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TOM TAT
Trong c&c logi méi chdt lgnh ding thay thé R22, moi chdt R404A duwoc sir dung kha pho
bién trong cac hé thang lgnh nhiés d@é trung binh va thdp tai nudéc ta. Tuy nhién, véi hé sé
GWP=3922 kha cao, moi chdt ndy ciing lam gia tang hiéu iing nha kinh nén hi¢n nay cac
nuée Chau Au dang tién hanh cat giam viéc san xudt logi mdi chat nay. Do dé, véi mét hé sé
GWP=1824, thdp hon 50% so véi R404A thi moi chat R407F 1a mét trong nhitng méi chat
duwoc sir dung dé thay thé R404A. Két qud thic nghiém cho thdy rang, khi thay thé mét hé
thong lanh dang sir dung RA404A bang R407F thi néing sudt lanh tang, cdng nén giam khoang
7%, gilp tiét kiém nang heong tir 10% tre 18n, va lam giam thoi gian 1am lgnh san phdm ma
khéng can thay thé cac thiét bi chinh trong hé thong lanh. Tuy nhién, véi lieu heong khoi
lirong tuan hoan thdp hon 40% so véi R404A nén can can chinh van tiét luu dé phi hop khi
vdn hanh.

Tir khoa: mdi chat R404A; hiéu iing nha kinh; tiét kiém ndng lweong; nang sudt lanh; bdo vé
moi truong.

ABTRACT

Among refrigerants to replace R22, R404A has been using broadly in mid and low
temperature refrigeration systems in our country. However, with its high GWP=3922, this
refrigerant also increases greenhouse effect and hence its production quantity is limited in
Euroupe countries. For that reason, possessing the lower GWP of 1824,which is 50%
compared with that of R404A, R407F is amid competitive refrigerants for this replacement.
Experimental result shows that if we replace the existing R404A with R407F in a being used
cooling system, cooling load will be higher along with approximately 7% compression work
reduction leading to increasing energy saving from 10% up than the old ones, and cooling
time would be cut-down without refrigeration’s major components substitution. Nevertheless,
with mass flow less than 40% of that of R404A, one should adjust expansion valve to have
suitable operation for this refrigerant.

Keywords: R404A refrigerant; greenhouse effect; energy saving; cooling load; evironmental
protection.

1. PAT VAN DPE

MGi chat HFC 404A 1a hdn hop boi  dugc ding thay thé mdi chat R22 ¢ dai nhiét
44%R125, 4%R134a, 52%R143A, c6 hé s6 do thap va trung binh. Hién nay, moi chat
GWP=3922, khong doc hai, khdng chdy, R404A duoc sir dung kha rong rai ¢ nudc ta
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trong hé théng lanh siéu thi, dong lanh thity
san. Tuy nhién, trong bdi canh hién nay, can
giam thiéu céc chat gay hiéu ung nha kinh va
tiét kiém nang luong thi mdi chat R407F da
dugc nghién ciru va st dung khé nhidu nuée
trén thé gidi. Thém vao do, viéc cat giam san
xuét loai mdi chat R404A, R134a, R507 nén
gia thanh ting 60%, va hdng mdi chat
Honeywell di tinh s& nging san xuit moi
chét nay tai Chau Au [1,2]. M6i chat R407F
c6 GWP=1824, la mdi chat hdn hop
(30%R32, 30%R125, 40%R134a), khong doc
hai, khdng chdy, c6 do truot nhiét do tir 3-6K
tly thudc &p suat van hanh. Viéc do tim chd
rd ri moi chat ciing d& dang hon so véi
R404A vi nong d6 R134a khé cao trong hon
hop mdi chit R407F va twong thich vai cac
dau do méi chat R134a. Ngoai ra, voi nong
d6 R134a trong moi chit R407F cao gap 10
lan so v&i moi chat R404A nén han ché duoc
s6 1an phai xa bo hoan toan luong mdi chat
khi hé théng bi ro ri.

Theo cac y kién ciia c4c nha may dang
sir dung R407F dé thay thé mdi chat cho hé
thong R404A, ho déu danh gia kha cao viéc
thay thé ndy. Vi du nhu nha may Valentin
Refrigerant (Phé&p), Tewis Smart Solution
Internation (Tay Ban Nha), Verco (UK)... da
thay thé moi chat R404A dang sir dung bang
R407F va déu chung nhan dinh rang, viéc
thay thé mdi chat kha dé dang, giup tiét kiem
nang luong tir 10% tro 1én.

Trong nghién cau nay s€ phén tich ly
thuyét kha ning thay thé mot hé thdng lanh
dang dung moi chat RA04A bing R407F dé
c6 nhitng danh gia tong quan, sau d6 tién
hanh do dac, phan tich thdng sb trén mot
hinh thuc nghiém dé dua ra nhan dinh cho
viéc thay thé nay.

2. COSOLY THUYET

Sau day, bai bao thiét ké mot hé thng
lanh sir dung moi chat R404A, sau d6 duoc
thay thé bang méi chat R407F véi thdng sé
nhu sau:

Kho lgnh bdo quan su dung chu trinh
lanh 1 cap, nhiét d¢ bdo qudn -13°C, néing
suat lanh Q,=800W, nhiét dé hoi méi chat
bdo hoa tai ap sudt bay hoi t,=-20°C, nhiét
dé hoi méi chat bao hoa tai ap sudt ngung tu
t=45°C, dé qua nhiét hitu ich 10K, dé qua
nhiét trén dwong ong hat 10K, hiéu sudt nén
70%, hiéu suat thé tich 65%, si dung dong
dong c6 dwong kinh trong nhw sau: ong hat d
hit=10 mm, ong dan long d 1s;ng =10 mm, 6ng
nén d ng, = 6 mm.

Theo [3,4] ta tinh toan dugc cac thdng sb
ky thuat nhu sau:

- Luu lwong khéi luong G= 0,0083 (kg/s)

- Nhiét luong thai ra khoi thiét bi ngung
tu, Qk=1,39 (kW)

- Thé tich hat ly thuyét cia may nén,
V=3.33 (m*/h)

- Cong suat nén N= 510 W
- H¢ s6 1am lanh COP = 1,56

Ta chon may nén Teccumseh, ma hiéu
T2178GK, sir dung mdi chat R404A, dau
nhét boi tron Polyeste (POE), thé tich chua
dau 580cc, thé tich quét V=3,47m*/h, cong
suit dong co N=1HP, s§ vong quay 2800
vong/phdt.

Véi thé tich quét cuia may nén
Vi=3,47m*/h, ta tinh dugc cc thdng sb van
hanh v&i mdi chat R404A va khi thay bang
R407F ta c6 két qua nhu sau:

Bdng 1. Thong sé ky thugt cua hé thong sau khi tinh toan

Thong 6 Mobi chit

R404A R407F
Ap suit ngung tu, (bar), (%-R404A) 20,44 (100%) 19,53 (95,5%)
Ap suit bay hoi, (bar), (%R404A) 3 (100%) 2,46 (82 %)
Nhiét d6 cudi tim nén, (°C), (%-R404A) 86,2 (100%) 112,4(130%)
Ning suit lanh, (W), (%-R404A) 830(100%) 880(102%)
Cong sudt thai nhiét khoi TBNT, (kW), (%-R404A) 1450 (100%) 1440 (99,3%)
Cong suat may nén, (W), (%-R404A) 530 (100%) 500(93,8%)
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Heé s6 lam lanh COP, (%-R404A) 1,56 (100%) 1,76(109,3%)
Luu lugng khdi lwong méi chat G,(kg/s), (%-R404A) 0,0087 (100%) 0,0059 (67,8%)
Vian téc mdi chit trong duong 6ng hut, (m/s) 7,8 7,8

Vian téc moi chat trong dng dan ong, (m/s) 0,12 0,07

Vian téc moi chat trong dng day, (m/s) 3,71 3,66

Tén that ap suat duong dng hit, (Pa/m), (%R404A) 806,46 (100%) 591,42(73,3%)
Ton thét ap suat duong 6ng long, (Pa/m), (Y%R404A) 19,65 (100%) 9,48 (48,2%)
Ton thét ap suat duong dng day, (Pa/m), (%R404A) 1778,34 (100%) 1281,56(72%)
Thé tich riéng méi chét di vao may nén, v’ -(m°/kg) 0,072 0,106

Vé6i hé théng R404A khi dugc thay thé
bang R407F thi: ning suat lanh ting 2%,
COP ting 9,3% tuy nhién nhi¢t 6 cudi tam
nén ting 30%. Ngoai ra, cac ton that &p suét
cua duong 6ng hat, éng day, ong dan long
déu giam. Trong do, ton thit 4p suat 6ng dan
long giam gan 60%, diéu nay tranh duoc tinh
trang bay hoi sém trong dng dan long, gilp
duong ong di xa hon. Ngoai ra, nhiét luong
thai ra khoi thiét bi ngung tu giam 0,7% nén
khong anh huong dén qua trinh 1am viéc cua
hé théng. Tuy nhién, luu luong khbi lugng
cua hé théng khi van hanh bing méi chit
R407F giam 40% nén can thay thé hoic can
chinh lai van tiét luu dé dap ung duoc céc
thdng s6 van hanh yéu cau.

Sau déy, bai bao tién hanh phan tich thuc
nghiém va danh gia két qua van hanh viéc
thay thé moi chat R404A hién c6 biang R407F.
3. XAY DUNG MO HINH THi NGHIEM

Ta coO kho lanh kich thudc 2 x 1,2 X 1,8m
st dung may nén pit-tdbng kin 1HP héng
TECHCUMSEH, mdi chat R407F héng

Honeywell Genetron Performax-LT va
R404A cua An Dd.
Il onerol RN oy
f§ Genetron® d
==  Performax"LT g
S Refrigerant
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Hinh 1. M6 hinh kho lgnh va méi chdt lanh
R407F duoc sur dung trong thi nghiém

D¢ tién hanh do dac, tinh toan ta sir dung
cac loai cam bién va cac thiét bi do dac sau:

- Ap ké: Po dac 4p suat ngung tu va bay
hoi, hang Coolmax

- Cam bién nhiét d6: Lap tai dau day may
nén, éng huat ra khoi dan lanh, ngd vao
va ra dan lanh cua hang Dixell XR60C
(Y)

- Cam bién d6 am: Lap dit tai ngd vao va
ra dan lanh, ma hiéu DHC100, d6 chinh
Xac +5%

- Ampe kep: Po cuong d6 dong dién may
nén, cua hang Kyorisu
- Cong to dién: Do dac nang lugng tiéu
thu cua h¢ thong, hang EVN, c6 dan tem
kiém dinh
Ta ¢6 so do hé théng lanh va vi tri Iap
cac cam bién nhu sau:

DANLANH [ 15 B
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Ghi chii: VTL: Van tiét hru PC: Role dp sut kép

VC : Van chan HP: Di”mg ho ip suit cao

SV : Van dién ti LP: Bong hé ap suit thip

SG : Kinh xem gas GTS: Bng ho Dixell XRA0C do nhigt 4§ méii chit lanh
DF : Phin sdy loc ATS: Ddng hd Dixell XR60C do nhiét d khong khi
RH : Amké

Hinh 2. So @6 nguyén Iy hé thang lanh va vi
tri lap cam bién
Theo [5] ta tinh dwoc c4c théng sb sau:

Ning suét lanh Q, (kW) duoc tinh toan
dua trén entanpi vao, ra lyp., loL (kJ/s) va
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luu luong gid cua Gkpr dan lanh (kg/s). Luu
luong quat dan lanh trong mé hinh duwoc do
dac thuc té 14 500 (m/h).

Qo= GukoL.(lvoL — Iron) (1)

Cong suat may nén N (W) dua trén dién
ap U (Volt) va cuong d6 dong dién do duoc |
(A), cung véi hé so cong suat 0,85.

N=U.1.0,85 )

4, PHAN TICH VA PANH GIA KET
QUA THUC NGHIEM

Ban dau, kho lanh dugc van hanh bang
mdi chat R404A, sau d6 duoc rat mdi chat va
nap bang R407F. Kho lanh dwoc dat trong
phong thi nghiém cé nhiét do moi truong
xung quanh khi van hanh dao dong tu
30~31,5°C nén khéng anh huéng nhiéu dén
két qua thuc nghiém khi so sanh. Do luu
lwong khéi luong khi thay thé bang R407F s&
nho hon 40% so voi R404A, nén trong thi
nghiém nay, khi van hanh véi méi chét
R407F thi vit diéu chinh cua van tiét luu
nhiét s& duoc siét vao 1,5 vong, nhu vay ta
c6 két qua van hanh nhu sau:

4.1 Panh gia nhiét do kho lanh trong qua
trinh van hanh

\
b\ —=— RA04A
\

Nhiét dg, (°C)
15

Thovi gian, (phiit)
Hinh 3. Sw thay déi nhiét do kho lanh

Khi bt dau van hanh, nhiét d6 trong kho
lanh la 29°C, trong quéa trinh van hanh hé
thong R407F, ta mat 40 phat dé ha nhiét do
xudng 0°C (nhiét do cua hé théng R404A
dang 1a 2,9°C), va mét thém 90 phut nira dé
kho lanh dat nhiét o -13,5°C (nhiét do cua
hé thdng R404A Ilc nay la -12,2°C). Trong
khi d6, di vai hé théng R404A, dé ha nhiét
d6 xudng 0°C phai mat 47 phit va thém 137

phut dé dat nhiét do -13,5°C (lic nay hé
thong st dung R407F dat nhiét do la -
14,6°C).

4.2 So sanh ap suat cia 2 mdi chat khi
van hanh

- -- ApsudtnénR404A
—=— Ap sutnén RAOTF

- Ap sudt hit RA04A
—=—Ap sudthut R4OTF

Ap suét, (bar)

25 20 15 10 5 0

Nhiét do kho lanh, (°C)

-5 -10 -12 -13 -135

Hinh 4. Su thay d@éi &p sudt cia hé thong
theo nhiét @ kho lanh

Ban dau khoi dong, do phu tai lanh trong
kho lanh kha cao nén &p suat cua hé thong
R407F ting, v&i 4p suat (tuyét ddi) ngung tu
20~21(bar) va bay hoi 3,9~4,1(bar), con ap
Suit ngung tu va bay hoi cua hé théng
R404A lan luwot la 20~21,3(bar), 3,6~3,8
(bar). Tuy nhién, khi nhiét @6 kho lanh dudi
0°C, 4p suat hé théng R407F giam dan va tai
nhiét do kho lanh t=-13,5°C thi pw/p, la
19/2,7 (bar). Luc nay, ap suat pu/p, cua hé
théng R404A 1a: 19,4/3,1 (bar)

4.3 So sanh nhiét d cudi tam nén
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Nhiét d6 cudi tam nén, (°C)
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Nhiét d6 kho lanh, (<C)
Hinh 5. Nhiéz dé cudi tam nén trong qua
trinh van hanh

Nhiét d6 cudi tam nén khi van hanh hé
thdng R407F cao hon 16~20% so véi
R404A. Tai nhiét @6 kho lanh -13,5°C, nhiét
do cudi tim nén cua R404A va R407F lan
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luot 12 92°C, 108°C. Do @6, khi thay thé bang
moi chat R407F ta nén lip thém quat giai
nhiét tai dau déy may nén dé ha nhiét do cudi
tam nén.

4.4 So sanh ning suidt lanh Q, nhiét
lwgng thai ra khéi dan ngung tu Qy,
cong suat nén N, COP

4.5
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Hinh 6. Sw thay déi ning sudt lanh Q, va
nhiét luong Qx khi vdn hanh
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Hinh 7. Céng suat nén va hé sé 1am lgnh
COP cua hé thong

Khi ban dau khoi dong, hé théng st
dung R407F thu nhiét lvong kha 16n, din dén
nang suat lanh, nhiét luong thai ra thiét bi
ngung tu, cdng Ssuat nén, ap suit ngung tu va
bay hoi déu ting cao. Theo do dac, cudng do
dong dién lic dau o nhiét d6 duong cua hé
théng R407F la 4,1~4,27A, cia R404A la
3,7~3,95A. O khoang nhiét do -10°C tro
xudng, cdng nén giam dan va thip hon so véi
hé thong R404A khoang 6~7% va cuong do
dong dién cta may nén R407F tai nhiét d6 -
13,5°C la 3,14A, cua R404A la 3,37A. Tai
ché o tai lanh 6n dinh tir nhigt d6 -12°C tro
xudng nhiét luong Qx cua 2 hé thdng twong
duong nhau, nén 4p sudt ngung ty cta hé
théng R407F 6n dinh tai 19bar va thap hon
$0 V&i lac ban dau.

Luc ban dau, do nhiét luong thu vao cua
R407F cao nén hé sé COP cao hon so véi
R404A, tuy nhién hé s COP cua R407F
giam nhanh trong khoang nhiét d¢ 10°C dén -
5°C, va tai nhiét do tir -12°C thi COP n6 van
cao hon so voi R404A khoang 23%. Do do,
nhiét d6 trong kho lanh khi van hanh R407F
giam nhanh hon, nhu da phén tich & hinh 1.
Tuy nhién, dé dénh gia ning luong cua 2 hé
thdng, ta phan tich duéi hinh sau.

5. PHAN TiCH NANG LUQONG CUA

HE THONG

_ Nang luong cua hé théng dugc do dac
bang cong to dién theo tung thoi diem nhiét
do cua kho lanh nhu sau:

3

2.5

2

15

H R404A
1 HR407F

Ning lwong, (kWh)

05

0 4
25 20 15 10 5 0 -5 -10 -12
Nhiét d6 kho lanh, (°C)

-13 -13.5

Hinh 8. Nang lrong tiéu thy cia hé thang
lanh

Pé dat nhiét do kho lanh tai 0°C, ning
luong tiéu thu caa hé thong R404A cao hon
khoang 15,4% so vai R407F. Nhiét d6 cang
giam, mtc nang luong tiéu thu cua R404A
ting dan do ning suit lanh thap so véi
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R407F nén lam tang thoi gian 1am lanh, cling
nhu lic ndy cong nen cua may nén cao hon
gan 6~7% so vai R407F.

5.2 Panh gia d§ qua nhiét cta dan lanh
khi van hanh

Khi van hanh méi chat R407F, van tiét
lwu duoce duoc can chinh bang cach siét vit
diéu chinh d¢ qua nhiét 1,5 vong. Vao thoi
diém véan hanh luc dau, d6 qua nhiét cia 2 hé
théng déu cao trén 10K, va cung giam dan
theo thoi gian. Khi nhiét @6 kho lanh giam
du6i -12°C thi d6 quéa nhiét cua hé thdng
R407F con duy tri & mac 7,8~8K con cua
RA04A & muc 3,6~4,6K. Nhu vdy, do qua
nhiét nay dam bao hé thong khong bi ngap
I6ong khi van hanh.

6. KET LUAN

Khi thay thé h¢ théng R404A bang
R407F bai bao rat ra mot so van dé sau:

a. Nang sudt lanh cia hé théng ting,
cong nén giam khoang 6~7% so véi hé thng
R404A nén gilp tiét kiém nang luong khi
van hanh tir 10% tro Ién.

b. Nhiét lugng thai ra thiét bi ngung tu
cua h¢ thong R407F tuong duong véi RA04A
nén khong can phai thay the thiet bi ngung tuy.

c. Do luu luong khdi lugng mdi chat
R407F nho hon 40% so v&i R404A nén ta co
thé thay thé hoic can phai can chinh lai do
qua nhiét cua van tiét luu nhiét. Néu hé thdng
sir dung van tiét luu dién tir thi ta khong can
phai diéu chinh.

d. Nhiét do cudi tim nén cua mdi chat
R407F cao hon R404A, khi van hanh néu
nhiét d6 cudi tim nén cao hon 100°C thi ta
nén lap thém quat giai nhiét dau day may nén
dé lam giam nhiét do dé tranh anh huong dén
dau nhét béi tron.

e. Do ddu bdi tron ciia moi chat R4A04A
ding Polyester (POE). Day la loai dau ma
mdi chat R407F sir dung, nén ta khéng can
phai thay thé dau boi tron, [6].

f. Luong moi chit R407F nap vao hé
théng s& nhiéu hon khoang 7% so véi moi
chat R404A. Khi bat dau nap mdi chat, chi
nén nap 85% luong moi chat yéu cau, sau do
ta nap b6 sung cho dén khi may hoat dong
dung theo thong sé yéu cau. Luu y: MJi lan
nap bd sung chi nap thém khoang 5% lwong
moi chét, rdi sau d6 kiém tra tinh trang cua
hé thong cho dén khi dat théng s6 van hanh
mong mubn, [7,8].
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