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TRUONG DAl HOC PHU YEN

SU'ANH HUONG MOI CHAT LANH
PEN PO HOAN THIEN CHU TRINH LANH MQT CAP

Tom tit

Lé Thanh Nhan*

Tinh chdt nhiét déng ciia mdi chat lanh ¢6 dnh hwéng dén dg hoan thién chu trinh lgnh.
Nhiét dé bay hoi cang thap, ty Sé nén cang tang, nhiét dé cudi tam nén cao, ton that execgi cang
tang va chu trinh lgnh cang léch chudn so véi chu trinh Cacnd. Két quda tinh toan cho thdy ton
that execgi lon nhdt & qud trinh ngung tu roi dén qua trinh nén, qué trinh tiét Luew, qud trinh bay
hoi, sau ciing la qud trinh hoi nhiét. Ton that execgi qué trinh hoi nhiét thap nhung lam tang dé
hoan thién chu trinh nén chu trinh nhiés dg thdp can c6 thiét bi hoi nhiét. H6 hoan thién chu
trinh mgt cdp sir dung mdi chat R134a, R22, R404A, R410A khi bé qua cac ton that ky thugt chi

dat 16n nhat khoang 0,42 so véi chu trinh Cécnd.

Tur khoa: dé hoan thién chu trinh, tén thdt execgi, méi chat lgnh

1. Co sé ly thuyét

Dé phén tich, danh gia chat luong
cac chu trinh lanh, phuong phap can bang
nang lugng, phuong phdp entropi va
phuong phap execgi dugc st dung. Phuong
phap can bang ning lwong dwa vao nguyén
ly I nhiét dong hoc c6 wu diém 1a don gian
nhung c¢6 cic nhuoc diém nhu iy hé sb
lanh 1am chi tiéu danh gia, chi xét vé sb
luong, khong xét dén chat luong va su
xudng cip ning luong ciing nhu mdi quan
hé qua trinh bién d6i nang lugng voi moi
truong xung quanh. Phuong phédp entropi
dua trén nguyén Ii Il nhiét déng hoc, danh
gia chinh xac vé mit chat lugng cua qué
trinh nhung c6 nhugc diém l1a rat kho s
dung va phac tap vi chinh ban than khai
niém entropi cling rat triu tuong. Phuong
phap execgi phan tich sy lam viéc cua hé
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thng lanh c6 ké dén su khac nhau cua cac
ngudn ning lwong va d6 khdng thuan
nghich caa cac qua trinh thuc trén co s¢ st
dung dong thoi cac nguyén ly | va Il nhiét
dong hoc.Viéc thay hé sb lanh, do hoan
thién cua chu trinh theo phuong phap nay
dugc danh gia bang hiéu suat execgi. N6
chang nhitng biéu thi mtc d6 thuc cua viéc
sir dung nang lugng hiru ich thong qua viéc
phan tich cac ton tht execgi ma con chi ra
cac phuwong hudng va tam quan trong cua
cac bién phap can dat dugc dé cai thién cac
diéu kién thuc hién va nang cao hiéu qua
cua qua trinh. Vi vay, trong pham vi bai
bdo nay, phuong phap execgi duoc su dung
dé phan tich céc ton that execgi va dé xuat
c4c giai phéap can thiét nham nang cao hiéu
qua cuta qué trinh nhiét dong va d6 hoan
thién cua chu trinh lanh 1 cip nhiét do bay
hoi - 65 °C.

Chu trinh lanh mot cap hdi nhiét
duoc biéu dién nhu hinh sau:
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Hinh 1. Chu trinh mady lanh mot ccfp hoéi nhiét
a) So do thiét bi: MN - May nén; NT - Dan ngung tu; TL - Van tiét luu;
BH — Dan bay hoi; HN- Thiét bi hoi nhiét.
b) Chu trinh biéu dién trén do thi lgp-h.
1-1’ - qué nhiét trong thiét bi hdi nhiét;
1-2 - nén doan nhiét tir ap suat thap p, 1én ap suét cao py, S1= Sz,
2-3’ - ngung tu modi chét dang ap;
3°-3 - qua lanh trong thiét bi hoi nhiét;
3-4 - qua trinh tiét lvu ddng entanpi & van tiét luu hs=hy;
4-1 - qua trinh bay hoi trong binh bay hoi dang 4p p, = const va dang nhiét t,=const.

Tén thét execgi cua chu trinh mot cap hoi nhiét gom ton that ki thuat va ton that do do
khong thuan nghich cua cac qué trinh. Po hoan thién chu trinh may lanh hay hiéu suat
execgi neduoc xac dinh [1], [2], [3]:
wn I 1Ty + 1Ty +TTg, 0 (1)

|

UE:£28.9:1_H
£

Trong do:

Ton that execgi qué trinh nén: 11, =T, (s, —,) ,kJ/kg(2)

Ton that execgi qua trinh ngung tw: 1, =h, —h, - T, (s,-s,) ,kJ/kg(3)

Ton that execgi qua trinh hoi nhigt: 11, = (hy —hy +h, —h,)~T, (s, -, +5, -s,) kI/kg(4)
Ton that execgi qua trinh tiét lwu: 11, =h, —h, —T,,(s, —s,) kIkg(5)

Ton tht execgi thiét bi bay hoi: 7, = To[h, —h) =T, (s, —s,)]KI/KQ(6)
Tkk

VGi T, Tk — 12 nhiét d6 moi truong giai nhiét va nhiét do khong khi trong budng lanh, K.
h-entanpi, ki/kg; s- entropi, kd/kg-K; | - cong cua chu trinh, ki/kg; g - Nang suét lanh,
kJ/kg.

_ Y

£=""" hé s6 lanh cua chu trinh thuc;
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o —_ T -h¢ sb lanh caa chu trinh Cacnd;
¢ T _Tkk

mt

0= L - dir kién nhiét do Cacnb.
£

c
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Nham danh gia do bén cua hé thdng may va thiét bi lanh, xét ty s6 nén cua chu trinh duoc

xac dinh:

p=
P,

2. Phwong phap khao sat
Chon ché do lam viéc cua chu trinh lanh

mot cap hdi nhiét nhu sau:

- Nhiét 36 ngung tu t, = 35 °C.

- Nhiét @6 bay hoi t, = - 65+ - 10°C.

- Nhiét do hoi hut t, = 10 °C.

- Chénh léch nhiét d6 gitra nhiét d6 bay
hoi va nhiét @6 khéng khi trong budng
bay hoi Aty = 10°C.

- Chénh léch nhiét d6 gitra nhiét d6
ngung tu va nhiét d6 moi truong giai
nhiét Aty = 8°C.

- Hiéu suét chi thi cia may nén déi véi
tat ca cac ché do 1am viéc n; = 0,8.

Moi chat lanh duoc sir dung dé
nghién cau sy anh huong tinh chat nhiét
dong cia nd dén d6 hoan thién chu trinh 1a
nhitng moéi chat lanh théng dung nhu
R134a, R22, R404A va R410A.

Cac thong s trang thai mdi chat tai
cac diém nit chu trinh duoc xac dinh bai
phan mém REFPROP cua Vién Cong nghé
va Tiéu chuan My (NIST). Viéc tinh toan
va xay dung db thi d6 hoan thién chu trinh,
t6n that execgi cac qua trinh, ty sé nén va
nhiét do cudi tim nén bing phan mém
Mathcad R14.

3. Két qua khao sat va thao luan

(7)

Do hoan thién chu trinh phu thudc
vao nhiét do bay hoi duoc biéu dién trén
hinh 2:

0,
.. %

——R22 -m-Rl34a R410A ——R404A

65 -60 -55 -50 45 -40 -35 -30 25 20 -15 -10
,°C

Hinh 2. B¢ hoan thién chu trinh

Phan tich do thi, ta thiy ring do
hoan thién chu trinh 1 1a mot duong cong
dat dinh cao nhét roi vao khoang nhiét do-
40+ 35 °C. Bo hoan thién chu trinh ludn
ton tai gia tri t6i da vi d6 hoan thién chu
trinh 14 tich hé s lanh va dit kién nhiét do
Cacnd, khi nhiét do bay hoi giam, hé sé
lanh giam nhung di kién nhiét d6 Cacno lai
tang va nguoc lai. Vi cac moi chat khac
nhau d6 hoan thién chu trinh déu khac
nhau, chu trinh st dung R134a c6 d6 hoan
thién chu trinh t6t nhat dat 42%, tiép dén
lan luot 12 R22, R404A va R410A.

Khi nhiét do giam thap hon gié tri
nhiét d6 tdi wu thi do hoan thién cua chu
trinh ciing giam nghia 13 ton that execgi
tang. Do 16N ton that execgi cua ting quéa
trinh dugc thé hién nhu hinh 3:
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——R22 -#-Rl134a

R410A —=R404A
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—-R2? -#-Rl34a —+R410A —=R404A
HMZ\' 30 [ H}\T 60
b o | Kke s,
: 40 N\
20 |
 f 30
15 ¢
E 20
10§ 10 |
5 0
-65 -60 -35 -50 -45 -40 -35 -30 -25 -20 -15 -10 -65 -60 -35 -50 -45 -40 -35 -30 -25 -20 -15 -10
t,: °C t,°C
a) b)
=+=R22 -#-Rl3a =+=R410A —=R404A —~—R22 -#-Rl134a —4+R410A ——R404A
I 2 Ty 14
k]'kg r kl/kg R
17 - :
1
T -
2

-65 -60 -35 -50 -45 -40 -35 -30 -25 -20 -15 -10
t.°C

0:

=—R22 -#-Rl134a

-65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10
t,, °C

d)
R410A ——R404A

-65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10
[

e)
Hinh 3. Tén thdt execgi ciia cac qué trinh
a- Qua trinh nén; b- Qua trinh ngung ty;

c- Qué trinh hdi nhiét; d- Qué trinh tiét luu; e- Qua trinh bay hoi.

Phén tich do thi hinh 3 ta thiy tinh
chat méi chit lanh ¢6 anh hudéng dén ton that
execgi cua cac qua trinh khéng thuan nghich.
O day ton that execgi ting 1én khi nhiét do
bay hoi giam, ton that execgi I6n nhét cua
qua trinh nén, ngung tu va bay hoi khi chu
trinh st dung mdi chit R410A va nhé nhat 1a
R404A. Riéng qué trinh tiét luu va hoi nhiét

chu trinh sir dung mdi chét lanh R22 ¢6 tén
thit execgi nho nhit. Qua trinh ngung tu cé
ton that execgi 16n nhat, & nhiét d6 - 65°C t6n
that execgi khoang 55 ki/kg, roi dén qua trinh
nén 25 kJ/kg, qué trinh tiét luu 18 kJ/kg, qua
trinh bay hoi 13 kJ/kg. Ton that execgi nho
nhat 1a caa qua trinh hdi nhiét khoang 12
kJ/kg. Ton that execgi cua qua trinh ngung tu,
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qua trinh bay hoi va hoi nhiét 1a do ton tai
chénh léch nhiét & AT trong qua trinh truyén
nhiét. Con ton that execgi qua trinh nén 1a do
nén khong dang entropi, ton that execgi cua
qua trinh tiét luu gay nén boi do ting entropi
mac di qué trinh tiét luu 1 dang entanpi.

Pé giam ton that execgi qua trinh
nén can sir dung céc loai méay nén cong
nghé cao nhu may nén ly tdm, may nén
dong dé nang cao hiéu suat may nén. Viéc
giam ton that execgi cac qué trinh bay hoi,
ngung tu can phai giam d6 chénh léch nhiét
d6 cuia moi chat va moi trudng bang céch
tang dién tich bé mat truyén nhiét, ting hé
s6 truyén nhiét. ..

=+R22 -m-Rl134a R410A  —=R404A

100
80

60

65 60 -55 -50 -45 -40 -35 -30 -25 20 -15 -10
t,, °C

Hinh 4. Biéu do ty s nén

Phan tich d6 thi hinh 4 ta thay ty s6
nén cua chu trinh tang khi nhiét d6 bay hoi
giam, do tang cua ty sd nén theo do giam
nhiét d bay hoi & tirng mdi chat ciing khac
nhau va ¢ day c6 su khac biét 1on nhat 1a
mdi chat R134a so v4i cac moi chat con lai.
Véi moi chat R134a chu trinh c6 ty s6 nén
I6n hon cac moi chat con lai & cung diéu
Kién va d6 I6n nay cang ro rang hon khi
nhiét do bay hoi cang giam. Khi nhiét d¢
bay hoi thap, ty s6 nén cao s& anh huong
dén @6 bén thiét bi, kha ning boi tron dau
nhot va dé bi lot khong khi vao hé théng
lanh do &p suat hit thap hon 4p sudt khi
quyén. Néu giéi han ty sé nén khdng qua 9
thi nhiét do bay hoi cia méi chat lanh
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Dbi voi qué trinh hdi nhiét néu chi
dung céc bién phéap ky thuat thi chénh léch
nhiét d6 2 dong mdi chat & dau ndng cé thé
bang 0 nhung ¢ dau lanh ludn khéc 0 vi
nhiét dung riéng dong méi chat cao ap ludn
cao hon dong thip &p. Nhu vdy, dé giam
chénh léch nhiét d6 2 dong mdi chat theo
bé mit trao ddi nhiét can nghién cuu, pha
ché hdn hop mdi chit lanh c6 tinh chat
chuyén pha sao cho nhiét dung riéng 2
dong méi chat gan bang nhau.

Ty s nén va nhiét do cubi tim nén
cua chu trinh phy thudéc vao nhiét do bay hoi
duoc mo ta bai hinh 4 va 5:

o0 ~ ——R2 —@—Rlda R410A ——RAMA

300
250
200 ey

150 \*\\
100 ‘M&’
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-65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10
t,°C
Hinh 5. Nhiéz dé cudi tam nén

R134a khdng thap hon -20 °C, R22, R404A
va R410A la -25 °C.

Theo hinh 5 khi nhiét d6 bay hoi
giam thi nhiét d6 cudi tam nén ting. Nhiét
d6 cudi tam nén cua R22 1a cao nhat lan
luot dén R410A, R134a va R404A. Nhiét
do cudi tim nén co thé dat 250°C khi lam
viéc & nhiét do bay hoi -65°C. Tuy nhién,
dé dam bao diéu kién boi tron may nén tit,
khong chay dau véi nhiét do sau dau day
mady nén khuyén dung duéi 100°C, nhu vay
gii han nhiét do bay hoi thap nhat cac moi
chat trén khong thap hon -35°C. Pay la cac
nhuoc diém 16n nhét cua céc loai moi chat
lanh hién nay khi lam viéc & nhiét @6 bay
hoi thap.
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4. Két luan

- Tinh chat méi chat lanh anh huéng
dén d6 khong thuan nghich cua cac qua
trinh nhiét dong va kha nang st dung nang
luong cua chu trinh lanh. Nhiét @6 bay hoi
cang thap, chu trinh lanh cang léch chuan
so vai chu trinh Cacné.

- Ton that execgi 16n nhat nam & qua
trinh ngung tu roéi dén qué trinh nén, qua
trinh tiét luu, qua trinh bay hoi, sau cing 1a
qua trinh hdi nhiét. Do vay, véi chu trinh
lanh mot cdp nhiét do sbi - 65°C can thiét
phai c6 thiét bi hdi nhiét nham giam chénh
léch nhiét d6 trudc va sau van tiét luu, giam
t6n that execgi nang cao chét luong va do
hoan thién cua chu trinh.

- Ton that execgi cua chu trinh gom
ton that ky thuat va ton that do ban than céc
qué trinh. C4c ton that execgi cua may nén,

o1

thiét bi ngung ty, van tiét luu va thiét bi bay
hoi c6 thé khic phuc bang bién phap ky
thuat nhu ng dung cdng nghé méi, hoan
thién may mac thiét bi. Tuy nhién, d6i véi
thiét bi hoi nhiét chi ding bién phap k¥
thuat khong thi chua da ma phai st dung
hdn hgp méi chat lanh c6 tinh chat nhiét
dong can thiét dé can bang nhiét dung riéng
2 dong moi chat, giam ton that execgi ting
do hoan thién chu trinh.

- Viéc hoan thién chu trinh lanh mot
cap nhiét do sdi - 65°C phai dam bao ap
Suit thap cao hon ap suét khi quyén, ty sé
nén khdng qua 9, nhiét do6 cudi tim nén
khéng qua 100°C. Véi diéu kién nhu vay
khong c6 mdi chét lanh nao hién nay thoa
man, do d6 viéc hoan thién chu trinh nay
chi c6 thé pha ché hdn hgp méi chat lanh
méi ¢6 tinh chat pht hopO
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Abstract
Influence of refrigerant on a perfect refrigeration cycle

Thermodynamic properties of refrigerant really influence on a perfect refrigeration
cycle. The lower the evaporation temperature is, the higher the compression ratio becomes, the
higher the compressor's discharge temperature and more exergy loss, the differences between
actual refrigeration cycle and Carnot cycle are more and more. The calculated results show
that largest exergy loss occurs in the process of condensation and then to the compression
process, the throttle process, the evaporation and finally, the process of heat recovery. Exergy
loss of the heat recovery process is lower but the heat recovery process increases the perfect of
the cycle. Therefore, the low temperature refrigeration cycles need to have some heat recovery
equipment. Without technical losses, the maximum level of perfection of refrigeration cycle
using refrigerant R134a, R22, R404A, R410A is about 0,42.

Key words: perfect refrigeration cycle, exergy loss, refrigerant.



