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Applicability Research on CO, Application in Chinese Industrial and
Commercial Refrigeration Industry

Shi Min Jia Lei Zhang Xiuping Wu Junfeng Li Jiong Zhong Yu

(State Key Laboratory for Compressor Technology, Hefei General Machinery Research Institute, Hefei, 230031, Chi-
na)

Abstract CO, is a HCFCs substitution in HPMP of industrial and commercial refrigeration (ICR) sector in China. In this paper, the ap-
plicability of natural refrigerant CO, application in ICR is analyzed by standards, testing, replacement cost and market prospect. The con-
clusion indicates that: 1) based on the leaking and suffocation risk charging limit, CO, can be used in all refrigeration systems theoretical-
ly in relevant standards; 2) under ultra-low temperature condition and nominal condition in GB/T 21362—2008, the COP of CO, heat
pump water heater is 7.9% and 10.7% higher than R410A unit, and the performance of CO, air-cooler evaporator is better than tradition-
al unit; 3) the replacement cost from R22 heat pump and refrigeration system to CO, system will increase 100% -200% and 20% -
30% , respectively; 4) CO, has well application potential in heat pump water heater and refrigeration equipment area of ICR, but the re-
frigeration cycle efficiency promotion, high efficiency components development and operation security protection under high pressure need
further research.
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Tab.1 CO, safety classification in relevant standards

F/HLIX ISO-IEC M h %

FrifE ISO 817:2014  EN378—1:2008 GB 9237—2001 GB /T 7778—2008 ASHRAE 34—2013
GLNH Al Al 14 Al Al

Erealia TCEEATT A TCEEA TR TCEEATT IR TCEEA TR TCEEA TR
AR PE FI S T IR

I OEL=400 x 10 ~* (18438 1k) XFT GB/T 7778—2008 , i /£ EAr M ¥ =100 x 10~ ( Atk )

M Al LAF IS0 817:20141)  EN378—1 ;
20088 .GB 9237—2001") ,GB /T 7778—2008""") #iI
ASHRAE 34—2013"" #rufEXpKE CO, %15 A ILFEA AT
PR, FR I IEAE X 8 TR B 43 207 i b e b4 7
BAT, L5 G I EAE FAR HER & RS 1S0 817
2014 FHE 205 2%, LASE B0 PRIz, i 17l 2
U R RIS AN BE VR A TR 9%

F 208 T A SCHRHEXT T CO, BRI LA K e
VFIRTE R KR

1 2 A0, N2 4 ff B2 43, €O, Biig Bl L
T B HIR RGN . BN B, 752
2 e T B U R 1) == 8 XU, FE SRR R AL AN
YT N, N2 4l S 5 10 158 B T 118 VA B 4
HERU LA B i 8 2 A 4 it
2 HRESKIE

RI*T CO, JEAEHL. CO, ¥ %% i i% % Al CO,
PEEPOKHLIT R T LI, 45 KW . Co, T e
FREAETHAERGMER" " BTHEE CO,
FES Z AP i PR RE A SCEE R /NAL CO, $REE
HOKAR [ CO, ¥ MMLZE K Aw kAT T RAIPERESL SR .

2.1 /hBY CO, BRI MERESLIR

ZGEEBLE DL 1 R, Hep IR gE LR A 3
WY CO, HARHL, AR H &5 R ] 4 58 AL it I 45
AR AR, U T R

1R ;2 SRR HER 53 IR ;4 IR ;5 2K & A
E 1 /hE CO, HERHMKFRIEE
Fig. 1 Principle of small CO, heat pump water heater
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Tab.2 CO, application limit and charge requirement in relevant standards
5 bR FR il {5 FH R 222k
1) CO, N H7E RGN, BR T Tolk X3k 40, 207 25 Rl A FE I B A KT 0. 1 kg/m’, Tolk X 75
| CB 92372001 o AT A= Sau Ry | v (B N T
2) CO, N FHTE R E: R GERT 76 Tolk T, TTRR ], 72T XIlaT, anSR e R L REZENL D I
(CHILGEEH FEl REESR ), TERR I 5 5 W) o7 2 o] () FEE B W AR K F 0.1 kg/m’,
1) Y% RELFE TGN, Tt &R, HUA 3 BT RS,
2) 178 R G R AEMLLL B e Fe & 4L 55 B, 838 P DXk, A s B vk B 28 8 A5 B 25 [B) 1)
FERRMAK T 0. 072 kg/m’ , oAb X IR TCFR ]
3) MR R G AT E T A GG IR, A SRS 1 S R v R R A A R it A X
WEBE 5B A B2 (B FEE RN A KT 0. 072 kg/m’ s 76 W48 XS (W3 DA E5F)
AN X 2k (an il s T %5 , AR 223 fE S T )2 el g @ S 12 B0 204 O f IX 3, s 1)
HIBARAA TS E B A KT 0. 072 kg/m® , HiAth 55 JCRR
: 180 ST9:2004 4y s 3 g0 T A SRR N L , 24 SR L e J°85 62 4 W, T LW T A9 760 it
EHFH T Z, MR AR 2SR B E R KT 0.072 kg/m® H/NT25ET 0. 074 kg/m® , W 1% 5% B
Wk # % R EWA 2 —; MRS R AT R KT 0.074 kg/m’ H/NF4EF
0. 18 kg/m’ , U B 2 R HGH KRN 2 4R 0 15 il , 5007 25 [ A FE i i AN BB 0. 18 kg/m’, 7E
SRR IR AN 2 B A SRRV T ST 0. 074 kg/m® B, JCTRBUAME T , 24 807 23 1] A9 78
FEEAT 0.074 kg/m® H/NTFEET 0. 18 kg/m’ U 12 R BUHE K & % 2 {15 i 2 — ; 4
B2 R FEFE R KT 0. 18 kg/m’, TN 2R BGHE KURN 28 4 H 3 5~ H it
D) XF e n R G0, BR T Tl IR 82 DL R AL o XS Ah , B3 25 () 1Y) 78 1 fet R R
; ASHRAE 152013 T 0.072 kg/m® ; HILAA I X8R, 00115 5 2 B i) N B33 B 19 3% BT , 307 2 i) A9 78 3 3 b R KT 0. 036
kg/m’ ; Toll XSk AV o 25 15 B vk 40 0 25 22 e it o, R AR
2) St PR A 145 R G, TR FE i TORR I, AL s Bk BRI i X552 24 it
1) M54 R G E THLEE, T8 e JCRR ], A5 15 e R 55
2) 178 R G B ML, B e e 5 4155 B, A8 30 P DXk, A s B vk B 28 8 A5 B 25 [R) 1)
A EN 3782008 FHERENAKT 0.1 kg/m’, HABIX IR TCER ]
: 3) MR R G AT E TGN S X SR, 7 X, G BE B B AN B AR, B A (A TR i
MAKTF 0.1 kg/m’  HoAB I, G SR 223 T A5 T2 808 di st B2 0B A0 O Ay X, By
MR EENAKT 0.1 kg/m® , A& TR H
%3 CO, EHKEE S R410A MRMIKESHYMEREXT L
Tab. 3 Performance comparison between CO, and R410A heat pump water heater
- CO, IEHIK LR R410A PIEHUK 2%
- BT BITE TR ST BAGIR T0
HOES TR, C 20 -15 20 -15
B A SRR BRI C 15 - 15 -
HKIEE/ C 14.98 9.02 15.09 8.98
HKIRREE, C 54.94 55.08 55.01 54.96
I, kW 4.62 3.62 4.08 2.29
HHEThZ/ kW 0.96 1.69 0.92 1.19
copP 4.79 2.14 4.44 1.93
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BEAb, 31 H 20 53 5 R AL AR 2 28 T 00 (25 A
TERIEE 43 °C JRERIEE 26 C, #EKIRE 29 €, H
IR 65 °C) ARIRTH0 1 (2T ERIRE -7 C,
MRERIREE -8 °C KR 9 °C, (HI/KIREE 55 °C) #

IR T8 2 (285 FERIEE -7 C, WERIEE
-8 C,H/KIEE9 C, H/KIEE 65 °C) % T FFE
HLI | F A FT COP,,

%4 THRMRR TR T CO, ARAKEMMELE

Tab. 4 Performance of CO, heat pump water heater under overload and low temperature conditions

PRz S O AR EREE /°C R/ kW THFETN R/ kW COP HEAKIEEE, )¢ KRR/ C
43/26 4.61 1.04 4.43 29.01 65.09
2.95 1.25 2.36 8.96 55.19
-7/ -8
3.19 1.40 2.28 8. 89 64. 88

[FIF, S 75 UE CO, FATEHIRAFH T XA Bz
AR R e AL 3 A A R AT M 3207 R K
T 30 CH AR AL T ™ Sl B PERE

2HE KR BE A 30 °C, H KR BEE 435k 50 °C
55 °C .65 °C [T, CO, #AIEHIK LR A0 5256 50 I
%5,

%5 AEIMHKBRER CO, HRMKF[HIIERE

Tab. 5 Performance of CO, heat pump water heater under different outlet temperature conditions

PPEM A S0 FAREREE, ¢ FIEVE/ KW THEETIR kW Cop BEKIRE, C HKIEE, C
4.44 1.25 3.54 29.97 50. 08

20/15 4.55 1.31 3.47 30. 07 55.35
4.52 1.39 3.26 30. 04 64. 93

MK IR R 30 °C, H/KIRE A 50 °C, 25 S )
T/IBERIRBE N 7/6 °C . =7/ -8 °C FIT BRI& B N

—15 C ) T HLEF, CO, FRAE IR 5 1Y 52 16 %5 4 U
%6,

* 6 AETIRIKRER CO, HRMKFH1EAE

Tab.

Performance of CO, heat pump water heater under different dry-bulb and wet-bulb temperature conditions

6
PRI 2z S O T/ BRI C

Hl#aE/ kW THFEETIR/ kW cop HKIREE, ¢ HUKIREE, C
7/6 4.21 1.59 2.65 30. 08 50. 03
-7/ -8 2.99 1.48 2.02 30. 05 50. 02
-15/ - 2.55 1.65 1.55 29.97 49.98

3 A E SEI RO AT LA H, CO, TR T 3
TR b AT AR A R 3
2.2 CO, # & MEEEKIN

TE TR VR Ve AR, 78 % B8 & €O, ¥ KL
T A A BOR M, ot R 45 B B R A
ZOREREIES IR, EHXF CO, B INMLZE & S TF IR MERE
M, 32522 58 KU Mk 03 X CO, 75 2% 2R PERERY
SN, SEU T L T

BRARRE DL T, 2k 40 R f K R & 2% % o
(1R, (8 % B i 03 o 20 I 2 2 it 10 T AT i
SO, S U A HL R AR R BT DA — T
— 100 —

TZE R A —E Wt AR | R AR rh — RO
R RS IE R 5 CA A, 16T HE N5k
5.5 CHI4.2 CIWIT.OL T, & CO, IRIRZ% & 45 it
77 SIS, 45 A& 2 Fras, il [& 2 vl B
G AGHRE T, e P i 2 B S B0 T Ao AR /N 1 4
P KR T EEH 5.5 CREl 4.2 C
B, e E K2 10%

HR Y54 P U 25 2R, Hh 23 A o 3 B
ZEJU FBE TR BT S 2% 45 A i 4 A
T ATHEAS R 78 e 2% 1 AR BOGR BT 9 4E ol 20
W/ (m®-K) 5 5 L 58 R22 F1 R404A TSR
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98 RUHL AR 2570w T KUHIL ) 3 7y — B SR 1
15 W/(m*-K), T CO, TJ0i BA B I8 B

LR, NI, CO, 7578 ML 2% A 4 4t B A7
g AR DY VAAE L o

R7CO, AR ZER BT TR

Tab.7 Performance test condition for CO, air-cooler evaporator

k! i RES AN
T
TR, C AEXTIREE/ % A/ (m/s) WIHTIRE C EERE, C S, C

1 1.0 -3.2 -29

2 1.5 -3.2 -29

3 -23 — 2.0 -3.2 -29 5.5
4 2.5 -3.2 -29

5 3.0 -3.2 -29

6 1.0 -3.2 -29

7 1.5 -3.2 -29

8 -23 — 2.0 -3.2 -29 4.2
9 2.5 -3.2 -29

10 3.0 -3.2 -29

T+ 28 S0 FURFOO R B2 1 PRI A a8 S A o4 FR IR BESS K

—a T ES5C
20 o F#HEF42C

BAW
>

1.2+

0.8}

1.0 1.5 2.0 2.5 3.0
JRIE/(m/s)

B 2 SAERRIEX CO, & F RN

Fig.2 CO, evaporator heat exchange capacity versus

superheat degree and air speed
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