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Effects of the Method of Changing Compression Ratio
on Engine Performance in an SI Engine
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ABSTRACT

In this study, it is observed that the distribution of combustion chamber volume affects the
volumetric efficiency. The distribution ratio was adjusted by controlling combustion chamber
volume of head and piston bowl one. Four cases were investigated, which are the combination
of different distribution ratios and different compression ratios (9.8-10.0). A commercial SOHC
3-valve engine was modified by cutting the bottom face of the head and/or replacing the piston
by the one that has different volume.

The result shows that the less the head side volume, the more volumetric efficiency is
achieved under the same compression ratio. It is also observed that increasing volumetric
efficiency results in early knock occurrence due to increased "real" compression ratio. To
consider reliability in estimating the volumetric efficiency, we examined the sensitivity of the
AFR equation to possible errors in emission measurements. It is shown that the volumetric
efficiency, which is calculated by measuring AFR and fuel consumption, can be controlled in 1
% error.
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Fig. 1 Composition of combustion chamber
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Table 1 Combination of volume and CR

Head Piston CR
10.0 10.0 10.0
10.0 9.8(0.94cc 1) 9.8

10.2(0.94cc | ) | 9.8(0.94cc 1) 10.0
10.2(0.94cc ) | 9.6(1.89cc 1) 9.8
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Table 2 Engine specifications

Bore 755 mm
Stroke 835 mm
In. 2
Valve Ex. 1
CR 9.8-10.2
Valve Timing 12/52 52/12
Combustion Chamber Pent Roof
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Table 3 Error analysis on spindt equation
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1300 | 0243 | 0121 {-.0115( 0012 {-.0020| 1305
1449 | 0253 | 0005 | -.0022| 0039 |-.0022| 1453
1559 | 0245 | -0105-.0007| 0131 |-.0022] 1564
1663 | 0227 | -.0210] -.0008| 0239 |-.0026] 1671
1750 | 0214 {-.0096|-.0009] 0329 |-.0030| 1758
1844 | 0200 | -.0880] -.0011| 0428 | -.0087| 1854 | 573
1973 | 0180 [ -.0614]-.0013| 0567 | -.0052| 1986 | 667
2060 | 0164 | -.0506] -.0014| 0667 | ~0070| 2075 | 728
21.08 | 0156 | -.0635| -.0015| 0718 | -.0082 21.19 | 758
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Fig. 2 Full load performance according to CR

o&u] 989 A7t standard ¢%H] 10.09]

A%ol wldl A, 4 Fe M, 25 7



7HEY AWM &H) @A

o] e nAE 4%

=
X
42
o
e
X
ro,

Ao tehgth. W, =
Y& 10002 BE AP
Aol AAAN 29 A7t

2

o o
2,
S, N
Z o
£
s

L IS R e
b
41

g2},

Fig. 3& 2% 54 989 IA2ES
47 45 1009 J2ES AR
AHgEo] 15-2% o, ¢+=4] 962 A
S AHEEhE AR E0] 25-3% B AoE U
23743

gL PV'=const.$l  polytropic
processZ 7}43H4, 45T 4= 01T o4
Vi) o =l Az, #1w
AL FYFT o nET HAojnZE & @)
o] kHe FUTVNFH &EFule wEt d3"

. &, §EHUE At R AHEg deol §
HAA ZAE3tH AR FFA7|Y FEL A
oA gony, EYA}E HAAY Q3|8 4
ot EF 2 EENCA = & AR

E Hgo] FoAXM AHago] 45T

T 4EE7] 4ol Aedteg, w3 &

5 AXY, olgd A4 AXHEs
7 & 15944 F=Ezi,

re

o BAE P= Pl(

—f— CR10.0 : Hoad 10.0 + Plston 10. |

95| -- 4 -- CR9.8:Head 10.0 + Piston 9.8

——€-—- CR10.0 : Hoad 10.2 + Piston 9.8 AT
AES

b

% 90 s mipmi= CR 9.8 : Head 10.2 + Piston 9.8

2 = /F:
£ 85

w

o

>

75

70

1000 2000 3000 4000 5000 6000
RPM

Fig. 3 Volumetric efficiency according to CR
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Table 4 Effects of combustion chamber volume

distribution
) .| Max. Max.
Engine| CR |Vh/Vc(%) 7y Vhice) BMEP
99 86,.0 925| 36.1 1077
A 95 82.0 923 361 1077
99 81.9 937 | 344 1091
B 99 816 94.1 34.3 1098
95 82.0 8751 36.1 1036
99 86.0 876 | 36.1 1042
C 9.9 86.0 80| 361 1061
95 82.0 91.1 36.1 1077
D 10.0 87.1 940 | 365 1080
96 825 45| 365 1118
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