
RESULTS AND DISCUSSION
CHAPTER IV

B le n d s  b e tw e e n  refin ed  p alm  k ern el o il or  refin ed  p a lm  o il and h ig h -sp e e d  
d ie se l w e r e  stu d ied . P rop erties o f  th e  b len d s w e r e  in v e s t ig a te d  and rela ted  to  their  
a to m iza tio n  ch ara cter istics . In ad d ition , th e  p rop erties w e r e  corre la ted  to  th e  b len d  
co n cen tra tio n  and tem perature.

Table 4.1 P rop erties  o f  th e  h ig h -sp e e d  d ie se l, refin ed  p a lm  k ern el o il and refin ed  
p alm  o il

Properties High-speed
diesel

Refined palm 
kernel oil Refined palm oil

S p e c if ic  g ra v ity 0 .8 0 5 0 .9 0 5 0 .8 9 5
K in em a tic  v is c o s ity  

(c S t)
3 .4 6 3 4 .1 0 4 7 .1 9

S u rface  te n s io n  
(m N /m )

2 8 .1 3 3 1 .6 7 3 2 .9 0

P our p oin t
(°C )

< - 1 1 2 5 .3 0 6 .0 0

F lash  p o in t
(°C )

71 301 3 5 0

C arbon resid u e  
(w t% )

0 .0 0 4 0 . 1 1 2 0 .3 9 0

T a b le  4 .1  sh o w s  p rop erties o f  h ig h -sp e e d  d ie se l, r e fin e d  p a lm  k ern el o il, and 
refin ed  p a lm  o il. T h e k in em a tic  v is c o s ity , p ou r p oin t, f la sh  p o in t  and carb on  resid u e  
o f  th e  tw o  p alm  o ils  are v ery  h igh  com p a red  w ith  th o se  o f  th e  d ie se l. In ad d ition , the  
refin ed  p a lm  k ern el o il h as lo w e r  k in em a tic  v is c o s ity , fla sh  p o in t and carb on  resid u e  
than th o se  o f  th e  refin ed  palm  o il but has h igh er p ou r p oint. A  reaso n  m ay b e  the  
h igh er am o u n t o f  lo n g  carb o n -ch a in  len g th  c o m p o u n d s  in th e  re fin ed  p alm  oil than
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4.1 Blend Properties

4 .1 .1  K in e m a tic  V is c o s ity
F ig u re  4.1 sh o w s  th e k in em a tic  v is c o s ity  o f  th e  b len d s  b e tw e e n  re fin ed  

p alm  k ern el o i l  or refin ed  palm  o il and h ig h -sp e e d  d ie se l as a fu n c t io n  o f  th e  refin ed  
p alm  k ern el o il or refin ed  p alm  o il am o u n t and tem p era tu re. T h e  am ou n t o f  the  
refin ed  p alm  k ern el o il or refin ed  palm  o il a ffe c ts  th e  k in e m a tic  v is c o s it y  o f  th e  
b len d s  to a h ig h er  ex ten t at lo w e r  tem p eratu res. T h e k in e m a tic  v is c o s it y  o f  the  
b len d s  in c r e a se s  w ith  an in crea se  o f  th e  refin ed  p a lm  k ern el o il or  re fin ed  p a lm  oil 
b e c a u se  th e  re fin ed  p alm  k ern el o il and re fin ed  p alm  o il h a v e  h ig h e r  v is c o s ity  than  
th e  d iese l. D u e  to  th e  h ig h -sp e e d  d ie se l standard, w h ic h  req u ires  that k in em a tic  
v is c o s ity  o f  th e  h ig h -sp e e d  d ie se l b e  lo w e r  than 4 .1  cS t at 4 0 ° c  (T h e  m in istry  o f  
c o m m e r c e  o f  T h ailan d , 19 98 ), n ot m ore than 8 v o l%  o f  th e  re fin ed  p alm  k ern el oil 
and 0 .2 0  v o l%  o f  th e  refin ed  p a lm  o il can  b e added . B u t for  c o m m e r c ia lly  a v a ila b le  
b io d ie se l in F lo r id a , it can  b e b len d ed  w ith  d ie se l up to  75 v o l%  w ith  an a cce p ta b le  
k in em a tic  v is c o s ity  o f  4 .0  cS t  (T at and G erp en , 1 9 9 9 ). T h at is b e c a u se  th e  refin ed  
p alm  k ern el o il and refin ed  p a lm  o il h av e  h ig h er  k in e m a tic  v i s c o s it y  than that o f  th e  
d ie se l and c o m m e r c ia lly  a v a ila b le  b io d ie se l. T h e  k in em a tic  v is c o s it y  o f  th e  b len d s  
d e crea ses  w h e n  th e  tem peratu re in crea ses  b e c a u se  o f  th e  lo w e r  o f  d y n a m ic  v is c o s ity ,  
w h ic h  is th e  sa m e  trend as th o se  w ith  the c o m m e r c ia lly  a v a ila b le  b io d ie se l (T at and  
G erp en , 19 99 ).

T h e  rela tion s o f  k in em a tic  v is c o s ity , tem p era tu re  and co n cen tra tio n  o f  
th e  refin ed  p a lm  k ern el o il can  b e  correla ted  and sh o w n  by

l n ( A )  =  0 .0 1 9 C  -  5 .4 5 3 1 n (— ) -  2 .2 6 5  (4 .1 )
K  To

those in the refined palm kernel oil (Table A-7). It can be expected that most
properties of the refined palm kernel oil or refined palm oil blends will be different
from those of the diesel except specific gravity and surface tension.

and
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Figure 4.1 Kinematic viscosity of refined palm kernel oil (a. 1 and b.l) or refined 
palm oil (a.2 and b.2) and high-speed diesel blends as a function of refined palm 
kernel oil or refined palm oil amount at various temperatures

The logarithm of kinematic viscosity is linearly dependent on the 
logarithm of temperature and concentration. Parameters of the equation were 
obtained through Polymath 5.0. The equations well represent the experimental data 
with a small deviation as shown in Figure 4.2.
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Figure 4.2 Comparison between the calculated and experimental kinematic viscosity 
of refined palm kernel oil and refined palm oil blends (a and b)



14

4.1.2 Surface Tension
Figure 4.3 shows the surface tension of the blends between refined 

palm kernel oil or refined palm oil and high-speed diesel as a function of the refined 
palm kernel oil or refined palm oil amount and temperature. The surface tension is 
hardly affected by the increase of the refined palm kernel oil or refined palm oil 
amount but decrease with the increase of temperature. These surface tension values 
are relatively close to those of some methyl ester biodiesel fuels at the same 
temperature (Allen and Watts, 2000). The molecular interaction between molecules 
of diesel and those of the refined palm kernel oil or refined palm oil may be a 
possible reason for the increase of the surface tension. The surface tension of the 
blends decreases with the decrease of the temperature. The surface tension of the 
refined palm kernel oil can be predicted by

s  = 0.01C-0.07T + 50.72 (4-3)

and for refined palm oil blends,

4 -  = 0.028C- 0.752-^ + 1.607 (4-4)So T0

29.0
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Figure 4.3 Surface tension of refined palm kernel oil (a. 1 and b.l) or refined palm 
oil (a.2 and b.2) and high-speed diesel blends as a function of refined palm kernel oil 
or refined palm oil amount at various temperatures

The equations well represent the experimental data with a small 
deviation as shown in Figure 4.4.

Calculated surface tension (mN/m)
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Figure 4.4 Comparison between the calculated and experimental surface tension of 
refined palm kernel oil and refined palm oil blends (a and b)

4.1.3 Specific Gravity
Figure 4.5 shows the specific gravity of the blends. The specific 

gravity of the blends is almost constant and the same as that of the diesel for the 
refined palm kernel oil blends and completely the same as the diesel for the refined 
palm oil blends. The blends’ specific gravity is in an acceptable range between 0.81 
to 0.87 (The Ministry of Commerce of Thailand, 1998). The reason may be the 
relatively close specific gravity of the refined palm kernel oil or refined palm oil and 
the diesel as shown in Table 4.1. The specific gravity of the blends decreases as the 
temperature increases due to the decrease of the density of the blends.
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Figure 4.5 Specific gravity of refined palm kernel oil (a. 1 and b.l) or refined palm 
oil (a.2 and b.2) and high-speed diesel blends as a function of refined palm kernel oil 
or refined palm oil amount at various temperatures
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4.1.4 Pour Point
Table 4.2 shows that the pour point of the blends increases as the 

amount of the refined palm kernel oil increases. For the refined palm oil blends, over 
the range of the refined palm oil added, pour point remains constant. This may be 
because the low amount of the refined palm kernel oil or refined palm oil is added 
and the pour point of the diesel is very low. There is, however, a significant 
difference between the pour point of the blends with different oils due to the 
difference composition in the oils (Table A-7). Pour points of all studied blends are 
acceptable by the diesel standard, which requires that the pour point must be less 
than 10°c (The Ministry of Commerce of Thailand, 1998). This means that the 
blends have no cold performance problem (Srivastava and Prasad, 2000).

Table 4.2 Pour point of refined palm kernel oil or refined palm oil and high-speed 
diesel blends

vol% Pour point (°C) Average
(°C) STDEV

1 2

Re
fin

ed 
pal

m 
ker

nel
 

oil

0 <-11 <-11 =-11 0.000
2 <-11 <-11 =-11 0 000
4 -11.0 -11.0 -11.0 0.000
6 -9.5 -9.5 -9.5 0.000
8 -8.0 -8.0 -8.0 0 000
10 -6 0 -6 0 -6.0 0 000

100 25.0 25.5 25.3 0.354

Re
fin

ed 
pal

m 
oil 0 =-11 <-11 =-11 0.000

0.05 <-11 <-11 =-11 0 000
0.10 <-l 1 <-11 =-11 0 000
0 15 <-l 1 <-11 <-11 0 000
0.20 <-l 1 <-11 =-11 0.000
100 6.0 6.0 6.0 0.000
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4 .1 .5  F la sh  P oint
F la sh  p o in t o f  th e  b len d s b e tw e e n  th e  refin ed  p a lm  k ern el o il or 

refin ed  p a lm  o il and the h ig h -sp e e d  d ie se l are sh o w n  in  T a b le  4 .3 . F rom  th e tab le, 
th e  fla sh  p o in t ten d s  to  b e  con sta n t and eq u al to  th e  fla sh  p o in t  o f  th e  h ig h -sp eed  
d ie se l b e c a u se  o f  th e  v ery  lo w  am ou n t o f  th e  tw o  p a lm  o ils  that ad d ed  in  the d ie se l. 
A d d itio n  o f  a sm a ll am ou nt o f  th e  re fin ed  p a lm  k ern el o il or  refin ed  p a lm  o il has 
a lm o st no e f fe c t  o n  the fla sh  p o in t o f  the b len d s, th e  b len d s  can  b e  sto red  sa fe ly  in  
th e  sam e c o n d it io n  as th e  h ig h -sp e e d  d ie se l s to r a g e  (S r iv a sta v a  and Prasad, 2 0 0 0 ) . 
T h e fla sh  p o in t  o f  th e  b len d s  are accep tab le , w h ic h  is  le s s  than 5 2 ° c  (T h e  M in istry  o f  
C o m m erce  o f  T h ailan d , 19 98 ).

Table 4.3 F la sh  p o in t o f  refin ed  p alm  k ern el o il or re fin ed  p a lm  o il  and h ig h -sp e e d  
d ie se l b len d s

vol% F lash  p o in t (°C ) A v e r a g e

(°C )
S T D E V

1 2
'ร 0 7 0 .0 7 2 .0 7 1 .0 1 .4 1 4
1 2 7 2  0 7 2 .0 7 2  0 0  0 0 0

E
1  ๐

4 7 0 .0 7 2  0 71 0 1 .4 1 4
6 7 2  0 7 2 .0 7 2 .0 0 .0 0 0

ป ี(บิ 8 7 2 .0 7 2 .0 7 2  0 0 .0 0 0
G 10 7 2 .0 7 2 .0 7 2 .0 0  0 0 0

1 0 0 3 0 0 .0 3 0 2 .0 3 0 1 .0 1 .4 1 4
O 0 7 3 .0 7 4 .0 7 3 .5 0  7 0 7
E’ไรOh

0 .0 5 7 4 .0 73  0 73 5 0 .7 0 7
0 . 1 0 7 4  0 7 4 .0 7 4 .0 0 .0 0 0

ป ี<D 0 .1 5 7 4 .0 7 3 .0 7 3 .5 0 .7 0 7Gg: 0 .2 0 7 3 .0 7 4 .0 7 3 .5 0 .7 0 7
p2 1 0 0 3 5 0 .0 3 5 1 .0 3 5 0 .5 0 .7 0 7
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4 .1 .6  C arb on  R e s id u e
A s  sh o w n  in T a b le  4 .4 , th e  carb on  res id u e  o f  th e  d ie se l and refin ed  

p alm  k ern el o il and refin ed  p a lm  o il b len d s  s lig h tly  in c r e a se s  as th e  am o u n t o f  the  
refin ed  p alm  k ern e l o il or refin ed  p alm  o il in crea ses . O n e rea so n  m a y  b e  th e  h igh er  
am ou n t o f  lo n g  carb o n -ch a in  len g th  in  the p a lm  o ils  than  th o se  o f  th e  d ie se l. T h e  
refin ed  p a lm  k ern el o il b le n d s  h a v e  h ig h er  carb on  r es id u e  than  th o se  o f  th e  refin ed  
p alm  o il b len d s  b e c a u se  o f  th e  lo w e r  am ou n t o f  th e  re fin ed  p a lm  o il ad d ed  in  the  
h ig h -sp e e d  d ie se l A s  th e  b len d s  h ave  th e carb on  r e s id u e s  in  th e  a c c e p ta b le  le v e l 
( le s s  than 0 .0 5  w t% ) (T h e  M in istry  o f  C o m m e r c e  o f  T h ailan d , 1 9 9 8 ), a lo w  am ou n t 
o f  carbon  r e s id u e  is  lik e ly  to  d ep o sit  in th e  c o m b u stio n  ch a m b er  (S r iv a sta v a  and  
P rasad, 2 0 0 0 ) .

Table 4.4 C arb on  resid u e  o f  refin ed  p a lm  k ern el o il or refin ed  p a lm  o il and h ig h 
sp eed  d ie se l b le n d s

vol%
C arbon resid u e

(% ) A v e r a g e  (% ) S T D E V
1 2

Re
fin

ed
 p

alm
 

ke
rn

el 
oil

0 0 .0 0 5 2 0 .0 0 3 2 0 .0 0 4 2 0 .0 0 1 4
2 0 .0 1 0 0 0 . 0 1 1 0 0 .0 1 0 5 0 .0 0 0 7
4 0 .0 3 1 0 0 .0 0 6 0 0 .0 1 8 5 0  0 1 7 7
6 0 .0 3 5 0 0 .0 2 7 0 0 .0 3 1 0 0 .0 0 5 7
8 0 0 4 2 0 0  0 3 6 0 0 .0 3 9 0 0 .0 0 4 2

Re
fin

ed
 p

alm
 

oil

0 0 .0 0 1 0 0 .0 0 2 0 0 .0 0 1 5 0 .0 0 0 7
0 .0 5 0  0 0 5 0 0 .0 1 0 0 0 .0 0 7 5 0 .0 0 3 5
0 . 1 0 0 .0 0 5 8 0 .0 0 6 0 0 .0 0 5 9 0 .0 0 0 1
0 .1 5 0 .0 0 3 0 0 .0 0 9 0 0 .0 0 6 0 0 .0 0 4 2
0 .2 0 0 .0 0 9 0 0 0 0 5 0 0 .0 0 7 0 0 .0 0 2 8
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4 .1 .7  D is t illa t io n
T a b le  4 .5  sh o w s  th e tem p era tu re at w h ic h  90 %  o f  d ie se l and tw o  

b len d s  are r e co v ered . T h e d ist illa t io n  tem p era tu res o f  th e  b le n d s  at 90%  reco v ered  
are accep ta b le , w h ic h  is le s s  than 3 5 7 ° c  (T h e  M in is try  o f  C o m m e r c e  o f  T h ailan d , 
19 98 ). T h e  h ig h er  th e  d is tilla tio n  tem p era tu re o f  th e  b len d s, th e  h ig h er  th e  am ou nt 
o f  h ig h -b o ilin g  p o in t c o m p o n en ts , w h ic h  co rr esp o n d s to  th e  o i ls  c o m p o s it io n  as 
sh o w n  in T a b le  A -7 . A s  a resu lt, th e  a cce p ta b le  d e g r e e  o f  fo rm a tio n  o f  so lid  
c o m b u stio n  d e p o s it  can b e e x p e c te d  (S r iv a sta v a  and P rasad, 2 0 0 0 ) .

Table 4 .5  90%  reco v ered  o f  refin ed  p alm  k ern el o il or re fin ed  p a lm  o il and h ig h 
sp eed  d ie se l b len d s

B le n d s 90%  re c o v e r e d  (°C )
100%  D ie se l 3 4 5
8 % refin ed  p a lm  k ern el o il 3 5 0
1 0 % refin ed  p alm  o il 3 4 9

4 .1 .8  C eta n e  In d ex
A  d ecrea se  and in crea se  in th e  c a lcu la ted  ce ta n e  in d e x  are ob serv ed  

w ith  th e  b len d s. T h e ch a n g e  o f  th e  ce tan e  in d e x  can  b e  e x p la in e d  b y  first lo o k in g  at 
h o w  the in d e x  w a s  ca lcu la ted , E q u ation  (4 .5 )  (A S T M  D 9 7 6 ) .

C etan e  in d e x  =  - 4 2 0 .3 4 + 0 .0 1 6 G 2+ 0 .1 9 2 G lo g M + 6 5 .0 1 ( lo g M )2- 0 .0 0 0 1 8 0 9 M 2 (4 .5 )

w h ere  G  is A P I gra v ity  and M  is m id -b o ilin g  p oin t. F rom  E q u a tio n  (4 .5 )  and T ab le
4 .7 , th e  A P I g ra v ity  o f  th e  refin ed  p a lm  k ern el o il b le n d s  is lo w e r  than that o f  the  
d ie se l but th e  m id -b o ilin g  p o in t is h igher. T h is  lo w e r s  th e  ce ta n e  in d e x  o f  th e  refin ed  
palm  k ern el o il b len d s . O n th e  contrary, th e  refin ed  p alm  o il b len d s  h a v e  h ig h er  
cetan e  in d e x  th an  that o f  th e  d ie se l b e c a u se  o f  th e  h ig h er  m id -b o ilin g  p o in t. W ith  
h igh  ce ta n e  in d ex , th e  refin ed  p alm  o il b le n d s  can  b e  ig n ited  in a co m b u stio n
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ch am b er e a s ie r  th an  th e refin ed  p a lm  k ernel o il b len d s. T h e  in d ic e s  are a cce p ta b le , 
w h ic h  is h ig h er  than 4 7  (T h e  M in istry  o f  C o m m e r c e  o f  T h a ila n d , 1 9 9 8 ).

Table 4.6 C a lcu la ted  ce tan e  in d ex  o f  refin ed  p a lm  k ern el o il or re fin ed  p a lm  o il and  
h ig h -sp eed  d ie s e l b len d s

vo l% C alcu la ted  C etan e in d ex A v e r a g e S T D E V
1 2

ร 0 5 7 .2 5 7 .2 5 7 .2 0 .0 0 0
' cé o_ '๐ 2 5 6 4 5 6 .4 5 6 .4 0 .0 0 0
-oCD 13c 4 5 6  4 5 6  4 5 6 .4 0 .0 0 0c
<DoZ

a3 6 5 5 .6 5 5 .6 5 5 .6 0 .0 0 0
8 5 4 .8 5 4 .8 5 4 .8 0 .0 0 0

aIda
0 7 5 .8 7 5 .8 7 5 .8 0 .0 0 0

0 .0 5 7 7 .6 7 7 .6 7 7 .6 0 .0 0 0
<D '๐ 0 . 1 0 7 7 .6 7 7 .6 7 7 .6 0 .0 0 0

0 15 7 7 .6 7 7 .6 7 7 .6 0  0 0 0
c4 0 .2 0 7 7 .6 7 7 .6 7 7  6 0  0 0 0



25

Table 4 .7  A P I g ra v ity  and m id -b o ilin g  p o in t o f  re fin ed  p a lm  k ern e l o il or refin ed  
p alm  o il and h ig h -sp e e d  d ie se l b len d s

vo l% A P I gravity A v e r a g e S T D E V
1 2 3

Re
fin

ed
 p

alm
 

ke
rn

el 
oil

0 3 8 .4 7 0 0 3 8 .4 7 0 0 3 8 .4 7 0 0 3 8 .4 7 0 0 0.000
2 3 7 .9 6 1 1 3 7 .9 6 1 1 3 7 .9 6 1 1 3 7 .9 6 1 1 0.000
4 3 7 .9 6 1 1 3 7 .9 6 1 1 3 7 .9 6 1 1 3 7  96 1 1 0.000
6 3 7 .4 5 5 2 3 7  4 5 5 2 3 7 .4 5 5 2 3 7 .4 5 5 2 0  0 0 0
8 3 6 .9 5 2 4 3 6 .9 5 2 4 3 6 .9 5 2 4 3 6 .9 5 2 4 0  0 0 0

10 3 5 .9 5 5 6 3 5 .9 5 5 6 3 5 .9 5 5 6 3 5 .9 5 5 6 0.000

Re
fin

ed
 p

alm
 

oil

0 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 0.000
0 .0 5 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 0.000
0 . 1 0 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 0 .0 0 0
0 .1 5 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 0.000
0 .2 0 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 4 8 .7 5 4 8 0  0 0 0

vo l% m id -b o ilin g  p o in t (°C )
A v e r a g e

(°C )
S T D E V

Re
fin

ed
 p

alm
 

ke
rn

el 
oil

0 2 8 9 2 8 9 2 8 9 2 8 9 0.000
2 2 8 9 2 8 9 2 8 9 2 8 9 0  0 0 0
4 2 8 9 2 8 9 2 8 9 2 8 9 0  0 0 0
6 2 9 0 2 9 0 2 9 0 2 9 0 0  0 0 0
8 2 9 0 2 9 0 2 9 0 2 9 0 0.000

Re
fin

ed
 p

alm
 

oil

0 2 8 2 2 8 2 2 8 2 2 8 2 0  0 0 0
0 .0 5 29 3 29 3 2 9 3 2 9 3 0.000
0  1 0 29 3 29 3 2 9 3 2 9 3 0 0 0 0
0 .1 5 29 3 29 3 2 9 3 2 9 3 0.000
0  2 0 29 3 29 3 2 9 3 2 9 3 0.000
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4.2 Atomization Characteristics of the Blends

F ig u re  4 .6  sh o w s  th e a to m iza tio n  ch a ra cter is tics  o f  th e  re fin ed  p a lm  k ern el 
o il b len d , re fin ed  p alm  o il b len d  and h ig h -sp e e d  d ie se l. T h e  O h  and ReL o f  th e  
b len d s  are in th e  a to m iza tio n  reg im e  and th e se  v a lu e s  are v e r y  c lo s e  to  th o se  o f  the  
h ig h -sp e e d  d ie se l. T h is im p lie s  that a to m iza tio n  o f  th e  b le n d s  can  b e  a c h ie v e d  and  
spray q u a lity  can  b e e x p e c te d  to  b e  co m p a tib le  w ith  that o f  h ig h -sp e e d  d iese l. 
F u rth erm ore, th e  ad d ition  o f  th e  refin ed  p a lm  k ern el o il or  re fin ed  p a lm  o il in the  
h ig h -sp e e d  d ie s e l hardly a ffe c ts  th e  a to m iza tio n  ch a ra c ter is tic s  o f  th e  h ig h -sp e e d  
d iese l.
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Figure 4.6 A to m iz a t io n  ch ara cter istics  o f  refin ed  p alm  k ern e l o il, re fin ed  p a lm  oil 
b len d s  and h ig h -sp e e d  d ie se l (a, b, and c)

T o  con firm  th ese  th eo retica l c a lcu la tio n s , th e  ex p e r im e n t o f  th e  a to m iza tio n  
w a s  p erform ed  and resu lts are sh o w n  in F ig u re  4 .7 .
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F ig u re  4 .7  sh o w s  th e  a to m iza tio n  o f  th e  re fin ed  p alm  k ern e l o il and refin ed  
p alm  o il b len d s; and h ig h -sp e e d  d ie se l from  a s in g le  h o le  in je c to r  w ith  0 .2  m m  h o le  
diam eter . T h e  spray patterns o f  th ese  three o ils  are th e  sam e. It im p lie s  that the  
b len d s  h a v e  n o  e f fe c t  on  th e  a to m iza tio n  in th e  h ig h -sp e e d  d ie se l en g in e .

(a) (b )

Figure 4.7 A to m iz a t io n  o f  refin ed  p a lm  k ern el o il, refin ed  p a lm  o il b le n d s  and h ig h 
sp eed  d ie se l fro m  s in g le  h o le  in jec to r  (a, b, and c )
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