Wh = 3,413 Btu

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét



fovor L CHUONG I

1.1.2 HE nhiét dong
» Heé nhiét dong (HND) la khoang khong gian chira
mot luong nhat dinh CHAT MOI GIOI dang
duoc khao st bang c4c bién phap nhiét dong.

Moi truong
—————

~
o~

P N
y Hé nhiét dong

4

]

4. /
4

G ’

; - ”

Dutong bao

> Nhitng vat chat va ving khdng gian khéng duoc
lra chon duoc goi la moiI trudong Xung quanh, va
duoc ngin cach véi HND béi bé mat ranh gidi
(duong bao).
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> Chat moi giéi 1a chat trung gian thuc hién sy bién
doi va truyén tai niang luong trong HND

> Nguon nhiét 14 cc ddi twong trao doi nhiét truc
tiép voi chat moi gigi ma khong thay doi nhiét do.
Nguon nhiét gom c6 ngudén ndng va nguon lanh

7

Chat méi gi¢i?, nguén néng?,
nguon lanh?

Cong va nhiét lugng trao doi
khi chat moOi gidi bién doi trang
\ thai

Bé mit ranh gi6i ngin cach gitra
chat moi gidi va moi truong

Khi xem xét mot
HND can cha y:
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¢+ Phan loai hé nhiét dong

- HND kin: luong chat moi gidi trong hé thong duoc
duy tri khong doi, chat moi giéi khéng thé di xuyén
gua bé mat ranh giéi ngin cach giita hé thong va moi
truong. (VD: may lanh)

g thiininn) |

Méi chat

| : il
HFEERPEEED o L e ! _ (FFFEEREr T

(Kho‘ng)
Hé kin -
m=constant
Nang luong |{ {_llllllllll"_'_':_i;
(: CO’)' ST |
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- HND hé: chat méi gidi co thé di vao va di ra khoi
hé thong xuyén qua bé mat ranh gidi. (VD: dong co

dé6t trong, tuabin khi, dong co phan luc...)

Buéng dot

Nhién liéu
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- HND doan nhiét: trong hé thong nay, chat moi gidi

erLY TUTRONG

khéng c6 sw trao doi nhiét voi moi trudng trong qua

trinh hoat dong

Cach nhiét
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- HND c6 lap: trong hé thong nay, chat moi gidi va
moi truong hoan toan khong coé bat ky sw trao doi
nang lwong nao trong qua trinh hoat dong

Cach nhiét
' hoan toan
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1.1.3 May nhiét

A. Dong co nhiét:
La loai may dung nhiét dé sinh cong. Trong loai may
nay, chat moi gidi sé van chuyén nhiét luong theo
chiéu thuan tir nguén nong dén nguodn lanh va gian
nd sinh cong. (VD: dong co dot trong, dong co phan
luc, tua bin...)

- Xét bao toan nang luong

cho Pong co nhiét: 10
1

A Ql;: |Q2 |J: W Pong co nhiét L
- Hiéu suat nhiét: 0
2

W Q] |
e e
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Vi du: dong co nhiét

CASING
LP TURBINE

IP TURBINE
NOZZLE ROTOR

HP
TURBINE 4

:AM TURBINE PARTS

A
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Vi du: dong co nhiét

INTAKE COMPRESSION COMBUSTION EXHAUST

Turbine

Cold Section Hot Section

May nén Buong dot  Tyrpine

Khong
khi
ra

Nhién liéu
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B. Bom nhiét, may lam lanh
La loai may nhan cong tir bén ngoai dé van chuyén
nhiét lwong theo chiéu nguoc tu nguén lanh dén
nguon nong. (VD: may lanh, bom nhiét)

- Xét bao toan nang luong cho

bom nhiét hay may 1am lanh:

Q[=Q, +|W|

s , 1Q
- H¢ s6 lam nong (cho bom nhiét): Bom nhiet, |."
Rl Rl _ el May lam lanh

w_ = =
W Ql_QZ G| — 0,
W [Qy 1 to,

- Hé s6 1am lanh (cho may lanh): ‘
@ o Cointon

E = = =
W |Q]-Q, |a|-a,
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Vi du: bom nhiét
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Vi du: may lanh
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COLLEGE

Vi du: bom nhiét (swéi) — may lanh (diéu hoa khéng khi)

HEATING CYCLEW,, »/\7_COOLING CYCLE,

an PI"&HHM ..................... H h FTEEEHTE
Law- Tnmpnratura Vapour Hﬁn T.ampmmru Vapour

High-Prassure,

! Lavwv=Prassura,
High-Temperature Vapour

Low-Temperature Vapour

Insida Coil Outdaar Cail \ Refrigeront Rlsasas Inzide Cail
\ ﬁrmﬂ:ﬁsﬁmﬂr‘r
Warm Inside Air Relurms fo il Ai
% a Liguid State al) Cool s A
Refrigerant Asleases \ t Absarts
Hear b Air and Retorns Heat from Ar and
to & Liguid State Bois to Vapour

Low-Pressure,

! High-Pressure, Low-Pressure,
Low-Temperatura Liquid ~ High-Temparature Liquid High-Temperature Liguid Low-Temperatura Liquid
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1.2 Qua trinh nhiét dong va chu trinh nhiét dong

P4 Trang thai cudi Pa Trang thai cuoz

2 2
| Qua trinh ! Chu trinh
i ; | & :
i Trang thai dau | Trang thai dau
E 11 i 2|
i ' 4 ‘

v, ! Vg ¥ Vs g K

2) (1)

> Khi mot HND dang & trang thai cin bang ma trao
d6i ning luong vai moi trudng ciia nd thi hé s& bién
d6i sang mot trang thai khac. Toan bo qué trinh bién
d6i d6 duoc goi 1a quéa trinh nhiét dong.

> Khi mét HND bién doi theo nhitng qué trinh khép
Kin thi duoc goi la chu trinh nhiét dong.

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét
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1.3 Théng so trang thai
> Trang thai ctia méi chat 1a diéu kién cua moi chat
tai mot thoi diém nhat dinh dwgc md ta hodc do
bang nhitng théng so trang thai cua no.
> Moi mot trang thai dugc xac dinh bdi mot bd cac
théng so trang thai. Khi mot trong nhitng théng so6
trang thai thay doi thi trang thai ctia moi chat sé

)
A L]
thay dou. il
- ~
, \
- A - A A ™
P Heé nhiét dong R
y;
‘ NV u s he .. )
r |
/
\\ 3
\\ ~~~~~ e - o 3
Trang thai
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> Tai mot diéu kién bat ky, trang thai ctia moi chat co

thé duoc xac dinh bang hai thong so trang thai doc
lap
= Cé4c thong so trang thai thuong ding 1a:

- Nhiétdo T

- Ap suat P

- Thé tich riéng v

- NO1 nang U

- Entanpi |

- Entropi s

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét

27



frvor N CHUONG I

1.3.1 Nhiét do (T)
> La thong sb trang thai thé hién muc dd nong lanh

cua vat

~ + NK thay ngan, NK
ruou: dya trén sy gian
nG ctia chat 16ng

> Dung cu do: Nhiét Ké + NK dié}l. tr.(")*i dua trén
su thay doi dién tro

+ Thermocouple: dua
trén sy thay doi dong
_ dién

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét 28



» DPon vi do nhiét do:
+Dg bach phan (°C):  *c=>(°F-32)

+ D§ Fahrenheit (°F): °F =1,8°C +32

+ Do Kelvin (K): K=°C+273,15
373.15K 100°C 212°F water
boils
273.15K 0°C 32°F water
freezes
0 K| -273.15°C |8 -459.67°F absolute
zero
Kelvin Celsius Fahrenheit

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét
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1.3.2 Ap suat (P)
> La luc tac dung 1én mot don vi dién tich bé mit ranh gidi
theo phuong phép tuyén véi bé mit do

(N
A lm?

~ + Manometer (Ap ké): dung dé do &p suét
du p, 1a phan ap suat cua chat khi 16n hon
ap suat khi troi

> Dungcudo | Parometer: dung dé do ap suat khi troi p,

+ Vacumeter (chan khong ké): dung dé do
ap suat chan khong p,, , phan ap suat cla
chat khi nho hon &p suat khi troi

=
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> Moi quan hé gita ap suat tuyét doi, &p sudt dw va ap
suat chan khong

Trong do: P

P.q 12 &p suat tuyét doi "

p, la ap suat khi troi | i P,
td

D4, 12 &p suat du

Dy 12 4p suat chan khong

> Ta co:

9/19/2021

Chan khong tuyét déi

ptd — pdu + pa
Pk = Pa = Py

Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét

Pdu
=[Py gy
Pt
Pa
Pta=0 Chan khéng tuyét déi
=2 F)du: = _Pck
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> Vidu:

- Pong ho ap suat chi p = 0,3 at =>p,, =0,3at=>p,=1,3 at

- Pong ho ap suat chi p =-0,3 at =>p,, = -0,3 at => p,, = 0,3 at
=>p,=0,7at

+ Pon vi do trong hé Sl la Pa

1 Pa (Pascal) = 1 N/m?; 1 bar = 10° Pa = 750 mmHg;

1 at =0,981 bar = 10 mH,O = 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

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét
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Vi du 1: vé ap suat

> Taco:
F, =P A,

F (N

Alm
> VI (D A
p=p, = b4 "

| 2 F2 ,
Hoac
F, F F, A

p=p, o L=22 fy_

= AN =
A A Fio 4
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Vi du 2: vé ap suat

P, = 0.97bar
m =60 kg

> Dap an: P =111,7 kPa

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét 34
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1.3.3 Thé tich riéng (v)
> Thé tich riéng (v) 1a thé tich (V) tng v&i mot don vi

khoi lugng (m)
3 1
V = ! m Hay V=—
G { kg P
Trong do:

+ G: Khoi lugng cua khdi chat moi gidi dang khao sat (kg)
+ V: Thé tich choan chd cta khoi chat moi gigi d6 (m3)

+ p: Khoi luong riéng ctia khoi chat méi gidi dang khao sat
(kg/m?)

Luu y: Thé tich riéng v méfirlél théng so trang thai, con thé
tich V khéng phadi la thong so trang thai
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Vi du: vé thé tich riéng
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1.3.4 Noi nang (u)

> NOoi ning 1a ndng lwong bén trong, gay ra do chuyén
déng va twong tac gitta cac phan ur trong vdt the.
Noi ning 14 loai thong so trang thai khong do truc
tiép duoc ma phai tinh toan

- Noi niang U ctia mot hé thong bao gdom:
U=U,+ U
- Trong do:
U, la dong nang
U, | thé ning

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét 37
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> Theo thuyét dong hoc phan tir thi ndi nang 1a ham
trang thai phu thudc vao nhiét do va thé tich riéng.

, u="~(T,v)
» Nhung doi voi khi ly teong: Luc twong tac gitra cac

phan tir dugc xem bang khong, do d6 néi ning ciia
kni ly tuong chi phu thudc vao nhiét do.
- bon vi: kJ, kcal, kWh (hé SI) hoac BTU (British
Thermal Unit)
Lwu V: trong cic bai todn vé nhiét dong, nodi chung
khong can biét gia tri tuyét doi ciia ndi ndng ma chi can

biét lwong bién doi noi nang.

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét
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1.3.5 Entanpi (i)

> La loai thong s6 trang thai khong do truc tiép dugc
ma phai tinh toan hoac tra bang.

> Entanpi cua 1 kg khoi lwong chat moi gidi duge
tinh theo cong thuc:

I=u+pv (kJ/kg)

> Doi voi khi Iy fudéng, do u va pv chi phu thudc vao
nhiét &6 nén i ciing chi phu thuoc vao nhiét do

Lwu V: trong c4c bai todn vé nhiét dong, noi chung

khong can biét gia tri tuyét doi ctia entanpi ma chi can

biét lwong bién doi entanpi
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1.3.5 Entropi (S)
> Luong bién d6i entropi ds ctia 1kg khoi luong chat
mOi gidi trong 1 qua trinh thuan nghich dugc tinh

theo cong thc:

ds=ﬂ hay d8=&
T T

Néu xét cho G kg chat moi gidi ta c6: dS = G.ds
Trong do:
+ 8q la nhiét lugng trao doi giita chat moi gidi va moi
truong trong qua trinh thuan nghich vo cung bé
+ T 14 nhiét do tuyét doi [K]
- DPon vi: kJ/kg.K hoac kcal/kg.K
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1.4. Phwong trinh trang thai ciia chat khi
> Tai trang thai can bang, thuc nghiém va Iy thuyét
cho thay:

f(p,V,T) =0

— Tu ham trang thai trén, néu biét 2 thong so trang
thai s& tim duoc thdng so6 trang thai thu 3.

— Viéc xac dinh cac thong so trang thai cO thé
thuc hién bang nhiéu cach khac nhau nhu: Xac
dinh cong thtrc; X&c dinh biang db thi; X&c dinh
bang bang tra; Xac dinh bang phan mém...

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét
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Vidu 1.1:

Duya Va0 bang tra, hdy xac dinh cac thong so trang thai
(i,5,v) cua nudc bdo hoa ¢ nhiét @6 100 °C.

Vidu 1.2:

Duya Va0 bang tra, hdy xac dinh cac thong sb trang thai
(1,5,v) cua nudc bao hoa ¢ ap suat 10 bar.
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1.4.1. Phwong trinh trang thai khi ly twéng

> Khi dugc xem 1a khi 1y tuong néu théa man 2 diéu
kién sau:
+ Khong c0 luc twong tac gira cac phan tir va
nguyeén ti
+ Khong co thé tich ban than phan tu

> Khi thuc ¢6 thé xem 1a khi Iy twong khi & diéu kién
ap sudt kha thap va nhiét dé khé cao.

> Moi quan h¢ gitta cac thong so p, v, T cua khi Iy
tuédng dau tién duoc rut ra tir cac két qua thuc
nghiém, sau d6 duoc ching minh bang ly thuyet
nho thuyét dong hoc phan t.

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét
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» Phwong trinh trang thai khi ly twémg (pt Clapeyron):
pv=RT hay pV =GRT
Trong do:

+ p (N/m?): 4p suat tuyét doi ctia khoi khi dang xét

+ v (m3/kg): thé tich riéng ctia khoi khi dang xét
+V (m3): thé tich cua khoi khi dang xét

+ T (K): nhiét do tuyét doi ctua khoi khi dang xét
+ G (kg): khoi luong ctia khoi khi dang xét

+ R (J/kg.K): hang so ctia chat khi dang xét

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét
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~_ R, _8314

, 7R
Vi u la khoi luong phan tir cua 1 kmol khi dang xet

(VD: ncua O, la 32 kg, cua N, la 28, CO, la44,...)

Vi du 1.3: Xéc dinh thé tich riéng cia CO, tai p = 70
bar, t = 40 °C néu xem khi CO, & diéu kién trén la khi ly

wing.
CO,=>pnu=12+2.16 = 44 kg/kmol

B T
244 kg.K

Ap dung phuong trinh trang théi khi 1y tuéng:

3
oV=RT = = RT _ 188, 995.(405+ 273) _0.00845 m”
P 70.10 kg

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét

45



frvor [ CHUONG I

Vi du 1.4: Xac dinh thé tich riéng va khoi luong riéng
cia N, tai p = 30 bar, t = 20 °C néu xem khi N, & dicéu
kién trén la khi ly tuong.
Giar:
N, =>n=2.14 =28 kg/kmol

R, _8314 506,93

> 28 kg.K
Ap dung phuong trinh trang théi khi 1y tuong:

3
o= RT =y RT_296,93.(204+279) _( oo m°
0 30.10 kg
1 1 kg
2o 3448/
£ =y 70029 (mi")
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Vi du 1.5: Cho mét binh kin c6 thé tich 0,5 m3 (khdng doi),
chira day khong khi ¢ nhiét do 25°C va ap suat hién thi trén
dong ho 1a 6 at. Biét khdi luong phan tir ciia 1 kmol khéng
khi la n =29 kg va coi khéng khi la khi ly tuéng. Xac dinh:

Ap suat tuyét doi cua khong khi

Khoi luong cua khong khi

Thé tich riéng caa khong khi

Khoi lugng riéng cua khong khi
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Giarn:
8314 J

R, =——=286,69] ——
29 kg.K

Ta c6 ap suat hién thi trén dong ho p,, = 6 at

=> Ap suét tuyét doi p=pg, +p,=6+1=7at
Ap dung phuong trinh trang thai khi 1y tudng:

5
W —GRT = G = PV __7:0,981.10°05 _4,02(kg)
RT ~ 286,69.(25+ 273)

3
vV._0s =O,1244£m—j;p=1= = :8,04(k—%j

V = =
G 4,02 kg v 0,1244 m
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» Tw PT trang thai khi ly twéng (pt Clapeyron):
pv=RT hay pV =GRT
» Ma ta co cac dinh luat sau:
< Dinh ludt Boyle (Nhiét d6 khdng doi)

0.25 0.50 0.75 1.00

Pressure (atm)

pV = constant (constant temperature)
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% Pinh ludt Charles (Ap sudt khéng doi)

"u"/

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

=constant = (constant pressure)

Y
T
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< Dinh ludt gay-Lussac (Thé tich khong doi)

Gay-Lussac’s Law (1802)

P+ Measured
data points

? = constant (constant volume)
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1.4.2. Hon hop khi ly twéng
> Hon hop cac khi ly tuéng cling 1a khi ly tudng
G

+ Thanh phan khoi lugng: g, = EI

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

+ Thanh phan thé tich: v

V=V, +V,+..4V, = > r =1
i=1
» Dinh luat Gibbs-Dalton:
P=P.+P,+..+ P,
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> Hing so chat khi R, cia hon hop
+ Phan tir luong tuong duong cua hon hop:

1 SRy -
Mo = (Néu biét g; cia hon hop)
9,8, &
H K Hyq
Hay:
Moy = T + Do pt, +.+ T, (Néu biét r; cia hon hop)
A em 5 AT,
+ Quan hé gitar;vag: 0, = .
hh

+ Hang sb chat khi twong duong R, ctia hdn hop:

Rﬂ 8314( J
R = = K
Mo M \KQ.K
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> Thé tich riéng va khoi lugng riéng ctia hon hop

vV, = Vin _ G 192, 45 (Néu biét g; cia hon hop)

G, P~ P Pn

P == 0P 6L, P, (Néu biét I cua hon hop)

hh

<|®

> Phan &p suat ctia cac thanh phan

Ppn = P+ P +...+ P,
p phhgl ﬂhh
H;
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Vi du 1. 6: Hon hop khdi thai gom 12,5% CO,, 4%
0,, 83,5% N,. Xac dinh v, tai: p = 100kPa, t = 227°C.

Giai:
Néu xem hon hop 14 khi 1y tudng ta co:
v, = Rin T
Prn
, R, 8314/
Tinh Ry, R,, = —& = < )
hh " unn wnn \kg.K
Vo1 Hpn = T + 1oy + 1303 (k g/k mol)

9/19/2021 Th.S Nguyén Thanh Diing - Th.S Hoang Vin Viét



frvor N CHUONG I

Thay s6 vao ta co:
Moy =T+ 10, + 1, =0,125.44 4+ 0,004.32 4+ 0,835.28 = 30,16 (kg / kmol)

8314 _

suy ra: Ry, = 3016 = 275,66 (J/kg.K)
> Tu day tinh dugc thé tich riéng cua hdn hop khi 1y
twong:

. _ Ry _ 275,66.227+273) | oo (M’
S 100.10° ’ g
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1.4.3. Phwong trinh trang thai khi thue

» CO0 hon 200 phwong trinh trang thai cua khi thuc da
dugc cOng bo, hau nhu tat ca déu xuat phéat 7 thuc
nghiem.

» Phuong trinh Van der Waals dugc thanh 1ap nam 1873
dua trén phuong trinh trang thai cua khi ly tuong:

. v, =vu (m*/kmol)
£p+v_2j(vﬂ —b) = RuT VOl Rﬂ —=8314 (J/ km0|-K)

p
Trong do:

+ a: hé s6 hiéu chinh khi tinh dén luc twong tac giita cac phan
tur

+ b: hé s6 hiéu chinh khi ké dén thé tich ban than ctia phan tu
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Bdng 1.1: Théng s a va b cho phwrong trinh khi thuee Van der Waals

ONG

COLLEGE

Khi thuc a, bar.(m3/kmol)? b, m3/kmol
Air 1.368 0.0367
Butane (C,H,) 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 (502) 6.883 0.0569
Water 5.5931 0.0305
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Vi du 1.7: X4c dinh thé tich riéng ctia CO, tai p = 70 bar, t =
40°C khi xem CO, & dicu kién trén 1a khi thuc, sir dung pt
Van der Waals

Giai:

Duya vao bang 1, doi véi khi CO, ta c6 a = 3,647 bar.(m3/kmol)?
va b = 0,0428 m3/kmol.

T PT Van der Waals: (p + ) (”u — b) R,T
u

(70 g5 4. 3047.10°

Vi

& 70v2 — 29,019v2 + 3,647y, — 0,1561 = 0
= v, = 0,23(m>/k mol)

=3, p v 0,005227(m>/k g)
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Bai 1.1: Xac dinh thé tich riéng va khoi luong riéng cua O, tai
p = 30 at, t = 35 °C néu xem khi O, & dicu kién trén 1a khi ly
tuong.

Bai 1.2: Xac dinh thé tich riéng va khoi luong riéng cua
khong khi tai p = 5 at, t = 50 °C néu xem khi khong khi & diéu
kién trén la khi ly tudéng.

Bai 1.3: X&c dinh the tich riéng va khoi lugng riéng cua N,
tai p = 30 bar, t = 20°C khi xem N, ¢ dic¢u kién trén la khi
thuc, stir dung pt Van der Waals

Bai 1.4: Xéc dinh thé tich riéng va khoi luong riéng cia
Propan tai p = 5 bar, t = 30°C khi xem Propan & diéu kién trén
la khi thue, sir dung pt Van der Waals
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Bai 1.5: Cho mét binh kin c6 thé tich 0,6 m3 (khéng d61),
chta day O, & nhiét do 30°C va ap suat hién thi trén dong ho
12 -0,6 bar. Biét khoi lugng phan tir ciia 1 kmol O, 1a p = 32
kg va coi khong khi la khi ly tuéng. Xac dinh:

Ap suat tuyét d6i cta O,

Khoi lugng cua O,

Thé tich riéng cua O,

Khoi lugng riéng cua O,
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