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Combustion Chamber for a Small Engine using Neat Vegetable OQil

Sittichai  Wichitwiangrat
Sirivut  Chuboon
Suchead Sangchauy

Asst.Prof.Dr.Chinda Charoenphonphanich Advisor

Abstract

Recently, Diesel engine was developed rapidly both performance and economy fuel
censumption. Diesel engine is used in many apgplications wildly.

However, high demand and restrict quantity of petrol effect the cost of diesel. There
are many researches to find an alternative energy. Vegetable ail is the interesting choice.
Unfortunately vegetable oil does not have suitable to run under typical diesel condition
because the characteristic of vegetable oil cause heavy deposit in combustion chamber
and injector nozzle. This is the main reason why vegetale oil is unpopular use.

The objective of this paper is to study and design combustion chamber for a small
diesel engine to use neat vegatable oil efficiently and reduce the emissions.
The effect of piston head and intake port on fluid motion and fuel spray pattern in the
combustion chamber was examined. The in-cylinder flow was investigated by using Particle
Image Velocimetry {PIV). Two-dimentional PIV measurements were made in a horizontal
plane. Vectors of velocity are also investigated to find the optimized piston head. The
experimental results show that shallow-dish and parallel intake port provides fuel spray
distributed throughout combustion chamber and high turbulence flow inside the bowl. The
designed piston was tested to compare performance with the base-line. It is included the

useful information to develop the engine in the future.
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R=c,—c, =0287 kJ/kg-K

- o W W = . . .
mmﬂswﬁmaqmﬂwnﬂ’mﬂ's~um'amﬂsmcmmmﬂmﬂijm (Thermodynamic Analysis of Air-

Standard Diesel Cycle)

Fueal imaction
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w 4 2 a .cf £t
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Wey = H(v—v) 2.27

L »
nssuaums 1-2 sanazsauuy loww Inshn (sentropic) aw lefAuazau leifivlia

T, = Tm/v)" = TV = T()" (2.28)
B = B /v) = BRIV = B@Y (2.29)
V, = Vipe (2.30)
¢,=0 (2.31)
w_, = (Pv,— Bv1-k) = R(T,-T)/(1-k) (2.32)

= (u-1) = (L -T)
Y o 1) a o o g = g =L
NIZTVUIUNIT 2-3 ﬁuwaﬁq1uﬂTllliﬂu(ﬂTiﬁuﬂWﬂ)llUUﬂ'ﬂﬂﬂuﬂQﬂ ﬁullﬂﬂllﬂxﬂullﬂlﬁﬂﬂﬂ
O = 0, = MmOyt = moc (I,-T,) = (m, +m)ep (T, -T;) (2.33)

Q. = (AF+Dc (I -T)) (2.34)
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qrs = 4, = ,{I,-T)) = h—h (2.35)
Wy = oy —(Uy—uy) = Pz(vs -v;) (2.36)
L, = T. (2.37)

ATUIUMS 3-4  eraziauniedanazldmday oy Insfia (sentropic) duledAuazle

(detla
g,, =0 (2.38)
T, = T,(w/v)" = LW /V)" (2.39)
P, = B(v/v) = BW/V) (2.40)
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’ ] ¥
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Properties Value
Saponification value 242-254
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Melting point, °C 23-30
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at 40°C 28
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Intake
Port

' Comshaft

Cylinder Bore 144 mm
Stroke 150 mm
Connecting Rad Length 365 mm
Inlet Valve Diameter 50 mm
Exhaust Valve Diameter 45 mm
Maximum Valve Lift 8 mm
Degree of Valve 0°

Compression Ratio 18

Numbers of Valve 2

Seeding Tank Television
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Cylinder Head

Exhaust

| Video Recorder

Port

Q

O

[Exhaust Particle Box|

Light Sheet

Cylinder

r Light Source

Piston

——t

Comnecting Rod

Cranl:shaft
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1. Piston 9, Light Source

2. Cylinder Head 10. Video Recorder

3. Crankshaft 11. Television

4. Camshaft 12. Seeding Tank

5. Pulley 13. Exhaust Particle Box
6. Motor 3 Phases 14, Inlet / Exhaust Valve
7. Invester 156. CCD Camera

8. Connecting Rod 16. Lock Spring
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1. Diesel engine 9. Temperature switch
2. Dynamometer (Eddy current) 10, Temperature indicator
3. Control unit 11. Compressor
4. Smoke level 12. Sound level
5. Pressure gauge 13. Fuel tank ( Diesel, Paim, Coconut)
6. Fuel consumption 14. Gasket plate
7. Timing light 15. Zimp plate
8. Thermocouple 16. Injection pressure gauge
Diesel Coconnt Compressor

Temperatore swatch
Temperature mdacator

Thennmocouple

Smoke level

. Pyvnamo o .
Eagine i Conftrol vnit

Pressyule gauge

i 410 uunnIRafgUnainImATe I FBaE

4.6 in3esauAn IS lumImameu

e

wiosouaminn i lunsnasen Wunieswuduos Mitshubishi {1 DI-1200 Hfde

qaan 772 kw usaiingaga 3.6 kg.m AT oeuudAsz UL direct injection wanalugilf 4-8
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THIU DI 1200

AT 105 14140
Mddismunsainiag 6.99 KW @ 2200 pm
Maagaga 7.72 KW @ 2400 rpm
NUINTTVOREL 1
urguinalinszuengu 90 mm.

Y3950 86 mm.
dasiaauidada 18:1
yigoasn Tl Direct Injection
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A
Nnmmmmuammuzummzmv’i

{ 4 A 7 4 o
ATINA 1 umasENITONsIATeE NI Y I agngLILLiinguiie sgue

ar

>
Wagnguuunivquiteagud

rpm | Load Cell (kg.m*5) |Torque (Nm})| Power (kw) | Power (hp)
1200 18.3 3569 4.512 5.906
1400 18.8 36.9 5.408 7.078
1600 19.1 37.5 6.279 8.218
1800 19.2 37.7 7.101 9.294
2000 19.1 37.5 7.848 10.273
2200 18.8 36.9 8.498 11.123
2400 18 35.3 8.876 11.618
2500 17.1 3386 8.783 11.497

' 4
AT 2 HEAsaITaNsInTBsavAve s agaguyy IRy

LY ¥
Wagnguuuuu Inayuy

rpm | Load Cell (kg.m*5) |Torgue (Nm)| Power (kw) | Power (hp)
1200 18.5 36.3 " 4.561 5.970
1400 19 37.3 5.485 7.153
1600 19.1 37.5 6.279 8.218
1800 19 37.3 7.027 8.197
2000 18.8 36.9 7.725 10.112
2200 18.4 36.1 8.317 10.888
2400 17.5 34.3 B.629 11.295
2500 16.7 32.8 8.578 11.228




T o J ]
ATIN# 3 mInameuATesEusvesagngUILilnguiiesguEil BMEP 300 kPa

o =) A’ o'
WIQAFUUULLH QDDA

BMEP 300 kPa

rpm | Fuel Consumption in60s | %smoke Exhaust Temp| Power BSFC
1200 11 53 190 1.64 402.15
1400 12.5 4.4 201 1.91 391.71
1600 14.1 3.8 210 2.19 386.61
1800 16.1 36 228 2.46 382.40
2000 18.3 3.1 240 2.74 401.42
2200 20.5 3 256 3.01 408.80

T ™ J ¥
A1INA 4 nrInATEUIRTowRvea IgngUILYINgUEB LT BMEP 400 kPa

k4
vagnguuuudnguiteagud

BMEP 400 kPa

rem Fuel Consumption in 60 s | %smoke |Exhaust Temp| Power BSFC
1200 12.6 6.2 225 218 345.55
1400 14.3 5.1 238 2.55 336.15
1600 16.2 4.7 245 2.92 333.21
1800 18.5 4.2 256 3.28 338.24
2000 21.3 39 264 3.65 350.49
2200 24 37 278 4.01 350.01

r J r
YN 5 NIIMATEUIRIBINAveNTIgRUILLHQuIBEsgUET BMEP 500 kPa

vagnguuuuiinguiteagud

BMEP 500 kPa

rpm i Fuel Consumptionin60s_ | %smoke |Exhaust Temp| Power BSFC
1200 15.2 7.2 264 273 333.52
1400 17.3 6.3 273 3.19 325.37
1600 19.5 5.7 281 3.65 320.91
1800 22.3 5 304 4.10 326.21
2000 256 4.6 318 4.56 337.03
2200 29 4.3 336 5.01 347.09

92



a15Nf 6 Ml EAvesagnguIne TRyl BMEP 300 kPa

Wagnguuuuau T

BMEP 300 kPa
rpm Fuel Consumption in 80 s %smoke ;Exhaust Temp| Power BSFC
1200 11.3 7.2 195 1.64 413.12
1400 13 6.5 206 1.91 407.37
1600 14.8 5.7 222 2.19 405.81
1800 17.2 5.4 242 246 419.21
2000 19.8 5.1 256 2.74 434.32
2200 22.3 4.7 267 3.01 444.69

t J o ¥
m1INA 7 MInATeVIAToseAvaTIgngue WISy Wit BMEP 400 kPa

wagnguuuuauTayu

BMEP 400 kPa

pm Fuel Consumption in 60 5 %smoke |Exhaust Temp| Power BSFC
1200 131 8.1 227 2.19 359.26
1400 14.9 7 240 2.55 350.25
1600 17 6.2 251 2.92 349.66
1800 19.7 57 266 3.28 360.18
2000 22.9 58 277 3.65 376.82
2200 26.4 5.4 291 4.01 304.92

r d o r
MING 8 nrImATBUIAIeENAvesTIgnguIvue Ay Wil BMEP 500 kPa

wagnguuune I Iayu

BMEP 500 kPa

rpm Fuel Consumpticn in 60 s %smoke |Exhaust Temp| Power BSFC
1200 16 9.2 266 2.73 351.08
1400 18.2 8.2 282 3.19 342.30
1600 20,6 7.5 304 3.65 338.01
1800 23.8 6.8 318 4.10 348.15
2000 27.8 6.4 334 4.56 366.00
2200 31.8 8.2 353 5.01 380.60
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