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Study on the Steady-State Heat Conduction Characteristics
of a Small Gasoline Engine

B. T. Kim

Abstract

In this paper, heat conduction characteristics of the cylinder block of a small 3 - cylinder, 4 -

stroke gasoline engine were analyzed using the 3 - dimensional finite element method. Based on

the experimental data, the engine cycle simulation was carried out in order to obtain the heat

transfer coefficient and the temperature of the gas and the mean heat transfer coefficient of the

coolant. Heat transfer data of the gas, which were averaged with respect to exposure time to the

wall, were taken as convective boundary conditions corresponding to the operating conditions to

obtain the temperature fields of the block. Finally silicon nitride(Si3N4) was taken as the material

of the block liner in order to investigate its temperature distribution characteristics and compare

the results with the original ones.
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Table 1 Specification of the engine.

Item Specification
Type |‘ 3 Cyl inLine - OHC Water cooled
Piston Displacement | 796cc
Bore X Stroke 68.5 % 72.0(mm X mm)

Connecting rod Length ' 112mm

Compression Ratio ;9.3 :1

Max. Output ‘ 41/6500(PS/rpm)
Max. Torque 58.8/3000(N - m/rpm)
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Fig. 2 Variation of the gas temperature during

one cycle.
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Fig. 3 Variation of the heat transfer coefficient of
the gas during one cycle.
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Fig. 6 Heat transfer coefficient and Temperature
of the coolant.
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Fig. 7 Schematic diagram for steady heat conduc-
tion problems.

N#e) Fs AldoA S 7 4% stetdle &
ALg3led 7] 8 Ale]l & Al By o] & Fast L, Al
At dAG ArE JERER st 78 slAdF
1000, 1500, 2000 rpmdl| 4] ~25 A7 23¢9}
2500 rpmoll A& F71# ko] - 100 mmHgS!
7ol ot GAx M & FPstd}. A X
A& FA3 = QA 5 F ¥ (equivalence ratio)
v} A 3} 22} (spark advance) 52| 2 AT 3
Aret F718 ggodM AFHo2 ZFHES
ot Fig8e A2 & Ao oA 2zt 3
Foll g 4# 8hcMe 25 £ X FFE BN
& Ao 2, 1000 rpme) 7 $- 729 HE3tw 9
= 59 d4dy LHQ“ME} dets 45 BES

metd 259 A7)e AR Aot U&E g T
Ak & 9" AU £29 e FEAeR

(270)



28 e 718 A} AHE S dR A 53

1599 & 228 753 b a2 A HeljA F
2] Hol F oMo Uy 25 Aoz v
T 2 oF 100 ol&le g el EE Q
H A Alo]o] g Rio] &8t T FHA
o WA 259 A7} 0 EXE A9 zjols}
AHA e, oo sl e X
WA Ha s = do] R E F 8 Alo]o] WY
Zt¢2 FoEe BA2 1 Hggke] ok 70T o
atel Blw A T3 S-S YEAATH o] ¢} o
F 93 AU Abole] AW 3 2diA WS Ee
S27t BB o]l frE o] o] FtAZRE 7}

FEE Eo] AU E AYdol e B#etm Bzt
Tote] FEHe] Fa HojA glen, F AU
AN EL EH Rav Fegoz il g
o] AA = e F-Hol £317) o2 Eo|g
4 Slth 1500 rpmofj Al A2 5 WHE ANPS
W dse] 2x E¥E #y Hp 259 A7 S
A} 93k 3+ 1000 rpm<) 73 $-9F FAMGE B oA}
S Hd Fu ek ol X0 FuXE AH B
ole] % F4 2294 192¢c& Je} 1000
rpme]| F9H} o 33¢ A X & %2 Jege
o, A HAY Alole] g 422RE He YolA

(c} 2000 rpm, WOT

Fig. 8 Temperature distributions of the top deck surface. (unit : T)

(271)



54 WEMABNREE, B218 £3W, 1997

W £5% 1000 rpme] A ¥} 10~14C &
S 9~114T A2 JEgT A o8 g4
o 4¢C nivte) 2 AJed YeEhlle 2oz Hol
dA Rast A A vhagte JEHAME F
AF 25 5ol s vk a9 We] dojn
FEYUTE 2 459 o] F=AA 24
e A& 4 Uk 2000 rpmell A FA st A
B A3 e ¢ ¥4 UMY FLFA
T4 Add LA B D 1 A7) = F
246 CE JebiTh v ol 3 me A A Y
2 F8 4o FHA Y@ FLAA wgo
AHPSAAN J3e ko HAdhed Wgo] He
HE Al - E o 164¢C olatE FA 3| 2HAst
v 4%E R 0 3tk B3 Ha 27t T4
e A FedlA de] Do)z Weaaie 223k
140C ol8t2 FU 3 Uy ol gtn 3tvielx 100
T o149 Aol & e U S & F itk
Fig.9& 293 39 dav|el Alo] R &g oz} vt
Fgog AR E o Uehte &5 FXE 56T
~216C 9 MU A& Reg &7 24
Mol thated TAo] Ao st A Hef & o
FR UL L F U 53] FAH Ul A&
Folde] T2Me W7 TR dgog Ang
FHo2 BHYYE o3 1o ol wgo
A4S e F53 Ao sAbY X 2E
A ez Ao FUF < 75¢C ol3te] @
#g 71 S8
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Fig.12Heat flow configurations at the top deck
surface. (1000 rpm, WOT)
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Fig.16 Isothermal line in the hot region of vertical
section between #2 and #3 cylinders.
(ceramic liner, 2000 rpm ; unit : ¢)
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