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Abstract To address the high thermal load and wide temperature range requirements of heavy-duty trucks, this study proposes an R290
integrated thermal-management system. Through graded refrigerant charge and comparisons of four configurations, the optimal charge
amount and preferred configuration are determined. The results indicate that the optimal charge amounts for the passenger compartment
cooling and heating modes are 400-580 and 470-590 g, respectively, while the optimal charge amount for the battery rapid cooling is
530-560 g. Under cooling conditions, the dual-system air-cooled configuration shows the best performance, achieving a cooling capacity
of 14.8 kW while driving and a cooling capacity of 24.0 kW while parked at 40 °C , thereby fully satisfying high-temperature
requirements. Under heating conditions, the single-system water-cooled/120 mL configuration shows the best performance, achieving a
heating capacity of 27. 0 kW while driving and of a heating capacity of 14.7 kW while parked at -30 ‘C; combined with PTC (positive
temperature coefficient) assistance, it can fulfill the extreme low-temperature requirements. In summary, the dual-system air-cooled
configuration is recommended for hot regions, while the single-system water-cooled/120 mL configuration is recommended for cold
regions. This study provides the experimental evidence for the design of R290 thermal-management systems in heavy-duty trucks.
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Tab.1 Technical specifications of system equipment Tab.2 Uncertainty of test instrument
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Tab.3 Test parameters of refrigerant charge
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Fig.2 Experimental results of R290 refrigerant charge
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Fig.3 Comparison of cooling capacity among different

configurations in vehicle cooling mode
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Fig.4 Comparison of cooling capacity among different

configurations in parking cooling mode

3.3 1TEHIRENX R DT

A7 ZE ) PRABE T 54 U TR X6 L U A 5 TR o
5N R A7 22 i PR T Bl A A5 IR 2 A
=30 CH+ 2 10 °C, F A AU PGB W . SRR SE
JK¥21120 mL A4 B AE 45 I B 5 R I G - =30 “CH il
PRIk 27.0 kW, =20 “CH 2 31.2 kW, =10 ‘CH} N
33.0kW,0 °Clf 4 34. 4 kW, 10 “CH} Ky 36. 3 kW, 4
JE X TRl N AT . B2 Sk /86 mL 1R 5 X & 4tk
A (BULTR) #4852 A /Cond A4 74 il 4 5t A8 £k
ik —3%,-30 “CIf 24, 6 kW, 10 ‘CHFFFZE 32. 0 kW,
T RICHLE A ,-30 CHIHIFATT K M 34. 0 kW, LR
S K ¥/120 mLAGHIERHE 27, 0 kW, i AT 755K 5 10
0 CHF RIS 13. 6 kW, S A B B 755K o 45
4 PTCHEBY N3 (TN 2 H 24. 0 kW) J5 , i A ¥4 U7
=30 CHF Bl TG oK o £ BRI ARE T 5
i BYINAATC A, B R G KV 1120 mL A Y AEA T 42 il 34
P R -
3.4 HEHHRENX RS

B A i PRS2 A% A Y TR X E T A 6 s o
TESE AT, PR IR A -30 CF 210 °C, %%



XK B, 45 R290 H R A pUIAVE B AR G e T L fb 5 R R S SR TS

= FLRGUKIS86 mL o WRGKIZONLTR)
= WRGENIL/Cond = HLRFI/KIA/120 mL

0
30 °C
5 ITERIHRRA T EMEFIRET L

Fig.5 Comparison of heating output among different

-20C -107C 0cC 10°C

configurations in vehicle heating mode

T L AR e B B ) T R TS I, BRRSE7KY8/120 mL
T 0[] A 22 I B A - =30 “C I ) #3514, 7 kW,
-20 ‘CH} 2} 18.0 kW, -10 °CH} A 21. 5 kW, 0 “CHf iy
25.3 kW, 10 “CHfH 29. 6 kW, 2 FR415E ., B RS K
#2186 mLF4 Y 5 AR GE K 1% OB LTR) A AL XU Ge K
2 /Cond ¥4 #Y Pk REAZ AL IEA —F, -30 "CHTH 9. 8 kW,
10 ‘CHFFF 3 23.2~24.1 kW, MFERILHE K F ,
=30 ‘CHFFF 2Ry 34. 0 kW, £5 44 75 SL i o] B i 1) JE v
Wi /2 5 (HE5 5 PTCHBIIN# (24. 0 kW) 57, SR R G2 K
727120 mL #4785 i 4 5 1] 3K 38,7 kW, M H 7K,
Bl TR TR, - 10 "CR TR B 22 20. 4 kW, LR GEK
¥2/120 mL A BUBERR A5 21. 5 kW ] Sz 6 A2 o
YR SK/86 mL WARFIKE(MLTR)

m WRSGKE/Cond  mm HLRSKIA/120 mL
Tk —— PTCHHR

-30°C
6 EEFHRAX T ERBFIREXT L

Fig.6 Comparison of heating output among different
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configurations in parking heating mode
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