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APPENDIX

Calculation of kinematic viscosity

Using 0%refined palm kernel oil at 40°c

Kinematic viscosity (cSt) = Time (sec.) x Tube’s constant

Time = 206 sec., Tube’s constant = 0.01678
Kinematic viscosity (cSt) = 206 x 0.01678
= 346 ¢t

Table A-l Kinematic viscosity of the blends between refined palm kernel oil and
high-speed diesel at various temperatures

() 40°c
%volume of refined Kinematic viscosity Average
palm kernel oil (cSY) (cSt)  STDEV
1 2 3
0 346 346 346 346 0000
2 3 3713 3713 373 0010
4 3! 3719 3718 378 0010
6 38 388 388 387 0010
8 413 413 413 413 0000
10 443 44 - 44 442 0010
100 418 3393 418 3410 0147
(b) 50°c
%volume of refined Kinematic viscosity Average
palm kemel oil (cSY) (cSt)  STDEV

1 2 3
307 307 307 307  0.000
34 314 314 314 0000
131 317 317 0000
337 339 339 338 0010
349 349 349 349  0.000
359 359 359 359  0.000
2500 2500 2500 2500 0.000

§5m@4>mo



(c) 60°C

Y%volume of refined Kinematic viscosity Average
palm kernel ol (cSH) (cSt)  STDEV
1 2 3
0 258 258 258 258 0.000
2 262 262 262 262 0000
4 215 275 205 275 0000
6 28 28 285 28  0.000
8 294 294 294 294 0.000
10 315 355 315 315 0000
100 1939 1939 1939 1939  0.000
(d) 70°c
%volume of refined Kinematic viscosity Average
palm kernel ol (cSt) (cSt)  STDEV
1 AN
0 218 218 218 218  0.000
2 220 220 220 220 0.000
4 221 221 228 221 0010
6 231 238 231 231 0010
8 243 243 243 243 0.000
10 247 247 247 247 0.000
100 1480 1480 1480 1480  0.000
() 80°c
Y%volume of refined Kinematic viscosity Average
palm kernel oil (Cgt) . (cSt)  STDEV
1

185 185 186 18  0.000
193 193 193 193 0.000
203 203 203 203 0000
210 210 210 210  0.000
218 218 218 218  0.000
225 225 2% 225 0.000
114 1148 1148 1148  0.000

§'50003-l>|\>o
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Table A-2 Kinematic viscosity of the blends between refined palm oil and high-
speed diesel at various temperatures

(a) 40°c
%volume of refined Kinematic viscosity ~ Average
palm kernel oil (cSY) (cSt)  STDEV
1 2 3
0.00 384 3% 3% 38 000
0.05 402 402 402 402 000
0.10 405 405 405 405 000
0.15 408 408 408 408 000
0.20 414 414 414 414 000
100.00 4719 4719 4719 4719 000
(b) 50°
%volume of refined Kinematic viscosity ~ Average
palm kernel oil (cSt) (cSt)  STDEV
1 &y S
0.00 312 312 312 312 000
0.05 316 316 316 316 000
0.10 319 319 319 319 000
0.15 32 32 32 32 000
0.20 33 323 323 32 000
100.00 214 R4 R4 R14 000
(c) 60°c
%volume of refined Kinematic viscosity ~ Average
palm kernel oil (cSt) (cSt)  STDEV
1 2 3
0.00 262 262 262 262 000
0.05 262 262 262 262 000
0.10 26 266 265 265  0.00
0.15 206 266 266 266  0.00
0.20 268 268 268 268 0.0

100.00 2341 2347 2347 2347 000



(A 70%

%volume of refined
palm kernel oil

0.00
0.05
0.10
0.15
0.20
100.00

(€) 80°C

%volume of refined
palm kernel ol

0.00
0.05
0.10
0.15
0.20
100.00

Kinematic viscosity
(cSt)

1 2 3
220 220 220
225 25 2D
226 226 226
228 228 228
228 228 228
178 1786 1786

Kinematic viscosity

(cSt)
2
189 189 189
189 189 189
189 189 189
12 12 12
12 12 12
1403 1403 1403

Average
(cSt)

2.20
2.25
2.26
228
2.28
17.86

Average
(cSt)

189
1.89
189
192
192
1403

STDEV

0.00
0.00
0.00
0.00
0.00
0.00

STDEV

0.00
0.00
0.00
0.00
0.00
0.00
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Table A-3 Surface tension of the blends between refined palm kemel oil and high-
speed diesel at various temperatures

(a) 40°C

%volume of refined
palm kernel oil

'§Boocn-l>l\>o

1
28.10
28.20
28.20
28.20
28.20
2840
3170

Surface tension
(mN/m)
2
2820 2810
2820 2820
2820 2820
2820 2820
2820 2820
2830 2840
3160 3170

Average

(mNim) STDEV

28.13
28.20
28.20
28.20
28.20
28.31
31.67

0.058
0.000
0.000
0.000
0.000
0.058
0.058



(b) 50°

%volume of refined Surface tension Average
palm kernel oil fmN/m) (mN/m) STDEV
1 2 3
0 2140 2730 2740 2737 0.058
2 2160 2760  27.60  27.60  0.000
4 2170 2770 2770 27.70  0.000
6 2170 2770 27.70  27.70 0000
8 2170 2770 2770 27,70 0.000
10 2170 2770 27.70  27.70  0.000
100 3100 3100 3100 3100  0.000
(c) 60°C
%volume of refined Surface tension Average
palm kernel oil (mN/m) (mN/m) STDEV
1 2 3
0 2640 2640 2640  26.40  0.000
2 2660 2660  26.60 26.60  0.000
4 2670 2670 2670  26.70  0.000
6 2660 2660 2660 26.60  0.000
8 2680 2680 2680  26.80  0.000
10 2670 2670 2670 2670  0.000
100 3040 3040 3040 3040  0.000
(d) 70°
%volume of refined Surface tension Average
palm kernel oil (mN/m) (mN/m) STDEV
1 2 3
0 2590 2590 2590 2590  0.000
2 2590 2600 2600 2597  0.058
4 2620 2620 2620 2620  0.000
6 2610 2610 2600 26.07  0.058
8 2620 2620 2620 2620  0.000
10 2610 2610 2610  26.10  0.000

100 2990 2990 2990 2990  0.000



(e) 80°c

%volume of refined
palm kernel oil

H
oOOG)-hI\)O

100

1
2540
25.30
2540
25.50
25.30
2540
29.30

Surface tension
(mN/m)
2 3
2510  25.00
2530  25.30
2540 2540
2550 2550
2530 2530
2540 2540
2930  29.30

Average

(mN/m) STDEV
2507  0.058
2530  0.000
2540  0.000
2550  0.000
2530 0.000
2540  0.000
29.30  0.000
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Table A-4 Surface tension of the blends between refined palm oil and high-speed

diesel at various temperatures

(a) 40°

%volume of refined
palm oil

0.00
0.05
0.10
0.15
0.20
100.00

(b) 50°

%volume of_refined
palm oil

0.00
005
0.10
0.15
0.20
100.00

28.20
28.20
28.20
28.30
28.30
32.90

21.30
21.30
2140
2140
2140

Surface tension
(mN/m)
1 2
2820  28.20
2820 28.20
2820  28.20
2830  28.30
2830 28.30
3290 3290
Surface tension
(mN/m)
1 2
2130 2730
27130 27.30
2140 2740
2740 2740
2740 2740
3250 3240

32.40

Average

(mN/m) STDEV

28.20
28.20
28.20
28.30
28.30
32.90

Average

0.000
0.000
0.000
0.000
0.000
0.000

(mN/m) STDEV

21.30
21.30
2140
2140
21.40
32.43

0.000
0.000
0.000
0.000
0.000
0.058



(©) 60%

%volume of refined Surface tension Average
palm oil (mN/m) (mN/m) STDEV
1 2 3
0.00 2650 2650 26,50 2650  0.000
0.05 2650 26,50 2650  26.50  0.000
0.10 26.60  26.60 26.60  26.60  0.000
015 2660 2660 2660 26.60  0.000
0.20 2680 2680 26.80  26.80  0.000
100.00 3160 3160 3160  31.60  0.000
(d) 70°c
%volume of refined Surface tension Average
palm oil (mN/m) (mN/m) STDEV
1 2 3
0.00 2580 2580 2580  25.80  0.000
005 2580 2580 2580  25.80  0.000
0.10 26.00  26.00 26.00 26.00 0.000
0.15 26.00 26.00 26.00 26.00 0.000
0.20 2600 26,00 26.00 26.00 0.000
100.00 3090 3090 3090 30.90 0.000
(e) 80°c
%volume of refined Surface tension Average
palm oil (mN/m) (mN/m) STDEV
1 2 3
0.00 2500 2500  25.00  25.00  0.000
0.05 2500 2500 25.00 25.00  0.000
0.10 2500 2500  25.00  25.00  0.000
0.15 2500 2500 2500  25.00  0.000
0.20 25.00 2500 2500 2500  0.000

100.00 3020 3020 3020 3020  0.000
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Table A-5 Specific gravity of the blends between refined palm kernel oil and high-
speed diesel at various temperatures

(a) 40°c

%volume of refined
palm kernel oil

—_
O(DO')-PI\JO

100
(b) 50°

%volume of refined
palm kernel oil

O = PO O

8
10
100

(c) 60°

%volume of refined
palm kernel oil

H
Oooow-ml\ao

100

1
0.8050
0.8100
0.8100
0.8150
0.8150
0.6200
0.9050

1
0.8050
0.8050
0.8100
0.8100
0.8100
0.8150
0.8950

1
0.8000
0.8025
0.8025
0.8050
0.8050
0.8075
0.8900

Specific gravity

2
0.8050
0.8100
0.8100
0.8150
0.8150
0.8200
0.9050

3
0.8050
0.8100
0 8100
0.8150
0.8150
0.8200
0.9050

Specific gravity

2
0.8050
0.8050
0.8100
0.8100
0.8100
0.8150
0.8950

3
0.8050
0.8050
0.8100
0.8100
0.8100
0.8150
0.8950

Specific gravity

2
0.8000
0.8025
0.8025
0.8050
0.8050
0.8075
0.8900

3
0.8000
0.8025
0.8025
0.8050
0.8050
0.8075
0.8900

Average STDEV

0.8050
0.8100
0.8100
0.8150
0.8150
0.8200
0.9050

Average STDEV

0.8050
0.8050
0.8100
0.8100
0.8100
0.8150
0.8950

Average STDEV

0.8000
0.8025
0.8025
0.8050
0.8050
0.8075
0.8900

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000



(d) 70%

%volume of refined
palm kernel oil

o O &~ PO O

10
100

(©) 80°

%volume of refined
palm kernel oil

H
OOOOﬁ-bI\)O

100

Specific gravity

1
0.7900
0.7950
0.7950
0.7975
0.8000
0.8000
0.8800

2
0.7900
0.7950
0.7950
0.7975
0.8000
0.8000
0.8800

3
0.7900
0.7950
0.7950
0.7975
0.8000
0.8000
0.8800

Specific gravity

1
0.7900
0.7900
0.7900
0.7950
0.7975
0.7975
0.8750

2
0.7900
0.7900
0.7900
0.7950
0.7975
0.7975
0.8750

3
0.7900
0.7900
0.7900
0.7950
0.7975
0.7975
0.8750

Average STDEV

0.7900
0.7950
0.7950
0.7975
0.8000
0.8000
0.8800

Average STDEV

0.7900
0.7900
0.7900
0.7950
0.7975
0.7975
0.8750

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
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Table A-6 Specific gravity of the blends between refined palm oil and high-speed

diesel at various temperatures

(a) 40°c

%volume of refined
palm kernel oil

0.00
0.05
0.10
0.15
0.20
100.00

Specific gravity

1
0.8100
0.8100
0.8100
0.8100
0.8100
0.8950

2
0.8100
0.8100
0.8100
0.8100
0.8100
0.8950

3
0.8100
0.8100
0.8100
0.8100
0.8100
0.8950

Average STDEV

0.8100
0.8100
0.8100
0.8100
0.8100
0.8950

0.000
0.000
0.000
0.000
0.000
0.000



(h) 50°
%volume of refined

palm kernel oil Specifc gravity Average STDEV
1 2 3
0.00 0.8050 0.8050 0.8050 0.8050 0.000
0.05 0.8050 0.8050 0.8050 0.8050 0.000
0.10 0.8050 0.8050 0.8050 0.8050  0.000
0.15 0.8050 0.8050 0.8050 0.8050  0.000
0.20 0.8050 0.8050 0.8050 0.8050 0.000
100.00 0.8875 0.8875 08875 0.8875 0.000
(c) 60°c
%volume of refined PR
palm kernel oil pecific gravity Average STDEV
1 2 3
0.00 0.7975 07975 0.7975 0.7975  0.000
0.05 07975 0.7975 07975 0.7975  0.000
0.10 0.7975  0.7975 0.7975 0.7975  0.000
0.15 0.7975 07975 07975 0.7975  0.000
0.20 0.7975 0.7975 0.7975 0.7975  0.000
100.00 0.8800  0.8800 0.8800 0.8800  0.000
(d) 70°c
%volume of refined P
palm kernel oil s graytty Average STDEV
1 2 3
0.00 0.7900 0.7900 0.7900 0.7900  0.000
0.05 0.7900 0.7900 0.7900 0.7900  0.000
0.10 0.7900 0.7900 0.7900 0.7900 0.000
0.15 0.7900 0.7900 0.7900 0.7900  0.000
0.20 0.7900 0.7900 0.7900 0.7900  0.000

100.00 08750 0.8750 08750 0.8750 0.000
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(e) 80°C
%volume of refined PR
palm kernel oil Specific gravity Average STDEV
1 2 3
0.00 0.7850 0.7850 0.7850 0.7850  0.000
0.05 0.7850 0.7850 0.7850 0.7850  0.000
0.10 0.7850 0.7850 0.7850 0.7850  0.000
0.15 0.7850 0.7850 0.7850 0.7850 0000
0.20 0.7850 0.7850 0.7850 0.7850  0.000
100.00 0.8650 0.8650 0.8650 0.8650  0.000

Calculation of Oh and ReL
2 vol% of refined palm kernel oil blends at 40°c, 4o = 0.2 mm, horse power
= 80HP, BSFC = 0.5 and duty cycle = 0.9

£ VipLod0 (A
where Oh = Ohnesorge number
P1 = Viscosity of the blends (kg/m.s)
pL = Density of the blends (kg/m3)
a = Surface tension of the blends (mN/m)
4o = Diameter of hole injector (m)

_ 3.46
V803.69 X28.2 X0.2 X103

= 163
ReL = Pidpdo (A2)

where U= Velocity at the injector exit (m/s)

_ UL{lbs / hr) XpL A3
ULM5) = 3600 X2.2 X2 A3



UL(lbs/hr) = HPXxBSFC
no. of injector Xduty cycle

80x0.5
4x0.9

UiXIbs/h)

1111 Ihsfhr

1111 x 803.69
3600 X2.2 XTTX (0.1x1 092

UL(m/s)

357 X107 m/s

50, ReL = 803.69 X3.57x107% 0.2x10'3
3.46

= 165xio6
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Table A-7 Composition of palm kernel oil and palm oil

Composition Palm kernel ail Palm ail
C8 14 :
Cl0 2.9 :
C12 509 03
Cl4 184 11
Cl16 8.7 429
Cl6:1 - 0.2
Cl7 1 7 0.1
C18 19 4.6
C18:1 146 39.3
Cl82 - 10.7
CI83 12 :
C184 - 04
C20 03
C22 0.1



Name:

Date of Birth:

Nationality:

University Education:
1997-2001

CURRICULUM VITAE

Ms. Naramas Hitaphan
November 20, 1979
Thai

Bachelor Degree of Science in Chemical Engineering,
Faculty of Science, Chulalongkorn University, Bangkok,
Thailand

45



	REFERENCES
	APPENDIX
	CURRICULUM VITAE

