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Abstract: In response to the diverse thermal demands of motor vehicles, particularly hybrid
electric vehicles, this study proposes and experimentally validates an advanced thermal
management system that couples thermally driven adsorption refrigeration with phase change
cold storage. The system utilizes waste heat from engine exhaust as the driving heat source,
leveraging reversible adsorption-desorption reactions between a metal halide composite
adsorbent, such as strontium chloride/manganese chloride, and an ammonia working pair to

W= AHA: 2025-11-14; fEXAREH: 2025-11-26.

HEWB: JoiltBl RGEAR S EE S SIS (AF20240032); E R HAE 4 (52476210,

F—EE: M (2001—), 5, WLATFA, BFAJT IR AR MR SIS, E-mail: sjtu-tyh@sjtu.edu.cn: BIEMEE: (107, R@IEER, WIART7
[ K PHAERIA R fithe JoilbifRe S AVERIEIR, E-mail: wusi716@sijtu.edu.cn.

SIFRZARSC: Jh—HE, (rilr, TUINEH, &5 . ARG AIRSNR B U4 AR i Ve (1 22 VS B R ). flReRl 2 S5 H0R, 2026, 15(3): 817-827.

Citation: TANG Yihui, WU Si, SHEN Lili, et al. Research on vehicle thermal management system coupling thermally driven adsorption
refrigeration with phase change cold storage[J]. Energy Storage Science and Technology, 2026, 15(3): 817-827.



818 itk & A ¥ 5 & K 2026 55 15 %

realize thermally driven cooling. This process is integrated with phase change cold storage
materials to enable the storage and regulated release of cooling energy. At the same time, the
adsorption process generates stable and controllable thermal output, thereby effectively
converting exhaust waste heat into flexible cooling and heating capabilities and reducing the
energy consumption of vehicle thermal management. Simulation and experimental results
indicate that, in the absence of phase change materials, the cooling power becomes highly
unstable, whereas the total cooling capacity increases with increasing heating temperature
and flow rate. Under summer conditions with an ambient temperature of 37°C, the system
supplies cooling energy at 15—20°C with an average power of 1.37 kW. The phase change
material provides a cold storage energy density of 247 kJ/kg and a power density of 47.2 kW/m?®,
with a system coefficient of performance of 0.234. Under winter conditions ranging from -30°C
to 5°C, the system delivers heating at temperatures of up to 60°C with an average power of
1.69 kW. The adsorbent exhibits a thermal energy storage density of 744.6 kdJ/kg and a power
density of 60.4 kW/m® supplying heat for engine cold starts and Warm-up and cabin
temperature regulation. This work provides a potential technical pathway for improving all-
climate adaptability and overall energy utilization efficiency in motor vehicles.

Keywords: vehicle thermal management; adsorption refrigeration; phase change; waste heat

utilization; adsorbent
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Fig. 6 Simulation model of the adsorption bed

22 RGEEBITSHMUME

Wi S R GE IS AT S HOH A PR 5
LI, SR BRI D 20T SRR U
SR AR DR S RGN RE R BN
SrCl, /1 MnCl, 2 1) 2 & WM FIFE T AL R 5 A

(46 I SOEFE AT PR (1) 3K(2)-
MnCl,*2NH, + 4NH,==MnCl,-6NH, (1)
SrCl,*NH, + 7NH,=SrCl,-8NH, )

AR B 50 73 2 AR R BRI S0 R 32 A e B i
B, AR Ok P PR B 1 5 R R T 2 S L AR
TR S I PRSP S L3 7 5 T REPT0, - IR A
(3). (4).

aX _ .. A Pe
o k(1 X)exp( T)In{peq(n} (3)
X = xmaxexp{ - a(?T - 1” (4)

b, XN &, mols kNI Nzh 1% &
s AR BT BRI RIS s p TR
B 750 P9 RS2 B TR 77, kPas  pu(T) W B 71 7E
Clapeyron £& b B B[ & 77, kPas  x,, 4 SER fif
W&, mol; X, i KFEWRE, mol; T AW
SRR E, K ToARERIE, K av n A%FE &
RIS H 0, a=-16.7. n=2.32.

ARG BRI R AR 4 I B AR DL R
B 70 A B 1) S5 A ) 9 FE B AU R AR R R AR
ik, BsR(5).

Queat = CarMae Tain = Tarour) (5)

X, QuuNEINHE, kd; ¢, NESMELH

7, kJIkg-K); m, NSRS kgs T, A
RN EAE FIREAEL R (B A2 DRE, K T
DIMRBR PR AR R R, K

FER IR R AR 7 AR A B ( Q) AR K
FITO MR F(AH, . kJ/mol)it 5, BIE(6).

Qus = & x aH,, ©)
$MESRIE R COP B i: WA (7).
= Qoo
COP - Qheat (7)

23 HEHERRSH

EEXF ER IR, e AN AR FE S 150°C
200°C. 250°C, M5l 25°C (RIVA- Bkt B Az bt
PRV ENR ), SR8 100 m¥h. 150 m*/h.
200 m*h. IRBR FAI0 FA AR I B 1] 152 58 9 30 mine 4
BELALL RS BN 200 mYh i, ANEESIRE N R4
Hil A Th 2 AR B 7 Frox, 54 COP Wik 1 fr
No ANFRILRSIRE THR, 2R RHA
DhEB A B E s T R, mRHIA D E ]k
3 kW; B 78 KL RRMEEAT, RAMHIAIIEIE
BN BE, 230 30 min J5 JL A FEHIA . iZ R
VA Th 26 (1 42 2 A8 (AN T 3R 45 A0 mT 28 (148 Re fi
o R AR R R N & S BUR I &
W2, BEHAEEN, RS COPHE; HAER
SEARRIR T, Ik )RR A N T S5O PR 7R B PR
(2 B FE S i R R A ELFEAA, Kt
COP xifi4x R P&,

3.5
3.0

——150°C. 200 m%h
2.5 ——200°C + 200 m¥h

—— 250°C + 200 m%h

30 35 40 45 50 55 60
H 18] /min

E7 TREMESEETRGENHISIREN

Fig. 7 The variations of system cooling powers

3 ERAGZHMRSMN

31 EEABNRITERGFEE
N T AR E AR R RER R ER S



% 3 4

A RS PIREN R B 3 A S AR A 1 R RV B R G 823

&1 TEMPCRENRE T A% COP
Table 1 System COP under different temperatures
and flowrates

I C Hit/(m3/h) -1 COP
150 100 0.120
150 200 0.157
150 300 0.285
200 100 0.269
200 200 0.305
200 300 0.309
250 100 0.306
250 200 0.294
250 300 0.264
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