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Abstract: The energy-saving and comfort advantages of personalized comfort systems (PCS)
make them a novel approach to addressing range anxiety and occupant thermal discomfort in electric
vehicles. First, the feasibility of applying different types of PCS in vehicle cabins is discussed, and
their differences in improving overall thermal sensation and thermal comfort are compared. Then,
from the perspective of target regulation zones, the differential effects of PCS on various parts of
the human body are visually analyzed. Finally, the capability of typical PCS to extend the
environmental temperature setpoint is statistically evaluated to further observe their positive
impact on air conditioning energy efficiency. The results show that the overall improvement effect

of PCS is significantly influenced by ambient temperature. Within the efficient range, PCS can
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independently handle thermal comfort regulation tasks, while under harsh conditions, the combined

use of multiple types of devices should be prioritized. In terms of the scope of influence, PCS primarily

affects the target regulation zones, with minor improvements in other areas. Additionally, the role of

PCS in widening the vehicle air conditioning setpoint is emphasized. Reasonable device combinations can

extend the acceptable temperature for occupants to below 10 °C in winter and provide the possibility of

turning off the air conditioning during transitional seasons. Future PCS design and operation in

automotive scenarios should focus on coordinated regulation with cabin temperature, while

emphasizing the synergistic improvement effects of different PCS types on human comfort and

fully leveraging their capacity to expand thermal comfort ranges to achieve energy savings in

automotive air-conditioning systems.
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Fig. 1 Comparison of overall and local thermal sensation of human body under different temperatures and humidity in

the vehicle cabin
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Fig. 2 Vehicle cabin personalized comfort system
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Fig. 3 Impact of heated seats on overall thermal sensation and comfort
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Fig. 4 Impact of cooling seats on overall thermal sensation and comfort
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Fig. 5 Impact of hand thermal regulation on overall thermal sensation and comfort

YE R 5w LT 38 42 4 fol 6% 1 O 1) 2
HEAT T H8 PR 38 A 0 R R A L B F
PR =R AT PCS I REW EZEH AR, H
HI S A I 1) 878 22 5 4 B v A N L e an A
FiVE DR A O L TR B =Xk s A
AT 5 1) A JE R B 22 B A AR 0 GE S
RN | | N S R N 1 Y (O D)
BLYE EW5 J7 1) 8 A 25 A0 (03X R A AR
ATl REANE TR R4, By m & oh, i

zkxb. xjtu. edu. cn

Tt A — Sl ST Y T R B A It 4 e,
Ui /INEY R UKL L B AT 38 A T AR S A
A LAE R N R R E T R B X T
Ve BN it SR B AT A AR OR L Ve D5 1) B AT a8
R Je, — i T R B e B Y B TR
i R B B TR i B PR 85 T A O B T B
R 23 07 18] B B9 BT R ST B T AR AR S R
e B AR,

[l 32 B A R S ) JED 36 L J2 VC-PCS B




6 [ S VN

s

M %60 &

SRR AR 6 TR L AEAR T 14 °C Y EREE
T BEVE R B e ROCR W L LR A A TS SR 4
B PR A AR IS R SR T IE— DRI R

RO EUAR A AT UL R 2L (E TR PO
R, FAJRRE AN RE Ml 25 M 2200 L Y BRI IR 4R
] 16 “C 2 g I 05 B o PR 8OR T 0 D55 o ot

FACET 3 9 42 Tt ] LA BAOA 3 SAL F) B3 R AT A

JREN S IR 4 P A T b TR

JELRE /9 K I
W/ C PCSZEM A
32 21.8 TAHHT ! av <
25 30 °CAHY | < . - i ,
JIEI S Jp 4
21 130 Wi "> :
5o 125 WhAHR™ R i
40 “Chi™ im [em
19 32 °ClnAii /i L e
30 CHE AL - i
125 W= - .l
1 4wt =} i
100 Wk i 5™ - i -
6 34 CHEABLY - ;
125 W™ - > " .
40 C g KB L 4 : ;
41 CHbgg"™ Cheeeei> i . > i
450 Whig®™ L j
52 ‘CHE KL ] > i
1 41 CHi g LR -
10 30 "Chu ™ L | " b i
7 41 CHhEE D> =
5 36 WhHE™ =—+ . P >
-11 100 WihEg"" = i = i u
-14 44~49 CHEESR & > = LA [EVie
16 175 WHEE™ e b R DO S G L] PR i : 0 SRR Fic
4 3 2 -1 0 1 2 3 4 -3 2 - 0 1 2 3
P34 AR F I A S P35 REAR I G S

P 6 AT I 2 Xk A A A i IR A PR I ) 5

Fig. 6 Impact of foot thermal regulation on overall thermal sensation and comfort
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Fig. 7 Impacts of seat heating and cooling on local body parts

Ui 8 AL 9 BT /i o JEVTH0 A0 T 5 3 42 3 B H A AL
AL S B s DX L Al s DX/ i 5
IR T B — TR B 2 1 T AT B AE T A
F A B BA AR IR T SR SR 2 ] AR
BH . 33 fh 27 e A Lo AR R A 1 i R B A S/ Y
REFE-T AL b T AR i AL A2 B, A3 232 2] 1 52
B o XTI R AR A 64 AR B ARt 2
BRUESEE b T4 T S Y RS, T B B A Y X
2 R SGEROCR . T IRV JIBTE S
A B9 BRI O FE R IR A SE R A e . ISR,
RIS i A AT A AR SR 8 A O BEER 25 T A i

zkxb. xjtu. edu. cn

PSS BRT S A TR L o 1 B, A% 5 R
A2 AR AT A Can /N A2 B AR R, I R e
(18 3% T R0 T 114 JRy S AR B A A BT 1S s e 1 3 7 7
SRR B LI LT . MRS Wang 20 (A5
TSI A AP I 2 4 v AR BRI 1 PR UL
JERER AN S B ST f) PR IR T A3 5o 1~2°CFn 0.5 °C,
3 TR A2 A D A ) 2 5 i A R 7 P R P 2 —
BRI 8 FE 9 $R it T — 2] 2 B EE L B
WREMES M PCSEHAERKRESR., AN
TR ] 5 DA FF 0 DX A% 5k 32 B R G 3
o7 RN B 1) AN 2 o0 T T 00 £ AR A A 1 i e




8 [ . ]

PN

%60 %5

FABH T AR AR SR 2 A7 BT 43 X Bk 2% 5 AR FE 08 23
T3 81 AR ST i EA DT 1) 8 R A0 R A
2 YA R S IR 2 S AR T T 22 A7 A AT O UK

FHAH
22 ChAES 5, 1=32CY 2
24 CHEEG 5, 1730 C™ 1,
26 CHA4EG 5, 1728 C™
SR E 11
36 Whn#ili . 1,=5 C* 2
11.84 Wik T4, T=-11 C"
10 Wik 48, 7=-16 C™ =
NOPOEOR N &Nﬂ&@&@@&@
() FAJ 8 A8 AL &

o 0o B R I A T R R S s R A
T 14 IS T BB 2 A i X0 DR 0k R R X 3fe B
PCS ) &F 18 1 32 b 21

P8 T AR R I 2 X Jo A L Ak A B4 AR T I 5

Fig. 8 Effects of hand thermal regulation on thermal sensation and comfort of local body parts

2.4 WK, 7=18 'C'™ i T

30 ‘CHEXBL, 7.-18 T B

30 CHWERWML, 7,=16 C™ 4.0
110 Wi, 7=15 €

40 CHEIABL, 7,214 T 24

41 CHuEs, 714 C B 08

110 Wi, 7=13 € '

52 ‘CHEAML, 7.=12 C* 08

450 WIBE 4T, 7=12 C'*
41 CHuEE, 7=11 C*

110 W, 7=11 ¢
41 CHuEE, 1=8 C*"

36 WhIF 'y, 7.=5 C™
41 CHuEE, 1=—11 C*"

36 WG v, 7=-14 C™

AP IE
Y
F A +0
22 CHHER R, T=32 C* 24
24 CHA4EY 5, 17=30 C™
26 CHAESR, 7.-28 T 08
F s 0.8
36 WhNH fr, 7=5 ¢
24
-4.0
by b
’Iﬂhht
4.0
32 T, 17=19 T
41 CH e 2.4
450 WSR3, 7
41 CHBEE, 11 T 08
41 CHbEk, 7.=8 C*
36 W, 7,=5 C* 08
100 WhiHuh e, 7=11 ™ 24
44-49 CHE, T=-14 C* -
175 WhN#hes, 7=-16 'C* ~4.0

Pl 9 JAIE it Ja o8 L A B A3 $A e AR T T ) 5

Fig. 9 Effects of foot heating on thermal sensation and comfort of local body parts
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