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Chwong |: Co s® nhiét dong hé
thong lanh




fitvuron 1.1. Qua trinh nhiét dong

LA qud trinh thay déi trang théai va cac thong soO trang
thal cua cac nguyén twe hay phan twe trong chat mOi gioi
khi ching di chuyéen trén mét quang dworng nhat dinh.

Trong gi®i han nhiét ddng ta c6 thé qui worc:

[ Trang thai ] [ Thong so trang thai ]
Py Long chua séi Nhietdo T
Hoi béo hoa am ] )
J J' Hoi qud nhiét AD suat P
¢ 9
| R D Thé tich riéng v
it T2 b
Long soi Hoi bio hoa kho Noinang u
| .
| - Entanpi
X Entropt s




fitv rutRoNg 1.2. Hé nhiét dong

-

Hé nhiét dong (HND) Ia khoang khdng gian chia |
mét lwong nhat dinh CHAT MOI GIO| dang dwoc khao
sat bang cac bién phap nhiét dong.

- J

Chat moi gi¢i ? Nguon nong? Nguon lanh?

7

\ Bé& mat ranh gi®i ngan cach gitra chat
mOi gidi va moi tredng?

Cong va Nhiét lwong trao dbi khi chat
moi gidi bién dbi trang thai

Khi xem xét 1
HND, can lwu y




fitv rutRoNg 1.2. Hé nhiét dong

Phan loai hé nhiét déng:
+ HND kin: lwong chat méi gidi trong hé thong dwoc duy tri
khdng dbi, chat moi gidi khdong thé di xuyén qua bé mat ranh
gi&i ngan cach gitra hé thong va méi trwdng. (VD: may lanh)
+ HND hé: chat moi gi¢i c6 thé di vao va di ra khéi hé thdng
Xuyén qua bé mat ranh gidi. (VD: ddng co dot trong, tuabin
khi, ddng co phan luc...)
+ HND doan nhiét: trong hé thdng nay, chat méi gidi khong
c6 sw trao doi nhiét v&i mdi trwdng trong qua trinh hoat
dong.
+ HND co l1ap: trong hé thong nay, chat méi gi¢i va moi
trwdng hoan toan khoéng coé bat ky suw trao ddi ndng luong
nao trong qua trinh hoat déng.

o e/




fior ruRoNG 1.3. Thong so6 trang thai

P

>

Final state

[ Thong so6 trang thai ]
Nhietdd T

Process path

Initial
state

Ap suat P

Thé tich riéng v

NoO1 nang u

Entanpi

Entropt s




fitvrurong 1.3. Thong so trang thai

1.3.1 Nhiétdoé T

- La thdng so trang thai thé hién mirc d6 néng lanh cla vat

- Dung cu do: Nhiét ké (NK)

Nhiét ké cé 3 loai:

+ NK thiy ngan, NK rwou: dwa trén sw gidn né cla chat Idng
+ NK dién tré: dwa trén sy thay ddi dién tro
+ Thermocouple: dwa trén sw thay déi dong dién

- Pon vi:
+ D6 bach phan (°C):

5
"C=—("F-32
5("F-32)
+ DO Fahrenheit (°F):
"F=18C+32

+ Do Kelvin (K):
: K =° C+273 s



fitvrurong 1.3. Thong so trang thai

1.3.2 Ap suat p

La Iwc tdc dung [én mot don vi dién tich bé mat ranh gidi
theo phwong phap tuyén véi bé mat do.

A(mNj
’
Pon vi:

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,O = 9,81 N/m?

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

®10




fitvrurong 1.3. Thong so trang thai

1.3.3 Thé tich riéeng v

La thé tich irng v&i mdt don vi khdi lwong

3 1
v=V m V— —
G kg P
Trong 4do:

+ G: Khdi lwong clia khdi chat moi gidi dang khao sat (kg)

+ V: Thé tich choan chd cua khdi chat moi gi¢i do (m?3)

+ p: Khéi lwong riéng cha khdi chat moi gidi dang khao sat
(kg/m?3)




fitvrurong 1.3. Thong so trang thai

1.3.4 NGi nang u

- NOi nang la nang lwong bén trong, gay ra do chuyén ddng va twong
tac gira cac phan ti trong vat thé. Noi nang la loai théng sb trang thai
khong do trwe tiep dworec ma phai tinh toan.

- N6i ndng U clia mét hé thong bao gom:

+ Poéng nang U, do chuyén dong tinh tién, chuyén ddéng quay ctia cac
phan t&r, va do cac dao ddng trong ndi bd phan t&r bén trong hé thong
+ Thé nang U, do lwc twong tac gilra cac phan tl trong hé thong
U=U,+U,
Néu khao sat 1kg khdi lwong chat méi gidi:
U= ug4 + u, (kJ/kg)
Trong dé: ug4 1a ndi ddng nang; u, 1a ndi thé nang cua 1 kg khdi lwong

Don vi: kJ, kcal, kwh (hé SlI) hoac BTU (British Thermal Unit)
Lwu y: trong cac bai toan vé nhiét dong, noi chung khéng can biét gia
tri tuyét déi cia ndi ndng ma chi can biét lwong bién ddi ndi nang.

() 012



Wi rurong 1.3. Thoéng so trang thai

1.3.5 Entanpi |

- La loai thdong s trang thai khéng do trwe tiép dwoc ma phai
tinh toan hoac tra bang.

- Entanpi cta 1 kg khoi lwgng chat moi gidi dworc tinh theo
cong thurce:

i—u+pv (kJ/kg)

Lwu V: trong cac bai toan vé nhiét dong, néi chung khéng
can biét gia tri tuyét déi cla entanpi ma chi can biét lwong
bién déi entanpi.




Wi rurong 1.3. Thoéng so trang thai

1.3.5 Entropi s
- Lwong bién déi entropi ds clia 1kg khoi lwong chat méi gidi
trong 1 qua trinh thuan nghich duwoc tinh theo cong thirc:
_oQ 0Q

ds=— hay dS=—7
T T

Cho G kg chat moi gi¢i ta c6 dS = G. ds
Trong do:
+ 8q la nhiét lwong trao dbi gitba chat méi gidi va moi trwdng
trong qua trinh thuan nghich vo cung bé
+ T & nhiét do tuyét doi [K]
- Don vi: kJ/kg.K hoac kcal/kg.K



firrurong 1.4. Trang thai cia moi chat

Trong cac hé thong lanh, moi chat s dung la chat thuan khiét,
ton tai dwoi 5 trang thai sau:

P4 Long chwra soi
Ho1 bao hoa am
l Hoi qua nhiét
v
" - ~ —
I I\ Lo
i 12
Long so1 Hoi bao hoa kho




firrurong 1.4. Trang thai cia moi chat

- Loéng chwa soi cling dwoc goi la |6bng qué lanh, day |a, trang
thai moi chat ton tai & the Iong twong trng voi ap suat bao
hoa nhwng nhiét d6 thap hon nhiét dé bao hoa.

- Long sdi cing dwoc goi la bdo hoa I6ng hay long bao hoa,
day la trang thai mdi chat ton tai & thé I6ng twong rng voi
nhiét do va ap suat bao hoa.

& trang thai moi chat & thé khi hoan toan
(Khong chtra 16ng) c6 nhiét dé va ap suat bao hoa.

- Hoi qué nhiét |a trang thai modi chat & thé khi hoan toan
(Khdng chtra I6ng) co ap suat bao hoa nhwng nhiét dé Ion
hon nhiét d6 bao hoa.



fiov ruRong 1.4. Trang thai cia moi chat

- Hoi bdo hoa am la trang thai mdi chat ton tai dwéi dang hén

hop gitka moi chat 1dng bao hoa va Trang
thai cu thé cla hoi bdo hoa am dwoc xac dinh dwa vao do
kho x, la ti lé gilra khoi lwong va tong
khoi lworng cua mai chat [ong bao hoa va
y = G, _ G
G G +G,



vaYTuTRQJ:fEEE 1.5. Nhiét lwgng va cong

Nhiét lwong

La Iu’0’ng nhiét truyén twr Conduction Convection
vat c6 nhiét dd am hon sang ’ "
vat cd nhiét d6 mat hon.
Nhiét lwong ton tai dwdi dang
dong nang.

Radiation

Cong Oout = 500 KJ

La lwc tac dung trén mot
guang dwong hay la qua trinh
truyén nang lwong qua I6p

bién gitra hai hé thong. Wep, in = 100 KJ




firrutron 1.6. Gian d6 LgP-h va T-s

1.6.1 Gian do IgP-h

Chua y: Tuy theo sach tham khao, c6 noi goi la Gian do IgP-h, ciing
co noi goi la gian do IgP-i nhwng ban chat la giong nhau, chi khac &
day cach dat entanpi la chir cai h hay 1.

IgP A =
e
o
&
I
i
T=const
vung S=const
long
P=const
vung hoi \ vung hoi
bdo hoa &m qua nhiét
x=0 x=11

-
h

®19



I'r’ LY TU TRONG

1.6. Gian dd LgP-h va T-s

1.6.1 Gian db T-s

T A

S=const
vung
long T=const
/ P=const . _
vung hoi
gua nhiét
vung hoi
b3o hoa am
h=const
x=0 X=1
L -

020



Chwong |I: May lanh nén hoi




firrurong 2.1. Nguyén ly lam lanh cua may lanh nén hoi

May lanh nén hoi hoat ddng theo chu trinh ngwoc chiéu:
Chuyén CONG thanh NHIET NANG

Ngudn nong

e e 27



firrurong 2.1. Nguyén ly lam lanh cua may lanh nén hoi

May nén S
Dwéng hon y 2 lThlet bi ngung tu
: Cigh l'8—) L ~ Khinong
. théi ra
Khéng khi == —»
ngoai moi
trwong
B 3
1.4 D e
- : Khi néng Bwong long
2 = trong phong
< ) <«
Khi oA
lanh €= (-8‘ Quat
thoi ra @ . S
<« . G < Dong méi chat
4 . 2 4 i :
Thiét bi bay hoi Van tiét lvu Fin loc

A ®23



firrurong 2.1. Nguyén ly lam lanh cua may lanh nén hoi

P (bar) A 4’ + /‘/ q,

Diém téi han
Dan ngung tu
VS:?algrr‘\g Ving qua nhiét (an no’ng)
Ok __i_'___3 tk 2
. Van tiét
Puéng béo
hoa Iéng luu
-/ fo
Po 4
|
| | >
ha=h h h
’ tc‘mg suat ! céng suat ’ h (k"l/kg)
Nhiét lvgng
Dan ngung ty “1
Gian do Igp-h So db6 nguyén ly may lanh nén hoi

L 024



fiiv rutRong 2.2. Hiéu (rng ctia qua trinh lam lanh

Hiéu (rng cla qué trinh lam lanh dién ra tai thiét bi bay hoi (Dan
lanh), tac nhan lanh di vao dan lanh |4 hoi bdo hoa dm (diém 4), 1a
hon hop gitra 16ng b&o hoa va hoi bdo hoa kho. Sau khi nhan nhiét tor
khong gian can lam lanh, lwong 1dng b&do hoa sé& bay hoi hoan toan
thanh hoi bdo hao khé (diém 1)

May nén iét bi
A Dutmg hok ; y . /2 lThlet bi ngwng tu
P (bal') ‘5. ..... %r = om oE I E T mm a ) N
Diém t6i han N A () 2>
N _ Quat l‘o_> Khi néng
N X N s thoi ra
Vu_ng I16ng Vung quéa nhiét m Khéng khi —»
qua fann » ngoai méi
Pkp——- Ti trwong
X 3
Buong béo 1 B
hoa Iéng |
1 *] Sevae
p \ij‘ Khi néng Durdmg long
°r— /7 ) trong phon
4\ <« gp g
| ! - Khi
h3=ha h1 h2 h (kJ/k It?:)':::: T
Céng suat Céng suat ( g) - <~ Dong méi chat
< lanh ah May nen : y
Nr‘liél lwong ST . 4 Ci
Dan ngung tu 1 Thiéet bi bay hoi Van tiét lvu Fin loc

Hiéu trng cla qua trinh 1am lanh dwoc danh gid bang nang suat lanh:

: q, =h —h, (kJ/kg) 025



fiov ruroNg 2.3. Cong suat lam viéc ctia may nén

+ Cong suat cia may nén

P(bar)A o ng voi 1 kg moi chat
Piem t&i han Ia n h
Vu[lg léng Vung qua nhiét
R | =h,—h (kI /kg)
I |
E)‘u’c'rr]g bao I I R P . ; ;
noale | | + CONng suat cua may nen
| | , ’ ~N X
ol / to Burong bdo ng v&i m (kg/s) moi chat
A4 V. I lanh:
| | L |
=
hsa h3z=ha h1 h2 h2 — A
t Céng suét Coéng suét h (kJ/kg) LO _ m'(hz hl) (kW)
lanh May nén
Nhiét lvgng
Dan nguwng tu

V&éi m la lwu lwong moi
chat lanh (kg/s)

o @26



fiovu tron 2 4. Nhiét lwong ctia dan ngung

A + Nhiét lwong 1 kg moi
P (bar) e 01 chat lanh tda ra trong dan
Vving Iéng Vung qua nhigt ng U’ng :
N | g, =h,—h, (kJ/kg)
Duong bao |
| + Nhiét lwong clia m
| (kg/s) moi chat lanh téa ra
Po [~ |
A4 i trong dan ngung:
| | | |
hs h3=ha h1 h2 h2 h (k?kg) Qk — m.(hz_ h3) (kW)

lanh May nén
Nhiét lvgng

t Céng suét Coéng suét
Dan nguwng tu

V&éi m la lwu lwong moi
chat lanh (kg/s)

o 27



vaYTUTRQJ:f& 2.5. Hiéu suat ctia chu trinh

Hiéu suat cta chu trinh (hé s6 lam lanh) Ia ti s6 gitra ndng
suat lanh va cong suat lam viéc riéng cua may nén:

cop =t _ =",
Io hz_hl

° ® 28



,[LYTUTRQHEEE 2.6. Chu trinh méy lanh nén hoi thwe

Chu trinh may nén hoi thwe la chu trinh qua lanh, qua nhiét

- Hoi modi chat ra khoi
dan Ilanh duoc qua
nhiét ttr nhiét dé T, dén
T, dé bdo v& may nén
khéng huat long tir dan
lanh, tranh hw hai
piston, suppat.

- Léng moi chat ra khoi dan
ngwng dwoc qua lanh tw
nhiét d& T, dén T, nham
tdng nang suat lam lanh

P (bar)

Pk

Piém té¢i han
Ving léng Vi -
gua lanh ung qua nhié
3! 2
Buéng bao
jhoa Iéng

Budng bao
hda khd

' h2 >
hi h (kJ/kg)

}q Céng suét | Céng suét
lanh “ May nén
)4 Nhiét lvong
Dan ngung tu

029



Chwong lll: Chu trinh lanh mét cap

® 30




fiov ruroNg 3.1. Chu trinh Carnot ngwoc chiéu

Chu trinh Carnot ngwoc chiéu la chu trinh lanh cé hiéu suat nhiét
cao nhat. Chu trinh Carnot ngwoc chiéu bao gom 4 qua trinh doan

nhiét thuan nghich. A
T (K)
- Qua trinh bay hoi dang nhiét, Qu
dang ap 4-1, nhan nhiét Q, - 3 k 5
. 2: 3 777777
- Qua trinh nén hoi am doan
nhiét 1-2, nhan cong L, J
4 2 n Lo
- Qua trinh ngwng tu dang nhiét
dang ap 2-3, nha nhiét Q, T=Tap—feg t 1
| |
- Qua trinh gi&n n& doan nhiét 3-4 Al Qo B -

Hiéu suat cua chu trinh (Hé so6 1am lanh COP):

Q, Q, dt(A41B) T 1
COI:)Carnot - u = — Carnot — : T
L, |QK | —-Q, dt(1234) T,-T, 1

[ T2 e 3]




fitvrutRONG 3.2. Chu trinh kho

3.2.1. BDinh nghia

Chu trinh khd 1a chu trinh c6 hoi hat vé may nén 1a hoi
bao hoa kho.

3.2.2. So d6 nhiét va nguyén ly hoat déng

Trang thai diem nut: 3 12

e SAVAVA s
1: Hoi bdo hoa khd & P, t, Y TBNT ,
2: Hoi qua nhiét o P, t, VTLXI VN
2’: Hoi bdo hoa khd & P, t,
3: Long s6i & Py, t, | TBBH
4: Hoi bdo hoa dm & P, t_ 4'_’_\3\/\/ *

Qo

. Hinh 3.1: So’ d6 nhiét chu trinh khé*® 32



firrurong 3.2. Chu trinh khé

3.2.3. Cac qua trinh nhiét déng cua chu trinh

Thir |Tén quatrinh | Théng sé |Théng sé | Bién doi trang thai
tw khong doéi | thay doi

2-2’

2’-3

3-4

Nén doan
nhiét

Giai nhiét
trwdc ngwng tu
Ngwng tu

Tiét lwu

Béc hoi

Py

Py T

Pos &

h; Porty =>
P: T
h; s; t, =>
t,=t,

h, s

S; Py t
=>Po» L

h, s

Ho1 bao hoa kho => hoi qua nhiét
Hoi qua nhi¢t => hoi bao hao kho
Hoi bao hoa kho => long bao hoa

Long bao hoa => hoi bao hoa am

Hoi bao hoa am (chira nhiéu 1ong
mc) => hoi bao hoa am (chtra it
long mc)

o3&



flivTuTRONG 3.2. Chu trinh kho

3.2.4. Xay dwng gian doé T-s

TA TA
S=const
vung
long / T=const
/ P=const . ,
ving hoi
qua nhiét
vung ho
bdo hoa am
h=const
X= x=1
> >

S

\ Hinh 3.3: Xay dwng chu trinh trén gidn do T-s 4



flivTuTRONG 3.2. Chu trinh kho

3.2.5. Xay dwng gian do LgP-h
IgP A

»
[ -
o)
o
1l
-
T=const
ving S=const
long
P=const
vung hoi \ vung hoi
bao hoa am qua nhiét
x=0 X=1

>
h

Hinh 3.4: Xay dwng chu trinh trén gian dé LgP-h

) ® 35
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fitvrutRONG 3.2. Chu trinh kho

3.2.6. Cong thire tinh toan

- B6 kho cua tac nhan lanh

di vao may nén x P (bar)A
Piém t&i han
!/
— M Vlilpg Iéng \Viing qué nhiét
hy —n) ) - /A "
| |
S h oud R puing oeg e
Trong do: h, va h,” lan ° ' |
lwot la enthalpy cua diém 4 ool /- to : E;f’;%bﬁﬂ’i
& trang thai 16ng soi (x=0) M Yo |
N - ~ N A — |' |= | I : | =
va hoi bao hoa kho (x=1) he Ro=he — “hiThe The
g X , , . lanh May nén
- Nang suat lanh &rng v&i 1 kg t Nhigtluong

moi chat lanh, kJ/kg
9, = —h, (kJ/kg)

® ® 36



fitvrutRONG 3.2. Chu trinh kho

3.2.6. Cong thire tinh toan

+ Cong suat cla may nén
wng voi 1 kg moi chat P (par)

Piém t&i han

lanh:
\ung Iéng Vung qua nhiét
qualanh
3
= — Pk |—————= -
Io h2 hl (k‘]/kg) o |
E)‘uo’r}g bdo |
, . ) ; hoa léng |
+ COng suat cua may nen i
ng v&i m (kg/s) moi chat Po 4] |
|
lanh: | I | N
ha h3=ha h1 h2 h2 h (kJ/kg)
. _ Céng suét Céng syét
LO Il ml(hz I‘ll) (kW) t i Nhiétluqngﬂaynen
Dan ngwng tu

Voi m la lwu lwong moi
chat lanh (kg/s)

) ® 37



fitvrutRONG 3.2. Chu trinh kho

3.2.6. Cong thire tinh toan

A + Nhiét lwong 1 kg moi
P (bar) z i} \
Biém t61 han chat lanh toa ra trong dan
Ving léng Ving qua nhiét ng ung
qua lanh ' — -
S 3 qk o hz h3 (k‘J /kg)
E)‘u’(yr]gbéo .
hoaldng + Nhiét lwong cua m
N (kg/s) mbi chat lanh toéa ra
g R _
A i trong dan ngwng:
ha h3=ha '
Céng suét Coéng suét kJ/kg Qk ( ) (kW)
t lanh May nén
Nhiét lvgng
Dan nguwng tu , u N A
Voi m la lwu lwgng mol

chat lanh (kg/s)

® 38



fiivrutRONG 3.2. Chu trinh kho

3.2.6. Cong thire tinh toan

Hiéu suat cta chu trinh (hé s6 1am lanh) 14 ti s6 gitra ndng
suat lanh va cong suat lam viéc riéng cua may nén:

cop=te - 7N
Io h2_hl

) ® 39



fitvrutRONG 3.2. Chu trinh kho

Bai tap ap dung

St dung do thi LgP-h va céng thirc dé tinh toan chu trinh
lanh 1 cap c6 binh tach 16ng, biét:

- Chu trinh st dung méi chét lanh R22

- Nhiét do boc hoi t, = 5°C

- Nhiét do ngwng tu t, = 50°C
Tinh toan:

- Nang suét lanh riéng q,

- Cong nén doan nhiét doi vai 1 kg moi chat lanh |

- Nhiét lwong cla 1 kg tdc nhan lanh mat trong binh

ngwng gy
- Hé s lanh COP

o ® 40
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Hinh 3.5: Biéu d6 LgP-h cla mdi chat R22

h, = 1207 kJ/kg; h, = 1240 kJ/kg; h, = h, = 1063 kJ/Kg

0 4]



Tim thdng sb dac trwng tai cac diém nut

< DPiém 1

Xp =1 Tra bang thédng sb R22 & trang thai bdo hoa ta duoc:
t1, = to = SOC Pl = PO - 5,844 bar, h»]’ - h»]’” - 706,09 k\J/kg, S17 = S»"” - 1,7409 kJ/kgOC

< Diém 2

t. = 50°C Tra bang théng s6 R22 & trang thai bao hoa ta dwoc p, = 19,395 bar
S, =5y =1,7409 kJ/kg°C |  Tra bang thong sb6 R22 & trang thai hoi qua nhiét ta dwoc:
P, = P« = 19,395 bar tvah,

* Voi P, =18 bar

60 729,65 1,7278
A B, 1,7409
70 738,96 1,7553

A, - 60 1,7409 -1,7278
. = mmm) A, = 64,76
\ 70 - 60 1,7553 - 1,7278

® 4?2



Tim thong s dac trwng tai cac diém nut

« Voi P, =20 bar

70 735,89 1,7383
A, B, 1,7409
80 745,28 1,7653
A,-70  1,7409 - 1,7383
- = m) A, =70,96
80 - 70 1,7653 - 1,7383
« Vay voi P, = 19,395 bar:
18 A, B,
19,395 t, h,
20 A, B,

mm) {,=69,08°C va h, = 735,97 kJ/kg
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Tim thdng sb dac trwng tai cac diém nut

% 'Dlém 3

X3=0 Tra bang théng sd R22 & trang thai bao hoa ta duworc:
500C | P3=Px; hy=h; =562,75 kJ/kg; s; = s; = 1,2065 kJ/kg°C

h, = hs } Tra bang théng s6 R22 & trang thai b&o hoa ta duoc:

t, =t = 5°C P,=P,; h, =505,92 kJ/kg; h, = 706,09 kd/kg ;x = ?
h,-h,
4 4
X = —4—t 20,284
h4 = h4

Tl cac thdng so tai cac diém nut 1, 2, 3, 4 chdng ta sé tim
dwec q,, I, g, va COP.
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fiov rurong 3.3. Chu trinh quéa lanh — qua nhiét

3.3.1. Dinh nghia

Goi la chu trinh qua lanh o
khi 16ng moi chat trwée khi di 3 ,f /2
vao van tiét lwu dwoc quéa 1_‘7 VA o
lanh dén nhiét dd thap hon TBNT
nhiét do6 bao hoa twong rng
véi 4p suat ngung tu va va
goi chu trinh qua nhiét khi 4
nhiét d6 hoi hat vé may nén VTt X QIDMN
I&n hon nhiét do bay hoi

BQL

(nam trong ving hoi qua TBBH
nhiét). Chu trinh qua lanh - ) NWAYAY n-aasmn )
gua nhiét la chu trinh két hop ;Qo

ca chu trinh quéa lanh va chu
trinh qua nhiét.
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fiov ruRong 3.3. Chu trinh quéa lanh — qua nhiét

3.3.2. So dd nhiét va nguyén ly hoat dong

Trang thai diém nat:
1: Hoi bdo hoa khd ¢ P, t,

1. Hoi qua nhiét & P, t,

2: Hoi qua nhiét & P, t, —

3 2
2’: Hoi béo hoa kho & P, t, ;( @
VTL Y MN

3: Long s6i ¢ Py, t,

3: Léng qua lanh & P, t, 1 TBBH
> — '
4: Hoi bao hoa dm & P, t, P ; : ¢
Qo

\ Hinh 3.6: So dd nhiét chu trinh qué lanh — qu§14r61hiét



fiox rurong 3.3. Chu trinh qué lanh — qua nhiét

3.2.3. Nguyén nhan va y nghia cua chu trinh qua lanh - qua nhiét

“* Nguyén nhan

Nguyén nhan qua lanh
- CO6 bo tri thém thiét bj qua lanh 1dng sau thiét bj ngwng tu.
- Thiét bi ngwng tu |a thiét bi trao ddi nhiét ngwoc dong nén 16ng Moi
chat dwoc qué lanh ngay & thiét bi ngwng tu.
- Do 16ng mdi chat tod nhiét ra méi trwdng trén doan dwdng Ong twy
thiét bi ngwng tu dén thiét bj tiét lwu.

Nguyén nhan qua nhiét
- St dung van tiét lwu nhiét, hoi ra khoi thiét bi bay hoi bao gi® ciing
cé mot dd qua nhiét nhat dinh.
- Do tai nhiét qua I&n va thiéu 1dng cap cho thiét bi bay hoi.

* Do tén that lanh trén dwéng 6ng tir thiét bi bay hoi dén may nén. ¥



,[LYTUTRQHEEE 3.3. Chu trinh quéa lanh — qua nhiét

3.2.3. Nguyén nhan va y nghia cua chu trinh qua lanh - qua nhiét

< Y nghia

- Nang cao hiéu suat lanh

- Dam bao cho may nén hoat déng an toan, 6n dinh
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3.2.4. Cac qua trinh nhiét déng cua chu trinh

Thi ty | Tén qué trinh Thong so6 Thong so Bién doi trang thai
khong doi thay doi

1-1 Qua nhiét hoi hat  p, t,=>1, Ho1 bao hoa kho => hoi qua nhiét
vé MN
. A 16 ; , => . , ‘A . , oA
-2 Nen dogn nhict S 2 R[O’tl Hoi qua nhiét => hoi qua nhiét
k» *2
2-2 Giai nhiét trude Py h;s; t,=>
ngung tu t2’:tk Hoi1 qUé nhlét => ho1 bao hao kho
2-3  Ngungty P ti h,s Hoi bio hoa khd => 16ng bio hoa
9= | QUEVERINEHEmG | [ t=> 1 Léng bao hoa => long qua lanh
3°-4  Tiét luu h S; Py, 1y => _ 7
t Long qua lanh => hoi bao hoa am
pO’ (0]
4-1 Boc hoi Por L h,s

Hoi bdo hoa 4m => hoi bdo hoa kho
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firrurong 3.3. Chu trinh qua lanh — qué nhiét

3.2.5. Xay dwng giadn d6 LgP-h, T-S

IgP A TA

Aty

X=

Hinh 3.7: Gidn dd LgP-h va T-S

) e 50



fiox rurong 3.3. Chu trinh qué lanh — qua nhiét

3.3.6. Cong thrc ap dung

- Nhiét Iuc_yng gua nhiét cua A
1 kg méi chét lanh, k/kg " ®"

AQ,, =h. —h (kd /kg) ok 3 smz'mgqu;nmét

- _/'| Atql I
- Nhiét lwgng qué nhiét (ing v/ /[)/
voi m (kg/s) moi chat lanh, VA B

|
|
|
|
|
|
|
|
|
|
|
|

Po o | Duong béo
kW Atan 1{;' 1 i hoa khé _
' i h1 h:'n‘z' ha (k/kg)
AQqn - m ( hl' . hl) (kW) Céng suat Céng suét
}‘ lanh Nh"-’L %Méynén
iét lvong

Dan ngwng tu

e 5]



fiox rurong 3.3. Chu trinh qué lanh — qua nhiét

3.3.6. Cong thrc ap dung

- Nhiét lwvgng qua lanh A
cua 1 kg moi chat lanh, P (bar) _—

k\]/kg Ving ong A | o
Aqql B h3 B h3' (k‘J / kg) o 3 3| - t |2' 2
- Nhiét lwong qua lanh rng N t /[)/

|
|
|
|
|
|
|
|
|
|
|
|

voi m (kg/s) moi chat lanh, po ] 1'Ti Buong b
kKW b L, _
| h1 h:'n‘z' h2 h (kJ/kg)
AQy =m.(h, —h;) (kW) e . L
Nhiét lvong

Dan ngwng tu

o @52



Wi rurong 3.3. Chu trinh qua lanh — quéa nhiét

Bai tap ap dung

Chu trinh may lanh c6 qua lanh va qua nhiét, biét:
- Chu trinh st dung méi chat lanh NH3
- Nang suat lanh Q, = 100kW
- Nhiét dé boc hoii t, = -10°C
- Nhiét d6 ngwng tu t, = 40°C
- Nhiét d6 qua lanh t, = 30°C
- Nhiét do qua nhiét t;, = 0°C
Tinh toan:
- B6 khé cua tac nhan lanh di vao dan lanh x
- Lwu lvong tac nhan lanh m(kg/s)
- Nhiét lwong cua dan ngwng Q,
- Nhiét lwgng qua nhiét AQ,, , qua lanh AQ,
- Hé s6 lanh COP

o ®53



fivrutRoNG 3.4. Chu trinh hdi nhiét

3.4.1. Dinh nghia

Chu trinh héi nhiét 14
chu trinh co qua lanh va
qué nhiét nho thiét bj trao
doi nhiét gitra dong 1dng
bao hoa (trwdc khi vao

4 N . , ! > .1'
van tieét lwu) va hoi tac gy
nhan lanh truédc khi vao <
may nen 3
VTL
TBBH
VAVAY o1




fivrutRoNG 3.4. Chu trinh hdi nhiét

3.4.2. So d6 nhiét va nguyén ly hoat déng

N Qx
Trang thai diém nut: 3 »
1: Hoi b&o hoa kho ¢ P, t, | TBNT 2
MN
1”: Hoi qua nhiét & P, t,
2: Hoi qua nhiét & Py, t, BHN { g o
2’: Hoi bao hoa kho & Py, t, 3
> N VTL
3: Long s6i ¢ P,, t,
TBBH
3’: Long qua lanh & Py, ts NAYAY o

4: Hoi bdo hoa am & P, t,

\ Hinh 3.8: So’ d6 nhiét chu trinh hoi nhigt



fivrutRoNG 3.4. Chu trinh hdi nhiét

3.4.3. Nguyén nhan va y nghia cua chu trinh qua lanh - qua
nhiét

¢ Nguyén nhan
Do thiét bj h6i nhiét
< Y nghia
- Nang cao hiéu suat lanh
- Pam bdo cho may nén hoat ddng an toan, én dinh

- Tan dung dwoc nhiét lwgng gitra 2 qua trinh qua lanh
va qua nhiét

056



3.4.4. Cac qua trinh nhiét ddng cua chu trinh

Thir tw | Tén qué trinh Thong so Thong so Bién doi trang thai
khong doi thay doi

1-1° Quanhiéthoihat p, t,=>t,. Hoi bio hoa kho => hoi qu4 nhiét
vé MN
> ; A : => C . s 4en
-2 Nen dogn nhict S ,[] Pots => Pic Hoi qua nhi¢t => hoi qua nhiét
2
2-2° Giai nhiét trudc Py h;s; t, =>
ngung tu t2’:tk Hoi1 qué nhlét => ho1 bao hao kho
2-3  Ngungty P ti h,s Hoi bio hoa khd => 16ng bio hoa
9=2 Qe IEmgie | [ =21 Long bao hoa => 16ng qua lanh
3°-4  Tiétluu h S; P t3 => - q
Do L, Long qua lanh => hoi bao hoa am
4-1 Boc hoi Por b, h, s

Hoi bdo hoa 4m => hoi bdo hoa kho
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firrurong 3.4. Chu trinh hoi nhiét

3.4.5. Xay dwng gian do LgP-h, T-S

IgP A TA

= /
Y

Hinh 3.9: Gian do LgP-h va T-S
[ ® 58



fivrutRoNG 3.4. Chu trinh hdi nhiét

3.4.6. Cong thirc ap dung

- Nhiét lwong qua nhiét irng v&i m (kg/s) moi chat lanh, kW

AQ,, =m(h. —h) (kW)

- Nhiét lwgng qua lanh tng véi m (kg/s) méi chat lanh, kW

Aqu — m(hl _h1) (kW)

Doi voi chu trinh hoi nhiét ta cé AQ, = AQq,
Do d6: hy — hy = hy — hy.
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ity TuTRONG 3.4. Chu trinh hdi nhiét

Bai tap ap dung

Chu trinh may lanh cé qua lanh va qué nhiét, biét:
- Chu trinh st dung méi chat lanh NH3
- Nang suéat lanh Q, = 100kW
- Nhiét do boc hoi t, = -10°C
- Nhiét d6 ngwng tu t, = 40°C
- Nhiét dé qua lanh t_, = 30°C
Tinh toan:
- B6 khoé cua tac nhan lanh di vao dan lanh x
- Lwu lvong tac nhan lanh m(kg/s)
- Cong suat ctia may nén L, (kW)
- Nhiét lwgng cua dan ngwng Q,
- Nhiétrlu’cyng qua nhiét AQ,, , qua lanh AQ,
- Hé s6 lanh COP

ql ~
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Kiém tra gitra hoc ki 1 2019-2020

KY THUAT LANH
Thoi gian: 45 phut

Chu trinh may lanh cé qua lanh va qua nhiét, biét:

- Chu trinh st dung mdi chat lanh NH3

- Nang suéat lanh Q, = 100kW

- Nhiét dé boc hoii t, = - 6°C

- Nhiét d6 ngwng tu t, = 40°C

- Nhiét do qua lanh t; = 30°C

- Nhiét do qua nhiét t,, = 5°C
Tinh toan:

- Lwu lwong mdi chat lanh m(kg/s)

- Nhiét lwong cua dan ngwng Q,

- Nhiét lwgng qua nhiét AQ,, , qua lanh AQ

- Hé s6 lanh COP

L 041



Chwong IV: Chu trinh lanh hai cap

® 42




_r_ LY TU TRONG
V COLLEGE

MOT SO KHAI NIEM
+ Ti sO nén

_ Py Apsudt ngung tu
Py, Ap sult bdc hoi

T

+ Vi sao phai dung chu trinh lanh nén hoi nhiéu cap
- Ti s6 nén ctia médi cp nén trong chu trinh lanh nén hoi nhiéu cap sé
nho hon trong chu trinh lanh mét cap.

- Hiéu suét lanh COP tang vi tdc nhan lanh di vao dan bay hoi c6
enthalpy thap hon.

- Cho phép thay dbi tai lanh cla hé thong dé dang khi nhiét do tac
nhan lanh trong dan bay hoi thay doi

- Nhiét dd hoi ra khéi may nén thap hon so véi chu trinh lanh 1 cap
khi so sanh cung d6 chénh ap suat gilra dan ngwng va dan bay ho.
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+ Ap suat trung gian

P =/ Px. P,

+ C&c dang chu trinh lanh nén hoi 2 cap

1 tiét lwy Lam mat trung gian mét phan

Lam MALITUNG | Khéng 6ng xoan
2 tiét lwu gian mot phan

—
\ \ Lam mat trung
Hoéi nhiét, qua lanh

mmmm) (Khong 6ng x0an
\ C6 bng xoan

o ® 64
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VrLYTU TRONG 4.1. Chu trinh lanh 2 cap, 1 tiét lwu, lam mat trung gian mét phan

4.1.1. So do nhiét va nguyén Iy hoat déng

Trang thai diém nat:

1: Hoi bdo hoa khé & P, t,

2: Hoi qua nhiét o P, t,

3: Hoi qua nhiét & P, t; (t; = t,)
4: Hoi qua nhiét & P, t,

5: Long bédo hoa o P, t,

6: Hoi bdo hoa dam & P, t,

/o )
5 L
NCA
3
Y e
2
NHA
6 ] 1

A
Hinh 4.1: So d6 nhiét chu trinh lanh 2

cép, 1 tiét lwu, lam maét trung gian 1 phan
045



!LYTU TRONG 4.1. Chu trinh lanh 2 c4p, 1 tiét lwu, lam mat trung gian mét phan

4.1.2. Biéu dién chu trinh trén gian dé T-s, LgP-h

I/Q"%
[~

Pr 3lb 5 Pk NCA

4
3
Ptg \/ Pte )3/ -

sty

NHA
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!LYTU TRONG 4.1. Chu trinh lanh 2 cép, 1 tiét lwu, lam mat trung gian mot phan

4.1.3. Cong thtrc tinh toan

- N&ng suat lanh &ng v&i 1 kg mdi chat lanh, kd/kg
qo :hl_hG (k‘] /kg)

- Nang suat lanh &ng v&i m (kg/s) méi chat lanh, KW

Qo — m'(hl_hG ) (kW)

- COng nén doan nhiét ha ap doi v&i 1 kg moi chat lanh, kJ/kg

lyua =h, =1, (kI 7kg)

- Cong nén doan nhiét ha ap trng v&i m (kg/s) méi chat lanh, kW

Lypa = m'(hz - hl) (kW)

e ® 67



!LYTU TRONG 4.1. Chu trinh lanh 2 cép, 1 tiét lwu, lam mat trung gian mot phan

4.1.3. Cong thtrc tinh toan

- Nhiét lwvong hoi qué,nhiét nha ra tai binh lam mat trung gian,
tng voi 1 kg maoi chat lanh, kJd/kg

Qout = h2 _hs (kJ /kg)

- Nhiét lwgng hoi qua nhiét nha ra tai binh lam mat trung gian,
wng v&i m (kg/s) moi chat lanh, kW

Qout — m(hZ o h3 ) (kW)
- COng nén doan nhiét cao ap ddi véi 1 kg méi chat lanh, kJ/kg
lyca =y —h; (kJ /KkQ)
- Cong nén doan nhiét cao ap tng v&i m (kg/s) méi chat lanh, kW

Lyca =m.(h, —h, ) (KW)



r LY TU TRONG
| COLLEGE

4.1. Chu trinh lanh 2 cép, 1 tiét lwu, lam méat trung gian mét phan

4.1.3. Cong thtrc tinh toan
- Nhiét lwong clia 1 kg mdi chat lanh tda ra trong dan ngwng, kJ/kg
U = h4 _h5 (kd /kg)
- Nhiét lwong ctia m (kg/s) méi chat lanh téa ra trong dan ngung,

kKW
Q, = m.(h4 —h, ) (kW)

- Hé sé lam lanh:

COP: qo hl_h4
INHA +INCA hz _h1 T h4 _hs
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!LYTU TRONG 4.1. Chu trinh lanh 2 cép, 1 tiét lwu, lam mat trung gian mot phan

Bai tap ap dung

Chu trinh may lanh 2 cap nén, 2 van tiét lwu, lam mat trung gian mét
phan, biét:

- Chu trinh s dung méi chat lanh NH3

- Nang suéat lanh Q, = 100kW

- Nhiét do boc hoi t, = -30°C

- Nhiét d6 ngwng tu t, = 40°C

Tinh toan:

- Ap suat trung gian Py

- B6 kh6 cua mbi chat lanh di vao dan lanh x

- Lwu lvgng tac nhan lanh m(kg/s)

- COng suat ctia may nén ha ap Ly (KW), cao ap Lyea (KW)

- Nhiét lwgng cua dan ngwng Q,

- Hé sb lanh COP

e 70



!LYTU TRONG |4.2. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian mét phan khdng ong xoan

4.2.1. So d6 nhiét va nguyén Iy hoat dong

Trang thai diém nut:

1: Hoi bdo hda khoé ¢ P, t,

2: Hoi qua nhiét o Py, t,
3: Hoi qua nhiét & Py, t3 (3 = ty)

4: Hoi qua nhiét o Py, t,
5: Hoi qua nhiét & Py, tg

6: Long bdo hoa & Py, t,
7: Hoi bdo hoa am & Pigr tig

8: bdo hoa khd ¢ Py, t
9: Long bao hoa ¢ Py, t,

10: Hoi bdo hoa éam & P, t,

I/ Qe y
G ] 5
X TL1 NCA
& 4
3
E_th
2
NHA
M 1
10 |/ 1[
Qo

Hinh 4.2: So d6 nhiét chu trinh lanh 2 cap, 2 tiét
lwu, lam mat trung gian 1 phan, khong 6ng xoan

®/]



!LYTU TRONG |4.2. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian mét phan khdng ong xoan

4.2.2. Biéu dién chu trinh trén giadn do T-s, LgP-h

T
5 lgp
2
6,/ Pk
3
7 8
10 Po 1 10
/

o /2



_/rLYTU TRONG |4.2. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian mét phan khdng ong xoan

4.2.3. Cong thire tinh toan

- N&ng suat lanh &ng v&i 1 kg mdi chat lanh, kd/kg
qo :hl_hlo (k‘] /kg)

- Nang suéat lanh &ng véi m, (kg/s) mdi chat lanh, kW
Qo — ml'(hl _ h10 ) (kW)

- COng nén doan nhiét ha ap ddi véi 1 kg méi chat lanh, kd/kg

lyua =h, =y (kI 7kg)

- Coéng nén doan nhiét ha ap ng v&i m, (kg/s) moi chat lanh, kW

Lyia = M,.(h, — 1) (kW)

e ®7/3



_/rLYTU TRONG |4.2. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian mét phan khdng ong xoan

4.2.3. Cong thire tinh toan

Nhiét lwong hoi qué,nhiét téa ra tai binh lam mat trung gian,
trng voi 1 kg maoi chat lanh, kd/kg

Qout = hz _hs (kJ /kg)

Nhiét lwong hoi qua nhiét nha ra tai binh lam mat trung gian,
wng v&i m, (kg/s) moi chat lanh, kW

Qout = ml'(hz — h3 ) (kW)
- Can bang nhiét tai Binh trung gian (BTG):

m,hs = (m, —m,)h; + mh,

=, o= g /)
h, —h, h —h

o ®/4

:>m4=m1



_/rLYTU TRONG |4.2. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian mét phan khdng ong xoan

4.2.3. Cong thire tinh toan
- Cong nén doan nhiét cao ap ddi véi 1 kg méi chat lanh, kd/kg
lnca =hs =N, (kJ 7kg)
- Cong nén doan nhiét cao ap ng véi m, (kg/s) méi chat lanh, kW
Lyca =M,.(hs —h,) (KW)
- Nhiét lwong clia 1 kg mdi chat lanh tda ra trong dan ngwng, kJ/kg
dc =hs —hg (kJ /Kkg)

- Nhiét lwgng cia m, (kg/s) moi chat lanh tdéa ra trong dan nguwng,

kW
Q, = m4.(h5 —h, ) (kW)

e ®7/5



_/rLYTU TRONG |4.2. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian mét phan khdng ong xoan

4.2.3. Cong thire tinh toan

- Qua trinh hQa trén dang ap 3-8-4 co entanpi h, dwoc xac dinh
theo pt can bang nhiét:

m,h, +(m, —m,)hy =m,h,
m1h3 T (m4 - ml)h8

— h, =
m,

- Hé sb6 lam lanh COP

COP = Qo _ ml(hl B hlo)
I_NHA T LNCA ml(hZ o hl) + m4(h5 & h4)

e /6




_/rLYTU TRONG |4.2. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian mét phan khdng ong xoan

Bai tap ap dung

Chu trinh may lanh 2 cap nén, 2 van tiét lwu, lam mat trung gian mét
phan khdng 6ng xoan, biét:

- Chu trinh st dung méi chat lanh NH3

- Nang suéat lanh Q, = 100kW

- Nhiét do boc hoi t, = -30°C

- Nhiét d6 ngwng tu t, = 40°C

Tinh toan:

- Ap suat trung gian Py

- B6 khé cua moi chat lanh di vao dan lanh x

- Lwu lvgng tac nhan lanh m, (kg/s)

- COng suat ctia may nén ha ap Lyya (KW), cao ap Lyca (KW)

- Nhiét lwgng cua dan ngwng Q,

- Hé sé lanh COP

e /7



rLYTU TRONG | 4.3. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan khéng ong xoan

4.3.1. So do nhiét va nguyén Iy hoat déng

Trang thai diém nat:

1: Hoi bdo hda khé ¢ P, t,
2: Hoi qua nhiét & Py, t,
3: Hoi qua nhiét & Py, t3 (3 = ty)
8=4: hoi bao hoa kh6é & P
5: Hoi qua nhiét & Py, t-

lig

tg?
6: Long bédo hoa o Py, t,

7: Ho'i bao hoa am & Pigr tig

9: Long béo hoa ¢ Py, t

10: Hoi bdo hoa am & P, t,

&

10

.

o
X TL1 NCA
8 4
= BTG 3
ind E_th
X TL2 o
NHA
[

Hinh 4.3: So d6 nhiét chu trinh lanh 2 cap, 2 tiét
lwu, lam mat trung gian hoan toan, khdng 6ng xoan
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!LYTU TRONG | 4.3. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan khéng ong xoan

4.3.2. Biéu dién chu trinh trén giadn do T-s, LgP-h

lgp
5
/2 6 Pk 5 X TL1 NCA (}
Px / 7
9 £ \M 9 7 Ptg 8 3 r
7 8 = 4,2 [—:_ BTG 3
Po T P

10 Po 1 —=

/ 10 /1 XT“ /
s h NHA (E

®7/9



/rLY TUTRONG | 4.3. Chu trinh lanh 2 cap, 2 tiét Iy, lam mét trung gian hoan toan khéng 6ng xoan

4.3.3. Cong thire tinh toan

- Nang suat lanh &ng v&i 1 kg mdi chat lanh, kd/kg
qo :hl_hlo (k‘] /kg)

- Nang suéat lanh &ng véi m, (kg/s) mdi chat lanh, kW
Qo — ml'(hl _ h10 ) (kW)

- COng nén doan nhiét ha ap ddi véi 1 kg méi chat lanh, kJ/kg

lyua =h, =y (kI 7kg)

- Cong nén doan nhiét ha ap ng v&i m, (kg/s) moi chat lanh, kW

Lyia = M,.(h, —hy) (kW)

e ® 30



rLY TUTRONG | 4.3. Chu trinh lanh 2 cap, 2 tiét Iy, lam mét trung gian hoan toan khéng 6ng xoan

4.3.3. Cong thire tinh toan

- Nhiét lwvgng hoi qué,nhiét téa ra tai binh lam mat trung gian,
tng voi 1 kg maoi chat lanh, kd/kg

Qout = hz _hs (kJ /kg)

- Nhiét lwvgng hoi qua nhiét nha ra tai binh lam mat trung gian,
wng v&i m; (kg/s) moi chat lanh, kW

Qout = ml'(hz — h3 ) (kW)
- Can bang nhiét tai Binh trung gian (BTG):
m,h, + mh, = m,h, + mh,

B 5T (kg /s
n,—h,  *h,—h,

e e3]
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rLY TUTRONG | 4.3. Chu trinh lanh 2 cap, 2 tiét Iy, lam mét trung gian hoan toan khéng 6ng xoan

4.3.3. Cong thire tinh toan

- Cong nén doan nhiét cao ap ddi véi 1 kg méi chat lanh, kd/kg
lnca =hs =N, (kJ 7kg)
- Cong nén doan nhiét cao ap ng véi m, (kg/s) méi chat lanh, kW
Lyca =M,.(hs —h,) (KW)
- Nhiét lwong clia 1 kg mdi chat lanh tda ra trong dan ngwng, kJ/kg
dc =hs —hg (kJ /Kkg)

- Nhiét lwgng cia m, (kg/s) moi chat lanh tdéa ra trong dan nguwng,

kW
Q, = m4.(h5 —h, ) (kW)

e @32



rLYTU TRONG | 4.3. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan khéng ong xoan

4.3.3. Cong thire tinh toan

- Hé sb6 lam lanh COP

COP = Qo _ ml(hl B hlo)
I_NHA T LNCA ml(hZ o hl) + m4(h5 B h4)

) e 33



rLY TUTRONG | 4.3. Chu trinh lanh 2 cap, 2 tiét Iy, lam mét trung gian hoan toan khéng 6ng xoan

Bai tap ap dung

Chu trinh may lanh 2 cap nén, 2 van tiét lwu, lam mat trung gian
hoan toan khéng éng xoan, biét:

- Chu trinh s dung méi chat lanh NH3

- Nang suat lanh Q, = 100kW

- Nhiét dé boc hoi t, = -30°C

- Nhiét do nguwng tu t, = 40°C

Tinh toan:

- Ap suat trung gian P,

- B6 kh6 cia mbi chat lanh di vao dan lanh x

- Lwu lwgng tac nhan lanh m, (kg/s)

- COng suat ctia may nén ha ap Ly, (KW), cao ap Lyca (KW)

- Nhiét lwgng cua dan ngwng Q,

- Hé sb lanh COP

o ®384



r LY TU TRONG
| COLLEGE

4.4. Chu trinh lanh 2 cép, 2 tiét lwu, [am méat trung gian hoan toan cé éng xoan

4.4.1. So d6 nhiét va nguyén ly hoat dong

Trang thai diém nat:

1: Hoi bao hoa khé & P, t,
2: Hoi qua nhiét & Py, t,
3: Hoi qua nhiét & Py, t3 (t3 = ty)
8=4: hoi bao hoa khd & P
5: Hoi qua nhiét & Py, t-

tg?
6: Long b&o hoa ¢ P, t«

7: Hoi bdo hoadm & P tig

tg?
10: Léng qué lanh ¢ Py, t,,

11: Ho'i bdo hoa am & Py, t,

I/ & 4
5 . 5
NCA
TL1
4
7 ]
s iy Q‘lg 2
10
X NHA
TLZ
11 M 1
o

Hinh 4.4: So d6 nhiét chu trinh lanh 2 cap, 2 tiét
lwu, lam mat trung gian hoan toan, c6 ong xoan

®35



!LYTU TRONG | 4.4. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan cé 6ng xoan

4.4.2. Biéu dién chu trinh trén giadn do T-s, LgP-h

5 ey
L
lgp
5 NCA
10 6 Px \ ¥ 14 ()
4
9 = Pty g1/3 17 g
- BTGi L—ia gli
: 11 Po 1 11 /1 Lo Qe 2
NHA
XTLQ ()
s h

11

® 386



fiivmu TRONG | 4.4. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan c6 dng xoan

4.4.3. Cong thire tinh toan

- Nang suat lanh &ng v&i 1 kg mdi chat lanh, kd/kg
, =h —h;, (kd/kg)

- Nang suéat lanh &ng véi m, (kg/s) mdi chat lanh, kW
Qo — ml'(hl _ hll ) (kW)

- COng nén doan nhiét ha ap ddi véi 1 kg méi chat lanh, kd/kg

lyua =h, =y (kI 7kg)

- Coéng nén doan nhiét ha ap ng v&i m, (kg/s) moi chat lanh, kW

Lyia = M,.(h, — 1) (kW)

e @37



fiivmu TRONG | 4.4. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan c6 dng xoan

4.4.3. Cong thire tinh toan

Nhiét lwong hoi qué,nhiét téa ra tai binh lam mat trung gian,
tng voi 1 kg maoi chat lanh, kd/kg

Qout = hz _hs (kJ /kg)

Nhiét lwong hoi qua nhiét nha ra tai binh lam mat trung gian,
wng v&i m, (kg/s) moi chat lanh, kW

Qout = ml'(hz — h3 ) (kW)

- Can bang nhiét tai Binh trung gian cé 6ng xoan:

m,hg +mh, +(m, —m,)h, =mh, +m,h

=m,=m, h6+h3_h7_h10

-m h6+h3_h7_hlo (kg/S)

h,—h, ' h,—h,

e ® 38



fiivmu TRONG | 4.4. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan c6 dng xoan

4.4.3. Cong thire tinh toan
- Cong nén doan nhiét cao ap ddi véi 1 kg méi chat lanh, kd/kg

lnca =hs =N, (kJ 7kg)
- Cong nén doan nhiét cao ap ng véi m, (kg/s) méi chat lanh, kW
Lyca =M,.(hs —h,) (KW)
- Nhiét lwong cua 1 kg mdi chat lanh tda ra trong dan nguwng, kJ/kg
Jy = h5 _ha (kJ /kg)

- Nhiét lwgng cia m, (kg/s) moi chat lanh tdéa ra trong dan nguwng,

kW
Q, = m4.(h5 —h, ) (kW)

e ® 89



rLYTU TRONG | 4.4. Chu trinh lanh 2 cép, 2 tiét lwu, lam mat trung gian hoan toan cé dng xoan
| COLLEGE

4.4.3. Cong thire tinh toan

- Hé sb6 lam lanh COP

COP = Qo _ ml(hl B hll)
I_NHA T LNCA ml(hZ o hl) + m4(h5 B h4)

) 90



flivTutrRoNG | 4.4. Chu trinh lanh 2 cap, 2 tiét lwu, lam mat trung gian hoan toan c6 6ng xoan
’/' COLLEGE

4.4.3. Cong thire tinh toan
Bai tap ap dung

Chu trinh may lanh 2 cap nén, 2 van tiét lwu, lam mat trung gian
hoan toan c6 6ng xoan, biét:

- Chu trinh str dung méi chéat lanh NH3

- Nang suat lanh Q, = 150kW

- Nhiét d6 boc hoi t, = -20°C

- Nhiét d6 ngwng tu t, = 45°C, nhiét do¢ qua lanh t;; =ty + 5°C

Tinh toan:

- Ap suat trung gian Py

- B6 kh6 cia mbi chat lanh di vao dan lanh x

- Lwu lwgng tac nhan lanh m, (kg/s)

- COng suat ctia may nén ha ap Ly, (KW), cao ap Lq, (KW)

- Nhiét lwgng cua dan ngwng Q,

- Hé sb lanh COP

e 9]



r LY TU TRONG
| COLLEGE

4.5. Chu trinh lanh 2 cap nén hodi nhiét va qué lanh

4.5.1. So d6 nhiét va nguyén ly hoat dong

Trang thai diém nat:

1: Hoi qua nhiét & P, t;

2: Hoi qua nhiét & Py, t,
3: Hoi qua nhiét & Py, t3 (t3 = ty)

4: hoi qua nhiét & Pigs U4
5: Hoi qua nhiét ¢ Py, t-

6: Long b&o hoa ¢ P, t,
7:Long qualanh & P, t,

8: Long qualanh & Py, tg
9: Hoi bdo hoa 4m & P g

10: Hoi bao hoa kho & t,,
11: Hoi bdo hoa am & Py, t,

12: Hoi bao hoa khé & P, t,

Binh hdi nhiét 6 t

AN

1S

7

/ 10

S

an

NCA
Binh qua lanh

N

W

9

8

.p_BO

Y Y
&

%ITL21 1

|

|

§|_<} lam mat
TL1 "‘TG

NN

12 L op

-4

Hinh 4.5: So' dé nhiét chu trinh lanh 2 cap nén

hoi nhiét va qué lanh
©92



_r_ LY TU TRONG
V COLLEGE

4.5. Chu trinh lanh 2 cap nén hodi nhiét va qué lanh

4.5.2. Biéu dién chu trinh trén gidn d6 LgP-h

P (bar)

piém t&i han

Binh héi nhiét 6

\,_4_._

&

7

— § Binh qua lanh

10

B

oo
J I

¥ TL1

o

NCA

4
3

15— BO
g lam mat
<TG

X_‘TL21 1

12

Aer

NHA

093



fiorruTrong 4.5. Chu trinh lanh 2 cap nén hoi nhiét va qua lanh

4.5.3. Cong thire tinh toan

- Nang suat lanh &ng v&i 1 kg méi chat lanh, kd/kg
d, = hy, —hy; (kJ 7kg)

- Nang suéat lanh &ng véi m, (kg/s) mdi chat lanh, kW

Qo — ml'(hlZ _h11 ) (kW)

- Nhiét lwong 1 kg mdi chat lanh nhan dwoc trong binh hoéi nhiét,

kJ/kg
d,, =h —h, (kJ/kg)

- Trong binh hoi nhiét, nhiét lwgng méi chat lanh trén dudng
12-1 nhan duwoc bang véi nhiét lwgng moi chat lanh trén dwong
6-7 tda ra, kW

th = ml'(hl_h12 ):m4'(h6 _h7 )(kW) o



fiorruTrong 4.5. Chu trinh lanh 2 cap nén hoi nhiét va qua lanh

4.5.3. Cong thire tinh toan

Nhiét lwong hoi qué,nhiét téa ra tai binh lam mat trung gian,
tng voi 1 kg maoi chat lanh, kd/kg

Qout = hz _hs (kJ /kg)

Nhiét lwong hoi qua nhiét nha ra tai binh lam mat trung gian,
wng v&i m, (kg/s) moi chat lanh, kW

Qout = ml'(hz — h3 ) (kW)

- Lwu lwong méi chat di vao may nén cao ap:

D=y
"'h, —h,

m, =m

e @95



fiorruTrong 4.5. Chu trinh lanh 2 cap nén hoi nhiét va qua lanh

4.5.3. Cong thire tinh toan

- Cong nén doan nhiét cao ap ddi véi 1 kg méi chat lanh, kd/kg
lnca =hs =N, (kJ 7kg)
- Cong nén doan nhiét cao ap ng véi m, (kg/s) méi chat lanh, kW
Lyca =M,.(hs —h,) (KW)
- Nhiét lwong clia 1 kg mdi chat lanh tda ra trong dan ngwng, kJ/kg
dc =hs —hg (kJ /Kkg)

- Nhiét lwgng cia m, (kg/s) moi chat lanh tdéa ra trong dan nguwng,

kW
Q, = m4.(h5 —h, ) (kW)

e 096



fiorruTrong 4.5. Chu trinh lanh 2 cap nén hoi nhiét va qua lanh

4.5.3. Cong thire tinh toan

- Trong binh qué lanh, nhiét lwgng m, (kg/s) mdi chat lanh trén
dwdng 7-8 toa ra, kW

Q (h _hlz) my. (h10_h )(kW)

- Qué trinh hoa tron dang ap 3-4-10
m1oh10 + m1h3 — m4h4
m, +m,, = m,

- Hé sb lam lanh COP

Qo _ ml(hlz 4 hll)
I_NHA T LNCA ml(hZ B hl) + m4(h5 N h4)

COP =



Chwong V: Tac nhan lanh va chat
tai lanh
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,,rLYT”TR‘?O'iEE 5.1. T4c nhan lanh

A. Dinh nghia

Tac nhan lanh (m6i chat lanh, gas lanh hay cong chat
lanh) 1a chat méi gi¢i st dung trong chu trinh nhiét dong
ngwoc chiéu dé thu nhiét tv moi trwdng ¢ nhiét dd thap va
thai ra moi trwvd'ng c6 nhiét do cao.

B. Yé&u cau doi v&i mdi chat lanh (Poc tai liéu [1], [2])

C. Cac méi chat lanh thwdng ding

- R32
- R410a
- NH3
- R22
- R134a

099



fitv rutRoNg 5.2. Anh hwéng cla tac nhan lanh dén tang OZONE

C6 khodng 80% tac nhan lanh dwoc san xuat tr cac thanh
phan chud yéu la clo, flo, carbon va hydro. Cac loai tdc nhan lanh
nay thuéc nhom halogenation nén c6 tén goi la CFC
(Chlorofluorocarbons). Day la cac tac nhan lanh cé cau tao hoa
hoc 6n dinh va bén theo th&i gian trong mdi trwdng khéng khi sau
khi ro ri ra bén ngoai. Tuy nhién, khi |én dén tang binh lwu, cac
phan t&r nay bi pha huy va giai phong cac nguyén t clo duwdi tac
dong cua tia birc xa mat trdi. Khi d6 sé c6 hai phan trng hda hoc
x4y ra lam hw héng tang ozone nhw sau:

Cl+0, > CIO+0,
2ClIO+ 0O, —» 2CIl + 20,

e ® 100



fitv rutRoNG 5.2. Anh hwéng cla tac nhan lanh dén tang OZONE

Ozone layer depletion

Ultra-violet rays split

CEC Ozone a chlorine atom
away from the CFC
molecule molecule (03) (chlorofluorocarbon)

molecule

(2] The chlorine

- N N y, atom breaks

0 . up an ozone
Z] molecule,

making a hole
i in the ozone
layer

The molecules
@ left behind are
chlorine monoxide
and oxygen (02)

Ozone-depleting chemicals
* CFCs (aerosols, refrigerants, solvents)
. * HCFCs (aerosols, refrigerants, solvents)
* Halons (fire extinguishers)
" = * Methyl bromide (pesticides)




ity TuTRONG 5.3. Chét tai lanh

A. Dinh nghia

La moi chat trung gian, nhan nhiét cda doi tweng can lam
lanh chuyén t&i thiét bi bgy hoi cap cho chat lanh so6i. Chat
tai lanh con goi la mai chat lanh thk cap.

B. Y&u cau dbi v&i moi chat lanh (Poc tai liéu [2])

C. Céc chat tai lanh thwérng dung

- Nuwéc

- Khong khi

- Dung dich nw&c mudi NaCl

- Dung dich nwéc mudi Cacl,

- CAac chat hiru co (Glycol, Metalnol, Etanol)

o @102



