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ABSTRACT 
 

This research had comparatively studied of production procedure, cost, and 
composition of 4 fuels produced from mixed crude palm oil (MCPO) including degummed 
MCPO, degummed and deacidified MCPO, esterified MCPO and methyl esters; and had 
characterized 3 important fluidity characteristics including kinematics viscosity, density, and     
un-wax of these fuels as blending with diesel at portions of 0-100 vol.% Based on above results, 
the interesting blends for using in an agricultural engine were selected, tested their fuel properties, 
and short term operated the engine to study enginess performances as compared with diesel. 

The results found that all fuels can be easily produced and their production costs 
are 22.77, 43.01, 28.55 and 35.68 Baht/liter, respectively. Important parameters increasing the 
production cost are low production yield and required chemical reactants especially methanol. 
Production costs of degummed MCPO and esterified MCPO are competitive with diesel price. 
Moreover, producing degummed MCPO has an additional feature that requires less chemical 
reactant. For 4 fuels: they consist of the same fatty acid compositions; therefore, they also have 
the same average molecular formula of fatty acids (C16.93H32.66O2); but, they consist of different 
amounts of triglycerides, diglycerides, monoglycerides, free fatty acids, and methyl esters; thus, 
they have the different molecular formulas as C47.72H88.92O5.42, C50.98H94.87O5.79, C43.31H80.90O4.93 and 
C17.99H34.77O2.02, respectively; their kinematics viscosity at 40oC are 37.8, 41.1, 23.9 and 5.05 cSt; 
their density at 15.6oC are 931, 932, 915 and 884 kg/m3; and their wax portions are 85, 95, 32 and 
0 vol.%, respectively. 

Based on production cost, kinematics viscosity, density, and un-wax; it could be 
concluded that the blend of degummed MCPO at the portion of 20 vol.% in diesel (DgMCPO) 
and the blend of esterified MCPO at the portion of 30 vol.% in diesel (EMCPO) are the 
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interesting blends for using in an agricultural engine. Their molecular formulas are C20.02H36.70O1.18 
and C22.20H40.91O1.57, respectively, as compared with diesel (C12.30H22.14). Both blends have the 
overall fuel properties similar to diesel. But, due to the blends also consist of oxygen atoms; their 
cetane numbers are higher than diesel and their heating values are lower (3.49-3.65%). The 
engine fuelled with the blends can be normally operated similar to diesel. As compared to diesel, 
the engine operated with DgMCPO20 and EMCPO30 have higher torques of 3.57 and 4.36%, 
higher brake powers of 3.43 and 4.21%, higher brake specific fuel consumption of 2.29 and 
3.11%, higher brake thermal efficiencies of 1.31 and 0.66%, lower carbon monoxide emissions of 
20.75 and 17.74% and higher oxides of nitrogen emissions of 6.35 and 11.28%, respectively. 
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�"!#�$��$��! (wt.%) 
4.3  ���"�	ก�$���������������������
ก�� 
!��
�"!#�$��$��!�%!ก�$#��&� (wt.%)  42 
4.4  %*��M!��ก�� �� 
���กM!��ก�� 7�	%�#%)��M#'!������	��!�
�"$�� 5}M#���� 46

7�	��ก&����9�M!��ก���)
�y ���������������������
ก�� 
!��
�"!#�$��$��! 
4.5  %*��M!��ก�� �� 
���กM!��ก�� 7�	%�#%)��M#'!������	��!�
�"$�� 5}M#���� 47

7�	��ก&����9�����������7�)�	���# ��������
ก�� 
!��
�"!#�$��$��! 
4.6  %*��M!��ก�� �� 
���กM!��ก�� 7�	%�#%)��M#'!������	��!�
�"$�� 5}M#���� 47

7�	��ก&����9������������%! ��������
ก�� 
!��
�"!#�$��$��!�%!ก�$#��&� 
4.7  ��
!���#��+
%��"��������������%!9��)������6*!� 40-90oC    50 
4.8 %�#%)��ก
��%!���������� 4 ���# ��������
ก�� 
!��
�"!#�$��$��!9�#��&�%*�%�#  68             

����)������6*!� 40-90oC M#'�����
!���#��+
%��"�)
�!
��2
�#��&� 
 �	�6��)
�y ����	��+5�' 
4.9 ��
!��
7�)���������������%!9��)������6*!� 15.6-100oC    69 
4.10 %�#%)��ก
��%!���������� 4 ���# ��������
ก�� 
!��
�"!#�$��$��!9�#��&�%*�%�# 90 
  ����)������6*!� 15.6-100oC M#'�����
!��
7�)��)
�!
��2
�#��&��	�6��)
�y  
  ����	��+5�' 
4.11 ��!
�5�%*�%�#��������������%!�!����
�5�09�$��'
ก
+ 1-14 ��� (vol.%)  92 
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	Cก	
�	
	� (�A�) 
 
�	
	����                                  ��W	 
4.12 %�#%)��ก
��%!9�#��&�%*�%�#������������� 4 ���# ��������
ก�� 
!��
�"!#�$             104 
  ��$��! M#'��������������%!!���
!���# 7�	��
!��
7�)��)
�!
��2
�#��&�  
  �	�6��)
�y ���5�'7�	5!)���5��!����
�5�0 14 ��� �0�!*�5#0�
ก��ก
��#���  
  (vol.%)             
4.13 %�#%)��ก
��%!9�#��&�%*�%�#������������� 4 ���# ��������
ก�� 
!��
�"!#�$             105 
  ��$��! M#'��������������%!!���
!���# 7�	��
!��
7�)��)
�!
��2
�#��&�  
  �	�6��)
�y ���5�'7�	5!)���5��!����
�5�0 14 ��� �0�!*�5#0�
ก��ก
�� 
�
'  
  (vol.%) 
4.14 �
'ก
��#%�$���%!$����������������7�)�	���#7�	�0��x�$���ก
�����#%�$             108 
4.15 ���%!$�����������������#%�$�!������'$���'$!
��2
�#��&��	�6��)
�y             109 
  ����	��+5�' 
�.1  �)
�����% 
���$9�0� 
�����!
����H�#�$���9�0���������������#7��#��&�              144 
�.1 ��ก
��#%�$%!��H�	�������'��" #0�'��.�ก
�����'�7��6
�	M��# �����
!��X�         153 
 ��$����� 2,200 rpm 
�.2 ��ก
��#%�$%!��H�	�������'��" ���ก
��#���������'��"��X!ก 
���9��)����
!��X�           157 
 ��$����� 1,600-2,400 rpm 
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[	��
�ก�$ 
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2.1   ��
!�0��ก
������
�����	��+5�'        6 
2.2   ��
!�0��ก
������
�7�)�	���#����	��+5�'       6 
2.3   %�#%)����
!�0��ก
������
�7�)�	���#����	��+5�' ����7�)| �.+. 2528 H;�     7 
  �.+. 2552 
2.4   �
�
#��&�            7 
2.5   �
�
�������
ก
�"!�� 
!��          8 
2.6   ���)
��
�
�
'��ก#��&���0
~�!ก�$�
�
�
'�� 
!��
�"!#�$��$��!   11 
2.7   x�ก���'
��%�����?������        14 
2.8   x�ก���'
��
�%"��%�����?������       15 
2.9   x�ก���'
%	����?������        15 
2.10 x�ก���'
5}M#�5�&�%        15 
3.1  �������ก
�����'         28 
3.2  ��#ก
�����          29 
4.1   %�#%)���
�
���H�#�$���9�0�������������� 4 ���# �
ก�� 
!��
�"!#�$��$��!  40 
4.2   ���"�	ก�$��������������%!       44 
4.3   ���#ก�#5�!������!�����%����"��������
ก�� 
!��
�"!#�$��$��! 7�	�� 
!��  45 
  
�"!#�$��$��!�#'
�����'�7�	�#ก�#   
4.4   �� 
���กM!��ก����������������%!       48 
4.5   ��
!���#��+
%��"��������������%!9����!�� 
���กM!��ก���:���'   52 
4.6   ��
!���#��+
%��"�������6*!� 40oC (?~�ก"���%�#%)��ก
��%!)    54 
4.7   ��ก
�� 
�
'��
!���#���+
%��"�)���ก
��#%�$��
!���#��+
%��"  55   
  (?~�ก"���%�#%)��ก
��%!) 
4.8   %�!�	%��.�3�)
����� A         59 
4.9   %�!�	%��.�3�)
����� B         59 
4.10 ��
!���#��+
%��"����� 
!��
�"!#�$��$��!�#'
�����'��%!9�#��&�  61 
  (?~�ก"�������6*!�)  
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	Cก	
[	��
�ก�$ (�A�) 
 

B����                                  ��W	 
4.11 ��ก
�� 
�
'��
!���#��+
%��"�)���ก
��#%�$��
!���#��+
%��"  61 
  (?~�ก"�������6*!�) 
4.12 ��
!���#��+
%��"����� 
!��
�"!#�$��$��!�#'
�����'��%!9�#��&�  64 
  (?~�ก"���%�#%)��ก
��%!7�	����6*!�) 
4.13 ��ก
�� 
�
'��
!���#��+
%��"�)���ก
��#%�$��
!���#��+
%��"  64 
  (?~�ก"���%�#%)��ก
��%!7�	����6*!�) 
4.14 %�#%)��ก
��%!9�#��&�%*�%�#���������������������
ก�� 
!��
�"!#�$��$��!  67 
  M#'�����
!���#��+
%��"��������������%!�)
�!
��2
�#��&��	�6��)
�y 
4.15 ��
!��
7�)���������������%!9����!�� 
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!��
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4.17 ��
!��
7�)���������������%!9����!�� 
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4.18 ��
!��
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!��
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4.20 ��ก
�� 
�
'��
!��
7�)��)���ก
��#%�$��
!��
7�)���������������%!  77 
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��%!) 
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!��
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!��
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	Cก	
[	��
�ก�$ (�A�) 
 

B����                                  ��W	 
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�
'��
!��
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!��
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  �%!9�#��&� (?~�ก"���%�#%)��ก
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ก�� 
!��
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�!
��2
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�y 
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!��
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!��
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�5�%*�%�#��������������%!9����!ก
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	Cก	
[	��
�ก�$ (�A�) 
 

B����                                  ��W	 
4.45 %�#%)��กY
&�
�"$��5#��ก5&#"9�5��%�'9�5��%�' (�#�����������X!ก 
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4.46 ����6*!�กY
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����$������������'��" (�#�����������X!ก 
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4.50 ����
%�������������������$��� 
��
	����������'��" (��
!��X���$ 2,200 rpm)              121 
4.51 ����
%�������������������$��� 
��
	����������'��" (�#�����������X!ก 
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4.52 �	%��.�6
�������
!�0���$������������'��" (��
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4.53 �	%��.�6
�������
!�0���$������������'��" (�#�����������X!ก 
���)               122 
4.54 ��!
�กY
&�
�"$��!���ก5&#"9�5��%�'����������'��" (��
!��X���$ 2,200 rpm)      126 
4.55 ��!
�กY
&�
�"$��!���ก5&#"9�5��%�'����������'��" (�#�����������X!ก 
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4.56 ��!
�กY
&��ก5&#"���5�M�����9�5��%�'����������'��" (��
!��X���$ 2,200          127 
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4.57 ��!
�กY
&��ก5&#"���5�M�����9�5��%�'����������'��" (�#�����������X!ก 
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%�@��ก��"� 	CA�\�����CA� 
 

A  =   %�!�	%��.�3�)
����� 
B    =   %�!�	%��.�3�)
����� 
cf   =   �0���������������#7��#��&� 1 ����  ($
�/����) 

icm  =   �0�������H�#�$7�)�	���# i  ���9�0���������������#7��#��&� 1 ����  ($
�/��)�') 
C    =   %�!�	%��.�3�)
����� 

1C   =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ 5.08662 × 10-3
    

2C   =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ 8.96615 × 10-3 

3C   =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ 1.20440 

4C   =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ 3.40432 × 10-1 

1D    =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ 8.65628 × 10-9 % 
���$�����������%! 3   
  ���# 7�	 3.08034 × 10-9 % 
���$�!�����%����"�%!9�#��&� 

2D    =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ 2.19015 × 10-6
 % 
���$�����������%! 3  

  ���# 7�	 1.57309 × 10-6 % 
���$�!�����%����"�%!9�#��&� 

3D    =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ -1.10872 × 10-3
 % 
���$�����������%! 3 

  ���# 7�	 -9.27871 × 10-4 % 
���$�!�����%����"�%!9�#��&� 

4D    =   %�!�	%��.�3�)
������:�
	!��)
��)
ก�$ 1.01670 % 
���$�����������%! 3 ���# 7�	  
  1.01414 % 
���$�!�����%����"�%!9�#��&�  

Bif ,  =   %�#%)��M#'!�����M!��ก�� i  9������������%!  (wt.%) 

MCPOFif , =   %�#%)��M#'!�����M!��ก�� i  9�������������������
ก�� 
!��
�"!#�$��$��! 
  (wt.%) 
i  =   ���"�	ก�$M!��ก������ 
��� �	ก�$#0�' 5��ก���&�5�#" 5#ก���&�5�#"       
  M!M�ก���&�5�#" ก�#5�!����%�	 7�	�!�����%����" 
m    =   !��  (kg)  
m&          =   ����
ก
�%������������������  (kg/hr) 
µ  =   ��
!���#�����  (N.s/m2) 

iµ  =   ��
!���#������������7�)�	���"�	ก�$ i    

mµ  =   ��
!���#������:���'��������%! 
n  =   � 
��� 
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%�@��ก��"� 	CA�\�����CA� (�A�) 
 

in        =   � 
������H�#�$7�)�	���# i  ���9�0���������������#7��#��&� 1 ����  (��)�') 
N           =   ��
!��X���$  (rpm) 

bthη         =   �	%��.�6
�������
!�0���$��  (%) 
P           =   ก 
����$������������'��"  (kW) 
ρ   =   ��
!��
7�)�  (kg/m3) 

Oρ    =   ��
!��
7�)���������������6*!��0
����  (kg/m3) 

iρ  =   ��
!��
7�)�����������7�)�	���"�	ก�$ i   (kg/m3) 

mρ  =   ��
!��
7�)��:���'�����������%!  (kg/m3)  

6.15,Bρ  =   ��
!��
7�)���������������%!�������6*!� 15.6oC  (kg/m3)  

Dρ  =   ��
!��
7�)����#��&�  (kg/m3) 

6.15,Dρ  =   ��
!��
7�)����#��&��������6*!� 15.6oC  (kg/m3)  

6.15,Fρ  =   ��
!��
7�)����������������������
ก�� 
!��
�"!#�$��$��!�������6*!� 15.6oC 
  (kg/m3)  

MCPOFρ =   ��
!��
7�)����������������������
ก�� 
!��
�"!#�$��$��!  (kg/m3) 

6.15,Stρ  =   ��
!��
7�)�%*�%�#����)
�!
��2
� 900 kg/m3 % 
���$#��&��������'��"  
  ก
��ก��� 920 kg/m3 % 
���$#��&��!���0
 7�	 870 kg/m3 % 
���$#��&��!����X� 

Tρ    =   ��
!��
7�)���������������6*!��)
�y  (kg/m3) 

ijQ  =   x�ก���'
����ก�#�;���	��)
���������%! 
R          =   �)
��������7กY%  

2R  = Coefficient of Determination ���� R-squared 
T   =   ����6*!�   (K) 
v    =   ��!
��  (m3) 
v&

      =   ����
ก
�%������������������M#'��!
��  (m3/hr) 
V  =   %�#%)��ก
��%!M#'��!
�����������������������
ก�� 
!��
�"!#�$��$��!    
  �%!9�#��&�  (decimal) 

OV    =   ��!
����������������6*!��0
����  (m3)   

FV  =   %�#%)����!
���������������9�#��&�  (decimol) 
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%�@��ก��"� 	CA�\�����CA� (�A�) 
 

FV  =   %�#%)����!
���������������9�#��&�  (decimol) 

maxFV  =   %�#%)��ก
��%!������������������
ก�� 
!��
�"!#�$��$��!9�#��&�%*�%�# 
  (vol.%)         

iV   =   %�#%)��M#'��!
��������"�	ก�$ i   (decimol) 
TV  =   ��!
����������������6*!��)
�y  (m3)  

ν   =   ��
!���#��+
%��"  (m2/s) 

40ν  =   ��
!���#��+
%��"�������6*!� 40oC  (cSt) 

iν  =   ��
!���#��+
%��"�������7�)�	���"�	ก�$ i   (cSt) 

mν  =   ��
!���#��+
%��"�:���'��������%!  (cSt) 

40,Bν  =   ��
!���#��+
%��"�����������%!�������6*!� 40oC  (cSt) 

TB ,ν  =   ��
!���#��+
%��"�����������%!�������6*!��)
�y  (cSt) 

40,Dν  =   ��
!���#��+
%��"#��&��������6*!� 40oC  (cSt) 

40,Fν  =   ��
!���#��+
%��"������������������
ก�� 
!��
�"!#�$��$��!�������6*!� 40oC
  (cSt) 

40,Stν  =   ��
!���#��+
%��"%*�%�#����)
�!
��2
� 8.0 cSt % 
���$#��&��!���0
 7�	  
  #��&��������'��"ก
��ก��� 8.0 cSt % 
���$#��&��!����X� 

Tν  =   ��
!���#��+
%��"�������6*!� T   (cSt) 
W         =   7��$�#  (lbf.ft)  
x   =   %�#%)��ก
��%!����������9�#��&�  (vol.%) 

expx     =   ��ก
��#%�$���%!$������������� 

ix   =   %�#%)��M!�������"�	ก�$ i   
jx  =   %�#%)��M!�������"�	ก�$ j  

simx     =   ��ก
�� 
�
'���%!$������������� 
y  =   ��!
�ก
�5#0���  (%vol. basis) 
ŷ   =   �)
���5#0�
กก
�� 
�
' 

iy   =   �)
���5#0�
กก
��#%�$ 
ASTM =   American Society of Testing Material 
BHP        =   ก 
���  (HP) 



 

 

(21)

%�@��ก��"� 	CA�\�����CA� (�A�) 
 
BSFC  =   ����
ก
�%�������������������$��� 
��
	  (kg/kW-hr) 
CPKO  =  �� 
!���!�X#9�
�"!  
CPO =   �� 
!��
�"!#�$ 
DG  =   5#ก���&�5�#" 
DG

       =   %�#%)�����5#ก���&�5�#"9������������%!  (wt.%) 
FFA  =   ก�#5�!����%�	 
FFA

       =   %�#%)�����ก�#5�!����%�	9������������%!  (wt.%) 
GC/FID =   Gas Chromatography / Flame Ionize Detector 
LHV       =   �)
��
!�0���������������  (kJ/kg) 
MCPO =   �� 
!��
�"!#�$��$��! 
ME  =   �!�����%����" 
ME         =   %�#%)������!�����%����"9������������%!  (wt.%) 
MG  =   M!M�ก���&�5�#" 
MRD   =   �)
�$��'��$�%�!���."�:���'  (%) 
NaOH =   M&�#�'!5}#��ก5&#" 
PFAD =   �!�����%����"�
กก�#5�!��
�"! 

RSS   =   The regression sum of squares 

TSS   =   The sum of squares 
TG  =   5��ก���&�5�#" 
TG

       =   %�#%)�����5��ก���&�5�#"9������������%!  (wt.%) 
TLC/FID =   Thin Layer Chromatography / Flame Ionization Detector 

nG∆      =   �����
���%�	����
�"$���	��! 

visG∆     =   �����
�ก�	��0����ก
�5�� 
oH∆    =   �)
���������|�������'�7�� 

oS∆
       =   �)
������M��|�������'�7�� 

Gδ     =   �����
���%�	�������!�;���)�� 
����	��!�
�"$�� 
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����� 1 

����	 
 

1.1 ��	��	���������	  

��������	
��������� 
�������	���������ก�������������� ��!"�#$%� #&���'�����������
!(������	"�)(�ก�* )$������(��#���������!�����$��)�ก����
����� *�+��
,���-%���� ��������
����ก��!"���!.* '�������������� /*	����*�+�)��
��	�'
���������.��%(����* ����(��#���
,�
���ก ��ก)�ก�%	���
��	�'
�������������ก�������������/�ก *��	���.�% )$������0����-%���� �
�����-�ก��!����1�� ��*���
����� 


��2��%(�����
,��-������!��) � 	�
�"ก��ก���-%���3�����#����	 '������%(����!"���!.*��
)(���ก�-��%(�����.ก�� * ��
��2�
��ก��*��	 2 !�����!(���5 �-� !������6*��ก��!����	-���!���	 
!������6*�� ��-�����*��%(��������	ก��� �%(�������6*��
��2� (Crude Palm Kernel Oil: CPKO) !���
�	-��#�����ก��-�!����	-���!���	 ��-�����*��%(��������	ก��� �%(����
��2�* � (Crude Palm Oil: CPO) 
��/�����#��*��5�)����%(����!��!���'	กก�� ��-���)�ก�%(�������6*�������!"� '����/�����
#��*��6ก ������-�� ��-�ก�.���กG��ก� � 	�����
��2����ก�� +$��)��*��%(��������	ก��� �%(����

��2�* ������ (Mixed Crude Palm Oil: MCPO) ก������%(����
��2��*'��*�+� �
,�ก����0��

�������	���	-� �� ���������������������� !����*����������GJก ) !���� '��! ��'�*���� 
(� �����2, 2550) '��ก������%(����
��2������-���	��2/*	���	����
N5��ก�������� /*	�O���
�%(����
��2�* ������ ��-���)�ก�%(����
��2�* �������������-*!"� �
,��# �!3���
,�ก�* 
'���	�����	��
,�!���
��ก�� (Leevijit and Prateepchaikul, 2011) 

/*	�����
��-%���� �����������-���	��2*�+�������.&!���� !(���5 3 
���3� �*�'ก� �.&!���� 
ก��������� �.&!���� ก���
,�#���������.&�3"� ��(� '������!���*#����-%���� � (Lepera, 
1982) 

�.&!���� ก�����������!(���5��!.*#����-%���� �����������-���	��2*�+� �-� ���+��� (Lepera, 
1982) )�กก���������ก!�����+���#��*�+��	"������� 45-52 ���+���#����-%���� ����� �)�ก
�%(����
��2��	"������� 42-62 

�.&!���� ก���
,�#���������.&�3"� ��(�#����-%���� � ����	
���3� �*�'ก� ������-* ����
���'��� ก������
,��# ).*#.�� '��).*����� /*	�.&!���� ก���
,�#������#����-%���� ���!(���5
��ก��!.*!(�������-%���� �����������-���	��2*�+� �-� ������-* !����.&!���� ����!���*#��
��-%���� � #$%�ก������!���*��ก�����ก���� ��
,����ก (Lepera, 1982) 
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������-* '����*� 2 
���3� �*�'ก� ������-*)���!��2 '��������-*����� ������-*
����� �
,��.&!���� ��!(���5���ก��O*��-%���� ������-���	��2*�+� ก�������������-*����� ����
���������-*)���!��2 ����ก���������'���  

�������'��� �
,��.&!���� ������ก�	3��#����-%���� � ����(���	 ������-*�����           
���+��� ����������� '����ก'������)��	�%(���������O*  

ก������
,��# �
,��.&!���� ��!(���5!(�������-%���� ������������������-���	��2!��*�
3�	�� 
/*	_������ ��-%���� ������ *�
,�!������	�!� 
��ก��*��	 ���2
��ก�����	!��� +$��
���2
��ก����'�ก����ก��)��
,��#���.&�3"� �������ก�� (Chen et al., 2010; Letoffe et al., 1995) 
!(������%(����
��2�* ������ ��-����������	�ก��
ก�  �%(����)��
��	��
,�!#.��������'�ก ��-��
���������
��-��	d �%(����!�����$���� ���������
,�ก����# '���ก��!"�*�������3���� !����##��
�%(����)��
� ��&�� ��#$%������	����� ก���(���-%���� ����
,��#�
������ ��-�����-���	��2�	.*�* �
��	���$�� �#���ก *#$%�)�ก������ก *ก���.*����� ��&�����-�����* ��%(���� !����������-���	��2            
���!����1�������*� 

!(�����
�������	 ก��_.�ก )��������*�ก(���*�.&!���� ������-*)���!��2 '��        
�������'��� �������J��*�+�
���3�����d �*�'ก� *�+���.���6� *�+���.���� ��/�*�+�

���3���� ���!����2#��ก�*�#��� '����/�*�+�!(��������-���	��2ก���กG�� ��-�*�+�
���-���	��2ก���กG�� *��������� 1.1 +$������J��*�+���%���* �
,�����J��!(�����ก�������� 
	ก������/�*�+�
���3���� ���!����2#��ก�*�#��� �
,�����J�����������.��.&3��ก��
�� ���/�*�+� ก���ก���!���*�+� 

 

�	�	���� 1.1 ����J��*�+�
���3�����d #��
�������	 (
��ก��ก��_.�ก )�������, 2549, 
      2550, 2554) 


���3�*�+� 
������-*)���!��2�� 40oC (cSt) �������'����� 15.6oC (kg/m3) 

��(�!.* !"�!.* ��(�!.* !"�!.* 

*�+���.���6� 
*�+���.���� 

��/�*�+�
���3���� ���!����2#��ก�*�#��� 
*�+����-���	��2ก���กG�� 

1.8 
- 

3.5 
1.9 

4.1 
8.0 
5.0 
8.0 

810 
- 

860 
860 

870 
920 
900 
900 

 

*��	���.�%)$�
���
�.��.&��กG&�ก���
,�#������#���%(����
��2�* ����������	"�������  
ก���������������!��������J�� ก��
���
�.��.&!���� ��-%���� ���������	� _ ���� ก���*
	�����	� ก���*ก�* (ก���(�
i ก � 	�!�
��� jk�����) ก��'	ก�# ก���.���%(���� ก���(�
i ก � 	�
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��!���� jk����� ก���(�
i ก � 	�����!2��!���� jk����� ก�����!���� �'��� '��ก���!�*�+�    
(ก �� ��ก* l, 2549; �&��ก, 2552; Ramadhas et al., 2004) '��ก��
���
�.��.&!���� ��-%���� �����
'����� _�ก�����ก���� � '������.��������ก�� ��ก)�ก�%��-%���� ����� ��*�	������2
��ก��
��-%���� �������-��ก�� !��������.&��กG&�ก���
,�#������#����-%���� ����� �'�ก����ก�� 

���� )�	�%�(���-%���� � 4 �� * ���� �)�ก�%(����
��2�* ������ �*�'ก� �%(����
��2�* ������
�*	�����	� �%(����
��2�* �������*	�����	�'���*ก�* �%(����
��2�* ��������!���       
� �j�2 '����� ���!����2 �
�	���	�ก���� � ����.� '�����2
��ก����-%���� � '���(���-%���� �
������%�!���*�+� �*!��������-*)���!��2'���������'���#����-%���� ��!����.&�3"� 
����d �
�	���	�����J��*�+� '���(���ก���*!��*��ก���� !����!�ก���(���	!�*!���     
ก���!���*�+�!"�!.*#����-%���� ����� �)�ก�%(����
��2�* ������ /*	��������-*)���!��2
'���������'���#����-%���� ��!���������J��*�+�
���3�����d ��ก)�ก�% 	���$กG�
�.&��กG&�ก������
,��##����-%���� ��!���%���* ��!3���'�*�������	�ก�� '����-�ก
��-%���� ��!�����.&!���� �����!� �*!��!���1�����-���	��2*�+�ก���กG����	�!�%�
�
�	���	�*�+� 
 

1.2 ������������ 

1.2.1 �
�	���	�ก���� � ����.� '�����2
��ก����-%���� � #����-%���� � 4 �� * ���� �)�ก
�%(����
��2�* ������  

1.2.2 �$กG��.&��กG&�ก���
,�#������ �*�'ก� ������-*)���!��2 �������'��� '��     
ก������
,��# #����-%���� � 4 �� * �!���*�+�  

1.2.3 �$กG���ก	3��*���!���1��#�����-���	��2*�+�ก���กG����	�!�%� ��-�������-%���� ��!� 
������ก��� ������2ก���� � ����.� '���.&!���� ������-*)���!��2 �������'��� '��       
ก������
,��# �
�	���	�����J��*�+�  
 

1.3 ������������	 �!	"�# $��� 

1.3.1 ����ก���� � ����.� '�����2
��ก����-%���� � #����-%���� ���%���* 
1.3.2 )�กก��� ������2��ก���*��� !�ก���(���	 '�����.���_ ��	 �ก�	�ก���.&��กG&� 

������-*)���!��2 �������'��� '��ก������
,��# #����-%���� � 4 �� * �!���*�+� )�!����
�����#���)��ก#$%��ก�	�ก���o� ก��� ������-* �������'��� '��ก������
,��# #��    
��-%���� ��!� '��!����1
��	.ก�2����(���	!�*!���ก���!���*�+�!"�!.*#����-%���� �             
���� �)�ก�%(����
��2�* ������ 
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1.3.3 ก���*!��!���1�����-���	��2*��	��-%���� ��!� ������ก��� ������2ก���� � ����.� 
'���.&!���� ������-*)���!��2 �������'��� '��ก������
,��# �
�	���	�����J��   
*�+� )��*����
�	���	����'
�����%!���1�����-���	��2 +$���
,�#���"������-�ก!(�����        
ก�������� '���
,�#���"�!(�����ก����0����-%���� ��*'��*�+�����.���(�����
 
 



 2 
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 2.1   2.2  2.3      

  32.95%  (  

 , 2553)   . . 2539  . . 2553 
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 2.2   



18.80 %

9.94 %

4.26 %

5.57 %

0.17 %

9.07 %
7.33 %

11.92 %

32.95 %
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 2.4  



  1.               

 (≈50-60%   ) 2.  

 (≈30-35%   )  

 3.  (≈10%   )  

   

         

               

 

    

   2.46 

/ /  (Chavananand, 2011)  

 33%  (Sumathi et al., 2008)  

 2%  (Sumathi et al., 

2008)  . . 2549  . . 2553       
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 2.5  
 



 2.4  2.5     

  . . 2549  . . 2551          

  42.64 /            

. . 2551 (  , 2551)  . . 2552  

  (

)   . . 2553 

   

         

 . . 2553  

( .) 19%  . . 2554      

 (  , 2554) 

   . . 2549  . . 2554    

 ( ) 

 2.1   ( ) 

 6.32-6.35 /   22.43-22.52% 

  (  2.2) 

  

 

 

   2.6   

    0.22-0.25 /  

     

   

   

  5  (  2.1) 

 

  
 

 

 



 2.1    . . 2528  . . 2552 (     

      ; ;                            

      , 2553; ; ) 
  

   ( / ) 

 ( / ) 

 .  ( / ) 

19.80 

25.31 

27.77 

 ( / - ) 

 .    ( ) 

 ( / ) 

 ( / ) 

0.0009 

448.92 

0.41 

28.18 

 ( / - ) 

 .    ( ) 

 ( / ) 

 ( / ) 

0.0005 

842.71 

0.44 

28.21 

 ( / ) 

 17%  ( / ) 

 ( / ) 

 ( / ) 

 ( / ) 

 ( / ) 

 ( / ) 

4.09 

4.39 

26.46 

23.81 

21.86 

32.25 

25.61 

 .  ( / ) 

 ( / ) 

 ( / ) 

5.91 
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 2.6  
 

3.     

       

 ( )       

  ( , 2549; , 2552; Ramadhas et al., 

2004)         

  

1)   

 0.25 vol.%   2.25 vol.% 

  80oC 

 120oC  30   30  

  5   5    

 120oC  30       

( , 2549)  

2)   

 2       

   0.25 vol.%        



  2.25 vol.%         

 80oC    

        

  ( ) 

 10 vol.%  

 80oC      

   

 ( , 2554)  

3)   2 

    

   

 8 vol.%   3 wt.%           

      

 2 wt.%  90      

        

 16 vol.%   2 wt.% 

            

 97.5 wt.%       

 60oC  140 rpm               

  3 wt.% 

  2 wt.%  60 

   20 

vol.%  

 99 wt.% ( , 2549; Prateepchaikul et al., 2007) 

4)  8-14 

wt.%  2         

   

  10:1  

0.8 wt.%   

 1 wt.%  30        



               

 6:1  0.5 wt.%       

   97 

wt.%  5    60oC 

 300 rpm (Jansri et al., 2007)  

5)   

 20 wt.%   2   

   1 wt.%  

   65oC  30  

 350 rpm              

 1 wt.%   

89.47%  98.97 wt.% 

 1 wt.%  90.67% 

 96.16 wt.% ( )  

6)   20 wt.%     

  0.7 wt.%         

 30   65oC   

 94.67%  90.11 wt.% (

)  

7)  (PFAD)  (93 wt.%)    

    70oC 

 PFAD 8:1  1.834 wt%  PFAD 

  2 wt.%          

 3   PFAD  80oC 

 15   PFAD             

 0.396   PFAD  65oC 

 15   (Chongkhong et al., 

2007)  

8)    

      



  superhard        

   

   

  1 wt.% 

      

  120oC  20    superhard 

 80oC  600-700 mm Hg 

  2.5-5 wt.%   

99 wt.%   80oC       

 20 wt.%    15 

  500 rpm  15   

 4 .  (  95%)  

   

 100 wt.% (  ) 

  

  

  1             

 1   1   1  

   2.7 ( , 2552) 
 

 
                                                     

 

 2.7  
 

  1        

 3   3   1  

  2.8 ( , 2552) 
 



 
                                                      

 

 2.8  
 

   

 1   1  

  2.9 ( , 2552) 
 

               
                                                      

 

 2.9  
 

    

       

  

   

  1   3    

 1   3   1  

  2.10 ( , 2552) 
 

 
                                                           

 

 2.10  



  

          

  

  

    

 

    

  

 4    

     

    4  

  
 

2.3  
  2.2   

                

 ( ) 

      

           

    

 (Jansri, 2007)  

   

 

  2.2 

   ( ) 

  4    

3  
 

 

 

 



 2.2     

          (wt.%) ( , 2550;  ;                  

        , 2549; Chotwichien et al., 2009) 

  
  

 

 

          

 

Caprylic (C8:0) 

Capric (C10:0) 

Lauric (C12:0) 

Myristic (C14:0) 

Palmitic (C16:0) 

Palmitoleic (C16:1) 

Stearic (C18:0) 

Oleic (C18:1) 

Linoleic (C18:2) 

Linolenic (C18:3) 

Arachidic  (C20:0) 

Ecosenoic (C20:1) 

Behenic (C22:0) 

Tetracosanoic (C24:0)

0.02 

0.03 

0.30 

0.81 

38.12 

0.14 

3.44 

45.96 

10.69 

0.29 

0.15          

-             

0.05          

- 

3.35 

4.65 

48.25 

16.35 

8.45 

5.30 

2.40 

14.5 

1.60 

- 

0.95         

-            

-            

- 

- 

- 

- 

1.19 

27.10 

1.78 

7.25 

42.93 

18.68 

1.07 

- 

- 

- 

- 

- 

- 

- 

0.05 

69.12 

0.21 

7.63 

21.72 

1.27 

- 

- 

- 

- 

- 

- 

- 

- 

1.00 

45.60 

0.20 

3.80 

33.30 

7.70 

0.30 

- 

0.20 

- 

0.60 

 

2.4  
 2.1  2.3     

  

  

 3   

   

(Lepera, 1982) 

     

 

   

         

 

  

    



  

 

 American Society of Testing Material (ASTM) 

  40-65 (Bekal and Babu, 2008; Ramadhas et al., 2004) 

   

  

 47 (  1  . . 2555           

 50)  45 (

, 2549, 2550, 2554) 

 45-52 (Chen et al., 2008; Haldar et al., 

2009; Kalam and Masjuki, 2004; Rakopoulas et al., 2008; Ren et al., 2008) 

 53-59 (Shahid and Jamal, 2007)  42 

(Almeida et al., 2002; Murugesan et al., 2009; Srivastava and Prasad, 2000) 

 49 (Kalam and Masjuki, 2004) 

 61-62 (Leevijit et al., 2008; Srivastava and Prasad, 2000)  

 42-62  ASTM  
 

2.5  
 

 

    

  

        

          

     

       

 2      2.3      

 

         

   



          

  

 (Balat and Balat, 2007; Ramadhas et al., 2004; Srivastava and 

Prasad, 2000)     

   (  1.1) 

    2.1 
 

 ρ
µν =                   (2.1)    

 

    

  ν      (m2/s) 

  µ      (kg/m.s) 

  ρ      (kg/m3) 
 

 2.3  

 

 SI

 U.S. 

 CGS 

m2/s

ft2/s 

cSt 

N.s/m2, Pa.s

lb-s/ft2, slug/ft-s 

cP 

 

  

  

  

1.  6  (    

  )   0-100 vol.%  

293-343 K       

  

  2  

   

 



 (  6    )        

         

 (Abolle et al., 2009)  

2.     

 6  (                

)     2.2 (Alptekin and 

Canakci, 2008, 2009) 
 

    CBxAx ++= 2ν                 (2.2)    
 

    
  ν      (mm2/s) 

  x      (vol.%) 

  A , B   C     
 

3.   

   2.3 (Benjumea et al., 2008) 
 

    
2T

C

T

B
A

e
+−

=ν                  (2.3)    
 

    
  ν      (mm2/s) 

  T          (oC)  

  A , B   C     
 

   

    (Ladommatos 

and Goacher, 1995)  (Demirbas, 2000)    

 (Ejim et al., 2007)  

  

   

          



    

 (Alptekin and Canakci, 2009) 

  

1.   

 6        

    2.4 (Alptekin and Canakci; 2008, 2009) 
 

    BAx +=ρ                  (2.4)    
 

    
  ρ       (g/cm3)  

  x       (vol.%) 

  A   B     

 

2.   

   2.5 (Benjumea et al., 2008) 
 

    BTA += )(ρ                  (2.5)    
 

    
  ρ       (kg/m3)  

  T           (oC) 

 A   B     

 

  

  

 

                

      

        

 (  , 2547; , 2547; Almeida et al., 2002; Bari et al., 2002; Kalam 

and Masjuki, 2004)        



        

  

               

       

          

                   

 

    

   
 
2.6  

   

 

   

1.    

     

  

          

 

 (Sapaun et al., 1996)  

2.    

                   

      

 (EI-Awad et al., 2004)  

3.    JB-1 

 50oC    

 800-2,200 rpm  

 2,200-3,600 rpm 

   

 12.24-13.93%  



270    

 ( , 2546)  

4.    

   60oC  90 vol.%   

         

  

 

 

 5%  

(  , 2547)  

5.            

  3   

             

  120oC 

  75% 

  2,200 rpm  50 . ( ) 

 500 .  

      

   

67.2-95.2  16.7-20.1%   

9.9-12.4  0.6-1.3%       

0-9.3  0-7.7%        

                  

  

 1,200  3,000 .   6,000 

. ( , 2547)  

6.  (1,500 .)       

 RT80         

  4                

 0  500  1,000  1,500 .        



 1,500 . 

       

  3  

 20  30  40 vol.%  

    3  

 3.9  6.6  10.2%  

 0.8  1.4  3.3%  

   1,500 .  

       

 

 (  100%)        

  1,200 

.  6,000 . (   , 

2551)  

7.    2L-Turbo 

       

 20  30  40 vol.%         

   

20  30  40 vol.%  

3.9  6.8  14.2%       

 4.6  4.7  10.6%  (  , 2551)  

8.    2L-Turbo 

   

       

 40 vol.%  

 4.3  7.6%  3.0  5.2% 

 2.7  3.4% (Leevijit and Prateepchaikul, 2011)  

9.   

  ET80    2  



   

75%   2,200 rpm  2,000 . 

 1,000 .    

 15-20% 

             

  

                      

 (Prateepchaikul and Apichato, 2003)  

10.    

   

   70oC 

 97  98  99%  65oC          

   70oC 

 

   

  (Kalam and Masjuki, 

2004)  

11.   

  

(Masjuki et al., 1996)  

12.   3   

Karanja Putranjiva   10  20  30  40 vol.%  

 20 vol.%  

   

  

 (Haldara et al., 2009)  

     

     

          



  

         

       

             

   40 vol.% 

 20 vol.%        

    

   

  (

)    

                

                 

   

  



 3 
 

 

     

4    

 3      

      

    3.1 
 

3.1   4   
 

    

    10-12 wt.% 

   (  85 wt.%)  (  98 wt.%) 

 (  98 wt.%)  (  99 wt.%) 

 4     

    

   1   

 3.2        

( )  ( ) 

 4   

      

     

 1     

 (    

64.7oC)  3.1  90   250-350 rpm 

   120  

 

      100-110oC   



                       
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  

 3.1
 

1.
 

 4
 

 
 

2.
 

 (0
-1

00
 v

ol
.%

) 

3.
 

 (0
-1

00
 v

ol
.%

) 

 
 

f(b
)  

f(t
)  

f(b
,t)

  V
m

ax
 

 

4.
 

 
 

 
 

5.
 

 
 

 

 4
0 

50
 7

0 
 9

0o C 

 1
5.

6 
40

 6
0 

80
 

 1
00

o C 

 



 
 

 3.2  
 

 (  

  

 120oC    30 ) 

  

 2   

   3.1 

  

 

   

   

 1  ( )   

  5  (  5 )   

   2   50 vol.%  

  50 vol.%  

 ( ) 5   

    (  5 

) 



 3.1  4   

 
      

 

        

 

        

 

 

 

1.               

 90  

-  

 

-  

 

 

 

-  

 

 

-  

 

 

 

-  (oC) 

2.  

 120  

-  

 

-  

3.  

4.  

5.  100 °C 

 

 

 

 

           

(0.25 vol.%       

) 

 

  

(2.25 vol.% 

) 

- 

 

 

 

80 

 

 

      

 

 

 

 

 

 

 

        

 

  

(16.9+1 = 17.9 g of 

NaOH/L 

) 

  

(10 vol.%  

) 

- 

 

 

 

80 

 

 

        

 

 

 

 

 

 

 

 

 

  

(20 vol.%  

) 

 

- 

 

 

  

(2 vol.%  

) 

 

60 

 

 

        

 

 

 

 

 

 

        

 

  

(23 vol.%  

) 

 

- 

 

 

         

(0.9 + 5 = 5.9 g of NaOH/L 

     

) 

60 

 

 

 

 

 

 

 

 

 
3.2  

3.2.1  
  4  

  Thin Layer 

Chromatography / Flame Ionization Detector (TLC/FID)  Itronscan  MK-6s 

 S-III q�artz rod  Mitsh�bishi Kagak� Iatron  

   1 µl 

 0.75 ml   

Hexane:Diethyl Ether:Formic Acid  50:20:0.3 vol.% 

 8 cm  Hexane:Benzene  

1:1 vol.%  10 cm 

 105oC  Itronscan 



 0.16  2 L/min  30 sec 

 
 

3.2.2  
 

 Gas Chromatography / Flame Ionize Detector (GC/FID) 

  

   

   

  

 (  53.90 % vol. basis) 

 

   

  

GC/FID    
 

3.3  
3.3.1  

 4    3.1   

 0  20  40  60  80  100 vol.%   100 ml   
 ±0.5 ml         

 ASTM D445  40oC            

 50  70  90oC   3       

  Cannon  Fenske Ro�tine Type for Transparent Liq�ids (Manning et al.) 

  J�labo  MD-160 

    

  
 

3.3.2  
 4   3.1  0  20  40  60  80  100 vol.% 

  100 ml  ±0.5 ml  



 15.6  40  60  80  100oC   Picanometer 

25 ml  LIBROR  EBQ-3200H  0.01 g 

 Picanometer    

 3  

 
 

3.3.3  
 4   

 0  10  20  30  40  60  80  100 vol.%  

 100 ml (  1 ml) 

    

  

 22-34oC (  ., 2555)            

 
 

3.3.4  
 

 

 (least sq�ares regression)     

  (exponential regression) 

  (polynomial regression) 

    

  (Mean Relative 

Deviation: MRD)  3.1   

  
 

    
exp

exp

1

100

x

xx

n
MRD

simn

i

−
Σ=
=

                (3.1) 

 

 

 

 



    

  MRD      (%) 
  n     

  expx        

  simx        
 

  Coefficient of Determination  R-sq�ared ( 2R )  3.2 

  2R    0  1 

 

 2R   1  2R   0.95 
 

     
T

R

SS

SS
R =2                  (3.2) 

 

    

  
2R     R-sq�are 

  RSS     The regression s�m of sq�ares 

  TSS     The s�m of sq�ares 
 

 

     ∑
=

−=
n

i
iR yySS

1

2)ˆ(                 (3.3) 

 

     ∑
=

−=
n

i
iT yySS

1

2)(                 (3.4) 

 

     
n

y
y

n

i
i∑

== 1                  (3.5) 

 

    

  ŷ      

  iy      

  n      

  RSS     The regression s�m of sq�ares 

  TSS     The s�m of sq�ares 



3.3.5  
 

 

 
 

      

 ( ) 

  (Graphic Method)  
 
3.4  

      

   

  3   

      
 

3.5    
 3.5.1   

    

  

  
 

3.5.2  

  

  
 

3.5.2.1  
  

  



1)    RT80  

 4    84 mm.  465 

mm.  23:1  5.9 kW  2,400 rpm  5.1 kW  2,400 rpm 

 2.8 kg-m  1,600 rpm   

  
2)  12 hp  Plint & Partner 
3)   DIGICON  DT240P        

0-5,000 rpm 
4)   ALBA  0.01  
5)   Testo  350 
 

3.5.2.2  
  3 

  2    

1)   2,200 rpm           

 1.28  2.55  3.83  5.10 kW    

    

   

2)  1,600-2,400 rpm       

 200 rpm           

  2,200 rpm 

 2    

       

  3.6-3.10  
 

     
5000

WN
BHP =                  (3.6) 

 

     BHPP 746.0=                  (3.7) 
 

     vm && ρ=                   (3.8) 
 



     
P

m
BSFC

&
=                  (3.9) 

 

     
BSFCxLHV

x
bth

%100600,3
=η               (3.10) 

 

    
BHP        (HP) 

W            (lbf.ft)  
N             (rpm) 

P              (kW) 

ρ              (kg/m3) 

v&      (m3/hr) 

m&             (kg/hr) 

BSFC        (kg/kW-hr) 

bthη          (%) 

LHV       (kJ/kg) 

 



 4 
 

 

4.1  
 4    

    

 ( )  

  2  

     

    

   2  

   

  

  2    

  

 0.25 vol.%  

      

          

   98.00  96.00 

93.12  53.90 % vol. basis    

    

  

         

     

       

    

 (      

)          
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   (    

)  

   

   

   

   

 4   

    4.1    

  4.1    (

)    (

)  3.1  (

 )    

2.1    
 

    
y

cmn
cf

ii

n

i
100)(

1
×Σ

= =                  (4.1) 

 

    
  cf      1   ( / ) 

  icm     i   1  

          ( / ) 

  n     

  in     i     

          1   ( ) 
 y     

           (% vol. basis) 
 

 4.1   

          

 22.77  28.55  35.69  43.01 /         
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 28.18 /   

28.21 /  (  2.1)     

   14.80-14.83  7.47-7.50 

/    

   

  (0.34-0.37 / )    

     

 (  5.2 )  

  0.91 /  (4.18% 

) 
 

 4.1  4   

 (unit) 
/

(baht) 

  (baht) 

 
  

  (L) 

 (kg) 

 (kg) 

 (kg) 

 (kg) 

  (L) 

  (kWh) 

21.86 

51.14 

15.29 

30.31 

38.40 

0.013 

2.76 

1 

0.0042 

- 

- 

- 

5.0225 

0.0652 

1 

0.0042 

- 

- 

0.0187 

5.1225 

0.1179 

1 

- 

0.0365 

0.1577 

- 

5 

0.0539 

1 

- 

0.0365 

0.3391 

0.0059 

5 

0.876 

21.86 

0.2158 

- 

- 

- 

0.0635 

0.1798 

21.86 

0.2158 

- 

- 

0.7193 

0.0647 

0.3254 

21.86 

- 

0.5583 

4.7808 

- 

0.0632 

0.1487 

21.86 

- 

0.5583 

10.2788 

0.2276 

0.0632 

0.2418 

 

  (baht) 

  (% vol. basis) 

  (baht/L) 

22.32 

98.00 

22.77 

23.18 

53.90 

43.01 

27.41 

96.00 

28.55 

33.23 

93.12 

35.69 
 

  1.   

2.  

3.  ( ; )  

4.  ( ;  Ft; ) 

 

  4  

  4.1   

  94.28-97.94% 

  0.81-1.40%   1.25-4.31%  

  79.75%  



40

  17.44  2.04% 

  65.78%           

 30.93% 

 1.68% 
 

 








0

10

20

30

40

50

60

70

80

90

100


 (

%
)

 4.1  4   
 

4.2  
4.2.1  

 4.2  

  (>79 wt.%) 

 (≈12 wt.%)  (≈8 wt.%)      

 (≈1 wt.%)        
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 4.2   4  

        (wt.%) 
 TG DG MG FFA ME 

 

 

 

 

 

79.5 

79.3 

87.7 

66.2 

0.1 

7.7 

7.7 

8.5 

8.6 

0.1 

0.9 

1.0 

1.1 

1.2 

0.5 

11.9 

12.0 

2.7 

0.8 

0.2 

- 

- 

- 

23.2 

99.1 
 

: TG  ; DG  ; MG  ; FFA  ; ME          

  

 

 

  (

)   12 wt.%  2.7 wt.% 

   ≈20%   

   ≈80%   

  (  

≈75%  ≈25%)  4.2            

  

   

  

 

 11.1  13.3 wt.%   23.2 wt.%   

   

       

 

 2   

                 

  99 wt.% 

 4.2            

 30 °C  
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  918.6  919.0  902.1  871.8  823.8 kg/�3   4.2 

  4.3  4.3-4.7 

 
 

    
DMCPOF

MCPOFMCPOFi
Bi Vv

vf
f

ρρ
ρ

)1(
,

, −+
=                 (4.2) 

 

    

  Bif ,     i    (wt.%) 

  MCPOFif ,    i  

            (wt.%) 

 i        

             

 Dρ      (kg/�3) 

 MCPOFρ     

          (kg/�3) 

  V    

           (deci�al) 
 

 4.3  (wt.%)   
 TG DG MG FFA ME  

 - - - - - 100.00 

 10 8.74 0.85 0.11 1.32 - 88.98 

 20 17.29 1.68 0.22 2.62 - 78.20 

 30 25.64 2.49 0.32 3.88 - 67.66 

 40 33.81 3.28 0.43 5.12 - 57.36 

 50 41.81 4.06 0.53 6.33 - 47.28 

 60 49.63 4.82 0.63 7.51 - 37.42 

 80 64.78 6.29 0.82 9.80 - 18.31 

 100 79.30 7.70 1.00 12.00 - - 

 10 9.67 0.94 0.12 0.30 - 88.97 

 20 19.12 1.85 0.24 0.59 - 78.19 

 30 28.37 2.75 0.36 0.87 - 67.65 

 40 37.40 3.63 0.47 1.15 - 57.35 

 50 46.25 4.48 0.58 1.42 - 47.27 
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 4.3 ( )  (wt.%)  
 

 

: 1.    (vol.%) 

 2. TG    ;  DG    ;   MG    ;   FFA    ;   ME    

      

 

 4.3  4.2 

      

        

    

   

  

  

            

  2.3  1.4  0.3  0.2  0.03 wt.%  
 

 TG DG MG FFA ME  

 60 54.89 5.32 0.69 1.69 - 37.41 

 80 71.64 6.94 0.90 2.21 - 18.31 

 100 87.70 8.50 1.10 2.70 - - 

 10 7.18 0.93 0.13 0.09 2.52 89.15 

 20 14.23 1.85 0.26 0.17 4.99 78.51 

 30 21.14 2.75 0.38 0.26 7.41 68.06 

 40 27.93 3.63 0.51 0.34 9.79 57.80 

 50 34.60 4.50 0.63 0.42 12.13 47.73 

 60 41.15 5.35 0.75 0.50 14.42 37.84 

 80 53.90 7.00 0.98 0.65 18.89 18.59 

 100 66.20 8.60 1.20 0.80 23.20 - 

 10 0.01 0.01 0.05 0.02 10.43 89.48 

 20 0.02 0.02 0.10 0.04 20.73 79.08 

 30 0.03 0.03 0.16 0.06 30.92 68.80 

 40 0.04 0.04 0.21 0.08 40.99 58.63 

 50 0.05 0.05 0.26 0.10 50.95 48.58 

 60 0.06 0.06 0.31 0.12 60.80 38.65 

 80 0.08 0.08 0.40 0.16 80.16 19.11 

 100 0.10 0.10 0.50 0.20 99.10 - 
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 4.2  
 



45

4.2.2  
  4.3    
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0.
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0.
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0

5
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15
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40

45

50

55

60

C8:0 C10:0 C12:0 C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1


 (

w
t.%

)





 4.3  

 
 

 

  4   
 

4.2.3  
 4.2.2   

  

  C16.93H32.66O2 

     12.01  1.008 

 16.00 g/�ol  (Perry et al., 1998) 
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 268.2 kg/k�ol  2  

  (C16H32O2) [  256.4 kg/k�ol 

 40.29 wt.%]  (C18H34O2) [  282.5 kg/k�ol 

 39.28 wt.%] 

  

    

  4.4  

 (Kincs, 1985; Leevijit et al., 2004; Leevijit et al., 2008) 

 (  2.2) 

  4.4     

  
 

 4.4     

          

  
(kg/k�ol) 

 (wt.%) 

 

 C16.93H32.66O2 CH1.9291O0.1182 268.2 75.80 12.27 11.93 

 C53.78H99.97O6 CH1.8587O0.1116 842.7 76.65 11.96 11.39 

 C36.86H69.31O5 CH1.8806O0.1357 592.5 74.71 11.79 13.50 

 C19.93H38.66O4 CH1.9398O0.2007 342.3 69.92 11.38 18.70 

 C17.93H34.66O2 CH1.9331O0.1116 282.2 76.29 12.38 11.34 

 

 4.4 

  4   4.2 

   

   

  4.5  

      

  C12.30H22.14 (CH1.8000)  170.0 kg/k�ol (Heywood, 

1988)  30°C   

   

   4.6 
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 4.5     

          

  
(kg/k�ol) 

 (wt.%) 

 

 C47.79H89.04O5.43 CH1.8633O0.1136 750.6 76.47 11.96 11.57 

 C47.72H88.92O5.42 CH1.8634O0.1136 749.5 76.47 11.96 11.57 

C50.98H94.87O5.79 CH1.8610O0.1135 800.5 76.48 11.95 11.57 

 C43.31H80.90O4.93 CH1.8681O0.1138 680.6 76.43 11.98 11.59 

 C17.99H34.77O2.02 CH1.9328O0.1121 283.4 76.23 12.37 11.40 

 

 4.6    

          

  
 (kg/k�ol) 

 (wt.%) 

 

 C12.30H22.14       CH1.8000 170.0 86.88 13.12 0.00 

 10 C16.20H29.50O0.60 CH1.8206O0.0369 234.2 83.11 12.70 4.08 

 20 C20.02H36.70O1.18 CH1.8329O0.0590 296.3 81.15 12.48 6.38 

 30 C23.75H43.73O1.75 CH1.8412O0.0738 357.3 79.84 12.34 7.85 

 40 C27.40H50.62O2.31 CH1.8471O0.0843 417.1 78.91 12.23 8.87 

 50 C30.97H57.35O2.86 CH1.8515O0.0923 475.5 78.23 12.16 9.61 

 60 C34.47H63.93O3.39 CH1.8549O0.0984 532.7 77.71 12.10 10.19 

 80 C41.23H76.69O4.43 CH1.8599O0.1074 643.4 76.97 12.02 11.01 

 100 C47.72H88.92O5.42 CH1.8634O0.1136 749.5 76.47 11.96 11.57 

 10 C16.57H30.16O0.64 CH1.8207O0.0385 239.6 83.02 12.69 4.26 

 20 C20.74H38.00O1.26 CH1.8327O0.0609 307.6 80.97 12.45 6.57 

 30 C24.81H45.66O1.87 CH1.8405O0.0755 373.9 79.69 12.31 8.01 

 40 C28.80H53.16O2.47 CH1.8460O0.0858 439.0 78.78 12.21 9.00 

 50 C32.70H60.49O3.05 CH1.8501O0.0934 502.5 78.15 12.13 9.72 

 60 C36.51H67.66O3.62 CH1.8532O0.0993 564.6 77.66 12.08 10.27 

 80 C43.90H81.55O4.73 CH1.8578O0.1077 685.1 76.95 12.00 11.05 

 100 C50.98H94.87O5.79 CH1.8610O0.1135 800.5 76.48 11.95 11.57 

 10 C15.66H28.51O0.53 CH1.8204O0.0341 225.3 83.50 12.76 3.80 

 20 C18.96H34.77O1.06 CH1.8333O0.0559 279.7 81.43 12.53 6.06 

 30 C22.20H40.91O1.57 CH1.8423O0.0709 333.0 80.09 12.38 7.57 

 40 C25.39H46.93O2.08 CH1.8489O0.0819 385.5 79.08 12.27 8.63 

 50 C28.51H52.85O2.58 CH1.8539O0.0904 437.0 78.36 12.19 9.44 

 60 C31.57H58.66O3.06 CH1.8579O0.0971 487.2 77.83 12.14 10.06 

 80 C37.55H69.98O4.01 CH1.8638O0.1069 585.7 76.99 12.04 10.96 

 100 C43.31H80.90O4.93 CH1.8681O0.1138 680.6 76.43 11.98 11.59 
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 4.6 ( )                 
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 4.4  

  
 (kg/k�ol) 

 (wt.%) 

 

 10 C12.90H23.47O0.21 CH1.8195O0.0165 181.9 85.14 13.00 1.87 

 20 C13.49H24.78O0.42 CH1.8337O0.0313 193.7 83.64 12.90 3.49 

 30 C14.08H26.08O0.63 CH1.8529O0.0448 205.5 82.27 12.79 4.91 

 40 C14.65H27.36O0.84 CH1.8674O0.0570 217.0 81.12 12.71 6.16 

 50 C15.23H28.63O1.04 CH1.8806O0.0682 228.4 80.06 12.64 7.28 

 60 C15.79H29.89O1.24 CH1.8928O0.0785 239.6 79.15 12.57 8.28 

 80 C16.90H32.36O1.63 CH1.9143O0.0976 261.7 77.58 12.46 9.99 

 100 C17.99H34.77O2.02 CH1.9328O0.1121 283.4 76.23 12.37 11.40 
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4.3.3  
4.3.3.1  

 4.3 (Grunberg and 

Nissan, 1949) 
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4.3  ijQ    4.4 (Perry     

et al.,1998)  
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  R2  0.95 (  3.2)       
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  µ          
  A            

  R             

  T            

  visG∆      
 

 oG∆    4.10  4.11 

 (Ja�es and Martin, 1952) 
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 bnaa +='   dncb +='  
 

   '' bTae +=µ                 (4.15) 
 

  

   4.26 (Perry et al., 1998) 
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 (Abolle et al., 2009) 
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    BAT
T e +−=ν                 (4.19) 

 

    

  Tν     T   (cSt)  
  T     40-90oC 

  A        

  B     

 

 A   B   4.19 

 40oC )(ln 40ν  

   

 4.20  4.21  4.20  4.8  4.21  4.9 
 

    2401 ln CCA += ν                (4.20) 
 

   4403 ln CCB += ν                (4.21) 
 

    
  A        

  B        

  40ν     40oC  (cSt) 

  1C  2C  3C   4C      
 

 4.8  4.9 
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   44032401 ln)ln( CCTCC
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                )))ln 440, CV FF ++ ν                  (4.26) 
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 4.13   R2  0.95 (  3.2)  

 

 
 

4.3.3.4 
  

 
    

  40,Stν      

           8.0 cSt  4.1 cSt 

  maxFV      

           (vol.%) 
 

 4.7  40,ln Stν   TB ,lnν   maxFV   FV   4.29 
 

   }lnln)1{(
40,

40,max40,max FFDF VV
St e ννν +−=               (4.29) 

 

   40,max40,max40, lnln)1(ln FFDFSt VV ννν +−=              (4.30) 
 

   40,max40,max40,40, lnlnlnln FFDFDSt VV νννν +−=              (4.31) 
 

   )ln(lnlnln 40,40,max40,40, DFFDSt V νννν −=−              (4.32) 
 

    
40,40,

40,40,
max lnln

lnln

DF

DSt
FV

νν
νν

−

−
=               (4.33) 

 

 4.33  4.34 

 

  40oC   
 

     



64

0

4

8

12

16

20

24

28

32

36

40

44

30 40 50 60 70 80 90 100

 (°C)

 (
cS

t)

 20

 40

 60

 80

 

 4.12                                       

( ) 

 

R2 = 0.9964

0

4

8

12

16

20

24

28

32

36

40

0 4 8 12 16 20 24 28 32 36 40

 (cSt)

 (
cS

t)

 

 4.13                                       

( ) 



65

    
)/ln(

)/ln(

40,40,

40,40,
max

DF

DSt
FV

νν
νν

=               (4.34) 

 

    
  maxFV     

           (vol.%) 

  40,Dν       40oC  (cSt) 

  40,Fν      

          40oC  (cSt) 

  40,Stν      

           8.0 cSt  4.1 cSt 
 

 4.28  40,ln Stν   TB ,lnν   maxFV   FV   4.35 
 

40,140,1440,3240,140, lnln()lnln(ln FDDDSt TCTCCCTCTC ννννν −+++−−=          

          max40,340,3 )lnln FFD VCC νν +−                  (4.35) 
 

  
40,340,340,140,1

440,3240,140,
max lnlnlnln

)lnln(ln

FDFD

DDSt
F CCTCTC

CCTCTC
V

νννν
ννν
+−−

++−−−
=             (4.36) 

 

  
40,1340,13

4240,1340,
max ln)()ln)((

)()ln)((ln

FD

DSt
F TCCTCC

CTCTCC
V

νν
νν

−+−−

−+−−
=              (4.37) 

 

  
)ln)(ln(

)()ln)((ln

40,40,13

4240,1340,
max

DF

DSt
F TCC

CTCTCC
V

νν
νν

−−

−+−−
=              (4.38) 

 

  )(
40,40,

42
)(

40,40,
max

13

13

)ln/(ln

)(lnln
TCC

DF

TCC
DSt

F

CTC
V −

− −+−
=

νν
νν

                 (4.39) 

 

 4.39  4.40 

 

  
 



66

  )(
40,40,

42
)(

40,40,
max

13

13

)ln/(ln

)()/ln(
TCC

DF

TCC
DSt

F

CTC
V −

− −+
=

νν
νν

                 (4.40) 

 

    
  maxFV      

           (vol.%) 

  40,Dν       40 oC  (cSt) 

  40,Fν      

          40 oC  (cSt) 

  40,Stν      

           8.0 cSt  4.1 cSt 

  T     40-90oC 

  1C  2C  3C   4C      
 

 4.40 (

              

 )      

 4   

 (  4.2)  ( 1C  2C  3C

4C )  4     

   

 (  4.5)   4.40 

    

 

 

           

 4.40   4.14   4.34 (

 

  40oC     

) 



67

    

4.14  
 

0

10

20

30

40

50

60

70

80

90

100

0 4 8 12 16 20 24 28 32 36 40 44


  40oC (cSt)




 (
vo

l.%
)

 
  

 
  

4.1 cSt

8.0 cSt

 4.14  

 
 

  4     

  4.40 (         

 ) 
  4.8   

  

 46  38  36 vol.%   

 40oC          

 40oC          

  

 57  13  10  10 vol.%  
 



68

 4.8  4        

         40-90oC  

                         

 

 (vol.%)  

   

   (oC)  (oC) 

40 50 70 90 40 50 70 90 

1.  

     

2.  

     

3.   

     

4.  

38 

 

36 

 

46 

 

100 

46 

 

44 

 

56 

 

100 

66 

 

64 

 

81 

 

100 

91 

 

88 

 

100 

 

100 

10 

 

10 

 

13 

 

57 

17 

 

17 

 

21 

 

95 

34 

 

33 

 

41 

 

100 

55 

 

53 

 

67 

 

100 

 

4.4  
4.4.1   

  15.6-100oC 

 4.9 

  

    15.6  15.6  15oC 

   

 15  15.6oC    

 15.6oC         

  

 4.9   4    

    

   

   

  932  931  915  884 kg/�3   

 1.1   

   

   2 



    
 4.9

 
 1

5.
6-

10
0o C 

   
   

   
  

   
   

   

(v
ol

.%
) 

 (k
g/

�
3 ) 

 

   
   

   
 

 

   
   

   
 

 

   
   

   
 

 
   

   
   

   
   

  

 (o C)
 

 (o C)
 

 (o C)
 

 (o C)
 

15
.6

 
40

 
60

 
80

 
10

0 
15

.6
 

40
 

60
 

80
 

10
0 

15
.6

 
40

 
60

 
80

 
10

0 
15

.6
 

40
 

60
 

80
 

10
0 

0 
   

   
   

   
   

20
   

   
   

   
   

40
   

   
   

   
   

60
   

   
   

   
   

80
   

   
   

   
   

10
0 

83
5 

85
4 

 

86
9 

 

88
6 

 

91
1 

 

93
1 

81
7 

 

83
3 

 

84
7 

 

86
3 

 

88
5 

 

90
8 

80
6 

  

81
8 

 

83
1 

 

84
9 

 

87
2 

 

89
0 

79
4 

80
7 

 

82
0 

 

83
5 

 

85
4 

 

88
0 

78
6 

 

80
0 

 

81
2 

 

82
7 

 

84
8 

 

86
9 

83
5 

 

85
6 

 

87
4 

 

89
4 

 

91
2 

 

93
2 

81
7 

   
  

83
6 

   
  

85
3 

   
  

87
2 

   
  

88
8 

   
  

90
8 

80
6 

   
  

82
2 

   
  

83
8 

   
  

85
7 

   
  

87
5 

   
  

89
0 

79
4 

   
  

81
0 

   
  

82
6 

   
  

84
5 

   
  

86
2 

   
  

88
0 

78
6 

   
  

80
1 

   
  

81
7 

   
  

83
6 

   
  

85
5 

   
  

87
1 

83
5 

   
  

84
9 

   
  

86
4 

   
  

88
3 

   
  

89
8 

   
  

91
5 

81
7 

   
  

83
4 

   
  

84
7 

   
  

86
3 

   
  

87
8 

   
  

89
5 

80
6 

   
  

82
1 

   
  

83
4 

   
  

85
0 

   
  

86
3 

   
  

88
2 

79
4 

   
  

80
9 

   
  

82
2 

   
  

83
7 

   
  

85
3 

   
  

87
0 

78
6 

   
  

79
7 

   
  

81
1 

   
  

82
7 

   
  

84
4 

   
  

86
2 

83
5 

   
  

84
5 

   
  

85
3 

   
  

86
4 

   
  

87
4 

   
  

88
4 

81
7 

   
  

82
8 

   
  

83
8 

   
  

84
7 

   
  

85
6 

   
  

86
6 

80
6 

   
  

81
3 

   
  

82
5 

   
  

83
3 

   
  

84
3 

   
  

85
1 

79
4 

   
  

80
5 

   
  

81
5 

   
  

82
2 

   
  

83
1 

   
  

83
9 

78
6 

   
  

79
5 

   
  

80
3 

   
  

81
2 

   
  

82
1 

   
  

82
8 

  

  



   

  

 15.6oC         

     

  

 

  

 

  

 4.9       

 1.1         

  

 80  60  60 vol.%  

   

  80 vol.%  

        

   60   

40  40  20 vol.%   

   4     

  4  

  

 

        

 4.4.3  
 

4.4.2  
  

 

       

 4.4.1  



 

   

               

   

 (  4.6)  4.15  

    4         

       

       

  

  (  4.3)  

    

 

 

   99 wt.% 

 
 

820

840

860

880

900

920

940

960

980

0 200 400 600 800 1000

 (kg/kmol)


 1

5.
6°

C
 (k

g/
m

3 )





 

 4.15  (  4 ) 



 

 

 

  

   

    4.16         

    

  

 
 

820

840

860

880

900

920

940

960

0 200 400 600 800 1000

 (kg/kmol)


 1

5.
6°

C
 (k

g/
m

3 )



 3  

 

 4.16                                                 

(  3  ) 
 

 4.15  4.16 

      

   4.17  4.18  

   

 



760

780

800

820

840

860

880

900

920

940

960

980

0 200 400 600 800 1000

 (kg/kmol)


 (

kg
/m

3 )

 3   15.6˚C

 3   40˚C

 3   60˚C

 3   80˚C

 3   100˚C

 

 4.17  (  3 ) 

 

 

780

800

820

840

860

880

900

920

140 160 180 200 220 240 260 280 300

 (kg/kmol)


 (

kg
/m

3 )

  15.6˚C

  40˚C

  60˚C

  80˚C

  100˚C

 4.18  ( ) 
 



 

      

4       

 

  4.4.3  

  

 
 

4.4.3  
4.4.3.1  
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 4   

  .1 
 

 .1  
  

 30oC  (kg/m3) 

 30oC  (kg/m3) 

 30oC  (kg/m3) 

 30oC  (kg/m3) 

 30oC  (kg/m3) 

 85 wt.%  30oC  (kg/m3) (Perry et al., 1998) 

 98 wt.%  30oC  (kg/m3) (Perry et al., 1998) 

 98 wt.%  30oC  (kg/m3) (Perry et al., 1998) 

 30oC  (kg/m3) (Perry et al., 1998) 

   (kJ/kg. oC) (Leevijit, 2006) 

 85 wt.%  30oC  (kJ/kg. oC) (Perry et al., 1998) 

 98 wt.%  30oC  (kJ/kg. oC) (Perry et al., 1998) 

 98 wt.%  30oC  (kJ/kg. oC) (Perry et al., 1998) 

  (kJ/kg. oC) 

918.08 

918.08 

918.49 

901.57 

873.22 

1688 

1826 

789 

996 

2.0530 

1.8657 

1.4195 

2.7700 

4.1860 

 

  

   

1.   .1  
 

   ∑ +++=∆= 4321 )( QQQQTmCQ PEMCPO                         ( .1) 
 

  

m          (kg) 

PC          (kJ/kg. oC) 

T∆          (oC)  



1Q         90                 

            25-60oC  (kW-hr)  

2Q         90   25-60oC (kW-hr) 

3Q         90   25-60oC    

            (kW-hr) 

4Q         30

               25-100 oC  (kW-hr) 
 

2.   .2  

 

   ∑ +++=∆= 654,31 )( QQQQTmCQ EMCPOPME                         ( .2) 
 

  

m          (kg/hr) 

PC          (kJ/kg. oC) 

T∆          (oC)  

1Q         90     

            25-60oC  (kW-hr)  

2Q         90   25-60oC (kW-hr) 

3Q         90   25-60oC  

            (kW-hr) 

4Q         90 

             25-60oC  (kW-hr)  

5Q         90   25-60oC (kW-hr) 

7Q         30          

             25-100oC  (kW-hr) 

 

 
 
 
 



  
 

 



  
 

 

 



  
 

 



  
 

 



  
 

 



  
 

 



  
 

 



  
 

 
 .1   

        2,200 rpm 
 (rpm)  (lbf.ft)

 (kW) 1.28 2.55 3.83 5.10 Full Load 1.28 2.55 3.83 5.10 Full Load

1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

3.2 

3.3 

3.4 

3.5 

2204 

2206 

2204 

2205 

2204 

2205 

2203 

2206 

2206 

2199 

2206 

2200 

2201 

2198 

2206 

2199 

2199 

2198 

2201 

2199 

2204 

2204 

2201 

2201 

2200 

2200 

2206 

2206 

2206 

2203 

2203 

2205 

2198 

2203 

2206 

2202 

2204 

2201 

2196 

2198 

2197 

2196 

2198 

2200 

2200 

2199 

2203 

2198 

2202 

2200 

2197 

2193 

2192 

2199 

2196 

2192 

2195 

2192 

2190 

2192 

2205 

2197 

2206 

2201 

2209 

2195 

2195 

2203 

2204 

2204 

2197 

2210 

2190 

2195 

2190 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.4 

15.4 

15.4 

15.4 

15.4 

15.4 

15.4 

15.5 

18.0 

18.0 

17.9 

17.9 

17.9 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

 2204 2202 2200 2196 2200 3.9 7.8 11.7 15.5 18.0 

SD 2.75 2.81 3.27 4.09 6.42 0.00 0.00 0.00 0.05 0.04 

 

 20  (rpm)  (lbf.ft)
 (kW) 1.28 2.55 3.83 5.10 Full Load 1.28 2.55 3.83 5.10 Full Load

1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

2202 

2204 

2205 

2202 

2201 

2203 

2201 

2204 

2205 

2202 

2202 

2204 

2202 

2204 

2204 

2201 

2196 

2197 

2197 

2196 

2196 

2196 

2205 

2200 

2195 

2201 

2202 

2203 

2203 

2196 

2200 

2201 

2198 

2199 

2201 

2199 

2199 

2201 

2200 

2200 

2203 

2198 

2202 

2202 

2210 

2210 

2200 

2194 

2190 

2190 

2197 

2202 

2194 

2190 

2195 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.5 

18.5 



 

 30  (rpm)  (lbf.ft)
 (kW) 1.28 2.55 3.83 5.10 Full Load 1.28 2.55 3.83 5.10 Full Load

1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

3.2 

3.3 

3.4 

3.5 

2199 

2197 

2200 

2195 

2197 

2196 

2195 

2200 

2197 

2196 

2197 

2196 

2201 

2199 

2195 

2194 

2193 

2195 

2194 

2194 

2195 

2193 

2195 

2196 

2197 

2196 

2196 

2195 

2195 

2195 

2199 

2202 

2201 

2201 

2201 

2200 

2196 

2200 

2202 

2200 

2204 

2199 

2197 

2199 

2197 

2199 

2200 

2202 

2201 

2202 

2201 

2199 

2201 

2203 

2201 

2206 

2209 

2204 

2205 

2202 

2185 

2213 

2217 

2185 

2190 

2210 

2213 

2207 

2214 

2214 

2189 

2184 

2186 

2203 

2210 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

3.9 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

11.7 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

15.5 

18.6 

18.6 

18.6 

18.6 

18.6 

18.6 

18.5 

18.5 

18.5 

18.5 

18.5 

18.6 

18.6 

18.6 

18.6 

 2197 2195 2200 2202 2201 3.90 7.80 11.70 15.50 18.6 

SD 1.99 1.13 2.13 2.72 13.02 0.00 0.00 0.00 0.00 0.05 

 

  (kW) 1.28 2.55 3.83 5.10 Full Load 

 50 ml    

(s) 

1 

2 

3 

99.97 

99.69 

99.87 

94.53 

94.97 

94.81 

92.13 

91.40 

91.56 

86.54 

87.28 

87.25 

92.13 

91.40 

91.56 

 99.84 94.77 91.70 87.02 91.70 

SD 0.14 0.22 0.38 0.42 0.38 

 (˚C) 

1 

2 

3 

41.2 

39.0 

37.5 

36.7 

36.8 

36.9 

37.2 

37.4 

36.6 

34.2 

33.9 

34.3 

37.2 

37.4 

36.6 

 39.23 36.80 37.07 34.13 37.07 

SD 1.86 0.10 0.42 0.21 0.42 

 20  (rpm)  (lbf.ft)
 (kW) 1.28 2.55 3.83 5.10 Full Load 1.28 2.55 3.83 5.10 Full Load

3.2 

3.3 

3.4 

3.5 

2201 

2202 

2202 

2204 

2196 

2195 

2196 

2202 

2197 

2199 

2199 

2195 

2203 

2203 

2196 

2199 

2206 

2210 

2200 

2195 

3.9 

3.9 

3.9 

3.9 

7.8 

7.8 

7.8 

7.8 

11.7 

11.7 

11.7 

11.7 

15.5 

15.5 

15.5 

15.5 

18.5 

18.6 

18.6 

18.5 

 2203 2199 2200 2200 2199 3.9 7.8 11.7 15.5 18.5 

SD 1.40 3.53 3.02 2.06 7.33 0.00 0.00 0.00 0.00 0.07 



 

 20  (kW) 1.28 2.55 3.83 5.10 Full Load 

 50 ml   

(s) 

1 

2 

3 

95.10 

96.37 

95.72 

93.15 

92.63 

92.78 

90.03 

89.68 

90.72 

86.82 

85.86 

86.97 

90.03 

89.68 

90.72 

 95.73 92.85 90.14 86.55 90.14 

SD 0.64 0.27 0.53 0.60 0.53 

 (˚C) 

1 

2 

3 

30.9 

31.0 

31.0 

32.4 

32.0 

31.6 

33.3 

32.2 

31.9 

30.9 

31.2 

31.1 

33.3 

32.2 

31.9 

 30.97 32.00 32.47 31.07 32.47 

SD 0.06 0.40 0.74 0.15 0.74 

 (kg/m3) 

1 

2 

3 

841.20 

841.14 

841.14 

840.20 

840.47 

840.74 

839.60 

840.34 

840.54 

841.20 

841.00 

841.07 

839.60 

840.34 

840.54 

 841.16 840.47 840.16 841.09 840.16 

SD 0.04 0.27 0.49 0.10 0.49 

 

 30  (kW) 1.28 2.55 3.83 5.10 Full Load 

 50 ml   

(s) 

1 

2 

3 

94.15 

94.69 

94.62 

92.25 

91.81 

92.06 

88.46 

89.47 

90.12 

85.00 

85.72 

85.54 

88.46 

89.47 

90.12 

 94.49 92.04 89.35 85.42 89.35 

SD 0.29 0.22 0.84 0.37 0.84 

 (˚C) 

1 

2 

3 

34.5 

33.4 

32.9 

33.9 

33.3 

33.0 

30.9 

30.9 

30.9 

34.3 

33.5 

32.9 

30.9 

30.9 

30.9 

 33.60 33.40 30.90 33.57 30.90 

SD 0.82 0.46 0.00 0.70 0.00 

 

 

 

 

  (kW) 1.28 2.55 3.83 5.10 Full Load 

 (kg/m3) 

1 

2 

3 

99.97 

99.69 

99.87 

94.53 

94.97 

94.81 

92.13 

91.40 

91.56 

86.54 

87.28 

87.25 

820.40 

820.28 

820.75 

 99.84 94.77 91.70 87.02 820.47 

SD 0.14 0.22 0.38 0.42 0.24 



 30  (kW) 1.28 2.55 3.83 5.10 Full Load 

 (kg/m3) 

1 

2 

3 

843.74 

844.42 

844.72 

844.11 

844.48 

844.66 

845.96 

845.96 

845.96 

843.86 

844.35 

844.72 

845.96 

845.96 

845.96 

 844.29 844.42 845.96 844.31 845.96 

SD 0.51 0.28 0.00 0.43 0.00 

 

  (kW)   20  30 

 (kJ/kg)  42921 41318 41421 

 

 

(m3/hr) 

1.28 0.000716 0.000729 0.000726 

2.55 0.001002 0.001000 0.001014 

3.83 0.001336 0.001320 0.001341 

5.10 0.001620 0.001661 0.001695 

Full Load 0.001963 0.001997 0.002015 

 

(kg/hr) 

1.28 0.59 0.61 0.61 

2.55 0.82 0.84 0.85 

3.83 1.10 1.11 1.13 

5.10 1.33 1.40 1.43 

Full Load 1.61 1.68 1.70 

 

 

(kg/kW-hr) 

1.28 0.46 0.48 0.48 

2.55 0.32 0.33 0.33 

3.83 0.29 0.29 0.29 

5.10 0.26 0.27 0.28 

Full Load 0.27 0.28 0.28 

 

(%) 

1.28 18.30 18.21 18.16 

2.55 26.15 26.54 26.01 

3.83 29.42 30.17 29.56 

5.10 31.89 31.75 30.93 

Full Load 31.44 30.74 31.10 

 

 (kW) 1.28 2.55 3.83 5.10 Full Load 

CO (ppm) 427 257 520 1022 1991 

NOx (ppm) 105 187 293 365 405 

FT (°C) 174 229 275 325 414 

 20

CO (ppm) 357 189 339 611 835 

NOx (ppm) 123 211 299 403 413 

FT (°C) 147 198 249 293 387 

 30

CO (ppm) 307 186 275 740 1459 

NOx (ppm) 121 225 354 431 426 

FT (°C) 138 210 268 313 407 



 .2  

        1,600-2,400 rpm 
 (rpm)  (lbf.ft)

 (rpm) 1600 1800 2000 2200 2400 1600 1800 2000 2200 2400 

1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

3.2 

3.3 

3.4 

3.5 

1593 

1592 

1601 

1605 

1601 

1592 

1593 

1591 

1591 

1592 

1593 

1592 

1601 

1605 

1601 

1806 

1806 

1799 

1790 

1791 

1792 

1793 

1799 

1799 

1798 

1792 

1793 

1803 

1802 

1800 

2005 

2006 

2001 

1993 

2001 

1993 

1992 

2006 

1996 

1998 

2002 

2002 

1996 

1993 

1994 

2205 

2197 

2206 

2201 

2209 

2195 

2195 

2203 

2204 

2204 

2197 

2210 

2190 

2195 

2190 

2404 

2402 

2396 

2403 

2393 

2401 

2405 

2406 

2404 

2397 

2399 

2398 

2406 

2401 

2401 

19.1 

19.1 

19.1 

19.1 

19.0 

19.0 

19.1 

19.0 

19.0 

19.0 

19.0 

19.1 

19.1 

19.1 

19.1 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

19.7 

18.7 

18.7 

18.7 

18.7 

18.7 

18.7 

18.7 

18.7 

18.7 

18.7 

18.7 

18.8 

18.8 

18.8 

18.7 

18.0 

18.0 

17.9 

17.9 

17.9 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

16.7 

 1596 1798 1999 2200 2401 19.1 19.7 18.7 18.0 16.7 

SD 5.36 5.40 5.05 6.42 3.84 0.05 0.00 0.04 0.04 0.00 

 

 20  (rpm)  (lbf.ft)
 (rpm) 1600 1800 2000 2200 2400 1600 1800 2000 2200 2400 

1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

3.2 

3.3 

3.4 

3.5 

1595 

1607 

1608 

1593 

1594 

1601 

1593 

1592 

1591 

1591 

1592 

1592 

1593 

1601 

1601 

1797 

1798 

1795 

1806 

1805 

1805 

1808 

1789 

1815 

1805 

1817 

1807 

1818 

1805 

1805 

2000 

2001 

1998 

1997 

1996 

1994 

1992 

1990 

1997 

2000 

2004 

2009 

2000 

2000 

1998 

2210 

2210 

2200 

2194 

2190 

2190 

2197 

2202 

2194 

2190 

2195 

2206 

2210 

2200 

2195 

2403 

2395 

2395 

2400 

2397 

2401 

2393 

2396 

2403 

2396 

2401 

2395 

2395 

2400 

2401 

20.2 

20.2 

20.2 

20.1 

20.1 

20.1 

20.1 

20.1 

20.1 

20.1 

20.1 

20.3 

20.3 

20.3 

20.3 

20.4 

20.4 

20.4 

20.5 

20.4 

20.5 

20.5 

20.5 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

19.3 

19.3 

19.3 

19.3 

19.3 

19.4 

19.4 

19.3 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

19.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.4 

18.5 

18.5 

18.5 

18.6 

18.6 

18.5 

17.0 

17.0 

17.0 

17.0 

17.0 

17.1 

17.0 

17.0 

17.0 

17.0 

17.0 

17.1 

17.1 

17.1 

17.1 



 

 30  (rpm)  (lbf.ft)
 (rpm) 1600 1800 2000 2200 2400 1600 1800 2000 2200 2400 

1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

3.2 

3.3 

3.4 

3.5 

1589 

1587 

1587 

1587 

1589 

1584 

1591 

1598 

1589 

1591 

1587 

1590 

1596 

1601 

1596 

1797 

1790 

1818 

1817 

1796 

1816 

1806 

1809 

1785 

1808 

1819 

1794 

1786 

1807 

1811 

1992 

1986 

1984 

1985 

1981 

1996 

1990 

1992 

1997 

1998 

1993 

1987 

1990 

1990 

1993 

2185 

2213 

2217 

2185 

2190 

2210 

2213 

2207 

2214 

2214 

2189 

2184 

2186 

2203 

2210 

2405 

2407 

2417 

2412 

2417 

2391 

2406 

2408 

2393 

2406 

2408 

2396 

2394 

2407 

2391 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.4 

20.7 

20.7 

20.7 

20.7 

20.7 

20.6 

20.6 

20.7 

20.7 

20.7 

20.6 

20.6 

20.6 

20.7 

20.7 

19.4 

19.4 

19.4 

19.4 

19.4 

19.3 

19.3 

19.4 

19.4 

19.4 

19.4 

19.3 

19.4 

19.4 

19.4 

18.6 

18.6 

18.6 

18.6 

18.6 

18.6 

18.5 

18.5 

18.5 

18.5 

18.5 

18.6 

18.6 

18.6 

18.6 

17.2 

17.2 

17.2 

17.0 

17.0 

17.2 

17.2 

17.2 

17.2 

17.2 

17.2 

17.2 

17.2 

17.2 

17.2 

 1591 1804 1990 2201 2404 20.4 20.7 19.4 18.6 17.2 

SD 4.81 11.74 4.93 13.02 8.80 0.00 0.05 0.04 0.05 0.07 

 

  (rpm) 1600 1800 2000 2200 2400 

 50 ml   

(s) 

1 

2 

3 

114.62 

115.00 

113.16 

99.97 

99.69 

99.87 

94.53 

94.97 

94.81 

92.13 

91.40 

91.56 

86.54 

87.28 

87.25 

 114.26 99.84 94.77 91.70 87.02 

SD 0.97 0.14 0.22 0.38 0.42 

 (˚C) 

1 

2 

3 

40.8 

40.6 

40.7 

41.2 

39.0 

37.5 

36.7 

36.8 

36.9 

37.2 

37.4 

36.6 

34.2 

33.9 

34.3 

 40.70 39.23 36.80 37.07 34.13 

SD 0.10 1.86 0.10 0.42 0.21 

 

 

 

 

 20  (rpm)  (lbf.ft)
 (rpm) 1600 1800 2000 2200 2400 1600 1800 2000 2200 2400 

 1596 1805 1998 2199 2398 20.2 20.4 19.4 18.5 17 

SD 5.79 8.00 4.64 7.33 3.33 0.09 0.05 0.05 0.07 0.05 



  (rpm) 1600 1800 2000 2200 2400 

 (kg/m3) 

1 

2 

3 

818.29 

818.41 

818.35 

818.06 

819.34 

820.22 

820.69 

820.63 

820.57 

820.40 

820.28 

820.75 

822.15 

822.33 

822.09 

 818.35 819.21 820.63 820.47 822.19 

SD 0.06 1.09 0.06 0.24 0.12 

 

 20  (rpm) 1600 1800 2000 2200 2400 

 50 ml   

(s) 

1 

2 

3 

107.31 

107.29 

107.02 

95.10 

96.37 

95.72 

93.15 

92.63 

92.78 

90.03 

89.68 

90.72 

86.82 

85.86 

86.97 

 107.21 95.73 92.85 90.14 86.55 

SD 0.16 0.64 0.27 0.53 0.60 

 (˚C) 

1 

2 

3 

35.9 

34.3 

34.3 

30.9 

31.0 

31.0 

32.4 

32.0 

31.6 

33.3 

32.2 

31.9 

30.9 

31.2 

31.1 

 34.83 30.97 32.00 32.47 31.07 

SD 0.92 0.06 0.40 0.74 0.15 

 (kg/m3) 

1 

2 

3 

837.87 

838.94 

838.94 

841.20 

841.14 

841.14 

840.20 

840.47 

840.74 

839.60 

840.34 

840.54 

841.20 

841.00 

841.07 

 838.58 841.16 840.47 840.16 841.09 

SD 0.62 0.04 0.27 0.49 0.10 

 

 30  (rpm) 1600 1800 2000 2200 2400 

 50 ml    

(s) 

1 

2 

3 

106.81 

106.00 

106.44 

94.15 

94.69 

94.62 

92.25 

91.81 

92.06 

88.46 

89.47 

90.12 

85.00 

85.72 

85.54 

 106.42 94.49 92.04 89.35 85.42 

SD 0.41 0.29 0.22 0.84 0.37 

 (˚C) 

1 

2 

3 

35.2 

34.7 

33.9 

34.5 

33.4 

32.9 

33.9 

33.3 

33.0 

30.9 

30.9 

30.9 

34.3 

33.5 

32.9 

 34.60 33.60 33.40 30.90 33.57 

SD 0.66 0.82 0.46 0.00 0.70 

 (kg/m3) 

1 

2 

3 

843.30 

843.61 

844.11 

843.74 

844.42 

844.72 

844.11 

844.48 

844.66 

845.96 

845.96 

845.96 

843.86 

844.35 

844.72 

 843.67 844.29 844.42 845.96 844.31 

SD 0.41 0.51 0.28 0.00 0.43 



 

  (rpm)   20  30 

 (kJ/kg)  42921 41318 41421 

 

(kg/hr) 

1600 1.29 1.41 1.43 

1800 1.48 1.58 1.61 

2000 1.56 1.63 1.65 

2200 1.61 1.68 1.70 

2400 1.70 1.75 1.78 

 

 

(kg/kW-hr) 

1600 0.28 0.29 0.29 

1800 0.28 0.29 0.29 

2000 0.28 0.28 0.29 

2200 0.27 0.28 0.28 

2400 0.28 0.29 0.29 

 

(%) 

1600 29.73 29.53 29.49 

1800 30.30 30.01 30.05 

2000 30.87 30.04 30.29 

2200 31.44 30.74 31.10 

2400 30.36 29.51 30.09 

 

 

(rpm) 
1600 1800 2000 2200 2400 

CO (ppm) 3696 3945 2416 1991 1635 

NOx (ppm) 310 328 362 405 436 

FT (°C) 394 396 423 414 409 

 20

CO (ppm) 3009 3539 2197 835 1263 

NOx (ppm) 345 360 397 413 443 

FT (°C) 358 364 389 387 361 

 30

CO (ppm) 3736 2934 1362 1459 1763 

NOx (ppm) 359 390 408 426 466 

FT (°C) 334 364 378 407 355 
 

 

 

 

  (rpm)   20  30 

 (kJ/kg)  42921 41318 41421 

 

 

(m3/hr) 

1600 0.001575 0.001679 0.001691 

1800 0.001803 0.001880 0.001905 

2000 0.001899 0.001939 0.001956 

2200 0.001963 0.001997 0.002015 

2400 0.002068 0.002080 0.002107 
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