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Thermal Management of Air-cooled Motorcycle Engines Using Forced Qil-cooling System
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ABSTRACT

Engine cooling substantially affects power output,
fuel economy, noise reduction and durability. Estimating
each engine part’s temperature in the early stages of
design is important in the development of air-cooled
motorcycle engines. In this study, engine temperature
distributions were obtained through heat transfer
coefficient calculations based on Computational Fluid
Dynamics (CFD). From the analysis, it was found that
by using air-cooling with a forced oil-cooling system, the
cylinder head temperature sufficiently decreased, and the
resultant temperature distribution was almost the same
as that of water-cooled engines. It was also found that
the temperature gradient among cylinders was
manipulated by controlling the cooling-oil flow.
Furthermore, heat loads were controlled as well, and the
knocking limit was also enhanced when the engine was
tested in a prototype motorcycle.
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Fig. 1 Outline of engine oil-cooling system



BERA Y AT LZAVZHRERAESI VI VDAIRI AV

3. FEH#IE

3.1. CFD f#tRIER

TRV Y VRGNS 255, PINERIC BT S8
FIEH E LT CFD IZ X B3 HENTH 5.

TR IR ABRICEEH T 2 7zic, WHEGN, 154
T 4 YOEGEIEIR, RO BWA AV T — S B ORGEH
CFD fiffiEH & LCE TR bNS. MFARERE TN
O LA BT HZAODICH L, CFD f@krcid, #iE
BOBUWERNC FEFTSA FTOHRNGORGT, X UmENE
BEDE BRI, T2 YV EEOBMERE NN HE L 7%
%. ILICENSOMRENIET 52 & TV Y Y DIRES
TROE IO TR DIRF S T L WAJREL 15 5.

FIMS Y AT L2RAT 5Ichiz, AANVT YTy
MERDIBENHOTR LT, WENEREOMIE LOME], &
BIIFBVROR/IMEZ HINE LIzPER R — MEIROKGET &,
CFD ZHWfiHH & LTI BN 5.

3.2. (8 FIE

Fig. 2 ICRIEFNEZ/RT. BIRT— 23R E & &
12, CATIA i2fRF & N3 3D-CAD(Fig. 2 (a)) TYERL L,
Stereo Lithography (STL) 7—Z2JEXNT7 7 A )UICEE T
Z0%, Y 7 F©OZHVTSTLT — X DARESEIER
MO TIEER BT o, fTTHDSTLT—& D

(a) Solid model (b)

T il
[T I i
T

i

(d) Computation meshing

(e) Heat transfer coefficients

(f) Temperature distribution

Fig. 2 Procedure of air-cooled engine analysis using
CFD code

—#% Fig. 2 (b) 1I/RT .

FEATSRAHY TOWNDMEFT D=8, Fig. 2 (c)ITRd
X5 B BUEEFHPNC 72RE 3D BT VEEE, HAEAHE
T(Fig. 2 (D ZREL T, BERENZ252%. FHRETE,
133 X 128 X 139 O 237 FILTH 5. FHEETHEIR,
JVR DT FaT—n5EN RIS KD, RATELE
L (Fig. 2 (e) &R Tz, A AT+ v b B EBIIHATH
WD CFD fi#tizBTE-> 7

FRETROTBMRER &, ISR UR— FETOR
ik (heat flu)ic K 0, BMBERRZB RN, T2I V0
BE 7 RDB.

T T T, BMAEETHEIEX CFD FHRICBIF 23— v bt
VEOTa TS LR LTHETERS . ERESHK T
HHIERNOCFDRIR EHCEDEHAVE T LIic kb, B
(RO TR BRI A E E 75 5.

3.3 BREH

EHHIEZETNRAT D CFD FHRIC B B EE5&MFE, Fig. 2
(NIRRT BUEEAD A, HEMHYOR#EER 52, J&
TAACODENREIE 5 %, BT AT—id005me L, i
THIH K CMHIBE X [E e 8E & LTz,

IV YV OBMAERRIC B B BRI X, CFDRME
M ERDIGHAD RFTEMGER E A ANV T v Ty F O
HERMEERE V. L LZNSDIENIS, MiFmck 3
HHIY, BAFEE, TV U HRE, IRHERUR— h NEEDER
EIET2ORENH BN, FOMIIHT LEIETIR AR,

AR, ZEAT Y Y v OWAMEREDRF D HINTH
D, FHCAAINT ¥y FOEEZKET 5T M5
THote. ZTTYVVENVIVER(I SV T r—AT
FH) DIRERERHT YV OREEENRAL, ZoYy
ORI E T TS 303 % X S I ZDEAFREE L 7z,

EMAEETRIC B 25T T2 RN O CFD G
EFRl—& LTzTzs, BMAEFIED T v NIy, —
F) ANy RERIEREDNZ ) v RISk L THEW =8
12, Fig. 31T & 51, —DDXIVINSIHHIE & mHD

Air flow channel
Qil jacket

Exhaust port

Combustion chamber

Fig. 3 Computation grids for heat conductive
calculation



Honda R&D Technical Review

Vol.19 No.1 (April 2007)

COOBMAERRENREIRETAEEL L. T HICHBE
ZICHE U TR OEIRRM DI B e 22855, Db
DS BGHETERAENIRER K S 1, BMRERRMAOE
KT =2 (STL 7= 2 BRETREMN T LI T IN—T 0T
L, —DORFERIUCENT, BMmER-DEHR S K U9
REZHEE, EROBREMPRETED LI

4. FIEREREEER

4.1. 7AWV vy FOBRER

FANWT X Ty MK BZREFEDZD, HEHIHOE
EEFRE(a CW/mK)ZEITRE LUz, Z2OMERKREO—F%Z
Fig. 4 1C/R9.

W53 K UHERUR— PRI EREMmR b3 5 T i
X0, WAL CEMERIT & E 5. —7, Wik
Z(T 2HZAEBEIDE D ED SRV, HHRIEREN
9%, PERUR— MUDIEA D EIE, 2 2Ny REE
TR AN vy T AN S5 DDEE(IE
R)THBH, TOEHDTHAMD K EHNVECHNK I
CFD T & O B EOEIRD & fdle & D% #E Lz,

FABKEEZRD, HHRIC X > THED R E L Bkt
Bhb s, BMoERIHRIC X O KELHEEDZDT, Hime

Narrower shapes
among each ports

Pedestal for manufacturing

7 600 (W/m2K)

Fig. 4 Heat transfer coefficients of oil jacket

x 103 W/m?K

w

#1 Cylinder head
(CFD analysis result)

N
|

N
]

Heat transfer coefficient (o)

A T,=160°C
B 1, =140°C
@ T.=120°C
O 1
0 1 2
x 10 m%/s

Amount of oil flow (per one cylinder)

Fig. 5 Relationship between oil flow amount and heat
transfer coefficients

RO G & ViR DOMGRZ CFD IC X DRz, a8
FANWT Xy OFIRMLERIE, TV Y ENY RGO
FANT X Ty FOROFEEE LTHR- 2. ZOR%E
Fig. 5 IT/RY. CHuc kD, HiA 120°CLH & 160 CO
BEDITH, BUGERIT 7080% L ENT LD 5.

KEROBEICIE, KEDEES &, Bt e Z0EgN
BEROOWEZ (AT OMWNE L A2 DB HRARIKE T
5. UL USROS, RS LAZ & AT ICX 51K
PLEIC o IR E W28, RS EV EISHIEAED
M 356055, Iz ZIE, AT vy SNEEEIRE
& 250 CERET % &, HiRA 120 CH5 160 Cic L7
BCTLICK-ST, ATIX 130°CH5 90°Ck 0.7 fELkD
W, ald L7540, BMoER(a AT 11958755,

L7ehoT, ANV I vy MERIZKSRDOT +—%
Vxry b ERRGDREREEE S RIKTIEEL, 2
A DI L, AAINVOREE DTV TIVIEEIR
ETBTENEELL.

42 REBREAEHZRE DL

Fig. 6 I, T2 Y VOEGHRASR LG FAlBRTO/RIER
BEHRER (P —E ¥ 2 —)Ic K 2 RmRENESRZ T
U CORY. GRS K UMIESME, 80 km/h FX0D
IV VARBIUETRTH 3.

HETEANLI Y OT7Fay—h 58N EHNT a

\

Fig. 6 Comparison of temperature (at 80 km/h)

xperimental'result
T



BERA Y AT LZAVZHRERAESI VI VDAIRI AV

R, MHEOMREITHIC25 COREDE & TG R Z
BTz, FHRAEROPAR— MUDHET « > O
DI — MUDITAT 4 > KD KL > T02 D,
Y= a—TIRENTHEHT ¢ Vi, PFRER—
RIB SR MULIEIEFRCIEETH . Thid, FEox
VYV TRPFRER D OZELURED S <, IREADFHR O
BEICHNTNEL BB HEEZIONS.

PLE, WO DRTURORMIIKS EDD, TI Y
DI & U TIKEZH GRS RIMF O NI L T A 5.

4.3 HRDFHE

HIBOMRZTRD TzI, WMBOHHET, BMLEEE
ERTRot. FESEME, 230 km/hiETHHY A CHlg
BLUDIREEL T 2728, A AT vy N DERERE Y
e U, ZOBMREE RGOS 71 %2 Fig. 71CRd .

K& DWHIT ¢ VERIZE 2 TO0E D, hAE#2, #3
) V) OHRUR— M NEEOWE NS K, TP R
HOBHMN R THRNT ENbh D, FHELEDOV) V&
Ny RAN—D 75 F R E (T, - °C)7%Z Fig. 8 H10D
(@) ITRT . T OXUAIRIE I 40 CTH D, HRIXE
D Ty (EEeE 300 CiHWVIRE EHEES NS,

RIS MGES B 721, AP ¥y FOBL

(a) 70°C v

Temperature °C
ONICIC

-9 (a) Estimation results without oil cooling
4 (b) Estimation results with oil cooling
=& (c) Measurement results
-®- (d) Estimation results with oil cooling

(oil flow quantity of #1, #4 makes 1/4 of #2, #3)

#4 #3 #2 #1
Fig. 8 Calculation of cylinder head temperature
(at 230 km/h)

EHRIL, KEHIZ0 OmHARNE 1 X 10°m¥/s(6.0 I/min),
IR 160 CHY & L THITEZB k-T2, ZDERZ Fig.
TIRT. ZRINCIEMES K> TED, MEEIRLFH
N5, ZTOLED T, 1& Fig. 8 HD (b) ITRT K1,
B IREOEWHIAE TR0 COMRBERRED RAE Nz

C T CEMEM B MO LLEGE 235 C > Tz JIEME
¥ Fig. 8 H1D (c) IT/RT.

FHEMEOK IR H L D0, SR OIREAE M (9
IR L, #4 ) 2 LR #2, #3 U 22D
TaeDZEE)E, FHEM & FRETHREE TH D, KEHE
JEREBOUEEIT T ZFIE TOMGIDHETH 5.

Fig. 9 (a) ZHIN< B3 &, FIHEE— ROV &
Ay RISHI 7 ¢ VA ERLBATOS. Thicxil, =V
U YRR B R ARRNCIRED . RRCHFRUR—
MEONBHREN SV, chud7ay v ZAveTay MY
ARV Y g ViR LI K-> GEfTAMES N, T2 VaiHH
RERICHR D IRGHAME S NEWHEEZ BN 5.

Fig. 9 (b)ic >V &~y FERGEZJE O OIRE RN Z 7R

(b) Top view

Fig. 9 Temperature distribution with oil cooling
(Toi = 160°C)



Honda R&D Technical Review

Vol.19 No.1 (April 2007)

(b) Bottom view

Fig. 10 Temperature distribution of improving uneven
temperature among cylinders (T,; = 160°C)
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