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Abstract A transcritical CO, system combined with an ejector and dedicated mechanical subcooling ( EJ-DMS) was developed to
improve the performance of the CO, system in the space heating and cooling of buildings throughout the year. A thermodynamic model of
the system was devised. Then, the discharge pressure and subcooling degree were optimized using a genetic algorithm by considering the
coefficient of performance (COP) as the objective function. Using five typical cities as application scenarios, the energy consumption and

annual performance factor (COP,_ ) of the system were analyzed. The results show that, compared with a conventional mechanical

subcooling system and the conventional ejector system, the heating COP of EJ-DMS is enhanced by 10.90% and 5.58% , respectively,
and the cooling COP is increased by 8.99% and 18.12%, respectively. The COP_  values are improved by 7.95% and 5.98%,

respectively. Compared with the conventional ejector system, the discharge pressure of EJ-DMS is reduced by 0. 47 MPa and 0. 77 MPa in

ann

the heating and cooling modes, respectively. In addition, the COP_  improvement ratio of the EJ-DMS system is the highest when

ann

operating in Guangzhou and Harbin, indicating that the EJ-DMS system is more suitable for regions with relatively high or low ambient
temperatures, such as hot summer and warm winter or severely cold regions. This study provides a theoretical reference for the
development and optimization of a combined cooling and heating CO, system.

Keywords natural working fluid CO,; combined cooling and heating; ejector; mechanical subcooling; COP
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Fig.1 Schematic of combined heating and cooling CO,

system integrated with ejector and mechanical subcooling
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Tab.1 Thermodynamic control equation of EJ-DMS system
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Fig.3 EJ-DMS system calculation flow chart
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Fig.4 Key parameters change with discharge pressure

and subcooling degree
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Tab.2 Parameters setting of genetic algorithm
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B0 AR 4 EE, HA AL EUT EJ-DMS 5 DMS &
Gir) py 0 FHZEAWLE (BART BASE Ml EJ R4, 78
T, =40 °C I, #H %} BASE, EJ & 4 fit K43 ) B A%
1.16.,0.77 MPa, EJ-DMS I AT, f§{KT DMS &
8,24 T,=34 CH,#12£ 6.58 C,

AILLAE B, e AL 2 %, EJ-DMS 1Y
ATy, BI/NT DMS R G0, XEH T AT BK, 19
IS AT DS I D8I | 751 5528 A #22 R TSt
Fo XT EI-DMS R4, H AT, AHXT DMS FIRAR,
WSS Y R I I A T — 2D A 5 | S 8 Tl
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Tab.3 Optimal discharge pressure and subcooling

degree in heating mode

BASE DMS EJ EJ-DMS
HEE IR
B2/ Pd,um/ pd,opl/ ATSC,UM/ pd,upt/ Pd,..pn/ ATsc,upn/
MPa MPa C MPa MPa C
=30 9.61 9.00  30.83 9.55 9.08 14.72
=25 9.82 9.11 27.35 9. 65 9.29 15.53
=20 9.98 9.26 24.99 9.73 9.40 15.33

-15 10.10  9.38 22.89  9.80 9.51 14.48
-10 10.17  9.50 20.96  9.83 9.63 13.41

-5 10.19  9.62 19.09 9.86 9.74 12.08
0 10.18 9.74 17.24  9.95 9.86 10.69

10.14 9.87 15.36 10.08 10.00 9.37
10 10.08 10.01 13.43 10.23 10.15 7.31
15 10.17 10.17 11.40 10.40 10.34 5.73
20 10.37  10.37 9.28 10.62 10.57 3.48

R4 FREXTRAEHSENMIRE
Tab.4 Optimal discharge pressure and subcooling

degree in cooling mode

BASE DMS EJ EJ-DMS
BE/C p«l,um/ pd,upl/ ATsc,um/ pd,npl/ pd,upl/ ATsc,upl/

MPa MPa C MPa MPa C
26 7. 66 7.53 9. 64 7.56 7.52 4.34
28 8.19 7.97 11.76  8.05 7.96 6.03
30 8. 71 8.39 13.75 8.52 8.36 7.85
32 9.24 8. 80 15.62  9.01 8. 80 9.34
34 9.78 9.19 17.35 9.51 9.16 10.77
36 10.32  9.56 18.94  10.01 9.56 12.91
38 10.87 9.90 20.39 10.50 10.02 14.42
40 11.43  10.22 21.75 11.04 10.27 15.81
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Fig.6 Ambient temperature distribution of the typical cities

P 7 XS AAER R U BCR FH 4 ARG 4
AEREREMEA T AT, AT LA B, X TR E T R EJ-
DMS R 4¢ 1Y 4 4F FE 1 2 A 1K, EJ-DMS #H [t BASE |
DMS EJ & 4543 M FEAR 16. 00% ~ 20. 43% . 6. 69% ~
7.37% .2.95% ~ 5. 64% ., X5 EJ-DMS R 41 COP
PETH AR A AT 1R RN R = PR W T 2 7
SRR 5 T LA R GRS AT T FE S A X I R T
BARSRASAEX)) M B, RGO FE L S PR AH L
HoAth Ik 77 57 R &, XTI, EJ-DMS & 48 M
BASE .DMS Fl EJ % 4t 43 5 [ A% 20. 43% . 7. 37%
5.64% ; Xt T I R, 40 SR AR 19. 76% 7. 04% Fil
4.77%,

s 8
¥
B

FEHE
L, sask
¢, BASE
b, DMS
¢, DMS
b, EJ
NN L ¢ gy
[ P

¢, EJ-DMS

(o8]
[}

Ju—
(=]

B, RESHBEE10%KW h)
o
<o

E7 A ARRGEEATAREBTHEES RESHKEEE
Fig.7 Annual cooling capacity, heating capacity and power

consumption of different systems applied in different cities
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Fig.8 Seasonal and annual performance factors of different

systems applied in different cities
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