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Study of Vehicle Heating System with Thermal Comfort Prediction Method
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In recent years, there has been a growing popularity of electric vehicle itself. It is said that the travel distance is half because it can not generally
be used for heating the waste heat of the engine is an internal combustion engine, electric vehicles (EV), and subjected to heating by electricity.
Since an important factor, thermal environment of the vehicle interior is required to provide comfortable and energy-saving air-conditioning
system, however. Is intended to establish a simulation method that can be used early in the development of air conditioning system design. In
this paper, thermal manikin and computational fluid dynamics (CFD) and numerical measurement by thermal manikin of the vehicle a
comparison of three conditions of the mode with the foot in normal mode, bi-level mode, the panel heater is assumed during heating I consider
that combines simulation. Measurement and calculation, it has almost the same tendency was confirmed as a result.
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Fig.1 Cold Tunnel and Panel Heater at vehicle test
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1., : Equivalent Temperature [°C] .7,
h_, : Combined Heat Transfer Coefficient [W/m’K]

: Skin Temperature [°C]
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O : Total of Convective Heat Loss and Radiation Heat Loss [W/m’]
¢, : Air Temperature [°C] . ¢, : Radiation Temperature [°C]
Vv, : Wind Velocity [ms]
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Fig2 Mesh Model
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Fig.3 Air Conditioner in Vehicle Cabin
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I L Thermal Resistance from The Skin Surface to Environment(Clothing) [clo]

(3)
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1,,: Clo, Basic Thermal Resistance [clo]
t, : Skin Temperature °c]

Q, : Quantity of Heat Loss at Clothing [W/m?]

5. K- @R
5.1 Hifks} - BESEPNRERE
X 4 (ZHEAS - EENEmMRE LS R, ARmMBEOFEM
RERIIBEIICBNTIREE AL ER A bR d o Tz, WK
BEINL—T « U TRV VT BILEVL LV b
{ g T,
50

—&— Experiment(FOOT)  « =0 ~ Cakculation(FOOT)  fr——~t——p~—f -t mfontmm

40 }| -9~ ExperimentBILEVEL - -+ ~ CakulationBLEVELy—~ 1= =1 ~—t—=F=—p=~T—=
- Experiment(PANEL)  ~ ~> ~ CaloulationPANEL =~~~ ¢V~ ~7T "1~ "{""1"7

30 e et it St o S
20 O Tt Tt Tecu S G et S S
107 AQUNNS ISR 1NN SRS SO AN NGNS S SN N

0

et -_.i_ -

-10 iy = A —— -

i
K
i
i
N

Pt
it

™1
[}

omom oy oW T PE T ZIORRY
oo o e ¢ B B F T e o
SISO SER NN
c:rifESEsEreESEE
=92 2z

g8 7 gE

Fig4  Temperature of Inside and Outside Vehicle Surface

Air Temp, of Test Room and Cabin ["C]

36" Symposium on Human-Environment System
HES36 in Nagoya, 1-2 Dec., 2012

BILEVEL {3fhdefE & v HRH LEEDRE K AKIZS - o7z A
WRIER O TEEBD-DEEXbND, FHEERICEL
T. HTRAILETOLEBEICBWTHER., AREE LHEE
EREL . ABRAEHRIN TV, A—7 I ERENER
IV RV, BAERMNEL o T e, EETEHFT
HNEBIZ. 77 b Ly FRRE L BEENERSHEE S D%
BL o TWBN, BF/VTIERM & U CRBEERIC T
EERELTWAEDICBRENE L EEZXOND, —F
IFEAPEEL Y LN ZOAERPRE S RoTz, BiFE
L CIHRESHAER SN TRV IENRK 5°C UNE 2> T
WA, REBRMEOHIETNLLENVZD,

5.2 SR - HEANZERIEE

X 5 IoER=E - BEENERIBELZ RT, FEMIIKHEND
150mm, JaERr 350mm, ABRERIL 650mm, JEICITRTNA>D 100mm
DOHLE & T 5, ERBIIESRMEF L HR-10°C AFHRI LTV,
FOOT M TX BILEVEL {23\ T KERERZLE &L ¥ _EEDZERIREEDS
FEHE & e U THY 2°C FREE < Je o T3 IR BE/MAR A
R—HLTEY . FOOT IZBWTRITDIEENE <. BILEVEL
CRBWTLEFOETRENREG R2HEAEFER L TV,
PANEL Stk CIZRTEAERINEL Y HIRVME L e o7, EETIT
HWENLEDHOMBERNH D, AETT M TILERRH
BIRALRZ B TICEHN L TV AIENFRER L L2 b5, PANEL
TiE FOOT BRH L 2> 5 DFBEEA FOOT DAe43720s, HERNFE
PREEIT FOOT & IFE L< | MBMERLERE & LT S/

BEITHDEVZD,
50
40 IS AU RO TS WVNY PO Kk Y 107 IO SO O S
_ﬁfz’&“_ o, .
30 + S o8 t%—
20 —&— Exper
10 |- BperimentBLEVEL CaleulationBILEVEU J e e = — e e e e e e f e e e
S PANED C PANED === mprm b o e
0
T AU SUUROR NONIG: OUPION SNPHS DHNEN RPN EUSHN JRSRS RGN SN BRSO . &
T X X 0O O 0 = - om0
FfEigffEEE L
% ,E 2 - Padiigad = = = e fa E =
£2&88g&Espe3&E;

Fig.5 Air Temperature of Vehicle Inside and Outside

5.3 $—<=A<wXFVERNE

X 6 ([ —~ /v XX UENBIRERE R T, BRFICEK
WSROI —BL TV V7o, FECRWTEEME&
HETREAEMEL Y BIEVETH -T2, ET AV TIIREL
I LEIMETHERBLTWSZEIZEY, REOEHH
WCRI2SEB L Z ERER EE 2 535, BILEVEL (28T
WIER e OB R BRI B < 72 0 PANEL (2B CRIEDIRE
PMEL 72 AEAA IR & TV, BILEVEL Tidi Ny KUY
Te o TR LA R — R, PANEL TR SBT3
INBEN D EEZ LND, BREEOEEIZL ) 2&MHtL
b REOEERMELS HE S,

NI | -El ectronic Library Service



Japanese Soci ety of Human- Environnent System

Skin Temperature [°C]
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Fig.6 Skin Temperature of Thermal Manikin
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Fig.7 Heat Loss » Combined Heat Transfer Coefficient
(Standard Condition)
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Fig.8 Prediction of Thermal comfortable by Equivalent Temperature
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