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The Latest CAE of Cabin Environment
PSR
Hideo ASANO

This paper describes recent works and research in CAE techniques of the vehicle cabin environment. Regarding
the cabin environment controlled by the air conditioning, the key factors that affect passenger comfort are; air
conditioning performance, cabin-airflow noise, and other transient characteristics. In order to improve these factors,
a CAE technique has been developed to establish an analysis method for objects from air conditioning components,
and system, to whole air-conditioning environment including the cabin-environment and passengers, and also, to
expand the application to larger-scale systems/environments, region requiring more precise modeling and accuracy,
and the diversified objects of analyses. The development of CAE is largely attributed to the advancement of
computer technology.

Key words: Air conditioning, Vibration, Noise, CAE, CFD, Thermal comfort, Noise reduction, Transient

characteristic

1. (FU&HIC

HEIZEZHOY TV AWHEHEPKRLDONTH 72
BEIES 205 30 EDH DL THY, BAEHI—TT7 IV
WA TRRDOID BRI LeoT Wb, HEEI,
FED - W35 - 1l F 2 D FAFERR IR E 2 [X] 5 i
LC, HBEEHEE - Sy —=2X771 »27 - ABS (Antilock
Brake System) AMFTEEHELfSNTVWB LI, HA4D
AL HRTS, BRTHEDLIT IV HERRICOWT
b, SFETELPEAMEEREINCIIITR o7

IT AV VAT ADORBEMICONTIE, HIRICH#ES
LT, AT, CORBHMERZITIYVATLD
Bfivial—vary, §74&bH CAE (Computer Aided
Engineering) MO FrEpie, o XHI2BbIIC
WHHLTW A2 Z/T 5.

B, ARalE, SHERW SEBITEAMER, v
7 b/ N=FY 2T HERFEG P S RIEOB A E F L o7z
bOTHBHZLETOMI->THL.

. EHRAMEROSERNEIR

I POEYEE, HEENSEYLEY, #3 m® I
W72 V2RO THY, FRIT Lo TYBE AN
ZED T LML W2 THY, PulEkARTIL
T, EEEENOEPELZROONL. TOETIE, H—
L7 AV VAT AR EENOETIREICE TS I 2L —
T arEE NI L BRADOTBEEI T LMD Y I 2
L—3 ayOBURIZOWTHIANT 5.

21 F7OX%Z. ZHAMKS

70y M FANROZYBREICOWT, S 2 I3
JAHE AT & DA E R LT, CFD (Computational Fluid
Dynamics) f#ATIC L BIEN T — 2 FIE 2 B L 7-.
BHEHEE, 77 uRS Sy PEHEENETIVT 54,200 B
FThotz kS Y OWRTH I ARES LR
N =V ORI E W EERHBLTWS, WINLi
WEEHFITHFETH o720 EROFEEHFEIGILIE
DU BISHWFFEAS kA STV 5.

EDFLIZONT, HTAME ZZMFIEO I AKHEE T
WEFEL, CFD &t & BIGCEH 2 & P ERIR K P 28
r 2R EL, KOS, BB R R FEE
B L7-3561 Y R, AT AN DK O M % EHEICA
NI S L 705800 ° Adb 5. EBEEFVIRIRTH
B, BEHFEUL 1,286,337 THY, T, EEMEOWMBRY
DWEN 3 = TIROFH ARG EE R LA ST &7,

HUi RIS OB T 4 T AT & 34— A0 23U S5
72ODOT T UAY Rk ET D202, ik CAE ik
BRI SNTw A, Lo, ERMNRRE CIEE LK%
RS A72012, BRENEFI, Ay ok, FHET3%
CTRZMA, HERTENSBLEREERL Y LS
I bH 5 (Fig. 1).

72 K% ¥ HVAC (Heating, Ventilating, and Air
Conditioning) X, #v Y2 R—FPIZERE SN, FIZ/h
B - S EREAL SR SN B, SEARBERE L LCak JE oD ik FE il
0, AL A SR E L)) B R A T S 72012,
TuY, Loy MRS S TR —%, t—4 37,

* (f) HEEEMEOTHEET, HEHEBMN S Vol 62, Nob, p. 53 [HENERFIHT LY I 2 b— a3 Yl X1,

—HEMEE L, SUE L T

- 153 -



ootk

ITIvZART, E—FF7, ROZERHSZ N, WRSELO
VYRS TR SN TWS, ZJ5 7N, LIRS, EN
FHNCIE $ 5720, EIHREOKEA LT TS5
B =ZOCIEIRTH Y, EIIRR DG FAEEE 2 iR L
72 CFD GHEZATH 720, f#EE %2 M TIRAET
TEATHHEN TS ™.

T FEE 1) 9D 0 e AR LS o L & B R R B A O R BT
ToTHY, RERAHEOFEHENF—KS VM TH
%. WD BHETH D EH L ELDdIZ, AW
EFETFE (X () ~ @) &, BiRIEHA —KE R,
k- e FLWEET N, EW T T MVE Pr09, F7z, Tuv
7RIV F T L — 4, BEHREGE T OV IS A A —
TARATAT, B S EHEREE 2 55655505,
Lk LT HVAC NOMER GBI L% TR Tw
HEFEVECWY EEIHE LD .

KT OF BAFE 2 MBI RiF 5720102, HLiz
Bk LT R E 7R LES (Large Eddy

Simulation) %M\ 277 3R BILHO W TIZELE 7T ~ b
VEEMIET2H ) hEPRESN, 2B MmEGTT
AT NGB R BT b T 2 B g ¥ sh,
B TFRORELAED ST W5 (Fig. 2).

o U, U _ 1 a( o U —ﬁ
+ U. i=_ i .
o1 7 9 x; T ox; Y 9 x; Ut M

‘ 3 ......... (2)
oT 2T _ ° oT —
Fy +U_8Xl 51 (a—XI_ u; ) ....... 3
F = a T -------------------------
u; a; 2z, “)

2T, Ui, T, k: Sl V¥ —
v RERSEAR R, a . IRERESE (= v, /Pr,)

Fig. 2 Airflow simulation in HVAC (color scaling: temperature)®
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Fig. 3 Airflow distribution in cabin (left: CAE model, center: temperature, right: velocity)

22 HEHNZEHR

KNSR Z AHGRET LR, S, HAETIE, FH
D VBT ERAAT T 8 2 30 BR B A PR LTl B
A LD h, BRSNS TW A, TR,
BT ANF—L P2 BKRICTH LSS5 TH 5.
ZD72OITIE, I =7 3NN IR > 72 IR,
S e HENI/E 20 %2 FCTERTIUE RS
e,

FRENIIRE =&kt CAD (Computer Aided Design)
F=hb, RECHHALAFRETVESHICERT
FVEMEDLET, ThIAy T2 (MK T) T %
100 FEFICHEL, BNRAMIMNLY, S i EE 5
% CFDEMEL Y, SOREFHEREZ N LSE5720,
L7 5 ¥ MV Pr, Z5EROERD S v (BED 5 O i)
DOREL720F5e5b HY P, EENOEBEZ MR TE
LR EINT VD, BNKRICEDET, A
BB DTN EBREDEBIOWT, CFD EHr 2w
Bldd s, I, EHBEEDNROBCERE—FO
A2 T 2 SO AN 5TV A(Figs. 3 & 4).

WHEAMEY (7—=NFyy) RoOFRE) OmEE, HE
SAiEERL, AREREZAIIBWT, WESMMiOENE
Rk, BESMOWAENPKEL, hds, 4FBERAFLOD
BBREICEREZRAEL TV LIS S P LOWED
Hb. 20720, MERBFEPSDOT T O—F BUEETH 5D

B Area with pollen

Fig. 4 Pollen distribution (left: Normal, right: De-pollen
mode)"!

14)

2.3 REAREM

HRNRENEE LT, ERENEHOMRMBRE S FRED
AR PE TSRS 5. S0, fEkK, Gagge
O ASHEIE L 72 #r 8L HE O %) I B SET* (Standard new
Effective Temperature) %I NERBEFFMAELE LTHE
HTERVPBE SN TET.

HHS P, 16 58 2 MARBREF VEHEL, WH
B L REOR EIREZ LA HBITREE LT, Zhk
DEHE SN S SET* & 9 B Rl B S oA BE & 452 )5
EERHLTWS. 72, AR, AkoAME#ET
NEEZENZIRE T VIHEG DT, REAYOMREE, il
A D CFD GHE & MABE 7V EH A MAs L7z B
JE R S IS EFWHAN L LCTna,. S5, Th
ZFMLT, Elnge FRICAAML TR
T, TP A LI A I EEVAEL TV A, 1ZIZH
B TEENR—ALLT AHORET, v—topEW
WZOWTHIREL 7B & 5.

EHI, MR, U MR, EITFOSKOSIZEY,
HRAH 2IT->TBY, ZofRMEHO A RMETE
TVLIRENPEFEIRICHLEEZOND. 5T, &b
OB VEBIGEN Tl Z 35720120, AT T
WLEET T2 5.

I 5B 36 L 72 i B BRBE SR 0 7200 0 65 43 f it
AEET IV, AERE 16 HALICHEIL, S5ICKHBME
48 LT % 64 53 + PRI ) O A FF 65 2 —FIZLD,
BRBE (HA, WEE, WEE, &) 1A b 7o A I 3 i,
skin A SO, FIT, S HIIZMFREAIEL O AS
WHEE o TWA, ZOMEKEEZ 65 70 HA IR i€ 7V
i CFD v 7 MIHLA S & 3T g oC
W5 (Figs. 5 & 6).

- 155 -



(chestERL D )

clothing ag

i FEEE
it peS

PRI
MmiReE [BEY

65MNE T IIL D=

O J
114
1

4 \
'.‘;-' d

CFD (Computational Fluid Dynamics)

Fig. 5 Virtual thermal mannequin®
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CELSIUS

LOCAL MX = 35.61
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Fig. 6 Skin temperature of inclined insolation®”
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Fig. 8 System simulator example®
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