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TOM TAT

Ngady nay, cdc loai méi chat lanh dwoe dimg phé bién nhdt cho hé thong lanh nhw tii lanh,
tii déng — ti mat va may diéu hoa khéng khi trén 6 t6 dé la cdc loai méi chat nhw R600a, R404A va
R134a. O ni dung nay chii yéu tinh todn phan tich déc diém tinh chdt cia cdc méi chdt lanh trén
diing trong hé thong lanh khi c6 qud lanh, tinh todn va so sanh dwoc hé s6 lam lanh COP, ndng sudt
lam lanh riéng q b, cong tiéu ton khi c6 qud lanh. Cu thé, khi dg qud lanh ting lén thi hé s6 COP
ciia ba méi chdt déu tang lén, nang sudt lanh riéng tang lén nhung cong thi khong thay doi. Khi do
qud lanh tang 1én 20°C thi méi chat R404A ting nhanh nhat, mikc dg tang trung binh la 1,48%. Tir
két qua nay, ta nhdn thdy tinh hiéu qua khi ching ta tién hanh qud lanh cho hé thong lanh.

Tir khéa: Qud lanh; Méi chat lanh; Hé s6 lam lanh COP; Hé thong lanh.
ABSTRACT

Today, the most commonly used refrigerants for refrigeration systems such as refrigerators,
freezers — coolers and car air conditioners are refrigerants such as R600a, R4044 and R134a. In
this content, we mainly calculate and analyze the characteristics of the above refrigerants used
in the refrigeration system when there is sub-cooling, calculate and compare the sub-cooling
coefficient COF, specific cooling capacity q,, and cooling capacity, consumed when there is
sub-cooling. Specifically, when the sub-cooling degree increases, the COP coefficient of the three
media increases, the specific cooling capacity increases but the work does not change. When the
sub-cooling level increases to 20°C, the R404A refrigerant increases the fastest, with an average
increase of 1.48%. From this result, we see the effectiveness when we sub-cooling the refrigeration
system.

Keywords: Sub-cooling; Refrigerant; COP, Refrigeration system.
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1. PAT VAN PE

pé nang cao dugc hi¢u suét ciia hé théng
lanh, c6 nhiéu cach dé thuc hién nhu nang cao
hiéu suét cta may nén lanh, nang cao hé s6 trao
d6i nhiét cia thiét bi, qua nhiét trong hé thong
lanh, nghién ctru ung dung méi chét lanh méi
c6 tinh nhi¢t dong t6t hon nhu nang suit lanh
thé tich 1én hon, nhi¢t an hoa hoi 16n va dic
biét la an toan va than thién v6i moi truong. O
ndi dung nay tinh toan phan tich nang cao hé
s0 1am lanh COP ciia h¢ thong lanh bang cach
quéa lanh 16ng méi chat lanh trude khi tiét luu
dé tang hé s6 1am lanh cta chu trinh.

Trén thuc té, c6 nhiéu cach dé dat duoc
d6 qua lanh nhu: Qua lanh trong thiét bi ngung
tu, hoi nhiét qua lanh, thiét bi qua lanh dé qua
lanh [1]. Nhin chung, mic d¢ qua lanh la nho,
dé tang duoc ning suét lanh riéng va ting hé s6
lam lanh, ta dung phuong phap qua lanh co khi
[2, 3] (nghla la st dung mot chu trinh lam lanh
phu tro dé 1am lanh chit 16ng méi chat lanh cua
chu trinh 1am lanh chinh) chu trinh chinh va
phu can két hop tt dé t6i wu hoa [4, 6].

Cac méi chit lanh R600a, R404A,
R134a, mic d0 qua lanh khac nhau, c6 anh
hudng khac nhau dén hiéu suat cua hé théng
lanh khi qua lanh, cac thong s6 hiéu suit cua
cic moi chat 1am lanh R600a, R404A, R134a
trong thuc té duoc tinh toan va so sanh ¢ mirc
do khéc nhau cta qua lanh, anh hudng cua
chung dén hé théng lanh.

2. PHAN TiCH CHU TRiNH HE THONG
LANH CO QUA LANH

Loéng cao ap ra khoi thiét bi ngung tu bi
han ché bai moi trudng 1am mat, noi cach khac
la nhiét do cua long cao ap phu thudc vao moi
truong 1am mat & thiét bi ngung tu. Gia sir qua
trinh ngung tu khong tét vi 1y do nao do nhu
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dan trao ddi nhiét bi ban, moi truong lam mat
c6 nhiét do cao bat thudng thi nhiét d¢ long cao
ap cao dan dén ton that tiét lwu va lam giam hé
s6 1am lanh cta chu trinh [5, 6]. Viéc sir dung
qué lanh cho hé théng lanh s& lam ting ning
suat lanh riéng va ting hé s6 lam lanh COP
ctia chu trinh. Trén Hinh 1 va 2 biéu dién so d6
nguyén 1y, do thi T-s va lgp-h cta chu trinh 1am
lanh c6 qua lanh.

a) So do nguyén ly: Hinh 1 biéu thi h¢
thong lanh c6 qua lanh long cao ap trude khi di
tiét luu, hé théng gém c6 cac thiét bi chinh nhu
sau: I — May nén lanh; II — Thiét bi ngung tu;
11T — Thiét bi qua lanh; IV — Thiét bj bay hoi.

Hinh 1. So do nguyén Iy hé thong lanh c¢6 qud lanh

Nguyén 1y lam viéc cua hé thong lanh
khi ¢6 quéa lanh: Hoi moéi chit ha ap & thiét bi
bay hoi ’c() ap sut va qhiét do6 thap (po,‘to) ra
khéi thiét bi bay hoi (diém 1) dugc hut vé may
nén dugc nén doan nhiét tai may nén 1é€n ap suit
va nhiét do cao (diém 2), duoc dwa vao thiét b
ngung tu. Tai thiét bi ngung tu, moi chét duogc
lam mat (méi truong lam mat 1a nude hoac
khong khi) ngung tu thanh 1ong cao ap (diém
4), long cao ap ¢ trang thai (pk, t) tiép tuc di
qua thiét bi qua lanh, tai thiét bi qua lanh long <~
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cao ap dugc lam lanh dén trang thai 4° (pk, t ).
Long ra khoi thiét bi qué lanh dugc dua vao van
tiét luu giam 4ap giam nhiét do, sau d6 vao thiét
bi bay hoi nhan nhi¢t cua moi truong lam lanh
bay hoi déng ap dang nhiét va dugc hut vé may
nén tiép tuc chu trinh lam lanh.

b) Hinh 2 biéu dién d6 thi T-s va Igp-h
cua hé théng lanh ¢6 qua lanh:

Hinh 2. D6 T-s va lgp-h hé thong lanh cé qud lanh

Céc qua trinh biéu dién trén dd thi hinh
2 nhu sau:

1-2: Nén doan nhiét tai may nén; 2-4:
Moi chat ngung tu dang 4p dang nhiét tai thiét bi
ngung tu; 4-4’: Qua lanh 16ng cao ap tai thiét b
qua lanh; 4°-5”: Tiét luu tai thiét bi tiét luu; 5°-1:
Bay hoi dang ap dang nhiét tai thiét bi bay hoi.

3. TINH TOAN CHU TRiNH HE THONG
LANH CO QUA LANH

Ning suét lanh riéng:

Qo = M = hs=h, = h,, (1)

Trong do:

h : Entanpi ctia hoi bdo hoa trude khi
hat vé may nén, kJ/kg;

h,.: Entanpi cua l6ng cao ap sau khi qua
lanh, kJ/kg;

h,: Entanp1 ctia long sau khi tiét luu tir
trang thal 4> dén 5°, kJ/kg.

Don vi khi luong lanh thé tich:

qZV = (hl - hS')/Vl zqo-mb / vl (2)
Trong do:

v, Thé tich riéng tai diém 1, m*/kg.
Cong 1y thuyét:

W.,=W,=h—h 3)

sub

Trong do:

W_.: Cong thuc hi¢n chu trinh khi co6
qué lanh, kJ/kg;

W : Cong thyuc hién chu trinh khi khong
qua lanh, kJ/kg.

Cong chi thi:

W, =W, In, (4)

Trong do:
n.: Hiéu suat chi thi cua may nén.

Phu tai nhiét ¢ thiét bj ngung tu:

Di-suo = (h —h ) (h4_h4‘) Q)

Trong do:

h,: Entanpi cua long cao ap trude khi
qué lanh, kJ/kg.

Phu tai nhiét & thiét bi qua lanh:

qq = (hy — hy,) (6)

Hé s6 1am lanh cua chu trinh khong qua
lanh COP

—hs
hz hy

COP, = @

Hé s6 lam lanh cta chu trinh c6 qua
lanh COP_
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_ Yo _ h—hs =(h1_h5)+(hi_h5‘)

COP
“ W, h-h h, —h,
_ (8)
=COF, +—h-' s
h—h,

COP, chi thi: COP.=q, . /W.

So v6i chu trinh khong qua lanh thi chu
trinh ¢6 qua lanh lugng lam lanh tang Ién:

my (hy —hg ), COP tang 1én }}114 f}t:

2 1
Trong do:
m_: Lugng moi chat tuan hoan trong hé
thong, kg/s.

4. QUA TRINH QUA LANH ANH HUONG
PEN HE THONG LANH

Tinh cho cac méi chit lanh thuong
dung trong hé théng lanh nhu: R600a, R404A,
R134a. Dé thuén tién cho viéc tinh toan, ta gia
dinh:

1) H¢ théng hoat dong voi cac thong )
on dinh;

2) Nhiét do ngung tu dugc chon trong
khoang 40°C dén 50°C, nhiét do bay hoi trong
khoang 5°C dén -5°C;

3) Khéng tinh ton that nhiét, ton that luu
dong va ton that trao doi nhi¢t véi moi truong
va trén duong ong;

4) Hi¢u suat lam viéc cia may nén 1a 0,8.

4.1. P9 qua lanh dnh huéng dén hé théng khi
nhiét d9 ngung tu va nhiét do bay hoi thay doi

4.1.1. Pj qud lanh dnh hwéng dén q,.,,khinhiét
dj bay hoit,= 5°C nhi¢t dp ngung tu t =40°C
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Hinh 3. Anh huéng do qud lanh dén g, ,

Hinh 3 thé hién mdi quan hé giita do qua
lanh va niang suat lanh riéng. M6i chat R134a
coq,, ., lon phét. Khi d§ qué lanh tang lél} 20°C
thi nang suat lanh riéng cua cdc moi chat lanh
R134a, R404A, R600a déu ting 1én tuong ing
nhu sau: 49,26%; 31,62%; 28,9%. Nhu vay, khi
d6 qué lanh tang 1én thi ca ba moi chat ¢ ning
suét lanh riéng Aot déu tang 1én nhung R134a
c6 do tang 1én nhanh hon.

4.1.2. Dy qua lanh danh huong dén cong (W)
khi nhiét dp bay hoi t,= 5°C, nhi¢t dp ngung
tut =40°C

Hinh 4 thé hién mdi quan hé gitta do
qua lanh va coéng nén chu trinh. Moi chat
R600a c6 cong nén 16n nhat, cong nén ciia moi
chat R404A 14 nho nhat, cong nén cia moi chat
R600a l6n hon R134a va R404A tuong ung:
39,6%; 22,3%; 17,4% va khi do qua lanh tang
1én thi ca ba mdi chat R600a, R404A va R134a
c6 W khong thay doi.

45 5 T, =40°C, T, =8

40 1

15
B0 +—R134a  -B-RI04A RE00A
3,
= *

20

[ - - = -
15
10

0 5 10 15 20
D qua lgnh ("C)

Hinh 4. Anh huong do qud lanh dén cong W, kJ/kg =
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4.1.3. B qud lanh dnh hwéng dén COP khi
nhigt dp bay hoit,= 5°C nhigt dp ngung tu t,
=40°C

=
_‘:' T
- ==R134a
0.5 == A0 A
RA00a
A
5.5 ' T r 1 1
0 ] 10 15 20

B qui lanh ("C)
Hinh 5. Anh hwong do qud lanh dén COP

Hinh 5 thé hién mdi quan hé giira do qua
lanh va hé sb lam lanh cta chu trinh COP. Khi
khong c6 qua lanh thi R600a c6 COP 16n nhit,
ké tiép 1a R134a. Khi d6 qua lanh ting 1én 20°C
thi cac méi chit lanh R134a, R404A, R600a
c6 COP tang lén twong ung 1,30%; 1,82% va
1,29%. Nhu vay, khi d§ qué lanh tang thi ca ba
mdi chat déu ting 1én nhung R404A co do ting
nhanh hon hai mdi chét con lai 14 0,5%.

4.2. Do qua lanh anh huwéng dén COP khi
nhiét do bay hoi va ngung tu thay doi

4.2.1. Khi nhiét dp bay hoi t, = 5°C, nhi¢t dj
ngung tu t =45°C

Hinh 6 thé hién mdi quan hé giira do qua
lanh va COP. Khi khong qua lanh thi moi chét
R404A c6 COP nho nhét, tiép dén la R134a.
Khi d6 qua lanh tang 1én 20°C thi c4 ba moi
chat R134a, R404A, R600a c6 COP ting lén
tuong tmg: 1,17%; 1.67% va 1,12%. Vay, khi
dd qua lanh tang 1€n thi moi chit R404A c6 do
tang 1én nhanh hon R134a 1a 0,5%.

T, =45C, T, = 5*C

~#-R1%4a

35 - RAA

50 R&00a

45 T v T T .
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Hinh 6. Anh hwéng do qud lanh dén COP

4.2.2. Khi nhi¢t dp bay hoi t,= 5°C, nhiét dp
ngung tu t =50°C

Hinh 7 thé hién mbi quan hé gitra do
qua lanh va COP. Khi khong qua lanh thi moéi
chat R404A c6 COP nho nhat: 4,14, tiép dén
la R134a: 4,71 va R600a: 4,85. Khi d0 qua
lanh tang 1én 20°C thi ca ba méi chat R134a,
R404A, R600a c6 COP tang Ién tuong ung:
1,08%; 1.58% va 1,03%. Nhu vay, khi d¢ qua
lanh ting 1én thi moi chat R404A ¢ do tang lén
nhanh hon R134a la 0,49%.

Ty = S0°C, T, = 5°C

L] 5 10 15 20
B gua lanh ("C)

Hinh 7. Anh hwéng do qud lanh dén COP

4.2.3. Khi nhiét dp bay hoi t, = -5°C, nhi¢t dp
ngung tu t, =40°C

Hinh 8 thé hién mbi quan hé gitra do
qua lanh va COP. Khi khong qua lanh thi moi
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chat R404A c6 COP nho nhat: 4,13, tiép dén
la R134a: 4,68 va R600a: 4,77. Khi d§ qua
lanh ting 1én 20°C thi ca ba mdi chit R134a,
R404A, R600a c6 COP tang lén tuong Ung:
0,97%; 1.33% va 0,9%. Nhu vay, khi d§ qua
lanh tang 1én thi moi chat R404A ¢ do ting 1én
nhanh hon R134a la 0,4%.

il Ty = 40°C, T, = - 5°C

5B 4
56 //ﬂ
34 o -

52 - /'../j

S50 ey +R134a

48 B - RA04A

46 1 o /./
id A .// R

42 4
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4] 5 1] 15 20
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Hinh 8. Anh huéng dg qua lanh dén COP,,

4.2.4. Khi nhiét dp bay hoi t,= -5°C, nhi¢t dp
ngung tu t =45°C

Hinh 9 thé hién mbi quan hé gitra do
qua lanh va COP. Khi khong qua lanh thi moi
chat R404A c6 COP nho nhét: 3,617, tiép dén
la R134a: 4,05 va R600a: 4,149. Khi d§ qua
lanh ting 1én 20°C thi ca ba méi chat R134a,
R404A, R600a c6 COP tang lén tuwong ung:
0,9%; 1,26% va 0,86%. Nhu vay, khi d¢ qua
lanh ting 1én thi moi chat R404A c6 do tang lén
nhanh hon R134a 1a 0,36%.

T, =45%C, T, = 8%
43
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-
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- o /l/
e -
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Hinh 9. Anh huong do qua lanh dén COP
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4.2.5. Khi nhiét dp bay hoi t, = -5°C, nhi¢t dp
ngung tu t = 50°C

Hinh 10 thé hién mdi quan h¢ gitta do
qua lanh va COP. Khi khong qua lanh thi moi
chat R404A c6 COP nho nhat: 3,027, tiép dén
la R134a: 3,52 va R600a: 3,62. Khi d§ qua
lanh tang 1én 20°C thi ca ba moi chat R134a,
R404A, R600a c6 COP tang 1én tuong ung:
0,85%; 1,22% va 0,81%. Nhu vay, khi d6 qua
lanh tang 1én thi moi chat R404A ¢ do ting 1én
nhanh hon R134a la 0,37%.

T, =50°C, Ty = - 5°C

44 1 o
42 1 #
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iE o i ~
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Hinh 10. Anh huong @ qud lanh dén COP

5. KET LUAN

Tu phan tich tinh todn déac tinh cua
cac moi chat thuong diung R134a, R404A va
R600a da chi ra dugc dai luong hitu ich khi qua
lanh. Vay, khi ta qué lanh long moi chét sau khi
ngung tu dé tiét luu thi hé s COP cua hé thong
tang 1én rat rd rang.

Phan ndi dung di thé hién duoc cac
mébi lién hé gitra d¢ qua lanh va nang suét lanh
riéng, cong tiéu ton cho chu trinh va hé s lam
viéc hi€u qua cua chu trinh COP. Béc biét, khi
giam nhiét d0 ngung tu T, thi COP tang lén va
giam nhi¢t d¢ bay hoi T thi COP giam.

1) Khi khong quéa lanh thi méi chat
R404A c6 hé sb lam lanh thap nhét, ké dén 1a

R134a.
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2) O cung nhiét do bay hoi va nhiét d6
ngung tu thi moi chat R600a c6 hé sb 1am lanh
cao nhat.

3) Khi do qua lanh ting 1én thi ning sut
lanh riéng va h¢ s6 lam lanh COP cua R134a,
R404A va R600a tang 1én.

4) Khi d6 qua lanh tang 1én 20°C thi
moi chat R404A ting nhanh nhat, mirc do ting
trung binh 1a: 1,48%. <
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