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Abstract − To examine the effects of fuel properties on auto-ignition in diesel engine, we have studied the physical proper-

ties and the chemical composition of domestic automotive diesel fuel and have measured its cetane number using CFR(Coop-

erative Fuel Research Committee) engine. It is found that the cetane number is related to the physical properties such as specific

gravity and boiling range distribution, and to the saturates and aromatic contents of diesel fuel. Therefore, it is suggested that in

the refining processes the factors affecting the cetane number stated above should be taken into account to improve the auto-

ignition property of automotive diesel fuel.
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4F CFR?@_ P'4» j�}_ 5�D� ��
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100N n-��(C16H34)̂  j�}P þ~ ��
 15N ����ã+[C9H13

(CH3)7]� ���_ ô¦()�! 2'4» ¯., 	)S 8p� j�
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���F ��[8].

��
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ª«� ��
 ��,�~ 1936
 CFR =>()(�¢E! �§R

�P�. CFR ()	¼3� B�C - B�C ��� Y14» �ÈR


·HI�� Ñ3£ =>?@_ 2'4» ��4�O, L�f(���

(Ignition Delay Matching Method), F�L�f(�(Fixed Ignition Delay

Method), �<HI��(Critical Compression Ratio Method)P ��.

��
 ��,� � L�f(�^ �<HI��~ �� ��1:P �

Fig. 1. Combustion procedure in diesel engine.

Fig. 2. Effects of engine speed on the ignition delay.

Fig. 3. Effect of cetane in diesel engine.
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assage,
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��~ �� M�� ô	R�[9].
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»3! τ� L�f(	g(s), C1, C2, n~ B¼E! �Kf� s�P�.
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2-1. ��


��
 ��ì�� Fig. 4E 5�Ð ¿S ¶P 8/ì�, Ã�ì� -

�� <3�� 	�F HI�� ·�	� � �� Ñ3£ ?@�� �

n ��l, @8,f� �R F�� �E ;�R�. ì� - ?@� �

�E �K!� Table 1E 5�D��.

2-2. �� � ��	�

��}s^ �� �� 33� KS M2031-95 ³��¤ �� 	¼ ,

�^ KS M2002-96 �� - ³��¤ �� 	¼ ,�E ��A ì�

� P'4��.

2-3. 	���

�� �� �êkë ¾m U³~ FID(Flame Ionization Detector)


ìjA HP6880 GC� 2'4��l, ���n@ �²�� U³^ �

] ]U<V_ �4» ]U3� P'4��. Column~ pW]�� �

��� U³E 2'�� Cross-linked Methyl Silicone Film WCOT 0.5

Fig. 4. Cetane method test engine assembly.
A-Fuel tanks K-Injection pump satety shut-oil solenoid
B-Air heater housing L-Injector assembly
C-Air intake silencer M-Fuel injection pump
D-Fuel flow rate buret N-Fuel selector valve
E-Combustion pickup O-Oil filter
F-Safety guard P-Crankcase oil heater control
G-Variable compression Q-Air heater switch

plug handwheel R-Engine start-stop switch
H-VCP, locking handwheel S-Instrument panel
I-Flywheel pickups T-Intake air temperature controller
J-Oil filler cap U-Dual digital cetane meter

Table 1. Engine characteristic and information

Item Description

Crankcase Model CFR-48(preferred). High or low speed models(optional)
Cylinder type Single bore cast iron with integral coolant jacket
Cylinder head type Cast iron with turbulence precombustion chamber, variably compression plug passage, integral coolant p 

and in-head value assemble
Compression ratio Adjustable 8:1 to 36:1 by external handwheel assemble
Cylinder bore(diameter), in. 3.250(Stander), Reboring to 0.010, 0.020, 0.030 over is acceptable
Stroke, in. 4.50
Displacement, cu in 37.33
Valve mechanism in-head with enclosure
Intake and exhaust valves Stellite faced, plain type without shroud
Piston Cast iron, flat top
Piston rings: 5 ea
Compression type 4, Ferrous, straight sided(top may be chrome plated-optional)
Oil control 1, Cast iron, one piece, slotted(Type 85)
Camshaft over lap, deg 5
Fuel system Injection pump with variable timing device and injector
Injector Holder with by-pass pressure release valve
Spray nozzle Closed, differential-needle, hydraulically-operated, pintle type
Weight of engine Approximately 400 kg(880 lb.)
Weight of complete test unit Approximately 1,250 kg(2,750 lb.)
���� �38� �3� 2000� 6�
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tic
microns, 0.2 mm ID, 50 m� capillary columnP��.

R�,  �U, !"ë, ,�µU� ���� Â#$ U³~ KS M2085-

95 ³��¤ ���� }U 	¼ ,�E ��A II% &j´, 
Hì�

- ]'Ô (�_ P'4��l, %())B\¨*~ +p Merck2E!

�1R 	,_ 2'4��.
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 -
�f Ê

~ 789' �� .�¤ � ��
� 47̂  582PE! U �
 F

Ø�/ ¾^ 8	E 5Y ��2 �¤_ �� 501 Ô�4» 2 25:

_ �s�� 4��l, 3� ��P 0.800P4N 
� 	) 5:E �

4» $�� ��
� ��4��l, ,�µ �� P± Ps� �±

,�µ^ ��
S� (´}_ �º43 �4» 10Y �¤_ Ô�4»

HPLC U³_ B	4F ��
� ��4��. B	R 	¼ � ��


� Table 2� È81:E! 	)S �ô¦()� ��P ()U2	3

S (�Y	 	g^� 2P� 	gP r3r ��� 13�
 ��/ H

I�� ·�	4F Â HI�� �54» ��
� ��4��.

��}s^ ��~ �� KS M2031³��¤ ��	¼ ,� - KS

M2002 �� - ³��¤ ��	¼,�E �4��. *R }UU³ �

�êkë(n-C13P~n-C18P) ¾m~ Table 3� GC U³1:E �4» D

Ãô¦ ¥,��� U³4��l, $�� ,�µ �� p±, P±, �

± ,�µ ¾m U³~ HPLC� P'R Table 4� U³1:E �4�F,

Â#$(saturate, olefin, aromatic) ¾m~ %(f	, &j�E �4» U

³4��.

Table 2. Test condition of cetane number

Item Operating condition

Engine speed
Injection timing
Injection flow rate
Crankcase lubricant
Oil temp. and pressure 
Coolant temp.
Inlet air temp.
Compression pressure

900±9 rpm
13.0 deg before-top-dead-center(BTDC)
13.0±0.2 ml/min
SAE30, SF/CD or SC/CE
57±8.5oC, 0.17-0.20 MPa
100±1.5oC
66±0.5oC
3.2±0.14 MPa

Table 3. Analytical condition of gas chromatography

Column Cross-linked methyl silicone
50 m�0.2 mm, 0.5µm thickness fused silica

Detector FID, 320oC
Oven temperature 50oC(10 min)-(3.0oC/min)→140oC(10 min)-

(3 oC/min)→230oC(30 min)
Inlet temperature 300oC
Carrier gas He, Split Ratio About 400:1, 30 ml/min
FID combustion gas H2(55 ml/min), Air(550 ml/min)

Table 4. Analytical condition of HPLC

Column NH2 column(Phenomenex Co.)
3 micron, 250�4.60�2 mm

Column temperature 40oC
Detector RI detector
Mobile phase Hexane(HPLC grade) 
Flow rate 1.0 ml/min
Injection volume 10µl
Run time 18 min

Table 5. Test results of diesel fuel oil

 Item
Sample

Cetane
number 

Specific
gravity

Distillation(oC) Composition(Vol%)

10% Recovery 50% Recovery 90% Recovery n-Paraffin Saturate Oleffin Aroma

A 57.9 0.8211 187.4 277.1 336.4 6.03 76.2 1.4 22.4
B 55.1 0.8232 195.8 278.8 349.7 10.56 78.2 0.6 21.2
C 53.8 0.8243 193.0 279.6 333.0 9.47 76.7 1.2 22.1
D 53.7 0.8195 191.5 281.8 335.2 7.96 79.4 1.1 19.5
E 53.7 0.8262 197.8 278.6 345.8 15.64 78.2 0.5 21.5
F 53.4 0.8215 221.0 278.3 339.1 13.31 74.1 0.9 25.0
G 53.0 0.8209 178.2 265.0 340.4 7.68 78.5 0.7 20.8
H 52.6 0.8233 181.0 255.7 337.7 10.19 75.6 1.2 23.0
I 52.1 0.8222 175.1 258.6 336.4 9.69 75.9 0.8 23.3
J 52.1 0.8243 197.5 258.6 336.6 8.83 75.4 0.9 23.7
K 52.1 0.8244 190.7 258.8 333.3 9.66 78.3 1.1 20.6
L 51.5 0.8281 192.5 267.8 337.8 9.76 76.3 1.0 22.7
M 51.4 0.8296 192.0 266.8 354.6 7.45 76.6 0.5 22.9
N 51.4 0.8253 185.6 252.0 336.3 9.09 77.6 1.6 20.8
O 51.2 0.8266 179.8 238.6 333.5 9.46 79.8 0.6 19.6
P 50.7 0.8254 184.1 254.0 336.6 11.07 73.2 1.2 25.6
Q 50.4 0.8498 193.6 260.8 343.9 6.07 71.4 1.1 27.5
R 50.2 0.8478 186.5 259.0 341.6 6.00 73.4 0.9 25.7
S 50.0 0.8353 176.8 253.7 339.3 8.98 73.2 1.8 25.6
T 49.6 0.8368 172.2 246.5 344.2 7.47 75.3 0.6 24.1
U 49.5 0.8318 181.1 245.0 334.5 8.62 73.8 1.3 24.9
V 49.3 0.8337 172.6 241.7 342.2 8.81 74.1 0.7 25.2
W 48.7 0.8430 182.6 246.4 347.7 8.03 73.9 0.8 25.3
X 47.9 0.8442 173.1 248.3 342.1 12.97 72.6 2.0 25.4
Y 47.5 0.8492 171.3 248.5 343.4 6.07 70.7 1.0 28.3
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 -
�f Ê~ 789' ���!, CFR?@_ P'R ��
 ��

�^� U³4» 0� 89 51.5� 0PF �n, 89�:_ Fï�

	, F� - ¦F� =>?@� "� ��
(45-60)E ]�R ���

6ÑA�. ÂQ5, �ù 47.5E!ÃÄ �F 57.9�! �¤$� s�R

9P� 0PF ��O, 
�� ?@E! 789' ;L�� j�}_

ô	4� <�
� �o ��� P4� ��� ¤¥�=_ 4F ��

�E �54� >?+ �9P�.

��
� �
	4� pW]�� NOx, CO - HC� @�	� �

��� ß~ (� �^0F[1-3, 13]E �k, �� £��wE!� 51P

s�� s� 1�4��O, P 3¦E �Ø� B¼E 2'A �¤�

, 40%
 :µ4f A4F ��l, ��789J#¡¢(AAMA), ��

789J#¡¢(ACEA) - p 789J#¡¢(JAMA)E! �§R �

< ()Bì(World-wide Fuel Charter)� Category3� ��
 55Ps

� �wE� Å^ 2Y �¤: :µ4F ��. *R, ª« �D �3±

�0.�� ()�13¦E! ��
 �w_ s� 1�4F7 4� �

C� �n,   B¼�^:_ D d ��2E!� PE �R �°P E

"4l, ()� yz} - ��
� ù@ ��E!, B� 9m_ P'

R F<]N (�� £4» 90$� 0� ]�R ��
� �	
 E

"4�F � � ��.

=>789� ��
� �E! PM(Particle Material) ��m^ �GR

´<
 �� ��� 90%��G�[1-3, 13]� ª« �D �wN 360oC

P4E� :µ4F ��5, �<()Bì� Category3E! �§R 320oC

P4 3¦E� ÿ� ú^4F ��l, NOx - PM ��m^ H~ ´

<
 �� �� *R �DE!� éõ ��4f ÊF ��5, �� £

��w� 0.845P4, �<()Bì Category3� 0.820-0.840� 3¦�

� D d, �3±�0² 9�E! �¥�U ¾m_ 0� ù@	4�

,��� 5é
ç I�.

�� �� aromatic ¾m~ pW]�� ��
� �� PM̂  NOx�

�
E 3»4F �� ��� îïð ��5, p± ,�µ~ `� �

�_ ��f ÊF 3±Ps� �±,�µP f�R ��_ ��� ��

� JKL�[1-3, 14]. �k! �� £��wE!� �± ,�µ ¾m:

_ 11 ýi% P4� ��4F ��5, �D ���¤_ $�� HPLC

� P'4» U³R �^, 4-2� Table 7E 5�+ ¿S ¶P P± P

s� �± ,�µ~ 2 ýi% D'� á� �m ¾��n �n 78

9� ��
�E� M ��_ ��f Ê_ ��� 6Ñ���. R�,

8/T]N }¹_ 5�D� ��
� �9� B¼�^E! 5�Ð ¿

S ¶P ��� �}^ �1J�E �¸ 	) ��� ��}s, ��

^ ¶~  \]N �}^  �U, ,�µU 
� 1}P �3 �NE

3NR�.

Table 6. Test results of kerosene fraction

Sample no. Specific gravity Cetane number

A 0.8001 47.2
B 0.7962 44.8
C 0.7924 45.2
D 0.7942 46.1
E 0.7916 45.3

Fig. 5. Correlation between cetane number and specific gravity.

Fig. 6. Correlation between cetane number and 10% recovery temper-
ature.

Fig. 7. Correlation between cetane number and 50% recovery temper-
ature.
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4-1. ��� 	�� �� ��
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4-1-1. ��^ ��
� s´} �O

�DE! ¬V�F �� ���¤� ��~ 0.82E! 0.85� s��

�[4i U �n ��O, (V¤N ³��¤� �}s ��^�E!

� BD
� - +,� 
� �ÝE ��_ Ú~O 3N4� ���

6ÑA�. ��^ ��
S� ´<� Fig. 5E 5�D��O, ��P @

���/ ��
� �
4F ��_ î � ��. ��~ 8pR U7

mE! ����� �1S �GR ´<
 ��O, FNP ÞF ��¾

mP ß_�/ ��P ÈéfF P�� ±�1 
^ ¶~ C/H� �


M ����
 ß_�/ ��P QR_ î � ��[5]. �k! ��P

@���/ ��

 �
R�� �~ ���¤_ �}4F �� ��

��
 FNP ÞF ���7 ��P ß~ }U�� �}�nç j�}

P [²4»R_ P B¼�^�! oÔ S�� � ��. ÂQ5, Table 7

� ��P 0.80ÃÄ 0.792PE �� �D 5Y ��2� 
� �¤�

��
 �� �^E 5�+ ¿S ¶P f5�i ��P Èéf� P�

� ��

 {nf�O P� ��P üý È�� ��
 {nfF P

E �k! U2mP ßéð Å.. (�
 pn5� O 3NR ���

��A�[3].

4-1-2. ��G�E �¸ ��
� ·��}

Fig. 6-8� ��}s 	¼�^S ��
S� ́ <� �O4» 0� 50%

��G�
 �
��/ ��

 �� s×¾_ î � �F, 3� 10%S

90% ��G�E!� ºZR ´T}~ 0Pf ÊF ��5 OPÄ U 

��E! 10%��G�� �_�/, 90%��G�� þ_�/ ��
�

�i 5�5F ��. pW]�� í§�}P èé s�]�� j�}P

{nf� ��� îï@ ,�µ~ �¸ ����E �54» ��P

�~ ��� �Bs JKð ��[7, 10]. �k!, 90%��G�
 þ_

�/ ��

 �~ U �� 0PF �� �~ PQR ,�µ ¾m^

´TP �_ ��� ��� � ��.

4-2. ���  	
 ��
� �!!"

Fig. 10E! 5�+ ¿S ¶P ��
S 
ì ´TP �� factor� ,

�µ ¾mP��O, ,�µ ¾mP �
��/ ��
� {nð j�}

P U�V_ î � ���l,  �UP s�]�� �
��/ ��
�

Fig. 8. Correlation between cetane number and 90% recovery temper-
ature.

Fig. 9. Correlation between cetane number and saturate.

Fig. 10. Correlation between cetane number and aromatic.

Fig. 11. Correlation between cetane number and n-paraffin.
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92).

rgy
s×4� ��_ 0PF ��5, ,�µ ¾m  ̂¶P WX4f� ÊY�.

P�  �UDE n-paraffine, iso-paraffine, naphthene
P �«K �3

d�N ��� ��A�. ,�µ ��  �E! �� �3±� Z)�

� N4» 6"���s  ¥N P± Ps� �± ,�µ^ ��
S�

´<� Table 7� $�� B¼�^E! 0P� ¿S ¶P 2 ,�µ ¾

m^� �\ õG]N ´T}~ 0Pf ÊF ��O, P *R �¸ �

���S �54» ¾mP á� �mPn! ��_ ��f A4F �

� ��� 6Ñ���.  � ����� ��� 6}U_ PÓF ��

l, 8p ���E! �¸ 3� ����0� ��P È�l (�}P

o�43 d�E j�}_ 5�D� ��
� �¸ ����E �54

» s�]�� ��[7, 11].

R�, ,�µ ����
 ��� 6}U_ PÓ� �o� `� ö�

5 0Ø[ZVP5 �:V� ��S ¶P ,�µ3� A ��� ��.

pW]�� ,�µ ����� �  ̧����0� ��P rF í]��

� 7o §�43 d�E j�}P �¸ ����0� {nf� ���

8
�F ��l,   B¼E!� �^� 8pR ��_ 0PF ��.

5. � �

  \�~ ()� }sP ?@� j�}E n½R ��_ ���
�

�º4F7, �DE! ¬V�F �� =>?@� ()N 789' ��

E �4»  \]N �}^ �T]N 1}_ 	¼$U³4F CFR?@

_ P'4» j�}_ 5�D� ��
� ��4��. 	¼ �^, ��

^ ¶~ �]_ ÷��.

(1) ��
S 
ì ´TP �� factor� ,�µ ¾mP��O, ,�

µ ¾mP �
��/ ��
� {nð j�}P U�V_ î � ��

�l,  �UP s�]�� �
��/ ��
� ,g s×4� �^�

0PF ��5, ,�µ ¾m^ ¶P WX4f� ÊY�.

(2) ��}s ^_E!� 50% ��G�
 �
��/ ��

 ��

s×¾_ î � ���l 3� 10% ��G�� �_�/, 90% ��

G�� þ_�/ ��
� �
4� ��_ 0PF ���.

(3) �� fraction ̀ � DE!� ��P È_�/ ��

 s×4�

��_ 0PF ��5, ��P 0.8P4N lightR 
� fractionP �

��� Z�ï ��

 {nf�O, P� ()� �}E �¸ U2m

� Ã]�¾E 3NR ��� �����.

�k!, j�}P [²R =>()� ¬V43 �K!� �3±� Z

) ¥� 6_�F �� ,�µ }U_ ���4F, ��_ þa^ 8

	E 50% ��G�� �P� ,��� ¬V1:_ ;�4»çI�.  

(�E! �ºR ��
 ´T "N�_ ()� �1J�E! Fï4�

=>?@E ]�R j�}_ 	�^ 8	E �3±�_ YÔ� � �

� ()� 0� yz]�� ¬V� � �_ ��� 3�A�.

� �

  (�� ���T5 Tb (��� f��� �b���l PE @
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Table 7. Test results of diesel fuel oil

Sample A B C D E F G H I J

Cetane no. 53.2 52.6 51.6 53.0 49.2 50.4 50.8 51.00 51.2 51.1
mono-aro 016.15 019.54 020.10 018.98 022.59 021.94 021.09 20.95 020.34 020.31
di-aro 002.78 002.24 002.35 001.97 002.41 002.27 2.25 02.14 002.17 002.24
poly-aro 000.03 000.10 000.11 000.06 000.10 000.10 0.10 00.09 000.08 000.10
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