CHOONG 1
CO SO KY THUAT NHIET NONG
VA TRUYEN NHIET
1. NHIET NONG KY THUAT
1.1. KHAI NIEM CHUNG
1.1.1: NGUYEN LY LAM VIEC CUA MAY NHIET
Nhiét va cong: 1a cac dai lugng dic trung cho sy trao doi ning luong gitta moi
chat va moi truong khi thyc hién mét qua trinh. Khi méi chét trao dbi cong véi moi
truong thi kém theo cac chuyén dong vi mé, con khi trao doi nhiét thi ludn ton tai su
chénh 1éch nhiét do.
Nhiét lwong: Trong mot vat thi cic phan tir va nguyén tir ciia n6 s& chuyén
dong hon loan va vat mang mot ning luong goi 1a nhiét ning.
Nhiét lugng 1a nhiét nang trao ddi do chénh 1éch nhiét do6 va 1a ham qua trinh
(ky hi¢éu Q [J, cal] hoac q [J/kg, cal/kg] )
Noi cach khac: La luong niang luong di xuyén qua bé mat ranh giéi khi chat
moi gidi va moi truong co sy chénh I¢ch nhiét do
Cong: La lugng ning lugng di qua bé mit ranh gidi c6 kha nang dich chuyén
1 vat nao do6 (ky hiéu la L [J= Nm, cal] hoac 1 [J/kg, cal/kg]
Cong khong thé chtra trong mot vat bat ky nao, ma noé chi xuat hién khi c6 qua
trinh thay ddi trang thai kém theo chuyén dong cia vat.
May nhiet la thiet bo thoic hien qua trinh chuyen hoa gida nhiet nang va c6
nang 6 hai nguon nong (T1) va lanh (T2).
May nhiet fi66c chia lam hai nhom: Nhom fiong ¢6 nhiet va nhom may lanh, bdm nhiet
Nong c6 nhiet: Gom may héi nédc, fiong cd fiot trong, fiong ¢ phan ldc,
turbine hoi, turbine khi,... loai nay lam viec theo nguyen ly chat moi gidi nhan
nhiet (Q1) t6 nguon nong ( qua trinh chay nhien lieu), ke fien la gian n6 fie bien
mot phan nhiet thanh cong (Lo), sau fio chat moi gibi nha phan nhiet (Q2) cho nguon
lanh. Q1 -1QJd =Lo
May lanh va bom nhiet : Lam viec theo nguyen ly may tieu hao nang 166ng
Lo, chat mai gidi nhan nhiet (Q2) t6 nguon lanh fie lam lanh vat, roi truyen (Q2)
va (Lo) cho nguon nong. May lanh s6 dung nhiet (Qz) fie lam lanh vat con bom
Nhiet va cong la cac dang nang 166ng la cac fiai 166ng vat ly phu thuoc vao qua trinh.
Qui 606c:  Nhietnhan Q>0
Nhiet nha Q<0
Congsinhra L>0
Cong tieuhao L<0



Nonvo: 1 Cal =4,18]

1 Btu = 252 cal (British Thermal Unit)
1 Btu/h = 0,3 W.
1.1.2 : HE NHIET NONG VA PHAN LOAL.

He nhiet fiong la mot vat hoac nhieu vat idéc tach ra fie nghien céu nhéng
tinh chat nhiet fiong cua no. He nhiet fiong bao gom:
1.1.2.1 : He kin va he ho:

Noi voi he kin chat moi gidi khong bao gid fii xuyen qua be mat ranh gioi
ngan cach gita he thong véi mai trédng, khoi 166ng chat moi gidi xem la khong
fioi. (moi chat trong may lanh...).

Ngo6dc lai he thong hé chat moi gidi co the vao va ra khoi he thong. (fiong c6
fiot trong, fiong c6 phan loc, fiong co turbine...).
1.1.2.2 : He co lap va he fioan nhiet:

Mot he thong fiddc goi la co lap khi hoan toan khong trao fioi nang 166hg nao
(nhiet va c6 nang) gida chat moi gidi va moi trodng.

Neu gita he va moi trodng chz khong co s6 trao fioi nhiet ma thoi thi goi la
he fioan nhiet.

1.1.3: CHAT MOI GIQl.

Chat moi gidi (CMG)la chat trung gian dung fie théc hien cac chuyen bien ve nang
166hg. Chat moai gidi fiddc sd dung trong nhiet fiong th6dng 6 dang khi hoac héi.
(chat moi gidi Addc xem la 6 dang khi khi cac thong so thddng gap 6 xa trang thai
bao hoa, loai nay nhiet fio ti han thap. Ngo6c lai chat moi gidi fid6¢ goi la dang hoi.)

Trong nhiet fiong ky thuat chat moi gidi 6 dang khi fidéc chia lam hai loai: Khi
ly t6dng va khi thoic.

Chat khi ii66ic xem la khi ly té6ng khi hoi fiu 2 yeu to :

- The tich ban than phan t6 khi bang khong.

- L6c todng tac gida cac phan td cung bang khong.

- Khoi 166ng rieng khong fioi

Con lai fi6dc goi la khi tholc.
1.1.4 : TRANG THAI VA CAC THONG SO TRANG THAI .

Trang thai la tap hdp cac fai 166ng xac fionh tinh chat vat ly cua chat moi gioi
tai thoi fiem nao fio. Cac thong so dung fie xac fionh trang thai cua chat moi gidi
A06C goi la thong so trang thai, & moi trang thai xac fionh thi thong so trang thai cung
co nhéng gia tro xac fionh.

Mot trang thai id0c goi la can bang cua chat moi gidi khi cac thong soi trang
thai co cung mot gia tro & moi filem trong toan bo khoi chat moi gi6i. Ngodic lai
goi la trang thai chat moi gidi khong can bang.
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1.1.4.1 : Thong so trang thai.

Ne bieu dien trang thai cua chat moi giéi ngddi ta nhd fien ba thong sol trang
thai c6 ban: Nhiet fio, ap suat, the tich rieng. Ngoai 3 thong so nay con dung fien
cac thong so khac nho: Noi nang, Enthanpy, Entropy, Exergy, ..

a) Nhiet fio:

Nhiet fio la thong so bieu tho mdc fio nong lanh cua vat, con theo thuyet fiong

hoc phan td nhiet fio bieu tho gia tro iong nang trung binh cua cac phan t6 chuyen

fiong tonh tien.
20 mX °F

—10 BEKT (1-1)
3g 2 1
fio: T : Nhiet fio tuyet fioi, K
m : Khoi 166ng phan td, kg
K : Van toc trung binh cac phan t6, m/
k : Hang so Boltzmann. k = 1,3805 .10-23 (J/fio)
Ne xac fionh nhiet fio ng6oi ta th6dng dung 2 thang fio nhiet fio:
Nhiet fio bach phan. ( Nhiet fio Celcius : t, °C)
Nhiet fio tuyet fioi. ( Nhiet io Kelvin : T, K)
T(K) =t(°C) + 273,15
Ngoai ra con co cac thang nhiet fio khac nho : Nhiet fio Fahrenheit t(°F),
Rankine T(°R).

Trong

docls Sétﬂ"Fﬂm 32l (1-2)
docl o 21l Rl 273014 (1-3)
9
b) Ap suat:

Ap suat la l16c tac dung cac phan té theo phoéng phap tuyen len mot fidn vo
dien tich thanh binh chda.

F
PES (NI (1-4)

O fay: p : ap suat tuyet foi (N/m?)
F:loctac dung (N) (1N = 1kgm/s?)
S : dien tich thanh binh (m?)
Ne fio ap suat ngddi ta dung nhieu fidén vo fio khac nhau, ta co moi quan he
gida cac fidn vo fio ap suat nho sau :
lat=9,81.104 (N/m?) X 0,981bar X 9,81 .104 Pa
=1 kG/cm? = 14,7 psi
=10 mH20 = 735,5 mmHg



Ngoai ra ta co cac khai niem khac ve ap suat nho:
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Hinh 1.1: Moi quan he ap suat
Trong flo: p: ap suat tuyet foi
pa :apsuat do
pkT : ap suat khi troi
Pck : ap suat chan khong
*) Chu y: Khi fio ap suat bang chieu cao cot thuy ngan phai qui ve fiieu kien
0°C tro6¢ khi chuyen fioi fidn vo, theo cong thoc:
h0°C = h (1- 0,000172.t)
Trong fio :
h0°C : chieu cao cot thuy ngan 6 0°C .
h  :chieu cao cot thuy ngan 6 t°C.
c) The tich rieng:
The tich rieng la the tich cua mot fién vo khoi 166ing.
Neu mot 166ng khi co khoi 166ng la G (kg), the tich la V( m?3) thi the tich rieng se la:

Vv

VK c (m3/kg) (1-5)

Khoi 166ng rieng la fiai 166ng nghich fiao cua the tich rieng.
1

W= (kg/m?) (1-6)

d) Noi nang: (ky hieu: u, J/kg)

Noi nang cua mot vat bao gom: nhiet nang, hoa nang, nang 166ng nguyen to.
Noi voi qua trinh nhiet fiong hoa nang va nang 166ng nguyen té khong thay fioi
nen so thay fioi noi nang cua vat ch la s6 thay fioi nhiet nang.

Noi nang bao gom: Noi flong nang va noi the nang.

Noi fiong nang sinh ra la do chuyen fiong tonh tien, chuyen fiong dao fiong,
chuyen filong quay cua cac phan to.

Noi the nang sinh ra la do l6ic t66ng tac cac phan to.

Theo thuyet fiong hoc phan td thi noi fiong nang phu thuoc vao nhiet fio, noi
the nang phu thuoc vao khoang cach cac phan to, la-ham fién tro cua the tich, do vay:

u="~(T,v)

Noi véi khi ly t66ng thi:

u="F(T)



Mat khac noi nang la mot thong so trang thai, chz phu thuoc vao trang thai
fiau va cuoi, khong phu thuoc vao qua trinh tien hanh.

du =cv dT.
Khi cho qua trinh tien hanh t6 trang thai 1 fien trang thai 2 fio bien thien noi nang se la:
Xu = cv(T2—Ta) (1-7)

O fay: ¢y la nhiet dung rieng khoi 166ng fiang tich(J/kg.fio)
e) Nang 106ng fiay: (d : J/kg)

Noi voi dong khi hoac chat long chuyen fiong, ngoai fiong nang va the nang
ben ngoai con mot nang 166ng giup khoi khi dich chuyen, goi la nang 166ng fiay.
Nang 166ng fiay fG6c xac fionh bang bieu thoc :

d=pv (1-8)
Nang 166ng fiay la mot thong so trang thai va chz co 6 he hd, khi dong khi chuyen
fiong thi nang 166ng fiay thay fioi va tao ra cong lou fiong fie fiay dong khi dich chuyen.
f) Enthanpy: (i, h: J/kg)
Enthanpy las mot thong so trang thai.
Trong nhiet flong enthanpy fi66ic fiocnh nghta bang bieu thoc:
I=u+pv (1-9)

Noi véi khi théic enthanpy phu thuoc vao 2 trong 3 thong so trang thai co ban,

con fioi vai khi ly t6éng thi:
(1-99¥  di=du+d(R.T)

di = cvdt + RAT
di = cdT.
No bien thien enthanpy gida hai trang thai 1 va 2 se la:
i =cp(T2—Ty) (1-10)

g) Entropy: (s: J/kg.fo)

Entropy lamot fiai 160ng vat ly maso thay fioi cua no chdng to co s trao fioi nhiet.

Phoong trinh vi phan entropy co dang:

dq
ds ¥ T (1_11)
dq : nhiet 166ng trao fioi gida chat moi gidi va moi trédng trong qua trinh vo cung be.

h) Exergy: (e: J/kg)

Exergi la nang 160ng toi fia co the bien hoan toan thanh cong trong qua trinh

thuan nghich. Noi vai nhiet nang:

g=e+a (1-12)
Trong fio : q: nhiet nang
e : exergy

a : anergy — phan nhiet nang khong the bien thanh cong.



1.1.4.2 : Phoong trinh trang thai :
Phoong trinh trang thai cua chat khi mot cach tong quat i6dc bieu dien theo
moi quan he ham so nho sau:
F(p,v,T)=0
No cho phep ta xac fionh fi6Gc mot trang thai bat ky khi biet 2 trong 3 thong so trang thai.
a) Phoong trinh trang thai cua khi ly téong:
Phodng trinh trang thai khi viet cho 1 kg khi co dang :

pv=R.T (1-13)
Trong fio : p: ap suat tuyet ioi (N/m2) v
: The tich rieng (m3/kg)

R : Hang so chat khi (J/kg.fio)
T : Nhiet fio tuyet fioi (K)
Phodng trinh trang thai foi voi G kg khi :
p.v.G =G.R.T
X pV=GRT (1-14)
Ph6ong trinh khi viet cho 1 kmol chat khi:
To (1-13) X p.vlE =LR.T
X pVe =K.R.T
vOi : Vi =v. [ : The tich 1 kmol khi. (m®kmol)
Nat: Ry =0.R : Hang so pho bien chat khi (J/kmol.fio)
¥ pVe = Ral (1-15)

V,
Y A (1-16)

Theo Avogadro — Ampere: 6 fiieu kien tieu chuan : p = 760 mmHg, t= 0°C = 273,15 K, the
tich 1 kmol khi ly toong Vi=224m3vay:X RI = 8314 (J/kmol.fio)
KRR " g 8314
i i

b) Phdbng trinh trang thai khi thoic:
Trong thdc te cac khi s6 dung fieu la khi thdc va viec tinh toan no rat phoc
tap. Ne thiet lap pho6ng trinh cho khi thoc ngdoi ta déa vao phédng trinh cua khi
ly tdong roi them vao mot so he soi fileu chenh AGOC rut ra té thoc nghiem.

Theo Vander Waals phoong trinh co dang:
al

Ep@ “gva bl @ RT (1-17)
I Vo
Trong fio: a/vZ He soi flieu chznh ve ap suat noi bo, khi ke fien I6c tac dung
t0ong ho gida cac phan to.
b : He sofiieu chinh ve the tich ban than phan to.
a,b: Con goi la cac hang so ca biet bien thien theo cac loai chat khi.



1.2: CHAT MOI GIQI
1.2.1: NONH NGHO0A .
Nho fia trinh bay 6 ch6dng 1 chat moi gidi la chat trung gian dung fie thdc hien
cac chuyen bien ve nang 166ng, chat moi gibi ta théong gap 6 dang khi hoac hoi.
Chat moi gi6i fi66c xem la & dang khi khi trang thai cua no 6 xa trang thai bao
hoa, thoong nhiet fio tdi han t6ong fioi thap. Ngooc lai mot chat xem la & the hoi
khi nhiet fio tdi han cua no t6ong fioi cao so voi thong so thédng gap.

Trong nhiet fiong ky thuat ta co the xem: Oz, N2, Hz, hdi nddc trong khong khi...
la khi ly todng. Con héi nédc trong thiet b fiong 16c héi nd6c, Freon ( R12, R22,
R134a,..), amoniac (NHs) trong may lanh ... khong A6dc xem la khi ly t6ong.

Vidu:
- Nong cd héi nédc: chat moi gidi la hdi ndoc.
- Nong ¢ fiot trong, turbine khi: chat moi gi6i la san pham chay.
- May lanh: chat moi gidi la cac loai Freon hay Amoniac.

1.2.2 : HON HOP KHI LY TOONG.
Trong nhiet fiong ky thuat co mot so trodng hop chat moi gidi bao gom nhieu
thanh phan khi khac nhau ( khong khi gom: O2 , N2 va mot so khi khac...)
Vay fie xac fionh cac thong soi cua hon hdp ta can phai biet cac thong so cua
cac thanh phan.
La hon hop khi thi bat ky thanh phan nao trong fio fieu co cung nhiet fio va
chiem toan boi the tich cua hon hop.
1.2.2.1 : Ninh luat Gip — Dalton.
Ap suat cua hon hdp khi ly t6dng bang tong cac ap suat rieng phan cua cac
chat khi thanh prn1an.

pE N p, (1-18)
iX1
p : ap suat hon hop.
pi : phan ap suat chat khi thé i. (ap suat rieng phan)
Ap suat rieng phan cua chat khi thanh phan la ap suat cua chat khi fio khi no
chiem toan bo the tich cua hon hdp va 6 fiieu kien nhiet fio cua hon hdp.
Neu goi : V, T la the tich va nhiet fio cua hon hop.
pi, Gi, Ri la ap suat rieng phan, khoi 166ng, hang so chat khi cua
thanh phan thd i trong hon hop.

X piV =GRiT.
G,RT
pi 1T (1-19)



TooNg to:

n

Ui Nu,

iK1

n
XX I, (1-20)
iKL
n
SK S,
i1
1.2.2.2 : Bieu tho thanh phan hon hép.
Thanh phan hon hodp co the bieu tho theo khoi 166ng, the tich hoac so mol.
a) Thanh phan khoi 166ng: (gi)
Thanh phan khoi 166ng mot chat trong hon hép la t& so gida khoi 166hg chat
fio voi khoi 166ng hon hop.
6,8 >
[ E (1'21)
Trong fio: @i : Thanh phan khoi 166ng cua chat thé i trong hon hop.
Gi: Khoi 166ng chat thé i.
G: Khoi 166ng hon hop.

MG,

R g Bg 01 (1-22)

b) Thanh phan the tich: (ri)
Thanh phan the tich cua mot chat trong hon hdp la tz so gida the tich rieng
phan cua chat fio vdi the tich hon hdp.
ri V; (1-23)
Y/
Trong fio: r; : Thanh phan the tich cua chat thdi i trong hon ho
Vi : The tich rieng phan cua chat thd i.
V : The tich hon hop.
The tich rieng phan V; cua chat thd i trong hon hép, 6 fieu kien ap suat va
nhiet fio cua hon hop:
pVi= GiRiT
Vi G% (1-24)
n V n
qv. 1 —NX p,

iK1 p X1



Theo Gip-Dalton:

n
pEN p
i1
4 Y
Mr By —H1 (1-25)
i X1 imp
c¢) Thanh phan mol:(ri)
Thanh phan mol cua mot chat trong hon hép la tz so gida so kmol cua chat fio
vOi so kmol cua hon hop
M.
rg—- 1-26
Ly (1-26)
Trong flo: M; : so kmol chat tho i.

M : so kmol hon hop.

n n Mi
Mr BN M—Ml (1-27)
i X1 i M1

1.2.2.3 : Xac ionh cac fiai 166ng vat ly cua hon hop.

a) Phan t6/166ng cua hon hop: ¥
Taco: pViM=M.R.T

Va pVvV =G.R.T
PVE GT _*
B
XK KX G_
Ml
XNK (1-28)
9
My
b) Hang so chat khi R cua hon hop:
RK 8314
i
REN giR; (1-29)
c) The tich rieng Qoén hdp:
V NVI n g
VR R (1-30)
G G i X
d) Khoi I('j(“)'nglriefgg cua hon hdp:
pesel (1-31)
Vom0



1.2.2.4 : Phan ap suat thanh phan
Phan ap suat thanh phan fi66c xac fionh theo ap suat hon hdp (fio AGAC).
Taco: piV=GRiT

pV = GRT
> Pig GiR
X —K
X ) X e
X pX ng. |§_ (1-32)

1.2.3: KHI THOC.
1.2.3.1 : Khai niem.

Trong théc te ta gap kha nhieu trédng hop chat moi gidi khong Addc xem la
khi ly todng ma la khi thdc, vi du nhé CO2, NH3 va cac loai Freon dung trong
may lanh, hoi nééc dung trong turbine hoi, fiong cd héi nddc... Luc nay ta khong
the bo qua I6c tédng tac gida cac phan t6 va the tich ban than cac phan té f6oc.
Do vay khong cho phep dung cac cong théc cua khi ly tééng fie tinh toan. Ne
giai quyet van fie nay ta tim hieu ve tinh chat cua hdi nd6c.

a) Qua trinh hoa hoi:

La qua trinh vat cha nhan nhiet fie chuyen td pha long sang pha hdi. Ngéoc

lai goi la qua trinh ngdng tu. (xay ra trong toan bo the tich khoi chat long).
b) Qua trinh nong chay:

La qua trinh vat chat nhan nhiet fie chuyen td pha ran sang pha long. Ngdéc

lai goi la qua trinh fiong fac.
c) Qua trinh thang hoa:

La qua trinh vat chat nhan nhiet fie chuyen t6 ran sang h6éi khong qua trang thai long.
Ng06dc lai goi la ngong ket.
1.2.3.2 : Qua trinh hoa héi fiang ap . (Vi du: H6i n66c)

Qua trinh hoa hdi th6ong xay ra 6 ap suat khong fioi.

t(C)
p p &p

- q (kl/kg)
»

0

Hinh 1.2: Bieu dien qua trinh hoa hoi fiang ap
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Cho vao xi lanh 1 kg nodc 6 0°C tren fio co fiat 1 piston va co the dich chuyen
de dang vOi ap suat p = const. Vi piston fiel len mat thoang cua n66¢c nen khong
xay ra sO bay h6i ma chg xay ra so'soi khi cap nhiet.

Khi cap nhiet vao xi lanh qua trinh bien nédc thanh hdi nho sau:

+ Noan OA : Qua trinh fiot nong nédc t6/ 0°C fien nhiet fio soi, giai fioan nay
khi nhiet fio tang thi the tich cung tang. Cac thong so cua n66c 6 trang thai ban fiau (
filem O) co ky hieu: vo , Uo, lo, to. Tai A nhiet fio cua ndoc fiat fien nhiet fio Soi.
Cac thong so n66c sai co ky hieu: v’, u’, i’, t’=ts .

+ Noan AC : Bieu dien qua trinh soi, trong giai fioan nay mac du tiep tuc cap
nhiet, nhdng nhiet fio cua n6dc van khong fioi. Nhiet 166ng cung cap cho né6c
trong fioah AC khong lam nhiet fio cua n66c tang len goi la nhiet hoa hoi, ky hieu: r

Tai C giot n6dc cuoi cung bien thanh hoi, séi soi ket thuc, héi né6c 6 trang
thai nay goi la héi bao hoa kho, ky hieu cac thong so: v’’, u”’, i’’, t”’=ts

HO6i nddc tai filem B nao fio trong floan AC (hon hop gita n6oc soi va hoi
ndoc bao hoa kho) goi la héi n6é¢ bao hoa am. Thong so trang thai cua B ki hieu
la: vx, Uy, Ix, tx = s

Ne xac fitnh trang thai héi né6c bao hoaam ngédi ta fida ra thong so méi X, goi la fio
kho. No kho cho biet 166ng hdi bao hoa kho chéa trong 1 kg héi bao hoa am.

Gk G_k Gy
xﬁmﬁ G i GC.EG,
Ngoai ra ta con dung 1 thong so khac y: goi la fio am.

yR 18 x@ _Cns

HBHA

No am cho biet 166ng nédc chda trong 1 kg hodi bao hoa am.

+ Noan CD: Bieu dien qua trinh bien héi bao hoa kho thanh héi qua nhiet. Sau khi
toan bo nddc fia bien thanh héi tai C, neu tiep tuc cap nhiet luc nay nhiet fio cua héi se
tang len cho fien trang thai D nao fio. D goi la trang thai hoi qua nhiet, thong so héi qua
nhietla: v, u, i, t >ts. Qua trinh tien hanh nhieu lan 6 cadi ap suat khac nhau, sau khi x6
so lieu fid6c tom tac va bieu dien tren fio tho p-v nho sau:

Hinh 1.3: Noi tho p-v cua héi ndéc

11



Tren fio tho cac fiiem O1, Oz, O3z bieu dien trang thai nédc 6 0°C vdi cac ap
suat khac nhau, chung nam tren fidéng thang gan nhé song song voi truc p ( vi
the tich cua n66c 6 0°C hau nhd khong thay fioi theo ap suat).
Nhding fliem A1, Az, Az bieu dien trang thai ndé6c soi 6 cac ap suat khac nhau,
ap suat cang cao cac filem nay cang nghieng ve ben phai, vi nhiet fio soi cao nen
the tich tang theo ap suat.
Cac iliem Cy, C», Cz bieu dien trang thai hoi bao hoa kho 6 cac ap suat khac
nhau, ap suat cang lI6n thi i6éng nay cang co khuynh h6dng nghieng ve ben trai
( p va v cua hoi bao hoa kho co quan he tz le nghoch).
Noi cac fiiem O1, Oz, Os,.. ta AGdc id6ng n66c 6 0°C. Noi cac fiiem A, Az,
As,... ta idoc ddng nddce soi hay goi la Addng gidi han dodi co x = 0. Noi cac fiem Cy,
Co, Cs,... ta co id6ng hdi bao hoa kho goi la fiddng gidi han tren co x = 1.
Khi ap suat cang tang thi hai idéng gi6i han dodi va tren tien lai gan nhau,
fien mot ap suat nao fio goi la ap suat tdi han thi hai AGGng nay se gap nhau tai
Kk, k goi la filem toi han.
Thong sotai k :
pk=221barX 225 at
vk = 0,003 m3/kg
tk=3740C

Ngoai ra fio tho chia lam 3 vung :
Vung | :vung ndbc chda soi.
Vung Il : vung héi bao hoa am.
Vung 11 : vung héi qua nhiet.

* Nhiet 166ng can thiet fie bien nodc 6 0°C fien trang thai hdi qua nhiet la

q=0n+ 1+ 0k (1-33)
Trong fio: gn=1i"—io = Cph (ts —to)
dn: Nhiet 166ng can thiet lam cho nédc 6 0°C fiat fien nhiet fio soi.
r=i”—1" (r: Nhiet hoa hoi).
Ok = Cph ( t —ts)
gk: Nhiet 166ng can thiet fie bien h6i bao hoa kho thanh hdi qua nhiet.
cph: Nhiet dung rieng fiang ap cua hoi qua nhiet.
1.2.3.3 : Phodng phap xac fionh thong so trang thai cua héi n66c

HG6i n6oc la khi thdc co tinh chat khac xa khi ly t66ng, fie xac fionh cac thong
so trang thai cua no ta nhoi fien bang hoac fio tho.

a) Bang ho6i nddc:

Tuy theo hdi nd6c 0 trang thai nao ma ta co hai loai bang fie tra cac thong so
trang thai cua hoi n6oc.
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+ ) Bang n66c soi va héi bao hoa kho:
Dung xac fionh cac thong so n6dc soi va hdi bao hoa kho, phu thuoc vao thong
so biet trooc, ta co 2 loai:
*) Loai cho theo nhiet fio: (t°C)
t |p v’ v’ X’ 1’ 17’ r s’ s”’
OC lbar [m%kg m%kg |kg/m® |ki/kg |ki/kg |kI/kg [kd/kg.fiolkd/Kg.fio
30 |0,0424]. .
1001,0132(0,00104|1,673 |0,5977 419,1 |2676 |[2257 |[1,3071 |7,3547

*) Loai cho theo ap suat: (p bar)
p t VB V” M” i’ i” r S’ SBB

bar| °C | m3kg | m¥kg | kg/m® | ki/kg | ki/kg | ki/kg |kJ/kg.fiolkd/kg.fio

0,1]45,84|0,00101| 14,68 |0,06812 191,9 | 2393 | 2257 | 0,6492| 8,149

100]310,96/0,00145/0,0180| 55,46 [1407,7| 2725 | 1317 | 3,360 | 5,615
+) Bang n66c choa soi va hdi qua nhiet:

Dung tra cac thong so n60c chda soi va hoi qua nhiet. Khi tra cac thong so
trong bang nay can biet trodc 2 thong so p vat.

Rieng fioi voi h6i bao hoa am khong co trong bang, fie xac fionh cac thong so
cua no ta xac fionh theo fio kho x, cac thong so cua héi bao hoa kho va nddc soi,
theo cac cong thoc sau:

Vx=v'+x (V' —V’)
ix =1 +x(1"-1") (1-34)
Sx=8 +x(s=5")

Uux=u’+x(@u’—u’)

i Xi° s Ks
M X —"—N—"—
I X1 s"Ms
Ngoai ra noi nang khong co trong cac bang va fio tho, va fiééc xac fionh té enthanpi:
i=u+pv
u=i-pv (1-35)

b) No: tho héi nddc: Ne xac fiinh cac thong so cua héi nédc, ngoai viec dung bang
ta con s6 dung fio tho, no co 6u filem la xac fionh fién gian va nhanh chong, nhddc
fiiem la fio chinh xac khong cao.
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+)Notht T—s
T

) =const

/
/// p,=const
- 2

\ v, =const

| /

| /
,/ p,=const

| 7 1

|

273 / l /\
.\}\—\H X -

Hinh 1.4: No: tho T-s cua hoi ndoc
Tren fio tho T-s cac Addng Aang ap trong vung héi bao hoa am song song truc
s, qua vung hdi qua nhiet fAi len co be loi quay ve doéi. Cac iddng fiang tich luon luon fi
len & ca hai vung hdi bao hoa am va hdi qua nhiet fiong théi cung doc hdn fiddng fiang ap.
Trong vung bao hoa am fio kho x tang dan té x = 0 fien x = 1.
+) No tho i-s:

|
y -

4000

3200

g

800

Hinh 1.5: No tho i-s cua hoi ndoc

O fio thd i-s trong vung hdi bao hoa am cac fivdng fiang nhiet va fiang ap trung
nhau va doc len, ra fien vung hoi qua nhiet, i66ng fiang nhiet gan nhé nam ngang
con i6dng fiang ap tang manh. Cac fibdng fiang tich van co dang fiéong cong va
doc hén ifang ap.
¢) No tho IgP-i cua moi chat lanh:

Cac moi chat s6 dung trong may lanh théong la: NH3, cac loai freon ( R12, R22,
R134a,..) fie xac fionh cac thong so ta théong dung fio tho Igp-i cho cac moi chat lanh.

14



logp
Mpa)l ¢t X

S
x=() \:]/\ 1 (klkg)

L

Hinh 1.6: No: tho logp-i cua moi chat lanh
Tren Ao tho IgP-i cac Adbng fiang ap la nhdng Addng thang song song truc
hoanh. Cac i6Gng fiang nhiet trong vung hoi bao hoa am trung voi cac fiddng
flang ap t6éng 6ng, 6 vung hdi qua nhiet la nhéng fA66ng cong gan nho thang
fidng. Cac fi6dng fiang entropy va fiang tich la nhéng Adéng cong co be loi quay

Al A

BAI TAP
Bai 1.1: Thanh phan khoi 166ng cua san pham chay la: H> = 1,5%; C0, = 10%;
N2 = 60,5%; CO = 28%.
Xac fionh thanh phan the tich, mat fio va the tich rieng cua hon hép khi p = 1,96bar vat
= 100°C. Tinh so kilomol cua hon hdp
Nap so: N2 = 52,5%; ......
Vin = 0,655m3; L, B 1,53kg / m3
41,4 kilomol
Bai 1.2: Tinh the tich cua 3kg hon hép khi, biet thanh phan khoi 166ng cua chung
la: go® 0,4 9 NZM 0,2 Jco, ¥ 0,4: nhiet fio cua hon hép t = 50°C; ap suat
thda la 600mmHg; ap suat khi trdi 760mmHg.
Nap so: V = 2,38m?3
Bai 1.3: Trong binh A co khong khi co nhiet fio ta = 80°C; va ap suat pa = 3,2at; binh
B cung choa fiay khong khi co ts = 320°C; ps = 1,5at; The tich cua binh A, Va =
100lit; Vg =55lit.
Hay xac fionh ap suat va nhiet fio khong khi trong ca hai binh khi chung fi6éc
thong voi nhau.
Nap so: t =112°C; p = 2,65at
Bai 1.4: Trong mot binh choéa khi CO> fiddc chia fioi bdi mot vach ngan. Ngan ben
trai co p1 =430mmHg; t; = 170°C; V1 = 1m?3. Ngan ben phai co p, = 940mmHg; t; =
210°C; V2= 3mé.
Hay xac fionh ap suat va nhiet fio cua hon hép sau khi bo vach
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Bai giai
Nhiet fio' hon hdp sau khi lay vach ngan:

n

& PV,
tk ™ K 459°K
) ini
il T
Ap suat cua hon hop

X pV,
tx ™ 559mmHg
NV;
i1
Bai 1.5: Ba dong khong khi hon hdp v6i nhau. Dong Oz co G; = 115kg/ h; t1 = 300°C
Dong CO co: G, = 200kg/ h; t. = 200°C. Dong khong khi co: t;= 400°C. Hon hdp cot = 275°C
Xac fionh 16u 166ng khoi 166ng Gk = ?; (biet p1=p2=ps)

Nap so: 97.8kg/ h
1.3:NHIET LOONG VA CACH TINH NHIET LOONG THEO NHIET DUNG RIENG
1.3.1 : NONH NGHOA.
Nhiet dung rieng la 166ng nhiet 166ng can thiet fie fida mot fidn vi chat len 1
fio theo mot qua trinh nao fio. Ky hieu c .
- Neu ta co 1 fidn vi chat moi gidi la 1 kg, can mot nhiet 166ng la dq lam cho
no thay fioi nhiet fio la dt thi:
i—?c : Nhiet dung rieng théc (1-36)
- Con neu ta cung cap cho 1 kg chat moi gidi mot nhiet 166ng la g lam cho
no thay fioi nhiet fio td t; fien t, thi:
% Goi la nhiet dung rieng trung binh trong khoang nhiet fio to' t1 fien t
LMY
to

Ky hieu nhiet dung rieng trung binh td t; fien t2 la: CNM

o n—=+ (1-37)
1 t,Kt,
1.3.2. : PHAN LOAI

Co nhieu cach phan loai nhiet dung rieng, dda vao fién vo fio va fiac tinh qua
trinh co cac loai sau:
1321 : Khi lay iidon wo fio la kg: goi la nhiet dung rieng khoi 166ng, ky hieu ¢ (kJ/kg.iio)

- Neu qua trinh tien hanh trong fiieu kien ap suat khong fioi, goi la nhiet dung
rieng khoi 166ng fiang ap ky! hieu : ¢,

- Neu qua trinh tien hanh trong fiieu kien the tich khong fioi, goi la nhiet dung
rieng khoi 166ng fiang tich ky hieu: cy
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1322 : Khi lay fién vi fio la m® tieu chuan: goi la nhiet dung rieng the tich, ky
hieu ¢’ (kJ/m3tc.fio) (m3tc fio & fiieu kien: p = 760 mmHg, t = 0°C).

Td6Ng to ta cung co ¢’p va ¢’y, lan 166t la nhiet dung rieng the tich fiang ap
va nhiet dung rieng the tich fiang tich.
1.32.3 : Khi lay fibn v fio la kmol: goi la nhiet dung rieng kmol, ky hieu ¢; (kJ/kmol.fio).

To66ng toi ta cung co Cyp Va Cw, Ky hieu cho nhiet dung rieng kmol fiang ap va
nhiet dung rieng kmol fiang tich.

*) Moi quan he gida cac loai nhiet dung rieng:

Khi biet nhiet dung rieng nay can xac fionh nhiet dung rieng kia ta dung cac

moi quan he sau:
Cg

cX '
T Hev, (1-37a)
cg— =R (1-37b)
6p
X k
C (1-37¢)
Vv
Trong o k la somu fican nhiet: k > 1
To ( 3-3b) va (3-3c)
g R
c,X i
W 1 (1-37d)
kR k
W c® "1 (1-37e)

1.3.3 : SO PHU THUOC NHIET DUNG RIENG VAO NHIET NO
1.3.3.1 : Quan he hang so:
Trong ky thuat khi tinh toan khong can fio chinh xac cao ta coi nhiet dung rieng
khong phu thuoc vao nhiet fio, chz phu thuoc vao tinh chat cua chat moi gioi, fie
xac fionh ta co bang sau:

kcal/kmol.fio
Loai khi k Cy Crp
Khi 1 nguyen to 1,6 3 5
Khi 2 nguyen to 1,4 5 7
Khi td/ 3 nguyen to tré len 1,3 7 9

1.3.3.2 : Quan he idong thang:
O moc fio chinh xac vda phai nhiet dung rieng phu thuoc vao nhiet fio theo
guan he fi6dng thang nho sau:
c=a+bt (1-30)
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1.3.3.3 : Quan he fiddng cong:
Khi méc fiol chinh xac cao nhiet dung rieng phu thuoc vao nhiet fio theo quan
he fi6Gng cong:
c=a’+b’t+dt? (1-31)
Trong fio: a, b, a’, b’, d la nhdng hang so xac fionh t6 thoc nghiem.
1.3.4 :Tinh nhiet 166ng theo nhiet dung rieng.
- Theo nhiet dung rieng thoc:

g=c(t2—t1) (1-38)
- Theo nhiez% dunq rmi%g quan he la iddng thang:
ql alb. 2" *k 0tk (1-39)
@ 2 g 2 1
- Theo quanwhea la AOPNG.CONG; 5 25412 (1-40)
ql gal b. 2 Ty @ dit 2 2k, 5 tl
N 2 N 3 i
- Theo nhiet dung rieng trung binh.
g8 ]t Beft, (1-41)
- Theo entropy:
q=T(S2—5s1) (1-42)

135 : NHIET DUNG RIENG CUA HON HOP KHI LY TOONG
Nhiet 166ng can thiet fie nang hon hdp khi len 1 fio, cung chinh la so nhiet
66ng lam cho cac khi thanh phan tang len 1 fio.
Do iio ta co:
*) Nhiet dung rieng khoi 160ng:
Nang tich: ¢, ¥ 9:¢, K g,c, K..H Nn gic,

il
n

Nangap: ¢, ¥9:C Bg.c, .8 [} gic,
X

*) Nhiet dung rieng the tich:

Rang tich: ¢, B 9,6 ¥J.c, B.E % 9 G

n

Nangap: C'pN glgll szC'p2 ®.&8 X gic'pi

iK1
*) Nhiet dung rieng kmol: )
Nang tich: Ca. ' g:Csy, WGoCay, M..B N gicy,
il
Nang ap: Cg, X 91Cap, Mg,Cap i N.. g XN 9iCap,

X1
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BAI TAP
Bai 1.6: Tim nhiet dung rieng khoi 166ng fiang ap trung binh va the tich fiang
trung binh t6/ 200°C fien 800°C cua hon hdp khi co thanh phan the tich nho sau:
CO2 = 12%; O, = 6%; H20O = 5%; con lai la N2. Neu nhiet dung rieng phu thuoc
theo quan he iddGNng thang.
Nap so : 0,258kcal/ kg.fio 0,345kcal/ m3tc.fio
Bai 1.7: Binh kin the tich 100lit chéa khong khi & nhiet fio 0°C va ap suat 760mmHg Hay
tinh nhiet 166ng can thiet fie fiot nong len 200°C. Coi nhiet dung rieng
phu thuoc nhiet fio theo quan he fiddng thang.
Nap so: Q = 18,5 kJ
Bai 1.8: Khong khi fiodc lam lanh té 1000°C fien 100°C khi ap suat khong fioi.
Hoi nhiet 166ng cua 1kg khong khi mat fii la bao nhieu trong 2 tr6éng hdp:
- Nhiet dung rieng la hang so
- Nhiet dung rieng phul thuoc vao thdi gian
Nap so: q = -236,5 kcal/ kg Sai so trédng hop 1 va 2 la 8%
Bai 1.9: 4m? khong khi co ap suat thoa p: = 2at; t = 20°C; fi6dc fiot nong len toi
t, = 120°C. Xac fionh nhiet 166ng can thiet fie fiot nong neu nhiet dung rieng la
hang so va ap suat khi trdi la lat.
Nap so: 1410kJ
Bai 1.10: Binh kin the tich VV = 300lit chda khong khi 6 ap suat p: = 3at; t; = 20°C.
Hoi nhiet 166ng can thiet la bao nhieu fie nhiet fio cua khong khi tang len t, = 120°C.
Tinh sai so trong 2 tr66ng hop: nhiet dung rieng la hang so; NDR phu thuoc nhiet fio
Bai giai
Khoi 166ng khong khi choa trong binh:

*228 ) 93

Noi vai khi 2 nguyen té thi nhiet dung rieng la hang so tinh theo cong thoc:
Cy I 20,9 kJ/kmol.fio
Nhiet dung rieng khoi 166ng fiang tich cua khong khi la:
Cy . 209
C I R
Nhiet 166ng can cung cap:
Q =G.Cy(t2—t1) = 75,815 kJ
Khi tinh nhiet dung rieng phu thuoc vao nhiet fio ta co:
Cv =0,7218kJ/kg.fo
Sai so t0ong fioi trong 2 tréong hop la:
0,723 KX 0,7218 K 0.0016 %
0,723
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14 : CAC QUA TRINH NHIET NONG CO BAN CUA HOI
1.4.1: CAC QUA TRIET NHIET NONG CcO BAN CUA HOI
1.4.1.1 :Khai niem:

Trong thdc tel ky thuat xay ra rat nhieu cac qua trinh nhiet fiong khac nhau,
nhéng qua trinh nhiet fiong ¢d ban thé6ng gap la: qua trinh fiang tich, qua trinh
flang ap, qua trinh Aang nhiet, qua trinh fioan nhiet, qua trinh fia bien. Cac qua
trinh fio xay ra sé bien hoa nang 166ng d66i dang nhiet, cong, noi nang,...

O fay ta nghien céu fac tinh cac qua trinh, xac lap bieu théc quan he cac
thong so, tinh toan cac dang nang 166ng cho tong qua trinh.
1.4.1.2 : No bien thien enthanpy: i (J/kg)

Ki =cp(T2—T1) (1-43)
1.4.1.3 : No bien thien entropy: s (J/kg.fio)
Rs¥ ¢, In_“KRIn Vo (1-44)
T Vi

1.4.1.4 : Qua trinh fAlang tich:(v = const)

- Quan he cac thong so:
T, o P

N 2K -2 -
T Up (1-45)
- No bien thien entropy:
Rs®c, In_% (1-46)
T,

- Cong gian nd: | (J/kg)
2

Taco‘:l N Nl pdV|X| 0]
- Cong ky thuat: I« (J/kg)
2

Ikt

B8] vdp® vip, B p,b B RITET,I
1

- Nhiet 1606ng: q (J/kg)
q=0u+1 (mal=0) q=0u = c(T2—Ty)
P T,
e e

! v 1 s

Hinh 1.7: No th p-v va T-s cua hoi the hien qua trinh fiang tich
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