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Effects of Precombustion Chamber Shape on the Startability
of Small Diesel Engine under the Cold Weather.

L= S R - T S T S
Moon, Gyeh Song - Kim, Yong Whan - Lee, Seung Kyu

Summary

The aim of this study was to improve the startability of the diesel engine at low
itemperature. The specific objective was to determine the optimum type of precombustion
.chamber.

The eight different types of precombustion chamber and two different types of the
cylinder head were designed and tested by 27 factorial experiments with four replications.
The lowest starting temperature for first operation, the maximum output, and the specific
fuel consumption at full load and overload were checked and analyzed.

The results of the study are summarized as follows;

1. The lowest starting temperature was lowered as much as 2.4°C and the maximum
.output was increased as much as 0 3 ps with respect to the difference in the relative
.angle of the main passageway against the piston head from 20 degree to 18 degree.

2. The lowest starting temperature and the maximum out-put were lowered as much
as 3.3°C and 0.3 ps respectively with respect to the difference in the angle of the cyiin-
.der head groove from 20 degree to 18 degree.

3. The lowest starting temperature and the maximum out put were lowered as much
as 2°C and 0.2 ps respectively with respect to the difference in the length of the precom-
bustion chamber from 17.5 mm to 15. 5mm.

4. There was no significant difference in the startability but the maximum output was
increased as much as 0.2 ps with respect to the difference in the diameter of the main
passageway from 4, 8mm to 4. 5mm.

5. The lowest starting temperature was obtained under the condition at 47 degree in
the angle of the main passageway and at 18 degree in the angle of the cylinder head
groove. The maximum output and the minimum specific fuel consumption was obtained
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under the condition at 4. 5mm in the diameter of the main passageway and at 17.5mmn

in the length of the precombustion chamber.

6. The angle of the cylinder head groove and the main passageway appeared to the

major factors affecting the startabilitys ignificantly. The interaction between the diameter

of the main pass ageway and the length of the precombustion chamber had an significant

influence on the maximum cutput,

So it would be recommended to study further on the

interaction between two factors mentioned above by expanding their levels.

7. The optimum condition suggested by this study could lower the starting temperature

by 6°C compared to the conventional precombustion chambers.
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Table 1. Specifications of engine used

Dimensions and

- Items remarks
No. of cylinder 1
Bore x Stroke(mm) 80x 95
Displacement(cc) 477

Continuous rated output(ps/rpm) 6/2200
Max. output(ps/rpm) 8.5/2200
Max. torque(kg-m/rpm) 3.0/1%00
Max. no load specd(rpm) 2400
Compression ratio 23
Fuel injection pump Bosch typz
Injzction Nozzle DN4SI
Injection pressure(kg/cm?) 135
Injection timing BTDC 17°

Lubricant SAE 10W /30
Pressured
Cooling system condenser
Speed doubling
Starting system handle by
hand
Forced
Lubricating system wiltlilbrtll(‘:(?;:())?d
pump
Dry weight(kg) 20

Table 2. Specifications of fuel used

items | Remarks

Flash point(°C) 51.7

Water and sediment by volume(%) 0.05
Carbon residuc at 10% residuum(%) 0.35
Ash by weight(%) 0.01
Distillation temperature 0% point(°C) 338
Viscosity at 37.8°C(cs) 4.3

Sulfur by weight(%) C.5

Strip corrosion No.3

Cetane No. 40

Table 3. Spocifications of Lubricant used

Items I Remarks
Speclflc grav1ty [ 0. 382
I eec } 2200
Viscosity (¢3) i 38°C ( 73.45
\ 99°C { 12,11
Vlscoslty mdux ‘ 174
Flash point(°C) boo21s
Pour point(°C) —37
Ash sulfide by weight(%) 0.77
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Fig. 1. Prototype precombustion chambers
manufactured for test.

a : Angle of main passageway

L : Length of precombustion chamber
B : Angle of cylinder head groove

D : Diameter of main passageway

Fig. 2. Sectional view of precombustion
Chamber assembled.
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Table 4. Dimensions of prototype precomb-
ustion chamber and cylinder head

™ Factor{ Anglq ‘ Angle Length | Diam-
lof mam‘cylinder\ of et r
N passag-"y . [precom of main
o g eway | bustion| passag-
Naprfo“tootf p\e a groove chamber eway

PN |(degree) (degree)\ L(mm) |D(mm)

] 45 18 15.5 4.5

2 45 18 17.5 4.8

3 45 20 15.5 4.8

4 45 20 17.5 4.5

5 47 18 15.5 4,8

é 47 18 17.5 4.5

7 47 20 15.5 4.5

8 47 20 17.5 4.8
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Fig. 3. Schematic drawing of measuring
instrument for fuel combustion.
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Table 5. ANOVA table for lowest starting

temperature
Factor \ df | ss | Ms | F | 0(%)
a 3 45,125 | 15.042 9. 0%%| 7.6
B 3 84.5 28,167 | 16.85%% 34,9
axp 3 21.125 7.042 4,21%* 7.1
L 3 32 10. 667 6.38%% 11,9
BxL 3 18 6 3.58% | 5.7
e 16 26,75 1.672
Total 31 227.5
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on starting temperature.
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Fig. 7. The interaction effect of main passa-
geway angle and cylinder head groove
angle on starting temperature.
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Table 6. ANOVA table for maximum output

Factor | df | SS i MS | F ]p(%)
a 3 | 0,630 0.230‘7.42**" 13.2
A 3 ; 0.633 | 0.211 | 4,81% | 11.9
L 3 0.423 ) 0.143 | 4.61% 7.4
D 31 0.340; 0,113 365+ 5.5
DXL | 3 | 1.758 | 0.586 | 18.90% 368
e 16 | 0.494 | 0.03) |

Total | 31 r 4.53 | |
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Fig. 9. Effect of angle of main passageway
on maximum output.
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Fig. 10. Effect of angle of cylinder head
groove on maximum output.
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Fig. 11. Effect of length of precombustion
chamber on maximum output.
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Table 7. ANOVA table for specific fuel
consumption at full lcad

Factor | df | SS | MS [ F [ 0(%)
a 3 128 ;42.657‘ 2.25 5.3
ax D 3 191,125 30,375 | 1.60 2.5
L 3 |120.125 40.042 | 2.11 4.7
DxL 3 648 ‘ 216 11.39%% 43.9
e 19 | 360.25 | 18,961 ‘

Total 31 1347.5 | }
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Fig. 14. The interaction effect of main pass-
ageway diameter and precombustion
chamber length on specific fuel cons-
umption at full lead.

Table 8. ANOVA table for specific fuel
consumption at over load

Factor ‘ df 1 SS l MS F ! (%)
a | 3 98 32,667 1.12 | 0.7
L 3] M5 e | oL .7

DxL 3] 648 | 216 | 7.47%% | 37.4
e ‘ 22 | 640,375 29,108 | j

Total ! 1

31 | 14928.87 !
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Fig. 15. The interaction effect of main passa-
geway diameter and precombustion
chamber length on specific fuel cons,_
umption at over Ilcad.
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