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Abstract
To enhance the environmental performance of vehicles, CO2 emission should be reduced and the fuel efficiency
should be improved. The fuel efficiency can be improved by reducing the aerodynamic drag of vehicles and improving
the thermal efficiency of engines. Further improvement can be achieved by currently developed systems such as the
hybrid vehicle (HV), which employs the internal combustion engine and the motor, and by the fuel cell vehicle, which
does not require fossil fuel. However, HV and FCHV (Fuel Cell Hybrid Vehicle) have piles of concerns to be tackled
such as thermal issues of new devices including the motor, the inverter, the battery and the fuel cell. This paper reviews

the thermo-fluid dynamic approaches, which are indispensable to manage these concerns.

Key Words: Automobile fuel consumption, Aerodynamic resistance, Hybrid vehicle,

Fuel cell hybrid vehicle

1 [FC&HIC

19 HALZ T 47z BB 20 HEfdIC B 4
Wz, BEIZA I Z7OHBESRT TO K7 OF
EENSEAOBEI TR L L TAX AL ZIT AN
B, HHEREIOL EMNR, ERREMEHE > TH
TLWE R EA T K, KRGS, QEHE, i
W CIEAMERAL B fE, CO2 HINZ X 5 HiEkIR IR
b5, ADBEAEAHLIEZZ LW, B
FERATRE 2 A 2 R 2 [IX BB ORI E
KL ZENTER.

HEhH B 2 BRBERIEIC 1L, M - B BRBE R
BThDHRRGY, By, RE), ER, EIEWER
HY, FI-HEEE CIIHERERR L, BRVEN, IR
MEEnbiFons.

AR Clx, HERERBCICESRZYST, LvbiTA
B ORE ) EEATOBARRDL & Z DR OE - JiRiK
RREHIZ DUV TR BT L7z Vo,

2 BERENERLEBEHER

HEIEOES L 1886 & KA Y DI — /LR
Eo 7= 3 imBE B HAML & S, FHUYRFOE ) &
L CIIERKHEBI 2 VT W=, FD%, BAVREIC
ERE—XEEETHABE, TV U wREL
THNEEEZEN D &350V ) v BEENBIR X
ni-.

1900 4F 4 B - b 3 OB A o BB BN+
NENAES TR, TNEIICSHEZ 2 T .

ZEZUIARA 7 —IZ AN DK DBEERE A A2 L,
BRI EREDEWIC S B O3 BTN E <,
H ) AZONWTIE D AREWED T2 EW Y T
VU EBEITMENS D, BICEENE LV E, G
Kl b REHTH T2

HY U HENHICEES > - 0lE, SR O Z
VA AT IMEDITZ Y, ZF ORSRLERE ORI EY
ThHHH YV R, WHETHO KT v 7 A NTTA

ZATH:20064E3 H 20 H, F43EHAGES VR T ALV, YT &% — Fl B

T ha ¥ ABEGR) 471-8572 E-HEM N3 X1

I ha X EEEEDE | EEEIEE 471-8572 BHT S XA

- 49 .-

© 2007 The Heat Transfer Society of Japan



Thermal Science & Engineering Vol.15 No.2 (2007)

FCTEIZLThoTo. D% 1911 HIZEIHA X —
PRSI, 2—F IR ERFD Y T X% T DE
TEPOHBIIL, A v FOEDOTZU Y U MhHE)
MAREE 2D, WIZh T AIvyvarDyrrnu

A aDFEAIZEL VPR T I NFECm B LT,

W, 1914 EDOHT V) v P ThHhH TR T —
RD~L k2 _7 I K D KREAEFEDOBBIZHE
WAEFET A RHRBIIZ TR o7z,

IO LTRBNBESICAFTEE4 77, Bl

WG S, KAliRE & DK 3 RS Y
HEh DS, HKICEXBBHELCAKE B H Sk H

L, 20 Ao TBZICH Y B0 THD.

F7, 9I3ED ) v —o A T A HEDT A
U 71 KREEREWHE BB AR ARE S5 B B BB R
BRI E THBHEIIER LOWE L LD,
gk EOfRA BEIEIL 1900 ££1220 HBETHh-7-D
WL, 1950 4R121% 7000 B H, 2000 421X 7.5 (8
BeRo TS, LlEEOELFEN1HE2 ANTHD
e EEZDESHBRICs & NI HE R BN T
M=ins (1) [1].

12
® 10
1z
% 8
B e
T
2
0
o0xo
Estimation by TOYOTA
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Fig. 2 The curve of reduction of CO2 emission for
the stabilization of CO, concentration.
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Fig. 3 Scenario of crude oil production.

[E=piiE 3 =Rl g
35,000 ‘

30,000

25,000

20,000 5
BT FERBRRAR
RAR

FEFEREIAH
_4“-*-!}//~‘

0=
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100
[4] Higl: BAR T 3L R I TE AT

Fig.4 The expected amount of energy supply.
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Fig. 5 Trend of the regulation of fuel consumption with
respect to the countries.
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Fig. 6 Energy flow.
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Fig. 7 Influence on the vehicles of the drag coefficient.
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Fig. 8 Points of Cd reduction.
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(Estima HV 2006 model)
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Fig. 10 Energy management for the hybrid vehicles.
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Fig. 12 Refrigeration system of the hybrid vehicles.
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Fig. 13 Structure of the motor cooling.
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Fig. 14 Structure of the inverter cooling.

© 2007 The Heat Transfer Society of Japan




Thermal Science & Engineering Vol.15 No.2 (2007)

8.3 NyTF—DRERE

Ny T U — X B EROFEEET 100~150 W 2
ETHDHN, FmOBLENOTFIREMEL, D
WIBEZETOBREINERIND. EBEONNY T —
WHEIV AT A% 1S IS BENOZER S vz i) x
ERALTARyT U —ZHBEHILTWAR, BHEIT 7
BEESE & OWNLAMEL L 725 TUWDH[6].

e
AT=50C

i B

AT=10C

Y 9y | NyF) REIE
KRBTSR R
B2 NyF U

Fig. 15 Structure of the battery coolimg.
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Fig. 16 Diagram of heating characteristics with respect
to the FC and Engine.

Fig. 17 Cooling system of the FC.
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