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A Study on the Piston Temperatures and Carbon Deposit
Formation in LPG Fuelled Engine
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ABSTRACT

The wide open throttle performance and piston temperatures were measured by the
change of fuel : gasoline and liquefied petroleum gas(LPG). Bench test method was
developed and experimented to study the effect of temperature on the formation of carbon
deposit. The bench test results were confirmed by measuring the piston temperature and
observing the deposit production rate at an actual engine running condition. Results show
that if the fuel of spark ignition engine is changed from gasoline to LPG, the output
power decreases about 10% and the piston temperatures increase about 40~55C. In actual
engine tests, because of this temperature increase, it was observed that the quantity of
carbon deposit in the top ring groove increased in a big degree. Consequently, it is known
that the ring sticking may occur if the gasoline engine was rebuilt to LPG fuelled engine.
Therefore, in order to preserve the durability of LPG fuelled engine, it is necessary to
lower the piston temperature by hardware modification or to reduce the carbon deposit by
the improvement of engine oil.
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Table 1 Typical spcification of test engine

Displacement 2351ce
Bore X Stroke 86.5mm X 100mm
Compression ratio 8.6
Valve train SOHC
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Table 2 Typical specification of test fuels
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Table 3 Thermocouple location

F # 4 A
Rear
Exhaust
Spark plug
Front
Rear
Exhaust
Front
Intake

Top ring

groove

QOGO [ W01 =

K-type EFWE Fig.ly @d=e] vehd
ule} o] A& HASE2=(Steady state
temperature) & SA3Ah A2ELLRE 9
Ho) AupAa] AsAHY AEE HAF] HE
#37)7(Scissor type linkage system)& A}
g3tk

2.3 TR @d "xING

Lt FRRUEA ] vAE G¥E FAlE)
A% APAFXE Fig.2ol Hehfgich

B ogue 299 SRTEA YARHL Q
F87] A% 23 AP H(panel coking test
method)"& 7)43e] &9 EFHE £ O 9
g3 nuzt 7 Q7o) 548 Aork e Uy
AFAE AH 4A% 252 §A="1 497 7)

FR

[
- EX

thermocouple

wire junction

Fig.1T Location of thermocouple
junction

€718 Za = AE A2 IFE o] B
29M 1 Y tE3le] FAHEE ).
B o] L%+ 200CE FR L SYyaE
< lg/hr2 dAEA =A™k AN A
Fo] B Aol =A% vxal PR F
Eigi=s

Oil feed
il level
| Chamber Oil leve
C Ol Jeakage
—B Electric device
heater
Tesr Sample

g

1
Electric
Neater

Fig.2 Schematic of bench test
apparatus

3. &4y % A=
3.1 ¢R0 42 ¥45 ¥ 2|

Fig.3e] dA3e) w2 &89 Ao|& vehd
ok 7EEEE JRE AMEs dXe dEAT
B73%te LPGERE Adg 2 29L& A8}
50 2 Aol ANBAGe] Zrle] wre} wol
Aok 2 A9 A3Ee) oF 10% AE 743}
A "tk o 9908= WA LPGE A&7} 7}
ZAEZ fE&5o] dad oA B 2%

i
8
Z o8
g
B oS
Z
n-' D4

0z

o L |

2000 4000
Engine speed(rpm)
O Gasoline@LPG

Fig.3 Maximum powers with the two
different fuels: gasolin & LPG
(Load:WOT, Spark timing:MBT)

102 M HAD 1y



o2 QAR FUE Jlkeds g9 Y
7% HolAH mMe] WFd] HAHo| 4L
AR FY 3713 Qe dA 28 5 9
o, & LPGY f¢HAAE 5 ol& Fu)r}
71Ed B el @y BA 3 ddse
7EER By I $Y F7)%0] dig gd
< 7R BjEte 233 FolithE AR 4
e g3,

500

[N
<]
&

Ix)
o
a

Py
<
=

Heat energy(kW)

—
o
&

0

1500 2000 2500 000 3500 4000 4500 5000 5500
Engine speed(rpm)

i LPG —m— aasoﬁna

Fig.4 Heat energies with the two
different fuels: gasoline & LPG
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Table 4 Test conditions

Piston Engine speed | Elapsed time |
I 4,000 ~5.000rpm S0hrs
I 4,000 ~5,000rpm 100hrs

SRAZAL Table 491 YeRIAch Table 40l
A HAE [ € LPG g95479] g ARke=
M LE7 B Rolu AAE N+ w72
LPG dxeg £x7} Eolol AT A7
g AdA RN AHHLR HARLEF W
Z Zolt} Fig9b)el #H&oe &£dzxd F H
3 IAELEE HIs UL s UE
Ao HAHFEL AP Ao dEAY T
2 RENE e @& gugck & o] ol
0o]® tl¥EAe] shim firks Zolx 1¢]d ¥
o] AL 7S A9 Ho| o)A ¥+ AE
Z g ~€|(ring stick)3ehE o]t

T AEe 2ERUL ¢ 20T HE Ao
7t vt o] Aelo] &3] ALE IS JaF
Bo| HAg dx3le] YPap 1FH Ale]e] FAl
£ A9 AY3 HAE [+ 27 AT
sl tEsl gAo] A FAIUSE ¢
k. & el HF A7 d ks
AdAE ARAT LPGELE wAFH JxE
27} Agdtel FRECRAC o He| nF
& FEE Jtedel FUR ol A 7
Ae A9 on &A1Y 9i2d LPG 98
F ARERs AR ARE HEtdEs 9AEL
=& AGAZIAY 24l ML Fa) ol

A dEAe] AEE JAATIE T =Hel ¥
L8,
4. 2 2

1) 7MEd9s AMHAdE LPGEoE Ax
| ZAAEe] dafgdes A% 7
F9F ol 7187)AA e F el
93 FNEYF 2o EHE dIEA
o] o 10%AE 72Fo)

2) ds¥Ae o8] LPGAHE dxle] gAgL

£E ¢ FHEOEA HAd B¢ I 105



106

led AR AR wid Ak 55T,

EYIREE 40T AE 257} S/

NP B3 2o g tx3 FY

e A¥e Az A 257} 260T

dowa XA FAFe] FFIH
AHesre] S a2 F7MEe] Aol v
¥ A PuFe] HHE FEA A
weaiA @oh wEA ARRE 2w Ee
of b= AA AeA FHETIEAl 9
% FuEke WA dsde ASE
goFno L£EF 260C olstE FAA
el gt

4) A QAN £AE FE H2E FHI
=n0] £E7t 260CE dE A% dX
A gl AA FT/RRIE AE #HA
stk

5) QA ZAFOEH sEUAS V&
LPGRE Aoz Axse B¢l 7h
¥l o3 FnF FAE 24T 7}
A0 AA F71EE ol WA 9
sle stedolel WMAew H2EREE
GEAL 99e HHMes nREUNA
FEEHG Fole A FoR JTAEE
e g Folof dr)

3) W
3

i _|1m ré

)

Iy

r
%

_|u‘.
r&h
M

g oMg

o W@EE= 8 v rEBREoOLPG E

ik 5 FIEEL, APAEERR, Vols, No.db,
1969.

. S.Goto et al, “LPG Diesel Engine”, JSAE
" Review, Vol.14, No.1, 1993.
. WEES— NLPG TA ALYy, BE

B e R E, 921008.

. Juke van der Weide et al, Experiences

with CNG and LPG Operated Heavy
Duty Vehicles with Emphasis on US
HD Diesel Emission Standards, SAE
881657.

. Manfred D. Roehrle, Thermal Effects

on Diesel Engine Piston, SAE 780781.

. J.AMcGeehan, et al, The Effects of

Piston Temperature and Fuel Sulfur on
Diesel Engine Piston Deposits, SAE
821216.

. JMitsui, K.Akiyama, F.Ueda, M.Okada,

H.Ohira, “Effect of Gasoline Engine Oil
Components on Intake Valve Deposit”,
SAE932792.

5]



