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ABSTRACT

TITLE : FUEL PROPERTIES OF BIODIESEL-ETHANOL BLENDS AND THEIR
EFFECTS ON PERFORMANCE AND EMISSION OF DIESEL ENGINE

BY : ITTIPON WORAPUN
DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING

CHAIR : ASST. PROF. KULACHATE PIANTHONG, Ph.D.

KEYWORDS : BIODIESEL FROM WASTE COOKING OIL / BIODIESEL-ETHANOL
BLENDS / DIESEL ENGINE / ENGINE PERFORMANCE / ENGINE
EMISSON

This research aims to study the effect on performances and emissions of diesel engines
when the biodiesel - ethanol blends at ratio 0, 5, 10 and 15 percent of ethanol by volume were
used as fuels. The result were compared with those of the engine ﬁsing normal diesel as a fuel.
The single cylinder (411 cc.) and 4-cylinders (2,369 cc.) diesel engines, without engine
modification, were used in the performance and emission tests. In this research, properties of
biodiesel — ethanol biends and normal diesel were axamined and compared. Fuel properties which
are viscosity, flash point, fire point, specific gravity, heating value and cetane index are the main
inter.est: Engine performance tests were performed at full load condition. Measured parameters
were toque, brake power, brake specific fuel consumption, and brake thermal efficiency. The
engine emissions,which are CO, CO,, NO_, blacke smoke,»and exshuat gas tempareture, were also
measured.

The heating value of biodiesel- ethanol blended at ratio at 0, 5, 10, and 15 percent of
ethanol by volume compared with normal diesel fuel is lower by about 6.19, 8.57, 11.9 and 12.6
percent, respectively. Flash pomt and fire point decreased when the ethanol content had 1ncreased
Viscosity is higher than that of diesel fuel about 1.57, 1.36, 1.18 and 1.08 times, respectively.

However, the viscosity will decrease and closed to diesel property when the amount of ethanol has



been increased. Cetene Index is lower than that of diesel fuel in range of 2.11, 5.76 and 8.84
percent, respectively.

From the performance and emission measurements, on a 4-cylinder engine, it was
shown that the addition of 0, 5, 10 and 15 percent of ethanol by volume in biodiesel provided
lower torque, brake power, and brake thermal efficiency with increment of ethanol. The torque,
brake power, and brake thermal efficiency were lower than those of diesel fuel in rang 3.41-14.53
percent (at maximum torque 1,500 rpm), 2.7-12.87 percent (at maximum brake power, 2,500
rpm), and 6-23.18 percent, respectively. The increment of ethanol in the blend decreases the fuel
heating value. This reflectively increases the value of brake specific fuel consumption by 18.8-
~ 42.87 percent (at maximum brake power, 2,500 rpm) compared with diesel fuel. However, the
CO, CO, and black smoke level were reduced by 42.45-48.65 percent, 3.7-7.4 percent, and 38.2-
64.7 percent, respectively. Oxides of nitrogen level are increased in range of 1.37-13.3 percent,
compared with that using diesel fuel.

From the performance and emission measurement, on a single cylinder engine, it was
shown that the addition of 0, 5, 10 and 15 percent of ethanol by volume in biodiesel provided
lower torque, brake power, and brake thermal efficiency with increment of 'ethanol. The torque,
brake power, and brake thermal efﬁcienéy ware lower than those of diesel fuel in rang 1.23-6.04
percent (at maximum torque 1,500 rpm), 4.1-8.2 percent (at maximum brake power, 2,500 rpm),
and 15 percent, respectively. The increment of ethanol in the blend decreases the fuel heating
value. This reflectively increases the value of brake specific fuel consumption by 5.23-19.28
percent (at maximum brake power, 2,500 rpm) compared with diesel fuel. However, the CO, CO,
and black smoke level were reduced by 41-66.6 percent, 3.7-11.11 percent, and 55.6-72.9 percent,
respectively. Oxides of nitrogen level are increased in range 1.6-8.9 percent, compared with that
using diesel fuel.

In summiary, from the 4-cylinder and single cylinder engine performance and emission
tests, _addingb ethanol in biodiesel made ﬁoﬁ wasted cooking oil is applicable in diesel engines.
Adding ethanol by 5 percent by volume in biodiesel is considered as the most acceptable to
pefformances and emissions, However, adding up to ethanol 15 percent by volume is still

acceptable in term of engine performance, while the emission is significantly advantageous.
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Properties Vegetable oil Methyl ester of
Peanut | Soya | Babassu | Palm | Sunflower | Tallow | Diesel
bean . ’ No.2
Kinematic viscosity 4.9 4.5 3.6 5.7 4.6 - 3
at 37.8 °C mm’/s
Cetane number 54 45 63 62 49 - 49
Lower heating value 33.6 33.5 31.8 33.5 335 - 38.6
Ml/kg .
Cloud point °C 5 1 4 13 1 12 -12
Pour point °C - -7 - - - 9 -23
Flash point °C ' 176 178 127 164 183 96 74
Density g/ml 0.883 0.885 0.879 0.880 0.860 - 0.850
Carbon residue wt% - 1.74 - - - 1.83 0.16
Copper strip - 1A - - - 1A 1A
corro'sién
0]
CH; - (CH,)15— CH;3 CH;— (CHy)y—-C ~ lOt —CH;
(Fuwa) (luTefiaa)
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Properties Limits
Minimum Maximum

1. Density at 15 °C, g/ml 0.875 0.90
2. Kinematic viscosity at 40 °C mm’/s 3.500 5.00
3. Flash point (Pensky-Martens) , °C 100.0
4. Cold filter plugging point, °C

15 April - 30 September 0.00

1 October — 15 November ~10.00

16 November — 28 February : -20.00

1 March — 14 April -10.00
5. Sulphur content, wt% 0.01
6. Carbon residue, wt% (10% Distillation) ‘ . 0.30
7. Cetane number | 49.00
8. Ash, wt% 0.01
9. Water, mg/kg 300.00
10. Tatal dirt, mg/kg 20.00
11. Copper corrosion fof 3 hrat 50 °C 1.00
12. Neutralization number, mg KOH/g 0.50
13. Methanol, wt% ' 0.30
14, Mon_oélyce’ride, wt% 0.80
15. Diglyceride, wt% | 0.10
16. Triglyceride, wt% | | 0.10
17. Free glycerol, wt% | 0.02
18. Iodine number, g lodiene/100g 115.00
1'9. Phosphorous, mg/kg 10.00
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Properties Diesel Limits Biodiesel Limits
Minimum | Maximum | Minimum | Maximum

Fuel standard ASTM D975 ASTM PS121
Fuel composition C10-C21HC C12-C22 FAME
Lower heating value, Btu/lb 130,250 120,910
Kinematic viscosity at 40 °C mm’/s 1.3 4.1 1.9 6.0
Specific gravity at 60°F, kg/l 0.85 0.88
Density at 15 °C, Ib/bal 7.079 7.328
Water, ppm by wt. 161 500
Carbon, wt% 87 77
Hydrogen, wt% 13 12
Oxygen, by different wt% 0 11
Sulfur, wt% 0.05 0.00
.B('>iling point, °C 188 343 182 338
Flash point, °C 60 80 100 170
Cloud point, °C -15 5 -3 12
Pour point, °C | -35 -15 -15 16
Cetane number ‘ 40 55 48 60
Auignitiop temperature, °C 316 |
Stoichiometrié Air/Fuel ratio, wt./wt. 15 13.8
BOCLE Scuff, grams 3,600 7,000
HFRR, microns 685 314
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MR dofmun Wnaaey

1. QM (Methyl ester) Younz Tngvimnin i1 96.5 EN 14103
2. ANUNUWIY Bt gaungll 15 °C kg/m’ hidnd 860 i 900 | ASTM D1298
3. Anumila o gangd 40 °C wuAa Tand i 3.5 WM 50 | ASTM Dads
4. 39210 ¥l (Flash point) erruasasFee Taighnd 120 ASTM D93
5. AU (Sulphur) Wi% Tiigend10.0010 | ASTM D2622
6. mnanuGevaz 10 vosmnimAeninmsniu) wt laigendi 0.30 ASTM D4530
7. S IUFINY (Cetane number) idnd 51 ASTM D613
8. f e (Sulfated ash) wi% Taigendn 0.02 ASTM D874
9. 111 (Water) wi% Taigand10.050 ASTM D2709
10. Aetuidlourianun (Total contaminant) Tiigand10.0024 | ASTM D5452
11 .A5ANNTOUUHUNDUAI (Copper strip corrosion) | Ligeandmuieavl | ASTM D130
12. iwdesmmdemsinmlsooendindu u gangd | lidind e EN 14112
110°C $2T39
13. AANUEUNTA mgoy/g laigand 0,50 ASTM D664
14. firlo TodAu (lodine value) n$u'le ToRude 100 nfu | liigendi 120 EN 141111
15. nsad Tundlnufiaeames wiv Taigendi 0.20 EN 14103
16. (UN1UDD Wi% Tiigana0.20 EN 14110
17. TuTundire’lsd wio Taigani1 0.20 EN 14105
18. landwelss wios laigendn0.20 EN 14105
19. lnsndiwelsd wiv Taigan1 0.20 EN 14105
20. NAHOIUBATZ W% Taigendi 0.20 EN 14105
21. ndiweduiianun wiv Tigand10.20 EN 14105

| 22. voavesa wiv Tigqendn 020 ASTM D4951

| 23. ensiduuag @)

WidullmunmudussuaneSudnsugsisndaam

24 Tavznqui 1 TmRenuas INunEoy mg/kg

Tangnguil lunaBeuiazuunilioy me/ke

ligenis.o

Tigandn 5.0

EN. 14108 uag EN
14109
ptEN 14538
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Peroxide Value Meq of peroxide 2.98 28.08
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Preperty Ethanol
Molecular Weight % 46
Carbon 522
Hydrogen 13.1
Oxygen Content 34.7
Stoichiometric Air-Fuel Ratio 9.0
Specific Gravity 0.7894
Boiling Point (F) 172
RON m
MON 92
Cetane Number Below 15
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7N 3.3 17509 Parr Oxygen Bomb Calorimeter

3.1.2.4 m33aga W (Flash point) vazgaAaW (Fire point)
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AN 3.4 n5eenadeunigany IWuazyada v

3.1.2.5 MIHUDYHINY (Cetane Index)

1938msIannnasgu ASTM D1250 daiigmu ldannnmsdina

Ay s a 4 1) o dy =) =) . oo
‘YIW’Nf’)']ﬁﬂﬂﬁﬂﬁ’)lﬂi1$ﬁﬂﬂlﬁ{]ﬁﬂﬁﬂﬂu‘l’lﬁﬂﬂﬁz 50 NI0YANANVYDINISIADA Mid Boiling

a
v

Point) 310N15NAUA VNGBS Gas Chromatography (GC) A3 lumni 3.5 nazanunudumie

B

a

anwandumengamgil 15.6°C udnihwunuaiieg lugasi 3.6 sxldmdaiiFmusinms

¥

A1 (Calculated Cetane Index) wsoo lAnnns MNINN 3.6
Cetane Index =-420.34+ 0.016G" + 0.192 GlogM + 65.01 (logM)’ - 0.0001809M°  (3.6)

) M = Mid Boiling Point (F)

G =a721u029 API

MW 3.5 11599 Gas Chromatography
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CORRECIION. 20K 11D B. Y. » £.19 x b = 1.‘u
COMRECTED S0 § PT = 330°F & 1.14% » 537,147
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in3esud ISUZU
I EFL 250 Truck
UGN 4
YUIANTSUBNFY X FNEN 86 x 102 mm.
UTunasnszuengu 2369 cc.
usangage 74/3800 BHU/rpm
useliagagn 16/2000 kg.m/rpm
BRTAIUMI TR 20:1
Houw Tndl Swirl chamber
ANUS AAULN 700 rpm
szuusZIIen NS ouU &

MW 3.8 19T 98UARIA MITSUBISHI 1 D-800 fildmadeu
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M131971 3.4 316A2BANIMATAYEUATEIWUA MITSUBISHI 1 D-800 [36]

!ﬂé‘ﬂwuﬁ' ﬁﬂﬁﬁ? (Mitsubishi Diesel Engine)
U D-800
UMDY 1
VUIANITZUBNGL X BIHN | 82 x 78 mm.
UTunasnssuengu 411 cc.
usangaga 8.0 PS i 2,400 rpm
usailagga 2.6 kg-m i 1,800 rpm
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usedialunTosoud LUy Eddy Current 81 MPX-5 danaaslunini 3.10 fienansedlfumse
[y 4 . = 4 o ] 3
11U (Load) TiRunsessud 14 Tasmslsunszua i ldifanmsuiisnihiauuuimanly
Touluiimes TaolaunTuilinesargadeasudrfumarveunsessud seunsiauiiy
A @ & ~ o ° 9 ) ~ A [ oo
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-3 & L -y 1 o~ L]
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v 9
A o o A a

4 g 1 oo ny a a’ll
AILAUIBIANATDUATTOUIATEWUA dauglnsaliamydufeuhfudemasgnanad
Tuganamey daaadlunmi 3.1 1Wunasaudaving 800 Taddns Tasmsialsumsves
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naATsUA M uFemaIa 1Y 40 Gadans

MNT 3.9 YANAAOUANTTOULYBUNTDIBUA 4 GU MT 504 Engine Dynamometer Multi

Cylinders

A 3.10 Taun Tusiwesn 19 lunsnageou
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{ 4 . . a 3 o
IngNyanaaouaussouzveuniossudviia 4 guiiseaziBoanisaadginsal

A9 Aauaas lunnwi 3.12

10

4

»

\J

1. Cooling water tank
2. Water pump
3. Rotameter measuring for Inlet water of

: engine

4. Engine

5. Dynamometer

6. Speed sensor

7. Graduate Cylinder for fuel
consumption measurement
8. Fuel tank

.9, Air box

10. Inclined Manometer
11. Controt panel housing indicators for
speed, torque, temperature, amp meter,
starting switch and other.

H a o ¢ 4 ¢
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& ¢
3.2.2.2 NATOUANTIOUTVBAUATBWUANNIA 1 U
4 1%

FANATOUANTIOULVBUATOIWUARLY ALY Engine Research Test Bed
& a ¢ a da v £ o
el lavn TuidliweswiiafiSundn Bddy Current Dynamometer Hea3n1501/50n15897 (Load)
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4 o . { an o w1
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= Call @ P
i'lElﬁ&’lE]fJﬂﬂlﬂQQﬂﬂiﬂMN"‘]ﬂ\‘ﬂlﬁﬂﬂi“ﬂ'lwﬂ 3.13

. g, C. Instrument panc!

Gas analyzer

Diesel engine gia = Dynamometer |

MAN 3.13 YANANDUANIIOUZYDAATBIOUA 1 YU Engine Research Test Bed
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& { A A 4 o/
ToifovoanTosoudiuy Fumometro Smokemeter 5¥8 TECNO TEST 4 490 dailuin3osia

aTumriiadaanuduvesuas Tasldvaoa lie Tany daaasluning 3.16

MW 3.15 1A5093aU5110ATUM (Smoke Meter) 8o EKOS j1 MOD.9000
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MANUIN D

JeyamInagevansIsuzuaymildesmsuaiivveunossua

A d
1. A998 UAVYUIN 4 q‘u

P 4 1% dq 9 & a a
A9 19N n.1 %ﬂy)ﬁﬂ']iﬂﬂﬂﬂﬂﬁlﬁiﬂu%ﬂlﬂ\nﬂﬁﬂﬂﬂuﬁ‘ﬂlnﬂ 4 q‘ﬂ'ﬂi‘lﬂﬂfﬂl‘ﬂﬁﬁ Atga (D100)

AMuS | Time/d0ce. Tdrque Brake Fuel BSFC Brake thermal
59U (sec) (N.m) Power flow (kg/kw.hr) efficiency
(rpm) (kw) (t/hr) (%)
1,000 38 78 8.16 3.79 04 21.23
1,500 25 117 18.38 5.76 0.27 31.48
2,000 19 104 21.79 7.57 0.3 28.35
2,500 17 84.8 22.21 8.47 0.33 25.92
3,000 20 45 14.14 7.2 0.44 19.35
3,500 22 28.4 10.41 6.54 0.55 15.69
4,000 15 8.1 3.39 9.6 2.46 3.48

v 1 o ¥ ¥ .
me 0.2 JeyamsnadsuaussouzvounTossuaiviig 4 gu MdisemasluTefira

(B100)

A5 | Time/40cc. Torque Brake Fuel | BSFC Brake thermal
59U (sec) (N.m) quer ﬂow (kg/kw.hr) efficiency
(rpm) (kw) (1t/hr) (%)
1,000 36 768 | 805 4 0.43 20.89
1,500 23 113 17.76 6.26 0.31 29.46

2,000 18 102 21.37 7.99 0.32 27.81
2,500 15 82.5 21.61 9.6 ~0.39 23.34
3,000 19 41 12.89 7.57 0.51 17.68
3,500 ' 21 26 9.53 6.85 .0.63 14.48
4,000 14 6.3 293 10.28 3.08 2.96
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amefi .3 foyamimadeudussauzveuniesudua 4 quitlfifomdslu Tedmanay
1Nen (BEYS)

ANWGEY | Time/d0ce. Torque Brake Fuel BSFC Brake thermal
39U (sec) (N.m) Power flow (kg/kw.hr) efficiency
(rpm) (kw) (it/hr) (%)
1,000 35 74 7.75 4.11 046 20.18
1,500 21 108 16.97 6.86 0.36 26.46
2,000 17 100.5 21.05 8.47 "0.35 26.48
2,500 15 79.2 20.74 9.6 0.41 22.98
3,000 18 40 12.57 7.99 0.56 16.78
3,500 20 23 8.43 72 0.75 12.47
4,000 13 5 2.63 11.07 3.7 2.53

! » ¢ ' N‘ a
MmN n4 doyannareudussouvouseIUAvIIA 4 QU dFemas lu TeRlsanay

1eN DA (BE9O)
ﬂ’nillci".l Time/40cc. Torque Brake Fuel BSFC Brake thermal

591 (sec) (N.m) Power (kw) flow b(kg/kw.hr) efficiency
(rpm) (it/hr) (%)

1.,000 35 72 7.54 411 0.48 20.37
1,560 20 104 . 16.342 72 0.38 25.09
2,000 17 94.4 19.77 8.47 0.37 25.69
2,500 15 744 19.48 . 9.6 0.43 22.40
3,000 17 37.6 11.81 8.47 0.63 15.34
3,500 19 21 7.69 7.57 0.87 11.17
4,000 12 4.5 2.09 12 5.07 1.92
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A Y A ¢ doyvd  a ~
MINN N5 YBYAIMINATDUANITIOUSYDUNTOIWUAVUIN 4 TV nlaxemasluTofmaneay

on1uoa (BESS)

ANWS7 | Time/d0ce. Torque Brake Fuel BSFC Brake thermal

59U (sec) (N.m) Power flow (kg/kw.hr) efficiency
(rpm) (kw) (t/hr) (%)
1,000 34 72 7.54 423 0.49 19.75
1,500 20 100 15.71 7.2 0.41 24.18
2,000 16 91.5 19.17 9 0.42 23.63
2,500 14 73.9 19.35 10.28 0.47 20.84
3,000 16 354 11.12 9 0.71 13.77
3,500 19 20.2 7.40 7.57 0.90 10.84
4,000 11 3.8 1.88 13.09 6.17 1.59

3 ) 4 d
M n.6 deyamsnaaeugungil ledoveunsessuduie 4 qu

3

a .Y A -~ = [
MFomasriianieg

AnuGa Exhaust temperature (°C)

791 D100 B100 BE9S BES0 BES8S
(rpm)

1,000 395 387 382 356 338
1,500 453 430 399 394 390
2,000 419 406 398 . 380 374 |
2,500 399 386 374 344 . 344
3,000 320 311 305 | 296 288
3,500 296 287 283 280 275
4,000 . 280 278 276 272 270
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d' g v Y A o - 9/ g o =Y
mesen n.7 ‘11leql"ﬁﬂ'li‘Vlﬂﬁﬂﬂﬂ']ﬁﬂﬁ@ﬂﬁ'ﬁﬂawyﬂlﬂﬁ!ﬂ?ﬂﬂﬂu9‘!"111!1?] 4 quw“l‘mfmwawuﬂ

A9
yilaiomds | Black Smoke CO (PPM) CO, (%) NO, (PPM)
(%)
D100 34 596 9.3 218
B100 21 343 8.8 278
BE95 17 315 8.5 247
BE90 14 306 8.8 240
BESS 12 308 8.1 221

) d
2. N9 UAVHIN 1 q‘l.l

] % P 4 y a
M3 0.8 YoyamsnadeuaNITOUZYRURTEsIUATIA 1 guiilHFemae Al (D100)

ﬂ:nm%"a Time/5cc. Torque Brake Fuel -BSFC Brake thermal
50U (sec) (N.m) Power (kw) | flow (kg/kw.hr) efficiency
(rpm) (It/nr) (%)
1,200 21 18.1 2.27 0.85 0.325 26.11
1,400 15 18.3 2.68 1.2 0.389 22
1,600 14 19.1 32 1.28 0.348 24.57
1,800 11 19.54 3.68 1.63 0.385 22.18

2,000 10 19.07 3.99 1.8 0.392 21.84
2,200 12 17.66 4.1 1.5 0.32 26.96
2;400 12 17.42 4.37 1.5 0.29 28.74
2,500 35 0.47 0.123 0.514 3.63 2.36
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nldsomaslulofa

(B100)

mmﬁ g Time/Scc. Torque Brake Fuel BSFC Brake thermal
50U (sec) (N.m) Power flow (kg/kw.hr) efficiency
(rpm) (kw) (1t/hr) (%)
1,200 19 17.98 2.26 0.94 0.369 24.83
1,400 14 18.12 2.65 1.28 0.42 21.42
1,600 13 18.8 3.15 1.38 0.389 23.65
1,800 11 19.3 3.63 1.63 0.398 23.03
2,000 10 18.6 3.89 1.8 041 2243
2,200 11 17.66 4.1 1.63 0.35 26
2,400 11 16.7 4.19 1.63 0.34 26.58
2,500 34 0.47 0.123 0.53 3.82 2.42

4' kY ) A d Aq 9 Ay = P
19190 N.10 VOYAMINAADUANITIOUSYDIUATBISUAYUIA 1 qnw“lmmmmm"lﬂammawau

Mmuon (BE9S)

ANusa Time/5cc. Torque Brake Fuel BSFC Brake thermal

58U (sec) (N.m) . Power flow (kg/kw.hr) efficiency
(rpm) (kw) (1t/hr) (%)
1,200 19 17.18 2.16 0.94 0.38 242
1,400 14 174 2.55 1.28 0.44 21.08
1,600 13 18.6 3.11 1.38 0.392 23.82
1,800 11 19.3 3.63 1.63 0.396 23.57
2,000 10 18.6 3.98 1.8 0.399 23.45
2,200 11 17.66 4.1 1.63 0354 26.62v
2,400 10 16.48 4.14 1.8 0.384 24.39
2,500 34 0.47 0.123 0.53 3.81 2.46




v -4

111

maii a1 deyantsmadouaussouzveuneseudnng 1 guinlfisemdsluTeRisanay
(@N14D (BESO)
ANWISD Time/Scc. Torque Brake Fuel BSFC Brake thermal

50U (sec) (N.m) Power flow (kg/kw.hr) efficiency
(rpm) (kw) (it/hr) (%)
1,200 16 16.71 2.1 1.125 047 20.80
1,400 14 17.42 2.55 1.28 0.44 22.37
1,600 12 17.66 2.96 1.5 10.44 .21.85
1,800 11 18.6 3.5 1.63 0.40 23.88
2,000 10 18.3 3.83 1.8 041 23.52
2,200 10 17.18 3.96 1.8 0.4 24.32
2,400 10 16.48 4.14 1.8 0.38 25.42
2,500 31 0.47 0.123 0.58 4.14 2.36

a LYy i & o —~q ¥ g a a
M1314N N.12 ‘11?JQﬁﬂ'li‘ﬂﬂ’dﬂ‘]Jﬁﬁiiﬂu%’;ﬂlﬂ%ﬂiﬂﬂﬂuﬂﬂlu']ﬂ 1 'q‘UVlGl“]ﬂﬂfE)LWﬁ\ithIﬂﬂL“ﬂaWﬂﬂJ

1oN11oa (BESS)
ANNGD Time/5ce. Torque Brake Fuel BSFC Brake thermal
50U (sec) (N.m) Power flow (kg/kw.hr) efficiency
- (rpm) (kw) (t/hr) (%)
1,200 15 16.71 2.1 1.28 0.54 19.53
1 ,400 13 16.95 2.48 1.38 0.49 20.03
1,600 11 17.66 2.96 1.63 0.48 20.36
.1,800 11 18.36 345 1.63 0.42 23.53
2,000 9 17.89 3.74 2 0.47 20.87
2,200 9 16.95 3.9 2 0.45 21.77
2,400 9 16 4.1 2 0.44 22.43
2,500 30 047 0.123 0.6 4.33 2.27
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a EY) = = A (4 P s}dy -y a1
9191 113 ﬂlﬂHaﬂ'li‘ﬂﬂﬁﬂ‘llﬂqmﬂgnqﬂlﬁﬂmﬂﬂlﬂiﬂﬂﬂUﬂﬂlu'W] 1 q‘UVﬂ‘lﬂ‘]fﬂlWﬁﬁ‘]fuﬂﬂ’N“]

anusH Exhaust temperature (°C)
59U D100 B100 BE95 BE90 BESS5
(rpm)
1,200 535 526 514 492 480
1,400 560 550 544 527 515
1,600 579 579 574 538 533
1,800 587 582, 578 553 540
2,000 581 571 577 556 540
2,200 590 565 553 544 536
2,400 174 171 171 170 168
i n.14 ﬁ’fagamivmaeumiﬂa'ﬂﬂmsuaﬁmmm?awuﬁmmﬂ 1qu Fomaariia
A9
iin Hemaa Black Smoke CO (PPM) CO, (%) NO_ (PPM)
(%)
D100 12.4 204 2.7 129
B100 5.5 75 2.6 131
BE95 53 71 2.4 127
BE90 3.8 96 2.4 121
BESS 335 120 25 123




113

MANHIN Y

Tuneunsnanlulefaniniiunyl¥udr



114

MANUIN Y

) a = 5w AQY ¥
‘ll"l-mﬂ‘uﬂ“liNﬁﬂll‘l.liﬂﬂl“ﬂﬁ%1ﬂ‘u1ﬁuﬂ‘1‘1ﬂ!ﬁ?

a o o a el ' ¢ a @
amswamihiylulefwadunszuumsmaniinGenn nawdisameiNiady
. . & ﬂ o oy @ A o aaa o ' Y 3 A
(Transesterification) Fudfumaiveniviufisuminlfisoduueanseed lavldnia Alanie
o o 8 ana e’l’ 4 . . £ Jd )
ou'la] Wudaus el §isen Sunoumandl e msnlfou Trigryceride Fuiluosrilsznoudau
1 :' @ A 9 ¢ o = g/ @ v Aaan = v
Ingjvonihiuits Willuweamed fundwesea winldwnuea iuduislgisonzGonds
-~ o 9/ s 1 ) ¢ o o 6” LY a Aq @
witawames winldieniuea sziGondi efaeames dimsviuiululedisanlylu
4 v
o w o aaa LY <
s 1annsiiuislfuda lgisedummusalasldldsunaoulaasen lua

4
o

14
(KOH) Hudusslfisen Taelidtmsuosduneumsnanaail

d
1. ginsal
A [ =t a v = = =
15 0ewanluToAwauuy Batch ¥11A 150 AnsAesoUMIKHAR IavliswnsidenLaz
W . . ¢a o a = @ =
Snumizmwiz (Specification) vesgUnsaiminmlsznouuyandalulefiwa Aenmhn v.1
a =1 1 o aq 9K a o =] — /av 1 9 =
orasmnvesganan szl deilflugenda Wudunan vua 200 Gas daulnseade f
o a do -] 4 { 4 -: ] 4 {

sesdugandainnmannaesivaouing 2x2 i1 uazlidesawldindoud liinldazain

winsuiuy

i 2.1 ganaa Ty TeRmauuy Bacth Yu1A 150 8A3/590A15WAA (UBU Gold 2)



115

1.1 gadnuammns veunsewanlulefisa UBU Gold 2
A 4.2 - i 2.5 uaasnluyaeen vegandn wag MR U1 uEa

P A o w A a ~ a ~
5wamﬂﬂﬂmw1wmqﬂﬂsmmmﬂmﬂlmmiemam"lviaﬂwmmn Bacth ¥w1a 150 ang lasll

~ ] w ¥ d’l
swazvamedade llil

it 43 nmdumThuesyandnluToAiauuy Bacth 4119 150 BA3/30UMIHAR



116

MA .5 Mwduuuvesyania luTofirauuy Bacth ¥11a 150 BAs/50UMIHAN



117

- =t I 0w A a ]
M1919N 4.1 i'lfJﬁ%lﬂUﬂmWW’Ui’NQ'ﬂﬂim‘n’ﬁ'lﬂiy‘llﬂﬂlﬂiﬂﬂﬂﬁﬂ"l‘UIﬂﬂl‘-]f’ﬁ

ﬁi A 4 Q- =] o o
aMIn ¥oisun SNYAUZININE 1150 A1DELE
o ul ' A o o @ a y ¥ ¥
1 falaanuruuazin | SuManuIA 200 A3 YUAWIUIUANINIOU
Upnsuman
o P =) o =1 a
2 HAENNDIBDI U HAUNDNVUIA 200 ART
4
[ o Y =1 Py
3 fedai fananvua 200 ans
W b4
o ¥ 1Y @ [~ a
4 fe'lannududuy SUNANVUIA 200 AAS
gane
o ¥ : Ay A
5 g1 wan ndee 2x2 117 uay 1x1 117 Wenlszneuiiug
YR 4 Y4 ° Y] 3 ¥ a
6 HHITINEAIURY AMIAIVAUMININY UDE AIAT AYUNQ
o o
7 flun Juasiall vuIane 26.50 mm 8315 1@ 135 A/
b
IR ANUAY 11.3 15 11
¢ ¢ 4 Py =
8 1) 7a2'loi v 3/4 U Az 12 42
Y Y ¥
9 | viemalséi rewmadnuia 1/2 11 gz Wihanlsdiludes
10 NPUBNIZAL noonle via 1 cm '
4 4
11 Waan'lanuau WaauuuuvosTve yuanega 2 13
4 4 = 1 ar o ~
12 2 Yuesedl vuiavie 17 mm 6651015 1va 30 aas/ani
v
ANBAU 4.5 1IAT 11
13 GRULRGIR ENAAN LATNYARIANAN NUUTIAUGA 6 bar
. ¥ ¥ 4 [
14 NOHITTVIBANY Yanenouad vua 172 12 iniwin lluannlaeunnu
9 9 o °y o/ o
jou Founuriniulugs
- - |
15 NBHYUIU-NEY Yienouadvina 1/2 12 daeitla 4 ie dmsunuiu
. d‘ :‘ o/ Yo aan L] =1 a A
asnau v3e iy il gnseedadilsed@niam
4 o = 1 ) @ = P\
16, flus fuasmil viane 17 mm 8513 va 30 das/ani
. ¥
AUAY 4.5 a5 1
o o
17 flu4 Suasiail vuavio 17 mm 9a31A15 1va 30 8as/auh
¥
ANUAU 4.5 115 11
18 Faumos Faaas lwih vure 2 kw dudnihnnudeowasy




118

2. mswanmunaemes (lulefira)
a = '3 1 n’ll 1 3 L) :l L% o o §
Tumswannfiaamessznanidue Funsumsinieminiy masdannuiu
ms Inmsamanmssalfise main§se msusnnfireiu aasamumsdreasiaiin

° aaa ' a o [ 4 g 4 o {
#ughso hinuauasAsansneenaniiaeaimes lasiiduasudng dwaaslunind v.6

siuiylsuad
L 4 - '
o . !
nanaseugungil 105 nsee/landtuty
panvaea

\
S w oA a aa ‘
wsiunyinseninl§nser — wnBinalilummdealsasenlan (Kom)

‘ l
#1381 Transesterification

; +————— (muen + KOH
figaumgl 60 osrmaaiBea

A

uenndisedu —— ndoIu

uledisa
\

a1 (Washing)

A
Tulodwansenlyaiu

1) v
MNP 1.6 naasnszuumsdunsie lu Teawanininiuny14ud

o : Y ] ‘o ana
2.1 mam3ssniniuneuingnien
v ¥ (] : v
Wiasnnthiuisildudleeiimuoimisnielifeandsnfnudlrouas el
A v 2y a owa'.udy Y o & qyw a0 ad
ﬂ'Jmamﬂgmummmnmimﬁmfmmmuaammumuwaflwé’amﬂnauiﬂumumu1ums

G- :l o dy
PIIYUUIUUAIN

L4 ¥
Y

2.1.1 MINTDNNU

o A

WuRrlFudnsusumnnaumaaeg ezgmimm

ﬁ ¥4
. ¥ -4 1
wammﬁu‘lﬁ'&ﬂuLﬁmﬁmﬁmmﬁuﬁwﬂaaﬂmuﬁmiﬂwmﬂ 30 mesh oM AAED NS

] 3/ i
n3eFsutloussnaniiniu



119

21.2 mafdanuiiu mm“f';'uﬁﬂzﬂuag'“lmfﬁuﬁaﬂ%’ué’nzagj‘lugﬂmmﬁw
53»1i’l'wﬁﬁymzﬂuagﬁlm‘fﬁu%mumniuﬁumeums'v‘i11J§jﬁ?mmmf7mﬁme?ﬂm%’umzv‘h
1ﬁ'ﬂﬁﬁ§ﬂuﬁﬂ%‘uﬁ"ﬂﬂtkﬁzlﬁﬂﬁﬂ‘i‘i’u"lﬁ'ﬂwx‘]‘lfugﬂéfﬂQﬁmiﬁ1§'ﬂﬂ’3’lu‘§u1ﬁ’ﬂnmﬁﬂﬁﬂuiﬂﬂ
iRyl fudaimumsnseaudaesgninnlfarudeuiigunni 105 ssrusadeady

a A g A d o
nadszua 30 W e laanuduesniniiiu

2.2 M3 Inmsn

v
hed o =

A Y o oA y v ] P {' a a Y]
diesnnlnituisldududazaseiinndadu lu Tedasz iognis1d

~ [ o ~ o LYY B 3 @ Y |a o ¥ aaa P
Q'I'Ll'VILWW’I’NﬂuLlﬁle‘il'l‘L!’Juﬂﬁﬂ"lﬂlNu'é)ﬂi37]LLﬁﬂﬂ]QﬂuL!ﬁ%ﬂ'li1ﬁfﬂiﬂ1ﬂ!¢l?liﬂﬂaﬂ‘iﬂ11ﬂ

da ' a ) v a s 4” aaa o P~ d o
mangauiiinademsndansaluiudaszmarilezdalisosu Tsunadonleasen leas

4 -3

¥ v
W5 nadusandedesnnaunusrudaiusisuiudesnsiSaduswl§isedn
. o A aa & = Q ] aaa 4 {
mazanlunisiilfasordalsuiadud s imuzaunldlunssuiunis
4 a o . .
NIUAOENDTHIATY (Transesterification)

2.2.1 MARNIY

el fuds 5 ml e
Isopropyl ' 10 ml
TisunaiBon'leasonlad 1 nfy
| vhndu 14903

2.2.2 umeumslnmsn

2.22.1 azaelilsunaionlaasonled (KOH) 1 adulhndus o
1805
2222 azmwiuiylduds 1 GoddnslulelaTnfauoanosod
(Tsopropyl alcohol) 10 iiafians |
. 2223 wyasazawllsuaaidonloasonlad 1 faddasluaswaw
mmtﬂﬁmmzuﬂanaaaﬁ’uﬁmsamm pH veniugenszamaaa
2224 Thide 2.2.2.3 sunseia pH vesmsazatoliniszydng 8-9 uda
TudmmSinaTilsuacSonlaason ladf@uaslfanun
2225 1daums L=x+9
o X = 5nawesmsazaeTilsusaion lsason lud iduas

¥ v
L = $1aunduves Jsunaidonleason loan 19neiniu 1 Aas



120

2.3 msmssumsazaeldsunmdenlsasenlad

o T

lumswanwfaeames Ifumusailuneansssd lumsiil§ise dou
@ [ ann o a Py
dusalfsondnldlsunadonlaasonlaaon) lunswisuasazamusududionisi@d
4 1 o o =
Tlsunenden lonson loaaslumniveaudidass Iazaedrnu Idunmusasiuiu 30 ans
a o o Ty ¥ o $ 1 :’ o
uazdTunavedlilsunadon leason ladezilsduamlsinunsa luiudasshfiogluiniy
4
W lgudrdan 1annms Inmsa
2.4 mamlgnsen
a Y = o Py A' o oy ar o
Tumswaalddalfnsaivina 200 Gas Gududremaininiuislsudrdn
o v ’ ]
150 ansugu i ldgamgil 60 osrnaidoa wieusudailufluwauilunat 10 wifi Weld
:I Y 9ar 9 M =) o g = ~ o g’ v
Wi 1dsuanufeuinie nasnmiu@umsazaw lsuamouunen leaasluiuiungu
34 ' ¥ v o 9 ¥
Puazdeiluilunausuasy 2 Fr TuennmiudlailuorelunaB3ndaenndmeiu nreluds
o a a H a s A o a a P P @
HENNAYDI UIINANTUINFUYBANNAD AN DI LATN BT Y TasNNaea Mo NNNHLD
] L] ) & ar ] ) L
unnMezeginuudundmwed udaminnnazegduais
2.5 NSUENNAFOIU
~ ~ ) 9 0 a ~ - d'/ [ P
NADIUIZYNAIBBBNNNAIUAIVBITIENN AT iioldos 1 3szanm 8
o P ° ° Yy a S o o S o ) & P a
¥ Ty Feeziemldnaeamessundyes unenduiulanua 91niudwnfiwesu
oy v o o & v o o o oy
@hmad) aslududusunua uddadluwooemnaeamos ludeded e

2.6 M3aaAEh

(1 ¥ E 4 ]
A o v A

9 C e o A d ] 1 a o
msduiinemnes Jyalszasdmeiidadaludion wuayndiaanmsi
aaa v a o o a a Jo a P )
UgAsnsgn e lsunadonlaasen leadunsa lviudasenseiniundimeseanazaweylu
:ll . = - o a ) 4 a A ° aaas :‘ @ o
Fuwhineaimes lsuamdowleasenlad wmusaiindennmsingase uasiniunish
ann 1 q a et a 4 ' o 2‘
U hinua el ldwiawamesnuSgnuasiiat pi WunansSeduiiudesfinmsdradn
8 [ 4 1 4 3
“naeailizing 4-5 a5 Tasmsdmbediesiquaz Ifdsnsfumaeamesiung issn
o a o Y A ¢ > o :‘ a Au o o 4"
winduasuiy sz ldwiaeamessaudduivdadiuasdtadu uasswdauiuile
o o @ o oa . T z :’ 1 1
deau Mltuensinduldon witaemmesndrudrezassegFuunnasiegdums uda
:’ g ' o 9 :’ . 3 ' Yo 9 ad 1A @ [ y
uemieennieduasvesdsdrsiilunisdaisde ldithid o3 T isudnadu finsdra
e 1 1

- g Tt S 4 'Y ey o
HAY)ATIVUNIINT pH YDAUUNUBAINBIZUAUNIND 7 Qﬂﬁ'w%"lﬁmwamﬁmmﬁﬁmm

= Q‘ { o 4 i
uIgmiuazwiouiezih hFnuluniesuddeld



121

MANUIN A

VQIJ’JEIEJ'Nﬂ]iﬁ1“3Mﬁﬂiiﬂu$ﬂlﬂﬂlﬂ%®\iﬂuﬁl-



122

HAFNUIN A
é'l’mﬂ'nmsﬁm'mnmmuwmm?msmﬁ
4 d : LY
1. INTRIUAVUIA 4 qu inhlulefwanaemuea 5% laa3inas)

1.1 MAUVINUBUNTOIEUA (Break Power,P)
{ & 4 ] [
AANUG150UVDUATOLUA 2,500 soudouIR 18 T =79.2 N.m (1§9nmseu

. 4
AINNINAADY) Fav Idonaums

T=Fxr

e F =usmSensenseiniazessall, N

.

ad o
F=33YLIAUNNITEATESNT, m

ﬁ1ll1iﬂﬂ']ﬁ1ﬁ’»1ﬁjﬁﬂﬂlﬂﬂlﬂ?ﬂﬂﬂuﬁﬂﬁmﬂﬁﬂﬂﬁ -

p2ml
60
P_2x7zx2500>’<79.2

60

P =20734.51 Watt
N :

P =20.73 xW

oy X e & e )
1.2 ammwﬂﬁmwemmmmw (Brake Specific Fuel Consumption, BSFC)

v
dn31m3 InaveuFomds (m) aansam ldnnaums

_ Fuel Volume (cc)
Time (sec)

my



123

_ 40cc.
15sec.

my

~0.0267x 3600
1000

my

my = 9.6 lt/hr

> E9 4 a o, '
meﬂﬂmsﬁmﬂﬁmwmwmmmw (BSFC) "lf;’\“il'lﬂﬂﬂﬂ'lﬁ

}/XMf _ me.
P

BSFC =

il y=0.884 kg/it P =20.73 kW m.=9.6 It/hr unum luauniseela

0.884x9.6
20.73

BSFC =

BSFC = 0.41 kg/kW.hr

1.3 dszanSmmannuiewwsn (Brake Thermal Efficientcy, 774)

52 ANENNTINNUSDUINAWITOHT IANINTUMS

on = —-—P—x-§—6-—0—(-)—— x100
‘ m.x Hvx1000

ile P =20.73kW m. = 8.486kg/hr Hv = 38.4 MI/kg unudluaumsez'ld

20.73x 3600 )
ﬂbuh = X 100
8.486 x 38.4x 1000

.ﬂbm =2291%



3 d o
2. e seuiving 1 gu ¢l luledanamemuoa 5% TamlRinas)

o_a : J
1.1 MAUVINVLIUATOIIUA (Break Power,P)

=Y 4 (4
ﬂ'lﬂﬁilﬂ'liﬂ’luﬁﬂ‘ﬂﬂﬂl'ﬂﬂlﬂgﬂﬁﬂuﬁ

T=Fxr
T=Fx0.24

AnMusasen 1,800 sounouii 9218 7 =19.3 Nm

mmsn'n1f‘i15&msnmaam?awuﬁ"ﬁﬁmnﬂums

po2ml
60
P=2x7rx1800><19.3 T

60

P =3637.96 Watt

P =3.63 kW

: v 2 X a ;
1.2 amﬁmﬂﬁmwammmmw (Brake Specific Fuel Consumption, BSFC)

9 N
99313 InaveuFomas (m) aunsam lannaums

_ Fuel Volume (cc)

my
Time (sec)
5cc.
my =
11sec.
0.45% 3600
m=———

1000

124



125
my = 1.63 lt/hr

9 £
moasmMsauldeuremassumz Bsre) 1unaums

}/X mf me.

BSFC = =
P

o 7 =0.884 kgt P=3.63 kW m.=1.63 Ithr unushluaumsez’d

0.884x1.63
3.63

BSFC =

BSFC = 0.39 ke/kW.hr

1.3 YszanEnmivennudewysn (Brake Thermal Efficientey, 7 )

sg@nsamiFnnudeuwsnansom ldnnaums

( Px3600
Tha =

———————)xlOO
m.x Hvx1000

tilo P=3.63kW m.=1.44kghr Hv = 38.4Mikg umuslugunisez'd

( 3.63x 3600
Toeen =

x100
1.44 % 38.4x1000

o = 23.63 %



126

MANUIN 3

QU

o a d 4’! a a dé’ ]
AAITHANNWIHIIINMINYIUNUSY (RULIAN)



(1]

(2]

[3]

[4]

[5]

127
- a ¢ A a o ddw
HAITHANUNIHBIININETUNUTU

K.Pianthong, I.Worapun. Engine Performance and Emission Using Biodiesel-Ethanol
blends as a Fuel. 6 International Colloquium Fuels. January 10-11, 2007, Stuttgart/
Ostfildem, Germany. pp. 399-403.

)

@ o 4 a o 4 ' s
INENA WS, Naurwg (Husnes, dauind nedaawd uaz wunsy qasnd. 2549,

/.

v a A day A aqvs a 5 o A qy
aussausuasmitassnativveunIesauaniwanie 111w ulsAmainiinginy 1y

H
L)

lg o o
ué’mamamuam’ﬂuwamaa. N5A5ININTTU W, YN 332UUN 6 ﬂszmtﬁau

b

WOATNIOU - FUNAN 2549. ¥i¥11 691-705.
a s v d A a o 4 a ¥ d @
INTWA W5WUE, Nour{ INOTNDY, AQUNNG WIATDIUA 1Az 1AUNIY FAANA. 2548,
= ! y @ o A det & ﬂl: O a
msfAnmansIouzuazmIdaseniumveunseseudmaiielfiinilulefvanan
o A a a A A A 1 &

emusalthuyem@s. nsilszguinmsnievigimnssuniownauvadlsemeing asa
1 19; 19-21 gaAY 2548; QLF‘m.wﬁmmﬁ'ﬂmmmuﬂ?uw{ Paper no. ETM033

4 a a o o v A & a U2 J
nauryg Nosnes, andna 15Mus, Usendud lasegnd, Aea auidaed uas
fiflnsuena garerud. 2548, mawan lulemanminiuiyliudrnna 150 ansdesen
nskaanasmslfauiumIessudvinadne. midszpAnmsmTediondanuuma

o

Uszmalne a3ed 1; 11-13 ngumay 2548; ¥a5aninodumalulatnszeeund
Tﬁu‘]ﬁ. Paper no. RE0O7

a a

_ o acl @ a 4 s
onBwa 23Mus, Syad ivssw, dnSund eiqimd uaz nawug osneq. 2547. ms
a a Sow A ay ' & ]
wanluledranimihiiuiyfudwaznansznuneanssouzveundesud. msilszayy
< v = A 1 :’I {
ImsinTedisifinssuniesnaurlszma lng asef 18;  18-20 aanw 2547;

VOUUNLLURIINGIGBYOULAU. Paper no. ETMO19



128

Engine Performance and Emission Using Biodiesel-Ethanol

Blends as a Fuels

Kulachate Pianthong

Mechanical Engineering, Faculty of Engineering, Ubon Ratchathani University, Ubon Ratchathani, 34190, Thailand

Email: K.Pianthong@ubu.ac.th

Ittipon Worapun

Mechanical Engineering, Faculty of Engineering, Ubon Ratchathani University, Ubon Ratchathani, 34190, Thailand

Summary

Recently, biodiesel becomes a hot issue in many countries, including Thailand, due to the oil crisis situation. Avail-
ability and quality of biodiesel are also important topics to consider. Wasted cooking oil can be a good source of the
raw materials currently available and readily to be used. This study tries to improve the quality of the bio-diesel
produced from wasted vegetable oil by blending it with ethanol. Also, biodiesel and ethanol are both oxygenated
fuel, they may help to reduce the emission level. Various blended ratios have been prepared to improve the viscosity
to standard diesel. Some of their physical properties have been tested and compared with standard diesel. The fuels
are then applied to a single cylinder diesel engine. Engine performances, such as torque, brake power, specific fuel
consumption, are measured. Sample fuels in this study are D100, B100, BE95, BE90, and BES8S. From the engine
tests, blended fuels usually give slightly lower performances. All of the engine emissions are significantly improved,
except only the NO, is slightly higher comparing to that of standard diesel fuel. ‘

1 Introduction

More than one hundred years ago, Rudolf Diesel in-
vented the diesel engine. Originally, he was especially
interested in using coal dust or vegetable oil as fuels.
In 1900, he demonstrated his diesel engine in the 1900
Exposition Universelle (World’s Fair) using peanut oil
as a fuel and it worked well at that time [1]. However,
later on, with the advent of refinery technologies and
cheap petroleum price, the diesel fuel was produced
and widely used in the diesel engine. Since then, the
vegetable oils were used in diesel engines time to time,

but usually only in the emergency situation or oil cri-

sis. And now, we all know the fossil petroleum is run-

ning out and will last only a few decades. The poten-

tial renewable energy resources have been investigate
and researched in almost every country.

Recently, the biodiesel have become more attractive in
every country in term of renewable energy. Also, the
price and the quality of the biodiesel is now more
competent to diesel due to the risen petroleum price
and biodiesel production knowledge, respectively.
Moreover, its environmental benefit is also the main
advantage. Ma and Hanna [2] reviewed the production

process and the possible raw materials for producing
biodiesel. The effect of some parameters in the trans-
esterification reaction, which is the most popular proc-
ess in producing biodiesel, such as content of moisture
and free fatty acid, alcohol molar ratio, catalyst, reac-
tion period, reaction temperature were reviewed. It is
suggested that the wasted cooking oil could be used as
raw material for producing biodiesel, however, it
should be anhydrous and very low in the free fatty

- acid. Kalligeros et al. investigated the properties of

biodiesel made by transesterification and found they
are quite similar, but the biodiesel has about 10% of
oxygen as a composition [3]. The biodiesel (100%
biodiesel or B100) and biodiesel-diesel blends were

“applied to the engine without any engine modification.

Tt was found that the engine performances are about 5-
10% lower [4]. A few researchers tested the biodiesel
and diesel in the engines and found the performances
of the engines are slightly lower. However, the engine
emissions such as carbon dioxide (CO), hydrocarbon
(HC), particulate matter (PM) and sulfur dioxide (SO;)
are lower, while the nitrogen oxide (NO,) is slightly
higher [5-6]



Ethanol is another an attractive alternative fuel, be-
cause it is a renewable bio-based resource and it is
oxygenated as well. Ethanol is considered as a cheap
oxygenate additive for fuel because it usually contains
about 34% of oxygen (by weight) [7]. Thereby, it
provides a great potential to reduce particulate emis-
sion in diesel engines. Ethanol can be blended with
diesel known as “diesohol”. However, due to the lower
heating value, lower Cetane number of ethanol, and
the miscibility in diesel. It is recommended not to
blend ethanol more than 20% in diesel [8]. In term of
engine performance, Hansen et ol found the power of
the engine is lowered by 7-10% when 15% of ethanol
is mixed in diesel, with 2.35% additive [9]. Kass et al
tested for the torque and PM of the engine when 10-
15% of ethanol was blended with 2% additive. The
torque is lower by about 8% where the PM is lower
about 20-41%. The No, was slightly increased but the
CO is slightly decreased [10].

In this study, the feasibility to apply the concept of
“biodiesohol” (i.e. biodiesel-ethanol bleand) or double
oxygenate fuel, instead of “diesohol”, is investigated.
Biodiesel-ethanol blends at various ratios are tested
for their fuel properties and applied to the single cyl-
inder diesel engine. The engine performance and emis-
sion are measured. The appropriate blending ratio
could be suggested considering the overall results.

2 Experimental Procedures
2.1 Fuel Preparation

In this study, the raw material for producing biodiesel
is the waste cooking oil which is collected from restau-
rants or food stalls around the city. Therefore, the oil
quality is quite random depending on the source. It
usually has high free fatty acid, strong smell, black in
colour, and moisture contaminate. From, the raw mate-
rial property, the 2-steps alcoholysis (esterification and
transesterification) process is selected for producing
biodiesel. The ethanol used in this study is an anhy-

drous ethanol (99.5%), analysis grade. Fuel properties

of the anhydrous ethanol are shown in Table. 1. The
blended biodiesel-ethanol properties are listed in Ta-
ble 2.

Table. 1 Property of anh droué ethanol [7

Specific gravity 0.7894
Viscosity 40 °C (cSt) 1.2
Oxygen content (wt %) 34
Flash point (°C) : 13.5
Heating value (MJ/kg) 27
Cetane Index 6
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The fuels used in this study are pure diesel (D100),
pure biodiesel (B100), blended biodiesel-ethanol with
5%, 10%, 15% ethanol by volume (i.e. BE95, BE90,
BES85 respectively). From Table. 2, it shown that the
viscosity of blend fuel is improved when percentage of
ethanol is higher and it gets very close to D100. This
should improve the spray and ignition quality of
biodiesel. However the cetane index and the heating
value will be lower as the ratio of blended ethanol is
increased. The engine may has trouble in ignition
quality and combustion efficiency. Therefore, this
study decide to test with upto 15% ethanol only.

Table. 2 Prope

of tested fuels

Specific
gravity D1298

viscosity@ | ASTM 41 | 644 | 561 | 484 | 4.43
40°C (cSt) | D88

Flash point | ASTM 52 155 70 38 32
(°O) D97

Fire point ASTM 74 160 | 105 69 32
(°C) D97

Cetane ASTM 52 | 509 | 49 48 474
Index D976-9

Heating ASTM 42 | 394 | 384 | 37 36.7
Value D1250

MVkg) e

2.2 Engine Dynamometer

The engine and the dynamometer used in this study is
the engine research test bed attached to the small sin-
gle cylinder diesel engine. The dynamometer is an
eddy current dynamometer which is able to adjust the
engine load and measure the torque and engine speed
by the strain-gauge load cell and tachometer. The
output reading are digital. The setup of the engine-
dynamometer is shown in Fig. 1.

- Instrument Pane

Dynamometer

Fig. 1 Setup of engine dynamometr and instrument



In this study, the engine is standard as original; no
modification in any part is done. In every test, the
engine is warm up about 5-10 minutes. The perform-
ance test is performed at full load at engine speed
range from 1200-2500 rpm. The torque, power, brake
specific fuel consumption and exhaust gas temperature
were measured and recorded. For the engine emission,
the black smoke is measured at the maximum rpm
using the partial flow opacity smoke meter. The CO,
CO,, NO, were recorded at the 2400 rpm which is the
maximum power condition.

Table 3. Technical specification of the tested engine

Engine Mitsubishi Diesel Engine

model D-800

No. 1 :

Bore x stroke 82 x 78 mm.

Cylinder volume 411 cc

Maximum horse 8.0 PS at 2,400 rpm
ower

Maximum torque 2.6 kg-m at 1,800 rpm

compression ratio 18:1

cooling system water

3 Experimental Results
3.1 Engine Performance

Torque and brake power of the tested engine at varied
engine speed are plotted and shown in Fig. 2 and Fig.
3, respectively. In the test, at the beginning, the engine
worked at the full load condition, then the varied en-
gine speed was achieved by increasing the torque at
the dynamometer. From Fig. 2, the torque is highest at
1800 rpm, while the brake power is maximum at 2400
rpm. From the plots, the trend of the torque at varied
speed from every fuel is quite similar, however the
BE85 seems to give the lowest torque which is about
6% lower than D100. The B100 gives nearly similar
torque as that of D100 by only 1.23% lower. For brake
power, the D100 give highest power as expected,
where the B100, BE95, BE90, BESS5 give 4.1%,
5.29%, 5.8% and 8.2% lower, respectively. Note that,
these comparisons are made at the maximum torque
and maximum power condition. It is also noticed that
at the high engine speed, the torque and power of the
engine from each fuel are quite similar or closer than
those at the low speed. It maybe benefit of the oxygen
amount and the better viscosity (i.e. better spray and
mixing) in the blended fuel.
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Fig. 3 Brake power and engine speed

Fig. 4 indicates the brake specific fuel consumption
(bsfc) of the engine at various speed. At low engine
speed the bsfc looks very similar the plot, however, if
it is looking at the figure, the bsfc of the BE85 and
BE90 is about 2.5% higher than that of D100. At 2500

E rpm, the bsfc of every fuel is quite high and the BE85

and BE90 are 5-10% higher than that of D100.
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Fig. 4 Brake specific fuel consumption and engine
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Fig. 5 Exhaust gas temperature and engine speed
The exhaust gas temperatures at various engine speeds
are plotted in Fig. 5. It is shown that the exhaust gas
temperature of D100 is averagely higher than others at
every engine speed. This is because of the higher
heating value of D100. The BE90 and BESS give quite
low exhaust gas temperature compared to others. In
aspect of engine operation, this would be a great bene-
fit for the longer engine life.

3.2 Engine Emission

Fig. 6 shows the level of black smoke from the tested
engines. The black smoke level is recorded at the
highest engine speed according to the tested standard.
It is interesting that the black smoke levels of the bio-
diesel-ethanol blends are significantly lowered. The
B100 can reduce the smoke level more than 50% of
that of D100. The BE85 give the lowest smoke level
which is about 30% lower than that of B100.
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Black Smoke (%)

D100 B 100 BE 95 BE 90 BE 85
Fuel type

Fig. 6 Black smoke level at maximum engine speed

D100 B100 BE9S BES0 BE85
Fuel type

Fig. 7 CO level at maximum power condition

Fig. 7 and Fig. 8 present the amount of CO and CO,
released by the tested engine at maximum brake power
condition respectively. It is found that the oxygenate
fuel (i.e B100 or BE) usually give lower CO and CO,
than D100. For CO, the B100 and BE95 give signifi-
cantly low CO, but it is increased when the amount of

- ethanol is increased (i.e. BE90 and BE85). This might

come from the lower cetane index of the ethanol and
cause the incomplete combustion. For the CO,, the
BE95 and BE90 give lowest CO, level.
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Fig. 8 CO, level at maximum power condition
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NOx (PPM)

Dioo BldO BE95 BE90 BE85
Fuel type

Fig. 9 NO, level at maximum power condition

For nitric oxide (NO,), all of the biofuels (the B100,
BE95, BE90, and BE85) give a little higher NO, than
that of D100 as shown in Fig. 9. The D100 give the
highest NO, compared to others. The NO, usually
occur when there is excess oxygen in the combustion
chamber coupling with the high temperature in the
cylinder or exhaust gas port. This result agrees well
with such fact.

4 Conclﬁding Remarks

This has successfully produced the biodiesel from
waste cooking oil and applied. it to the engine without
mixing with diesel. The idea of diesohol was applied
to be biodiesel-ethanol blends or “biodiesohol”. The
ethanol was blended to biodiesel at ratio of 5%, 10%
and 15%. The engine performance and emission were
tested and measured. It is found that the engine per-
formances are slightly lower than those of D100, be-
tween 5-10% depending on the engine speed. The
engine emissions level were investigated and showed
promising sign on the reduction of black smoke, CO,
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CO,. However, the NOx level from the biodiesel or
biodiesohol is slightly higher than that of diesel. In
summary, considering from aspects of engine perform-
ance and emission, the BE95 would be the most suit-
able blending portion of biodiesohol, however BE9(Q
or BE8S are still acceptable.
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Performance and Emission
Characteristics in Diesel Engine Using
Biodiesel from Waste Cooking Oil -

Ethanol blend as a Fuel
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ABSTRACT

This research aims to investigate the characteristics of Biodiesel-Ethanol blend
fuel in aspects of fuel properties, effect to engine performances, and effect to engine
emissions. The tested engine is a single cylinder diesel engine, 411 CC, Mitsubishi D-800.
Various mixing ratio of fuels, used in the experiments, are Biodiesel 100%, Biodiesel-
ethanol blend 95% (Biodiesel 95% - ethanol 5%), Biodiesel-ethanol blend 90%, and
Biodiesel-ethanol blend 85% by volume. These fuels are tested for their properties mainly
in aspect of being the diesel engine fuel and compared with standard diesel available from
the gas station (diesel 100%). Then the fuels are applied to the tested engine on the engine
dynamometer for its performances at 1200-2500 rpm, at full load condition. The
investigated performances are torque, power, specific fuel consumption, and exhaust gas
temperature. The engine emission measurements are also carried out at the 2400 rpm or at
the maximum power condition. The measured emissions are black smoke, Carbon
monoxide (CO), Carbon dioxide (CO,), and Nitric oxide (NO,). From the tests, in overall,
the engine performances are quite similar, but about 5% lower (average) with biodiesel-
ethanol blend. For the emission, the black smoke, CO, CO, from biodiesel-ethanol blend is
significantly lower, but the NO, is slightly higher comparing to those from standard diesel.

Key}vords : Biodiesel, Diesel Engine, Emission, Ethanol, Performance
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Abstract

This project éims to improve the quality of Bio-diesel fuel
blending - it with ethanol. Various blended ratios have been
prepared to improve the quality to standard diesel. Some of their
physical properties have been tested and compared with standard

diesel. The fuels are then applied to"the small engine (411cc.).
Engine performance such as torque, brake power, specific fuel
consumption are measured sample fuel in this study are (1)
diesel 100%, (2) biodiesel 100%, (3) biodiesel 95% + ethanol 5%
(4) biodiesel 90% + ethanol 10%, (5) biodiesel 85% + ethanol
15%. From the engine test, blended fuel usually gives slightly
lower performance. However the black smoke emission from
blended fuel is significantly improved comparirg to that from
standard diesel fuel. '
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Abstract ‘ _

This paper present the method to product the maximum
yield of biodigsel from used vegetable oil. The process and

necessary equipment are désigned for making biodiesel at 150

liter/bacth. The standed “Trans-esterification” process is adopted
by using sodium_hydroxide as the catalyst white the temperature
of the raw material is between 50-60 ° C. The mixing process is
between 1-4 hrs. The maximum yield of 88 % is obtained from
the mixing temperature of 607° C for 2 hrs mixing period. Then
biodiesel is mixed with standard diésel fuel at various ratio and
tested in a small single cylinder engine. It is and that the engine
performance are quite similar using both fuels. Howerer, the
biodiesel (100% ) useally showed lower torque and power,
around 5-10% ,comparing to those of standard diesel. Further
effect of biodiesel to engines are also under investigated.
Keyword; Biodiesel/ wast vegetable oils/ Transesterification
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Piston Volume 411 cc

Link ratio 3.54

Maximum output 8.0 PS / 2400 rpm

Maximum torque 2.6 kg-m / 1900 rpm

Compression ratio 18.0
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Abstract

Diesel blended fuel poses some_problems (fuel supply and
injection system) when it is applied to.standard compression
ignition engine (Cl). The problems are attributed by its high
viscosity and volatility. These problems can be minimized by
converting vegetable oils to biodiesel using the process called
“Trans-esterification”. In this study, the Transesterification reaction
of used cooking oil was carried out with methanol which was
reacted with hydrbcarbon. Sodium hydroxide was used as a
catalyst to yield Methyl Ester or Biodiesel. The product qualities
were evaluated by comparing physical characteristics of the
biodiesel to standard diesel fuel. These characteristics include
kinematics viscosity, pour point, flash point, fire point, density,
and specific gravity at 50% and 100% biodiesel. .The various
ratios of blended biodiesel and diesel oil were then tested in a
single gylinder diese! engine to observe the effect o engine
performance. The results of this experiment show that the
blodiesel from used cooking oil is able to be used in diese!
enginé without the problem of engine instability. The engine has
quite similar performances either using biodiesel or standard
diesel fuel. Further investigation at Idnger running period with
bigger engines (4 cylinders) should be carried out in the near

future to confirm this finding.
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