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Abstract

This researth aims to determine the optimum conditions to achieve the maximum yield in

biodiesel production process. The raw material for preducing biodiesel is either used vegetable oil.

The prototype of bipdicsel reactor at capacity of 150 liter/batch is designed and manufactured. The

typical process callgd “Trans-esterification” reaction is adopted by using methanol as the reactor and

sodium hydroxide

as the catalyst, while the temperature of the raw muaterial is heated to the

temperature betweep 50-65 °C. In the experiment, the reacting time is varied between 1-4 hrs. The

maximum yield of

28 % is obtained at the mixing temperature of 60 °C and for the reacting period of

2 hrs. Then the oufput biodieset is tested for its fuel properties and applied to the single cylinder

engine to verify its|effects. When the biodiesel is mixed with standard diesel, engine performances

are quite similar to|those of using standard diesel fuel. However, when the pure biodiesel (100%) is

applied, the engine|usually gives the lower torque and power, around 5-10%, comparing to those of

using standard diedel fuel. The specific fuel consumption of the engine with pure biodiesel is alse

tested and is about

5-10% higher than that of using standard diesel fuel.
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Descriptions Hith Speed | Low Speed Diesel 100% Methyl | 10% Methyl

iesel Diesel Ester Ester

Specific gravity 081-0.87 0.920 Max 0.8283 0.8642 0.8306

@156 'C

ASTM D 1298

Kinematic 1.8-4.1 8.0 Max 3.36 6.32 3.66

viscosity at 46 C

ASTM D445

Pour point* C . 10 Max 16 Max -8 15 2

ASTM D97

Sulphur Content, 0{05 Max 1.5 Max 0.04 0.001 -

Yowt

ASTM D129

Flash point " C 52 Min 66 Min 65.73 152 69.2

ASTM D 93

Fire point ~ C - - 74 188 84

Heating value - - 47330 40,390 47,317

(KJKg)
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JWin/ma vsuignld vl vae
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MAnaN 4,923,027 6 1,349,320 8
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manueaniitini 1,671,611 2 576,257 3
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maaziusen 292,588,212 27 2,090,434 13
YL 83,147,825 100 16,490,676 100
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D = sinadushgudnaneadluniu  (m)

n = SPUTBIMIMYUEBMH  (pm.)

L = Dynamic viscosity (N.s/m”)
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Faaamslduowainnenawas 1/2 bp saiu@anmnaluniu 0.25 m

3.3 ﬂ']‘iililﬂl.l\.l‘lj{l.ﬂﬂ']ﬂ'lﬂ ASTM

- o
LuaAntuan

- . o o
FaldmsAmuaeny ASTM code 9

AMUIBNIUSAINIEMANAEWIUNINENNTS

sele

MNFAUNTT

P=F,-F)V

(F,-F) =PIV

F1

2

ef&n'sinﬁ

o}
logf £=0.4,9=2.741ad,B=20°

J 1) d »
unuenee qasluaumsi 3.6 a:la

o &
auu

F,= 14.58 b
F,= 0.58 Ib

_ 0.5x550x12%x 60

£ x9%500

F, = 25F,

& [ =] b a4 H 1 wa o [ o &
‘csamnjumang‘dwiimmunmmmﬂ ‘U\ﬂ.&lﬂ‘i’lﬂﬂ'\ﬂﬂlﬁﬂﬂﬂﬂLI.'IJNE]UGN'IJH
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nnUh 3.2

le

F=0.58 Ib

P
L

F=14.581b

“ - A 1
Ui 3.4 uamusansnhidemewlvg

121in

¥
15.16|1b

Z M,=0;

A= 20.211b

B= 5,051b

T b

P |
31 3.5 udmusenssiIiwe

12A-15.16(16)=0

B-20.21+15.16=0
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41n 12 in
-
v T A l B
1516 1b
50516
-15.16 b
-60.64 Ib. in
3111"1 3.6 wamuRuMWLTITaunarluueTnssYhdawa
NN T=(F,—-F,)r
T=(14.58 Ib— 0.58 Ib) (4.5in)
azle T =63 Ib.in
FATMIANIUWIINY ASTM code Sinfuwmnaneu
16
T,= E—;J(kmM)z +(k,T)? (3.7)

ANITOMITNAINET LARIATHNS

D= ;f Jl ) + k1) 3.9
d
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o
Aluaunmsn 3.8

16

D= —— —J(2x60.64)% +(1.5x63)*
z(som)J( )2 +( )

D=0.46 in

o o - o M
UWENUUNA 0.46 in Fwnmunsmaaninne lnddsiveiennale

E VI | o P [
was % i suutiasMuINEFNLatiamnsiNarnuaImelums gy

Fudanmdniwarnarmnadushgudnai % i

3.4 MIDANULLBUIATIUIWIU

v v
Pnhlaaanu
v
AR AU

as Y ow

= - x = W
pulunusauaredfnibiuigusznausniuiidayalumssanuuy

1. ¥aI@asMR % hp 1 @AG32158Y 1,500 pm

2. IWa1a 3

AT

3. Tunmuaun
4. MNBADA
5. STHYWINSY

6. ANNT DS

Ul 3

Wurhgudnan 10 i
Tty 3 0
Tadamewnudnuaziveg 15

MINIUNENNNY 500 rpm

i

Dy

7 AaudnvnzeaI@EUdIing] ( Shigley and Miscke,2002)
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wanadamawual wallanndums

-
1a89  dm uas

nm o3

UNUAINE qadludun

1 IJ
Anmanzanlunseni

s 8
MU

dm np
dp nm
: dp AD MNATNRDEEWIUAIVULALASNNMUEGY
: np AEANMTITEVIANADANEWNUNITULAZAIMUAINIIAY
4 v
s 3.9 szla
1500 &
dp=——(3) =91
500
IWUU@EWIUENT
D< C <3(DHd) (3.10)
vl w |
9< 15 <3(9+3)  (midmalaaglunmsinunza)

WIANHETIENEEWIRINTUNIT

unueena adlugun

2
L, =2C+1.57 (D+d) + (D-a)
' 4c

57 8.11 2:ld

2
L, =2(15)+ 1.57(9+3)+ ©-3)
4(15)

L = 49.44in

(3.11)
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NNHENSAINNAN LARNNSONEDNFIEWIU Section A AMUENT 48 in TNATWH 3.1 UALENTN

f 3.2

@15797 3.1 Standard [V-Belt Section ( Shigley and Miscke, 2002)

—
T
A
BELT WIDTH a. THICKNESS b. MINIMUM Hp RANGE
SECTION in in SHEAVE ONE OR MORE
DIAMETER , in BELTS
A 1 4 3.0 1-10
B i Z 5.4 1-25
C 3 1z 9.0 15-100
D 11 3 13.0 50-250
E 1% 1 21.6 100 and up
ﬁ'l‘n\ﬁ'l 3.2 Inside Cimmferences of standard V Belts (Shigley and Miscke,2002)
SECTION CIRCUMFERENCE, in
A 26,31,33,15,38,42,46,48,51,53,55,57,60,62,64,66,68,71,75,78,80,85,90,96,105,1 12,120,128
B 35,38,42,46,48,51,53,55,57,60,62,64,65,66,68,71,75,78,79,81,83,85,90,93,97,100,103,105
112,120,128,131,136,144,158,173,180,195,210,240,270,300
C 51,60,68,75,81,85,90,96,105,112,120,128,136,144,158,162,173,180,195,210,240,300,330,
360,390,420
D 120 ,128,144,158,162,173,180,195,210,240,270,300,330,360,390,420,480,540,600,660
180,195,2(10,240,270,300,330,360,390,420,480,540,600,660




@1318h 3.3 Horsepoy

ver Rating of standard V Belts

33

BELT SHEAME PITCH BELT SPEED ft/min
SECTION DIAMETER, in 1000 2000 3000 4000 5000
A 28 047 0.62 0.53 0.15

30 0.66 1.01 1,12 0.93 0.38

34 0.81 1.3 1.57 1.53 1.12

38 0.93 1.55 1.92 2.00 1.71

42 1.03 1.74 2.20 238 2.18

4.6 1.11 1.89 2.44 269 2.58

5.0 ernd up 1.17 2.03 264 2.96 2.89

B 2 1.07 1.58 1.68 1.26 0.22
6 1.27 1.99 229 2,08 1.24

.0 1.44 2.33 2.80 276 2.10

4 1.59 262 324 3.34 2.82

.8 1.72 2.87 3.61 3.85 3.45

2 1.82 3.098 3.94 4.28 4.00

6 192 3.29 4,23 467 4.48

7.0 3nd up 2.01 3.46 4.49 5.01 4.90

D 5.0 1.84 2.66 2.72 1.87

70 2.48 3.94 464 4,44 3.12

8.0 2.96 4.80 6.09 6.36 552

9.0 3.34 5.65 7.21 7.86 7.39

10.0 3.64 6.25 8.1 9.06 8.89

1.0 3.88 6.74 8.84 10.0 10.1

12.0 pnd up 4.09 7.15 9.46 10.9 111

E 0.0 4.14 6.13 6.55 5.09 1.35
1.0 5.00 7.83 9.1 8.50 5.62

12.0 5.71 9.26 11.20 114 9.18
13.0 8.31 10.50 13.0 13.8 12.20
14.0 8.82 11.50 14.6 15.8 14.80
15.0 1.27 12.40 159 17.6 17.00
16.0 7.66 13.20 17.1 18.2 19.00
17.0 land up 8.01 13.90 18.1 206 20.70

E 16.0 8.68 14.0 17.5 1841 15.3
18.0 9.92 16.7 21.2 23.0 21.5

40.0 10.90 18.7 24.2 269 264

22.0 11.70 20.3 26.6 30.2 30.5
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4.0 12.40 216 28.6 329 338
26.0 13.00 228 30.3 35.1 36.7
28.0 and up 13.40 23.7 3.8 374 39.1

aNUGUBUTUTEWIUAITHAITEIN 1,000 fpm <V < 5,000 fpm

aeld v mn _ 7x3x1500 ) og min

12 12

Q‘]ﬂfr’l'ﬁ'l\'lfll 3.3
FHWIU Sectipn A llas d, = 3 in.
Rated hp = 0.7223 hp @iatdu (interpolation)
Corrected hp = k k, (rated hp)
0 =157.6°

1 10 1
Ange of contect §

Eﬂﬁ 3.8 Corrected factor K, for angle of contact. Multiply the rated horsepower per belt by this factor

to obtain the corrected horsepower. (Shigley and Miscke,2002)




= .
#13199 3.4 Belt-Length Correction Factor K,

LENGTH NOMINAL BELT LENGTH, in

FACTOR A BELTS B BELTS C BELTS D BELTS E BELTS
0.85 Upto 35 Upto 46 Upto 75 Upto 128
0.90 3846 48-60 81-96 144-162 Up to 195
0.95 48:55 62-75 105-120 173-210 210-240
1.00 60r75 78-97 128-158 240 270-300
1.05 78190 105-120 162-195 270-330 330-390
1.10 96112 - 128-144 210-240 360-420 420-480
1.15 120 and up 158-180 270-300 480 540-600
1.20 195 and up 330 and up 540 and up 660

r 4
NNeTIN 3.4 wasgUn 3.5 wla
k, =0.95
k, =095

Corrected hp = .95 x0.95 x0.7223
=0.65 hp (FDLdW)

- = liv L) J o o W
ansodanliaemuniie A anuem 48 {7 S 1 i e g lumsdedasld
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- w i o a ¥ oo
#1597 3.5 anvazmlvrasnaiasndmhiululafus

iy

s

31805 MR Tan
-Tunau IWARUHYYIN 2 mm
ANUNTN 7 mm
AN 12.5 mm
~UNUIWNED wWuthaudnan ManNaNAY
19 mm (M4 f‘l,’n)
ANNEM 1 m
Somuwiudn Wushgudnae 3 i wianvas
Famavnlvg Wuehgudnan 9 ih dnuaa
PPy v bp wpwwasnsTudasy 1 wld
-paugnilu mnagmumely % in antiuegnen seif-alining
SN 210 Aats daniumdnmly
- &9 washing 240 03 Sahdumdnmludaanilu
NIINTA
AL % i Nanhmuiswaa
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pminivluladwapannnndwaduudni ludsimi (Washing) Uszanm
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@159 4.1 sr8asLd ammaiiazauAIsEuARlFlUMShAdaY

Model D-800 (Mitsubishi Diesel Engine)

Bore x Strake 82 x 78 mm.
number of cylinder 1

Piston Volume 411 cc

Link ratio 3.54

Maximum output 8.0 PS /2400 rpm
Maximum toyque 2.6 kg-m / 1900 rpm
Compression|ratio 18.0
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Description Diesel Diesel Diesel 100% Biodiesel
(High speed) | (Low speed)
Density@15°C - - 0.8283 0.8642
Viscosity@ 40°C ASTM D88 1.8-4.1 8.0 max 3.36 6.445
Specific gravity 0.81 - 0.832 0.88
ASTM D1298
Fire point (°C) ASTM D92 - - 74 160
Flash point (°C) ASTM D92 52 min 66 min 65.73 155
Heating value (MIVKg) - - 42.9 39.4
ASTM D1250
Cetane index ASTM 976-9 47 min 45 min 52 45
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@1519% 0.1 Tudin zmad.%wm,._:m«zmnd%caeﬂ:zj._.m&,_mxﬂEmm._.__.s.w_ 2aeud
shiude
nirpm) | Wikgf) | t(sec) F(N}) T(N.m) | t(hr) P(W) P{hp} V(litre) F(litresnr) | bsic{g/hp.hr) | bmep{kPa)

2540 0.6 35 5.89 1.413 0.0097 375.555 0.503 0.005 0.514 835.1365 43.170
2530 1 32 2.81 2.354 0.0089 623.461 0.836 0.005 0.563 550.2245 71.950
2515 15 30 14.72 3.632 0.0083 | 929.647 1.246 0.005 0.600 393.6044 107.924
2510 2 27 19.62 4,709 0.0075 | 1237.065 1.658 0.005 0.667 328.6571 143.899
2495 3 24 29.43 7.063 0.0067 | 1844.508 2.473 0.005 0.750 247.9747 215.849
2485 4 20 39.24 8.418 0.0066 | 2449.486 3.283 0.005 0.900 2240753 287.798
2465 5 16 49.05 11.772 0.0044 | 3037.215 4.071 0.005 1.125 225.8034 359.748
2450 5.5 12 53.96 12.249 0.0033 | 3320.607 4,451 0.005 1.500 275.4866 395.723
2440 3] 10 58.86 14,126 0.0028 | 3607.694 4,836 0.005 1.800 304.2772 431.697
2335 6.3 61.80 14.833 3625.0687 4,859 453,282
3250 64 62.78 | 15.068 3548668 | A4.757 260 477
2140 7 68.67 16.481 3691.479 4,948 503.847
2100 7.1 69.65| 16.716 3674.230 | 4.925 510.842
2045 7.2 70.63 16.852 3628.394 4,864 518.037
1915 7.2 70.63 | 16.952 3397.738 | 4.555 518.037
1790 73 7161 17.187 3220.064 | 4.316 525,032
1640 7.4 72.59 17.423 2890.640 4.009 532 427
1530 7.3 7161 | 17.187 2752.345 | 3.689 525,232
1460 7.2 70.63 | 16.952 2500443 | 3.472 518.037
1235 7.2 70.63 | 16.952 2191.231 2.937 518.037

965 7.1 60.65| 16.716 1688.396 | 2.263 510.842

875 7 6867 [ 16,481 509367 | 2.023 563-647

705 6.9 67.69 16.245 1198.745 1.607 496.452

545 6.8 66.71 16.010 913.259 1.224 489,257

500 6.7 65.73 | 15.774 825.531 1.107 482.062

450 6.6 64.75 15.639 731.889 0.981 474.867

400 5 49.05 11.772 492.854 0.661 359.748
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- w . Y oo - Pl w o
MR 0.2 TuinkamsnasswuasramsimnmsiEninluladiea100 wWodlBudiuninwud

Tuladiza100 wWadiBue
nirpm) | Wikgf) | t{sec) F(N) T(N.m) | t{hr} P(W) P(hp) V(iitre) [ F{litre/hr) | bsfc{g/hp.hr) | bmep(kPa)
2525 05 31 4905 | 1.1772| 0.0086| 311.114 0.417 | 0.005 0.581 1202.938 35.975
2515 1 30 9.810 2354 | 0.0083| 619.764 0.831 0.005 0.600 623.9804 71.950
2510 1.5 271 14715 3532 | 0.0075| 927.798 1.244 0.005 0.667 463.1351 107.924
2500 2 24| 19.820 4709 | 0.0067 | 1,232.136 1652 0.005 0.750 392.3333 143.899
2490 3 21| 29.430 7.063 | 0.0058 [ 1,840.811 2468 | 0.005 0.857 300.1211 215.849
2470 4 17 | 39.240 9.418 | 0.0047 | 2,434.701 3.264 | 0.005 1.059 280.3048 287.798
2425 5 10| 49.0680| 11.772] 0.0028 | 2,987.930 4005| 0.005 1.800 388.2886 359.748
2420 55 70| 53.955] 12.048 | 0.0028[3,279.946| 4.397| 0.005 1.800 353.71% 395.723
2170 6.2 9| 60822 | 14597 | 0.0025]3315432| 4.444] 0.005 2.000 388.8145 446.087
2055 6.4 62.784 [ 15.068 3,241.011 4345 460.477
2025 6.4 62.784 | 15.068 3193697 | 4.281 460.477
1850 6.6 64.746 | 15.539 3,008.876 | 4.033 474.867
1842 6.7 66.727 | 15.774 3041257 | 4.077 482.062
1692 6.8 66.708 | 16.010 2,835,293 3.801 488,257
1120 6.8 66.708 | 16.010 1876790 | 2518 489.257
770 6.6 64.746 | 15539 1,252,343 1679 474.867
745 6.5 63.765 | 15.304 1,183.324 1.600 467.672
560 6.4 $2.784 | 15.068 883.195 1.184 460.477
470 6.3 61.803 | 14.833 729.671 0.978 453.282
400 5 49050 | 11.772 492,854 | 0.661 359,748
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- o o N v a = ) ] -
M5ei 0.3 Tuinuammessuaskamsmwnmnmsiiiniululedins 25 WadiBud fusaeud

indululefas 25 wadiud
nirpm) | Wikgf) | t{sec) F(N) T(N.m} | t(hr) P{W) P(hp) Vilire) | F{litre/hr) | bsfe{g/hp.hr) | bmep(kPa)
2535 06 36 5.89 1413 | 0.0100| 374816 0502| 0.005 0.500 825.9791 43170
2525 1 32 9.81 2354 | 0.0089 | 622.229| 0.834]| 0.005 0.563 569.744 71.950
2515 15 29 14.72 | 2532 | 00081 | 929647| 1.246]| 0.005 0.621 413.4029 107.924
2500 2 27 19.62 | 4.709| 0.0075| 1232.136 1652 0.005 0.667 335.0171 143.899
2490 3 22 | 29.43| 7.063| 0.0081 | 1840.811 2468 | 0.005 0.818 275.2057 215.849
2460 4 15| 30241 0418| 00042 | 2424.844| 3250| 0.005 1.200 306.4181 287.798
2430 5 11 49.05 | 11.772| 0.0031] 2994.000| 4.014[ 0.005 1.636 338,4011 359.748
2345 55 10| 53.96| 12049 | 0.0028 [ 3178.295| 4.260| 0.005 1,800 350.6673 395.723
2150 B 10| 58.86| 14.126 [ 0.0028 | 3178.911 4.261 0.005 1.800 350.5993 431.697
2145 65 63.77| 15.304 3435.811 4.606 467.672
1945 6.7 85.73 | 15.774 3211.316 | 4.305 482 062
1835 6.8 86.71 | 16.010 3074919 | 4.122 489.257
1000 6.8 66.71 | 16.010 1675.705 | 2.248 489,257
860 6.7 65.73 | 15.774 1419.914 | 1.903 482.062
760 6.6 64.75 | 15.539 1236.079 1.657 474.867
685 65 83.77 | 15.304 1007.217 | 1.471 467.672
600 6.4 62.78 | 15.068 946.280 | 1.268. 460.477
550 6.3 61.80 | 14.833 853.870 1.145 453282
510 6.2 60.82 | 14.597 779.203 1.045 446.087
500 6.1 50.84 | 14.362 751603 | 1.008 438.892
450 8 58.86 | 14.126 $65.353 | 0.892 431.697
400 5 49.05 | 11.772 492.854 | 0.661 350.748 |
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P o ot . vl e a - o o -
719N n.4 dﬁSDZQDJdSSQm_aFQu2m:.._,_m34=02aJ334m.—dﬂJ2:ACHm9_..mm 50 ',Qm.m_.._mﬁs E:rs.mman_ﬂq._‘

iluTedos 50 wadidve
nom) | Wikgh) | tsec) ] F(N) TNm) | {hn P(W) Plhp) | Viitre) | Flitre/nr) | bsfc(g/hp.hr) | bmep(kPa)
2530 0.7 32 687 | 1648 | 00080 | 436.423| 0.585| 0.005] 0563 807.669 50.365
2525 1 31 981 ] 2354 00086| 622220 0834| 0.005| 0581 | 584.7617 71.950
2515 15 28| 1472 | B5552| 00078| 929.647| 1.246| 0.005| 0.643 | 433.3259 107.924
2500 2 58 | 10.60| 4.709 | 0.0072 | 1232.136 | 1.652] 0.005]| 0692 352.094 143,899
5490 3 55 | 29.43 |  7.063| 0.0061| 1840811 | 2.468| 0.005| 0818] 2785215 | 215.849
2480 3 T8 | 39241 9418| 0.0050 | 2444.558 | 3.277 | 0.006| 1.000 | 256.3408 |  287.798
2450 5 1T 2805 11772 00031 | 3018.733| 4.047| 0.005] 1.636| 339.6825|  359.748
2325 6 10 5886 14.126| 0.0028 | 3437.659 | 4608 | 0.005| 1.800 | 328.1163 |  431.697
1900 66 o1 64375 | 15539 | 00025 3090.197 | 4.142| 0.005| 2.000 | 405.5664 |  474.867
1645 ) 86.71] 16.010 2756.535 | 3.605 389.257 |
1373 60 57.691 16.245 2334577 |  3.129 496.452
1075 6.9 B7.68| 16.245 1827.674 |  2.450 496,452
770 5.9 67.60 | 16.245 1300.268 | 1.755 496.452
580 68 §6.71 | 16.010 971.000 | 1.303 289.257 |
500 56 64.75| 15539 813010 | 1.000 474.867
200 5 3805 | 11772 392.854 | 0.661 359.748
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winluTedizs 75 Wasidud
nipm) | Wikah | (seq) | F(N) T{m) | 1hn PW) P(hp) | V{iitre) | F(litre/hn) | bsfe(g/hp.hr) | bmep(kPa)
2530 0.8 36 E89| 1.413| 001001 374076 0501| 0005| 0500| 847.5539 4317
5525 1 33 5811 2354 | 00002]| 622.229| 0.834| 0.005]| 0545| 555.8611 71.95
2515 15 301 14.72| 3532 | 00083 | 929.647| 1.246| 0.005] 0600 | 409.2523 107.92
5500 2 571 1963 4709| 00075 1232.136] 1.652] 0.005| 0.667 | 343.0898 143.90
2485 3 53| 2943 | 7.063| 0.0064| 1837.115| 2463 | 0.005| 0.783 | 270.1258 215.85
5465 ) 171 3904 0418 | 0.0047 | 2420.772 | 3.257 | 0.005| 1.058 | 276.3222 267.80
2430 5 11 4005 11772 | 0.0031| 2994000 | 4.014| 0.005| 1.636| 346.5554 359.75
2410 55 0| 5366 12945 | 0.0026 | 3266.393 | 4.379| 0.005| 1.800 | 2348.4314 395.72
5370 3 101 5886 | 14.126 | 0.0028 | 3504.195 | 4.697 | 0.005| 1.800 | 325.7182 431.70
2200 6.2 g082 | 14597 3361267 | 4.506 446.09
2050 5.4 §2.78 | 15.068 3233.125 | 4.334 460.48
1890 6.5 63.77 | 15.304 3027.358 | 4.058 467.67
1610 66 64.75 | 15.539 2618535 | 2.510 474.87
1500 6.5 63.77 | 15.304 5402.665 | 3.021 367.67 |
1180 6.5 63.77 | 15.304 1906.114 | 2.555 467.67
870 6.4 62.78 | 15.068 1372107 |  1.839 460.48
710 6.3 61.80 | 14633 1702260 | 1.478 453.28
05 6.2 60.82 | 14.597 924.348 | 1.239 446.09
545 6. 59.84 | 14.362 B19.247 | 1.098 438.89
490 5.9 57.68 | 13.801 712.421 | 0955 424.50
200 5 39.05 | 11.772 392.854 | 0.661 350,75
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