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Zou Huiming’

Abstract In this study, a heat pump air conditioning system with waste heat recovery was developed based on vapor injection, and the
performance was investigated experimentally. The study aimed to address the problem of heating capacity attenuation of heat pump air con-
ditioning systems at low temperatures in winter, through the optimization of heat exchanger design. The experimental results show that the
quasi two-stage compression heat pump air conditioner for electric buses exhibits good heating performance at low temperatures. Compared
with the same working conditions without waste heat recovery, the heating capacity and coefficient of performance (COP) of the system are
improved by 33. 15% and 9. 94%, respectively, where the ambient temperature is =20 °C , the interior temperature is 20 °C, and the re-
sidual heat is 1. 8 kW. Compared with the single-stage compression system without battery cooling, the cooling capacity and COP of the
optimized electric bus heat pump air conditioning system are increased by 4. 58% and 3. 72% , respectively, where the ambient tempera-
ture is 35 °C, the interior temperature is 27 °C, and the cooling capacity of the battery is 2. 0 kW.
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Fig.1 Coupling mode of quasi two-stage compression

cycle system
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Fig.2 Flow chart of quasi two-stage compression heat pump system with waste heat recovery
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Fig.3 Pressure-enthalpy diagram of quasi two-stage
compression heat pump system with

waste heat recovery
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Tab.1 The heating condition Nu=Nu, [ (1=2) "+ PO ]
Y WitSH pr=?
r=—
AN ERIELE/ C 0.-5.-10,-15,-20 Pt
ST GD
ZE T ERIELE/ C 20 Nu, =0.023 (—)**Pr} (10)
. My,
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. K AT p N FETT, MPa; G o8 55
MR (m®/h 4 000 . ot Y -
MDA e BRI, ke/ssD WG mige, K30 ) B,
JEAEHLITA/ He 80

R2EEFRIR
Tab.2 The rated cooling condition

/BTy Wit S
FEAMT BRI L/ C 35
TN T/ BBk C 27.0/19.7
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FEARHLIIZR/ He 80
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Tab.3 Condenser model validation

YrH T.HSH
FEHMRE/C 7 0 -20
EWNRE/C 20 20 20
A LKA/ (K kg) 432.6  446.7 469. 8
TR/ kW 18.9 16.4 11.0
W/ % 4.6 6.9 9.1

* 4 BEREREWIE
Tab.4 Evaporator model validation
/B THSH
FEINREL/C 30 40
ERIRE/C 27 27
AHREE/ (k) kg) 286.0 304.0
TR/ kW 23.3 13. 4
W2/ % 8.1 6.6




$£43% F£1H
2022 £2 H

BN & ARAEN B AR SRR A R RE IR R

Vol. 43, No. 1
February, 2022

( I )
HNTEAAE &

n=1

YN EER

il 8 118 5

o

PN T ol Ay
) S B S ]
i A,

£ ]
HiELH L AR
FEEMANO A,

|

&
N
b

S

s
H¥
g

b g
>

g

Iy, Jih, <1092

EFTE DR ERES
% n+] J.::_;‘Aé;l/la(nﬂ)J:han. r (77+l)|:h

™mo

o

hr.o-hr.o' Vhr.o‘ < 10%?

miHEASIRL O
/ J d.Lg'{ﬁhszuhr.o /
¥
( 4R )
4 AREBRITEIRTE

Fig.4 Calculation flow chart of heat exchanger model
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Tab.5 Design of external heat exchanger

Ve WItS4
K&/ (m*/h) 7 000
REHRE/C 50
it/ (ke/s) 0.21
R/ C 3
W/ C -20
ENTERIRE/C 20

FAHMG IR B A8 SIS R i
1 @7x0.25(mm) R NIRSCE B [RIFESN 21 mm , HEH]
BEA 13 mm, ¥ EH 0. 115 mm EKELGE, TTHE R
2.3 mm,

TEZE AN A B IR R —20 °CF, Xof B i) Y A =X
IR A WA AT A TR AT 5, 2 T 2 i
FRSF TET BRI i A S B DR R A I S5 M T A
R E (AR 20 IRE T . E 6 i A
[7i] AR AN [F) A AT R R o 85 4 D 48 I 25 A 42 4
BRI R -20 °C R fE

F 6 FINREIRE H-20 C TR EE
Tab.6 Heat transfer performance at — 20 °C

outside the bus

YIH THSH
K/ (m®/h) 7000 7000 7000 7 000
TR 5 6 7 8
BeE B /m 290 348 406 464
PR /KW 8,75 9.56  11.3 13.0
RARBAE/LW  10.5 12.8  14.4 15.8

3 6 I, £ F /N AEEIRE M -20 CHY IR A
T S 4 SRR e B KT ) AR X, 7E 6 TR
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Fig.6 Comparison of heat transfer between mixed
flow and unidirectional flow in low temperature

environment under heating condition
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Fig.8 Structure of heat exchanger in bus
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Fig.9 Influence of external environment temperature

on heating capacity
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