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Abstract: The EHT (equivalent homogenous temperature)
was calculated by using the coupling model of CFD and human
thermoregulation model. The effects of air conditioning
velocity, temperature, and solar radiation on overall EHT,
mean skin temperature, and dry heat loss were compared, and
the contribution ratio of the these factors were calculated.
The results show that the influence of air conditioning is
greater than that of solar radiation, in which the influence of
the supply air temperature is most significant. Finally the
fitting equation of the three factors and EHT were obtained,
and a new idea to improve air conditioning controlling based

on the fitting equation was proposed.
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Fig.1 CFD grid model
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Fig.2 Monitoring points of ambient temperature
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Fig.3 Relative position of car and sun
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Fig.4 Positions of air outlets and windows
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Tab.1 Boundary conditions of simulation

O N

“ = XE BERGERE/ Fhhas KFEIHL K PHE B
U e U A e e i
1 19.0 9.2
2 15.0 6.7
1 33.8 60 800 200 253 75
3 14.0 6.5
4 15.0 8.5
1 15.5 9.2
2 12.1 6.7
2 33.4 60 800 200 253 75
3 11.3 6.5
4 12.2 8.5
1 16.2 9.2
2 12.7 6.7
3 32.7 60 800 200 253 75
3 11.7 6.5
4 12.9 8.5
£2 HXHWEMEEESHE
Tab.2 Parameters of related settings
g JECBE /im FRRE RAB R/ f?ﬁg’%ﬁ/i iR KEE  ElE Kig
(WemeK1) (meKeW1H (Wem2.K1) g% g EIE EIE
A 0.029 4 0. 041 50 0.708 3 3.35 0. 80 0.8 0 0
i1 0.1111 0.028 74 3.866 1 5.04 0. 80 0.8 0 0
55 2k 1 0.040 0 0.033 94 1.178 5 5. 61 0 0.8 0 0
eI 0.033 7 0.033 94 1.178 5 5.61 0. 80 0.8 0 0
TR 0.063 8 0. 029 64 2.152 0 5.61 0. 80 0.8 0 0
BERT 0.041 0 0.033 43 1.178 5 3.35 0. 80 0.8 0 0
EIE<TA0 0.005 1 0.591 50 0.004 4 10. 49 0. 40 0.8 0.52 0
% 5 5 B 0.004 0 0. 900 00 0.004 4 10. 68 0. 39 0.8 0.55 0
P
EF ik
FiF-
AR 5
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Fig.5 Human segmentation of Stolwijk’s model®]
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Fig.6 Temperature field inside the car
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Fig.7 Skin temperature of experiment and simulation
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Fig.8 Wall and air temperature of experiment and

simulation
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Tab.3 Value of A"

A he AL el
B 7.9 ZERRR 3.0
HaEB 3.5 KRR 2.9
ol 7.0 ZE/NER 5.9
LB 7.3 H/MER 5.5
ETE 6.6 ZEH 6.0
H & 6.4 b1 6.0
EF 8.6 =ik 5.2
HF 9.0
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Fig.9 EHT thermal comfort zone
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B 5 KRS X EHT B0, #47 DOE (design
of experiment, IE ) &K it 7. DOE 2
— Pl S BB (= f(20) R E S
AR y SEARETF x; ZECRBITE. 1
DOE 77 1 R G st U 4y A T B G2 3 27 D LA
745 » 3T R AT TX i L W O B R WL L LG BE S T
E i A PR30 i e B R R R B TR A A TR T
B LLSE BT AL B i i mi L, A I REAR B W] S A
W Z B KA B AR 2.

23 ik X B % Xl BE % O B e 5 55 JBE S 152
THHER GBS HGRIM AR 14 419 BB R BE |
- JR B SR IR 5 0 B A T SR A, P R T BB
ORI RE %~ A % A AT 7 A A AR A B o S A
PEBERELRER OB ANRE B LA
EHT & W i & , #47 DOE 277K Fixit, ik
4 Fiw PR As 3 3° N RAE. B 3 MGTRRK
ARASL U7 BBER R S AR B S 0 AR
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Tab.4 Level of design factors

R/ %R/ KBRS RE/
(mes 1) c (W em™2)

5 6 600

7 10 800

9 14 1 000

3.2 #EHEX EHT B2

B RIAT R R R AT T A AR R S L
()OS P S e R . e g 2 M vy | ST
It 6 AT TO0. ik G BE I, 3% KGR BE (81 5 A
10 °C, RFHAR ST 2 800 W o m™2, 2% X3 & 72
5~9 m « s~ A AR AL 5 S BTk XU B A 26 XL [
FER T me s™h KBRS R EEEI E R 800 W e m™7,
BN EETE 6~14 °Cla]ZEAL 5 3B A FH R S B 5 56 XL
HEEEN 7 m e s R XIEEEIREN 10 °CL KM
FRTREITE 600~1 000 W« m™ [A] 284k, LABE WLEE
HAHRE EHT KA.

K10 2 3 MR 58K EHT KR, WA
] LA Y 26 R AR I, B AR EHT B AL /N5 T
B XU AR R i EHT ZeMi3 k. 2R FRAR S 5
FEM 600 W e m™ 238K 5] 700 W » m™2 Sz A 900 W
«m Z3ERE 1000 W e m?if, EHT FYAEALEER,
T FH 8 36 72 700 ~ 900 W« m™2 3 [l P4 X 4 A
EHT L&A .

s 6 7 8 9
EREE/(m - s7h)

8§ 10 12 14
EXIEE/C
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KIAFESERE/(W . m™2)
10 BERUEE 5 RUE B R K FHESH X E M EHT #9550
Fig.10 Effect of supply air velocity, temperature, and
solar radiation on overall EHT
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Fig.11 Effect of supply air velocity, temperature, and

solar radiation on mean skin temperature
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solar radiation on heat flux in different ways of

heat-exchange

K P8 55 8 J3E 0 S 249 B2 Ok 1R B ) R e R A S
EHT BN, B K BHEE S 58 BE 72 700~900 W
« m” R X BRI A R AN

ME 12 ] AR R ioh AR5 4y 2
PARERSE R BT 3, B 6 XU B R, X
PR I R, 38 XL BE T R » o T A8 S /DN » T
ERERAE R R ET PR RB /N A, K BH 8 S o
AR 3o ot i P L B R K FHAE B3R BE
600 W« m™? I, AT A 4 S O s R BRI AR S e 2
7E 700~1 000 W« m™? AARALAT , A2 58 55 Il 2
FLARG P 2R B R (B /N T o0 T A i S
KFEELBIREBUD.

K13 Z & 15 2305 Sk XU | 3 Xl B B K
FHER ST AR ALt & 19 B S 8K EHT FrAb &7 38 X 178
AR BL. ATLLE Sk XU B R R B s B A 5 T A
ARG T » NRE 7 B ET 18 0 i JLP A7
ARG B | 26 KUl B8 e A A S o R A AR A A A
EPETEAL.

R e N Tt 1T CFD 45 B 21
R B JRAR BE B P 5%, THE P2 B RIS L
5 14 7B EHT 6, M4EER#AT I 2501 R ER
(DO EZHNREP R EAE X RIS %K

S fil kR kR kR kK E K E KB
WwWEETNTTFTFFRNXDDEBE &K
BEE BB BE B BE AR

A
B 14 EXBEETHELHN EHT #2487 EX
Fig.14 EHT thermal comfort zone as supply air

temperature changes
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SEITH Fa IR A B H B M A IRZEHTT 5 Ser
N BB

M 5 HRET LA L, 28 0k XU AR AR R i B R
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DRERAXoF AR 249 1 Okl BE 1 A 2k B R Y
S, TR EHT @i 3 B R A TRk it
SR, BRI, X XGRS EHT B R, MR iR
LA, & 28R EHT AT 305055 B9 STk R 5
AR 5 28 KGR BE |26 XL BE e A BH 8 53 55 BE =2 ] JL
AL HARA.

*5 HERXIES EHT. FHEKERER TRIARKRHTEHE
Tab.5 Contribution to overall EHT, mean skin

temperature, and dry heat loss %
HE Kk EHT S35 R RS ES
X1 36. 00 33.49 36. 89
Xz 41. 00 38.51 42,02
X3 22.00 26. 61 20. 76
X1 % Xp 0.27 0.41 0.23
X7 % X3 0. 20 0. 66 0.09
Xz * X3 0.94 0.17 0
RE 0.01 0.16 0

R 6 Sk X BE 3% XU BE K K FH A S 5 BE X
&R EHT MW E. /LB S . NAEFZK
PR 538 B2 R ma oK T3 Pk WS 8, & R X 2T
A FRENENAFFEZR L AFHRLH
BB AR, AR 7552 A -5 v BE A AT, KBRS T
B R EI7 N AFRRETEARE R M AFE
Z 32 W T XU R KR 2 . A, Sk B Ao A
R 3236 DX B 5 M K. T 326 DX iR B %171 Bt
EHT ¥4 B &%,

®6 3IANEREE EHT sz
Tab.6 Contribution rate of the 3 factors to local EHT
%

A X1 Xz X;
ik 36. 00 41. 00 22. 00
BS: 49. 00 38.00 12. 00
ok 39. 00 35. 00 25. 00
ELE 36. 00 46. 00 18. 00
BB 32. 00 42. 00 25. 00
ETH 34, 00 38. 00 28. 00
HTE 24.00 45, 00 31. 00
EF 33.00 42. 00 24. 00
HE 16. 00 40. 00 43.00
ZERAR 41, 00 39. 00 19. 00
FEpN;i 39. 00 35. 00 26. 00
/R 19. 00 60. 00 21. 00
/B 36. 00 39. 00 24. 00
=M 27. 00 55. 00 18. 00
bl 35. 00 49. 00 15. 00
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H teqreteqhntegreteqre) FIBLA IR AN (5) ~ (8) fiT
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IoE e i T A &% =R EHLT L.

leg,e =10. 210 — 1. 757 2X; +0. 940 4X, +

0. 013 827X; )]
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0. 015 953X )
feqe =9.46 — 1, 996X, +0. 955 4X, +

0. 016 10X5 (D
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0. 020 60X; ®

N T BAEUE A B R 2 R T oK
B2 4h, LIAEIR CFD i B J7 ik 5 IRl KOs B
TR IR B B K FHAR 55 R B A B ikl B 5 B 2K
ER==R7S B 0 vk ab b IO IGIE By = N BRL W = X )
TR KB R EHT B SR SO kg EHT
{ELHEAT HLAR, S5 R AN TE 16 BT,

30p

R?=0.991 7
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Fig.16 Defined value of local and whole EHT
compared with predicted value
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