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Design of Air Supply-out Layout of Air
Conditioning for Electric Vehicle Cabin
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WU  Guomin'?, XU Xin'?,

Abstract: Based on the -correlation between flow
structure and thermal environment inside vehicle cabins,
five new air supply-out layouts different from traditional
layouts were proposed. CFD simulation combined human
thermal regulation model was used to analyze the
characteristics of the cabin thermal environment under
Then, the

temperature (EHT) based thermal comfort model was

each layout. equivalent homogeneous
used to evaluate each layout. It is shown that the mean
radiant temperature and mean air velocity have greater
impact on the cabin thermal comfort than the average air
temperature of the cabin. The top supply-out layout and
the two composite layouts demonstrate the best and worst
overall performance respectively, while the traditional air

supply-out layout displays a high energy consumption with
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poor comfort uniformity.

Keywords: thermal environment of vehicle cabin; air
supply-out layout;

(EHT); thermal comfort; cooling load

equivalent homogeneous temperature
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Fig.1 Schematic diagram of air supply-out layouts
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Tab.1 Total area of airflow inlets and outlets

T PR R/ em? HUXU AR em?
fEGEHTE A H 268. 71 110.72

THRETH 2766.43 216.43

oA 2766.43 168. 03

LTI 998. 25 216.43

TR T 3764.68 216.43

TRREM 3764.68 168.03
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Fig.2 Schematic diagram of vehicle cabin inside

2.2 ERPRIMETEER
PNUEPCRIEIR IR BRI BN oY o B V1 B o €13

M

i=1

Tyrr =

M
GEF(:.iTI4+a()2<TI'ﬁ,z) Ccos (91'GD+Z.iFu.iGd+F(:,ip1Qrad,solar,i)
i=1

TEWRIC , R 43 2 A N G FEAL G AR R ETZE N Y
5 BE THT () 4 AN T IR ST TR S S5, 8 IS 538 %) ot 15 o 59
A LA 375 1 3% 16 g O 3fe B, il R T R MACFS A8 A
4 T A S WU I a5 s RS B T e e . Rl iR
JEE Tt v P [T Ry e T ok e e X S e AR T
PALish , N R B AT e A0 5 A A T A
1553 SR N A RE T A T I A S A A 343 K
BF S 35 3o 1 85 P 42 B G E NAR SR T, 25 3 A L AE
i o PR Y B AR BT

N iF 5 ik realizable ke two-layer
(RKE 2L) " 580 , realizable /- 1575 GE A HERT
by T AN B SR B E R . A IR R Y
M J2 B 3t Bl R A, Rodi 2 40 T 2 )2 051k i ik nl
H ke BTN TRV IR Z 5 Z )2 . ARSI
25 BE THT ) 58 5 45 3% FH surface to surface (S2S) 15
AU R bR S B e 22 U B AR O . IR Z W
TREPN S SR R BRI, A5 T TR 5 T2 (6]
R A . N ARERIE 5 18R A Stolwijk! ™ & H
(A AR A SEBRGR  AS R | A Sy B AR5y R 14
A B WA B R IR LA S %0 4
JZ1, Stolwijk Y GE AL A7 WA AR 4 S IR T
(AR A B
2.3 HEAETE
2.3.1 YRR

52 B NI AE 25 TR R SR A
BIRSHREE (MRT )Rl “FI4R SR EE T Ay

1/4

(D

o 0 N Stefan-Boltzmann i 25 ; Mk 25 505 1 5L
B F,, TN 55 45 B0 R i # R B T, 045
BRI EE 5 /., 2% BRI TE 2 3 N D 3R T A TR
FRBUF R 5 G B G 53 3R B i B TR
SIREE ;T 0 S CR GE SRR S50
KBS A 3 Qo soters F S T B R ITHE T
KRS RE e, M AMRR T L HHR
2.3.2 HEFIEVEN A
FKHE A ARB S MEAEE A EHT #F4 %k . EHT
AR

s

T.=T — 2

>

cal

K Ty W EHT ; T BRI 5 Q TR 2% 2
X 7 R A R S R 22 5 e, A BRAEL ) o

o€,

EE N W AR R AL R, A SR RN B LR A
AR ZREL, b PVBUE R B SCERL20]

FEF EHT (19 #4687 18 X2 AR IAET & PF A 78
EHT {E 3k I A9 mi b, >R Nilsson 2 Hi 9 EHT &7
XY IR AR A A PR A ) #RH 0. 08
(m®K)-W ' 15 Z AN E] 3 s i Ak 14 45 By 58
R EHT &FiE Y5l
2.3.3 R ABIETIE AR S48 bR

W AN BRI, FEE R AT
EHT Al 2% H KO —@ i, & O BH 4R G R
JE 23 A 51 EHT bpifi2e N

N
S\/(E(Teq,w,uTeq,w) (3)

N




288 6] 5% K 2 2 (A 4K BE 2 B %54 %
BE i e 73R BIN G EHT (FRAEDS 1S, 0 HEGERE R
e N et i HR T ERNEHT Mbrifize .

B e S - 2.3.4 YA

D G ST

= ig ;’,»----' 7@@@?@ ........................ Qc=1¢,q, AT (5)
T < WA AP, ot MR R 2 R Het s g, K%
e, DRI BT g et s AT A KU XU F) I 2%

REEEEBE K F PSSP D
x{&@g@y&é&f A?y%ﬁ/(fﬁ&\\%\\ R

E3 EHT#HEFEXXIS
Fig.3 EHT based thermal comfort zone division

P T, IR EHT #4948 ; N M TR i A%
AR PR IR, 253 A 61 EHT BbRifE2
FEARHAE o kb e B 2R K BHAR 59 B 600,700,
800,900, 1 000 Wem'* i Fil A 3 53 iy $R 5 3 14 A %
AN FERR AN
S;

=

5)
2P 2 0 SRR FHAR ST AR S5 5 S, B —Fhak th X

(4

26 28 30 32 34 36 38
BRI S i/ °C
a IR

E 4

2.4 BFREE
A R T4 o F P RS =
SN 33.8 °C, oK 3R XH R BT i A
26 R BE 141 15 °C, AR EE T A 40 %6, 3 XUE
FEJIHH o BB 25 H AR Y 42 B RN A i Ak
TR X e il 5. 1E TN, 45 BETH
Ko BB W AR SR K AR THDO e A R R S D
SCHR[19] o 35 R Y 2 2= AR A ) $4BH
0.08 (m*K)-W ',
2.5 {FEAEWIE

4 X LT N B BRI B W PN OB 1 2
A R BB T Ut B Y S 5 {5 CFD BE4UE
ATDLE B RIS RE DI B M 2 A IR B A T
MR 2E R ZAE 10% LA o

60 )
55+ @ ?%{Mﬁ\
O 50 F A BETTIN S
~
o 45}
401
351
30r
251
20r
15

T A 95 1 B

10 20 30 40 50 60
W R B SR L/ °C
b IR G A A

KRk RRMBEREESKRBREX L

Fig.4 Comparison of skin and cabin temperature between simulation and experimental results
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Fig.5 Comparison of velocity field and temperature field between six air supply-out layouts
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Fig.11 Comparison of local EHT of driver/passengers between six air supply-out layouts
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