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ABSTRACT

The purpose of this project is to modify a small diesel engine to fit with ncat vegetable oil.
According to the propertics of palm oil which has high viscosity and becomes solid at [ow icmperature.
the fuel system was modificd. The engine’s performance at various temperature was investigated in oder
to study the effect of fuel 0il’s temperaturc on engine’s combustion. Test results reveal that heating palm
oil above 60°c. the engine would run smoothly. By the way, heating palm oil above 120%¢ would causes
the engine runs reughly and stalls from vapor lock.

The modified cngine is consist of the electric heater and the exhaust gas-heat exchanger which
ablc to heat palm oil maximum at 110%c. But using the electric heater, the enging would losc its power
approximately 3-3%,

Two-tank system is another method chosen. The engine is started on the diesel o1l while the
vegetable oil is heated by an electric heater and an exhaust gas-beat cxchanger . When the temperature
riches the desired temperature, the enginc is switched manually to run on the vegetable oil. Before
shutting down for 3-5 minutes, the engine is switched back to dicsel oil so that the vegetable oil is
flushed from the fuel system. This method cleans up the fucl line and combustion chamber from

vegetable and the enginc is then ready to be restarted on diescl fuel.
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Fthidisamyus Ynshidmanyuin
Amauia Yofimua f1910 Yoimun 71910
‘s‘iwf;m faga | A1INATOU fin | qeae | MINAARL
I amMueag APL# 15.6°C - - 35.8 - . 315
2. ANUINTUNIE 0.82 0.90 0.8458 - 0.92 0.8681
@15.6°C/15.6°C
3. s - - lanzow - - laagoin
4. AU 47 - 51 45 - 47
s, anuvula @40°c 1.8 5.0 3.6 - 8.0 5.9
{cSt)
6. yalnam (°C) - 10 10 - 16 14
7. Uiz du (% Tas . 1.0 0.5 - 1.5 1.0
f:mﬁﬂ)
8. MIANNTOUNDINAY - 1 la - - -
9. mnau % Tagvhmin) - 0.05 0.005 - 0.2 0.09
10,181 % Tagnimiin) . 0.01 0.0015 - 0.02 0.001
11 yanu i (°c) 52 - 75 66 - 78
12. & ASTM - 4.0 15 4.5 75 6.0
3. M3NEU 90% (°C ) . 170 166 - ; :
14,11 uazaznoy (% T - 0.03 Aoy - 0.2 -
1-{1ﬂﬁﬂ)
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b
1 an i . laazoralls1aoin ARIUA
Yimioms ld
iuany
2 A 15 °c kg / liter f1ge 0.820 ASTM D-1298
R 0.880
3. AUAIIU ASTM - qa7A 3.0 ASTM D-1500
a. frtiFmu (MIemBmu) - da 47 ASTM D-976
ASTM D-613
5. anudulavnufiou cSt A1 1.8 ASTM D-445
wAnfiquugil 40 °C 479 5.0
6. 92 Inam °C Fagn 10.0 ASTM D-97
7. dFinadwzdu w3 Taorimiin gaga 1.0 IP 242
8. PIAANIOUIHY v Tawnimiin qaqA s 1 ASTM D-130
npasiguvgd 50°C
w3 F2Tu
9. mnarsueu (Tauds wlamhmin | quan 0.05 ASTM D-189
ABUTATYU)
10. vuazazneui wlavlSnes | gage 0.02 ASTM D-2709
amlsn
11181 vlaghmin | quqe (.005 ASTM D-482
12. auiunTaA1g ASTM D-974
Aanuiluniaun mgKOH/g Ty
fnmniuniasiu mgKOH/g GEDE 0.50
13. a1 PMCC °c fam 66 ASTM D-93
14, MINFY ASTM D-86
gumginndild 90 % °C g 370
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Suniviniudonds (drying oils)

Yoo a da a2 1 S e A # B . .
2. ihuirniia e TeAusenna 125-150 duriniunadnud s (semi-drying oils)
¥ » ) ¥
3. ahdudvitia leTeRud1nd1 120 dhaiiu Tidnuda (non-drying oils)

o
o_as &

1 L J or 4 -
A19519113-3 pamuliiuaresnlszpsunsa luiundnuenhduwyviianwq13]

diiurada loTefuszvdn 160230 dhaniniuinal§isen Tnawelsd taun use

i
e v e . o .
R A1leTefu asflsznounsa lafundn
au
dniuthau 14.1-21.0 C12:0 Cl14:0 C16:0 C1%:0 C18:1 C18:2 C18:3
AR 45.0-
. 50.0-55.0 14.0-180 | 6.5-100 | 1.0-3.0 | 12.0-19.0 1.0-3.5 ND-0.2
Clndu 55.0
L |
1 45.0-
. 6.3-10.6 16.8-21.0 | 7.5-10.2 | 2.0-4.0 5.0-10.0 1.0-2.5 ND
VTN 55.0
PRNGINGETE 86-107 ND-0.1 ND-0.1 8.0-140 | 1.045 | 350-67.0 13.0-43.0 | ND-D.3
7 o o
UnhuuEa
.. 101 ND ND 14.9 6.0 412 37.4 ND
GHEN
cyw =
WIINEA
94-120 ND ND-0.2 1560 | 0.5-3.1 8.0-60.0 11.0-23.0 | 5.0-13.0
151
T
u 124-139 | ND-0.1 ND-0.2 80-13.5 | 20-54 | 17.7-280 | 498-59.0 | 5.0-11.0
A9

62459
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AT 4-1 ANIZMINATOUANINHIAIHUTDING

iiunyi ldnaaea AUHINARD DI T ATEN)
Diesel i 30
CPO 30, 40, 50, 60, 70, 80, 90

4.1.1.2 THADUMSNAADLY

1.

tad

lanﬁﬁ’fz’ﬂ’lﬂqm Temperature  Control  Bath uﬂzﬁ}amia Brookfield Viscometer 1t
ADUTUABS

180 spindle FoannzaufudiagRdeimnaaor TauRasanan [21]

Viscosity: 5,000 - 100,000 cP 1390 1% Spindle No.6

Viscosity: 100 — 5,000 cP tAon 14 Spindle No.3

Viscosity: 1 — 99 ¢P denld Spindle No.1

Tumsnageuiidon Spindic No. 1 ¥numiauazmauay 1 ¥amihaunda szneudhay
Viscometer (Brookfield DV 1) Tatmaulusiamsaudiuuniim

wiuiathmadey 500 Taddns Tufmned §0111% Spindie Igudnaneogasiuly
BIFCE

@ou Spindle asvuan e dInimmiuVonIzdurea Spindie aglusziRmhvng
AI0U1INDR

lﬂﬁméﬂ% Viscometer {Brookfieid DV 1I)

winamd 2 lun s spindle 210 0 rpm 1514 50 rpm

demiusinea lasmisuna 30 3% Taoldsuni Wingather V 2.1

st 6 Tﬂmﬁummﬁﬂumsﬁyuﬁu%nﬂ%az 10 pm diennudlunisnyy
Gty mesonuesiivi 3alumseasenfiss mpimboiulehdunada

(“Torque) H1ounsena lmuisamisnnuniia 1§ wieams smyudnmnnnal 100%
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4.3.1 nsoadRlFlumsnaaey

A 1 = : o'y Eary o ot
1. 1A5830UA Golden Bow 14 G95  iihuniesuaamavinadnsiiidoyadumizdall

a . 4 d
M5 42 Vouadun Iz Yo URS0IHUA Golden Bow

| y
! JuInTaq G953
TR Plwa 4 Sanaz quuauszmnmm?auﬁm‘ﬁ]
seuuen Tnif Uvipann Inijae
PN 1
ANUIATZLBAYY (AR3) 0.522
Mdagage (s aisaudoui) 6.99/2400 ;
fidamaiilas (w3 aihseudeui) 6.25/2400
a1 UN1IOR 21.5:1
3 IAUTTEA (1n9) 120

= o = & w : - o
2. TowTuifiwes (Dynamometer) Ao gUnsal fansaiauaziidaveaniotous Annudsou
] Q¥ e @ Y o EE “q ¥
a139 Tauldndnmaadialnaamuiunasnuimiowud In
o w = Loq Y3 e & P r =i o
dmsulaun Tumed W uanddeibiinlan Tudwesnszummilenit - (Bddy  Current
Dynamometer) aldndnunounTossuandainisia vyununavlumnuudmanfiniuquany
= 5 Ao o 4 o w g o 0 Y
duinld awmnguezimnhndnh i wfeuidaduduusaindn  SdTinszuaIndh

[ 9 res ' £ Y ¥ =
lawTuowTag ilimsaefurses meswenuazgnulasanmiundrua nudouluiga
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{3)

(4)
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G 2 ] 1 = o 1 = q.%¥ 1w _——
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[ N f ) \
_ Fuel
' Engine Bsfc Exhaust Gas Smoke
BMEP(kPa) | Consumption ‘ ' ’
Speed(rom) {g/W ) Temperature(°C} (%) ’
(9/60s) |
1200 6.9 528.7356 173 2.5
| 150 1600 I 9.1 | 5220885 202 | 15
| 2000 12.1 556.3218 248 12
| . .
2400 1 15.8 | 605.364 276 0.9
-
1200 10.5 344 8276 257 44
1600 1355 | 333.7438 287 |3
f 350 !
| 2000 174 3428571 | 227 25
2400 i 22.5 369.4581 365 2.3
- |
1200 { 14.3 208.8506 | 395 13.4
: 1600 : 18.6 291 5361 a7 8.5
! 550 S
| 2000 04 300.9404 480 7
| 2400 | 302 | 3155695 548 | 62
] | -
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Fuel
Engine Bsfc Exhaust Gas Smoke
BMEPR{kPa) Consurmption
Speed(rpm) (Q/kW.hr) Temperature(°*C) (%)
(9/60s)
1200 7.85 601.5326 150 0.9
150 1600 10.35 594.8276 180 0.5
2000 13.7 579 8851 213 0.2
2400 17.9 685.8238 245 0.1
1200 12 394.0887 234 2.5
1600 15,6 384.2365 258 1.8
250
2000 20 394.0887 295 1.4
2400 25.9 425.2874 335 1
1200 16.5 344 8276 367 5.2
1600 216 338.558 396 3.8
550
2000 279 349.8433 450 2.6
2400 35 365.7262 520 2.1
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Fusl
Engine Bsfc Exhaust Gas Smoke
BMEPkPa) Consumption
‘ Speed(rpm} (g/kW.hr) Temperature(°C) (%)
{g/60s)
1200 7.7 590.0383 152 07
150 1600 10.3 591.954 183 0.3
2000 13.5 620.6897 217 0.1
2400 17.6 674.3295 246 0.1
1200 1.8 3875205 238 23
1600 15.4 379.3103 259 1.5
350
2000 197 388.1773 301 1.1
2400 256 420.3612 338 0.8
1200 16.2 338.558 375 5.1
1600 21.4 335.4232 400 3.8
550
2000 275 344 8276 457 25
2400 34.8 363.6364 526 1.9
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Fuel
Engine Bsfc Exhaust Gas Smoke
BMEPR(kPa) Consumption
| Speed(rpm} {a/kW.hr) Temperature(°C) (%)
(g/60s)
1200 7.65 586.2069 155 0.6
150 1600 10.15 583.3333 186 0.3
2000 13.4 616.092 220 0.1
2400 17.4 B66.6667 249 0
1200 1.6 280.9524 241 2.2
1600 15.3 376.8473 260 1.3
2350
2000 19.5 384.2365 304 1
2400 25.3 415.4351 341 0.6
1200 16 334.3783 376 5
1600 211 330.721 407 3.5
550
2000 27.3 342.3197 456 2.4
2400 34.5 260.5016 528 1.7
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Fuel
Engine Bsfc Exhaust Gas Smoke
BMEP{kPa) Consumption
Speed(rpm) (g/kW.nr) Temperature(°C) {9%)
(g/60s)
1200 7.55 578.5441 156 0.6
150 1600 10.1 580.4598 186 0.2
2000 13.2 0606.8966 221 d
2400 17.25 660.9195 250 C
1200 1.5 377.6683 243 2.1
1600 151 371.9212 265 1.3
350
2000 19.45 383.2512 305 1
2400 25,25 414.6141 342 0.5
1200 15.85 331.2435 377 4.9
1600 20.9 327.5862 408 3.3
h50
2000 27.15 340.4389 457 2.3
2400 34.3 3584117 529 1.5
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6.1 MINATOINATDITURG I HIUAL

| Engine Speed(rom)

Torquelkg.m)

Power(kW}

1200 292 3.599661995

I 1400 2.96 4257134506
1600 3 4.831043829 ]
1800 3.06 5.658372794
2000 3.04 6.24598885
72200 3 6.780185265
2400 2.94 7.248634429 i
2660 29 7.745848015 N
2650 2.84 7.731465804

4 <Y 2o S o a¥ o - & c
6.2 MinaaoaiodsuasmihauauTaoldndrny e neuuesimmadinielu

wsaaRnn T lTundamad v

! Engine Speed{rpm) Torquelkg.m) Power(kW)
1200 2.8 3.45173068
1400 .86 41135312394
1600 2.9 4766675701
1800 2.88 5.288544507
2000 2.84 5.835088531
2200 2.76 6.237770444
2400 27 6.656909169
2600 2.62 6.997973034
2650 2.56 6.969208612
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w5 naone W Inundanes I @ons sua lldaanmaane nouen)

Engine Speed(rpm)

Torquelkg.mj

Power(kwW)

1200 2.9 3.575006776
1400 2.94 4228370083
1600 2.98 4.898170204
1800 3 5547424308
2000 2.98 61227127354
2200 2.9 £.554179089
2400 2.82 6.952771739
2600 2.78 7.425330166
2650 2.74 7.459231092 o
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