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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 sich as specif
gravity and boiling range distribution, and to the saturates and aromatic contents of diesel fuel. Therefore, it is bafjgested t
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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Fig. 4. Cetane method test engine assembly.

A-Fuel tanks
B-Air heater housing
C-Air intake silencer
D-Fuel flow rate buret
E-Combustion pickup
F-Safety guard
G-Variable compression
plug handwheel
H-VCP, locking handwheel
I-Flywheel pickups
J-Qil filler cap

K-Injection pump satety shut-oil solenoid
L-Injector assembly
M-Fuel injection pump Wz
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N-Fuel selector valve

O-0il filter

P-Crankcase oil heater control
Q-Air heater switch

R-Engine start-stop switch
S-Instrument panel

T-Intake air temperature controller
U-Dual digital cetane meter
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i B0 AME-F= Cross-linked Methyl Silicone Film WCOT 0.5

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

Compression ratio
Cylinder bore(diameter), in.
Stroke, in.

Displacement, cu in

Valve mechanism

Intake and exhaust valves
Piston

Piston rings:

Compression type

Oil control

Camshaft over lap, deg
Fuel system

Injector

Spray nozzle

Weight of engine

Weight of complete test unit

Cast iron with turbulence precombustion chamber, variably compression plug passage, integral coolant passage,

and in-head value assemble
Adjustable 8:1 to 36:1 by external handwheel assemble

3.250(Stander), Reboring to 0.010, 0.020, 0.030 over is acceptable

4.50
37.33
in-head with enclosure
Stellite faced, plain type without shroud
Cast iron, flat top
S5ea
4, Ferrous, straight sided(top may be chrome plated-optional)
1, Cast iron, one piece, slotted(Type 85)
5
Injection pump with variable timing device and injector
Holder with by-pass pressure release valve
Closed, differential-needle, hydraulically-operated, pintle type
Approximately 400 kg(880 Ib.)
Approximately 1,250 kg(2,750 Ib.)

st5t=8 w38 HM3E 20004 6
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microns, 0.2 mm ID, 50 §1 capillary columa]iTh. FHE Helr7 2 1 5 E v et AR e 24T
H, Foht gH WEER ] Tl 25 #4& KS M2085- 594 vEe 2 KS M20314-5-A1F 55418 il 2 KS
05 4fA1E Wb AR AR Eel FYE 18 F2, 7199 M2002 9 2 AHAE AEAGEA) <Isisinh, Ea JRE 3
g Ao Fee ol8sislon, FFUEAIPS 54U Merck el A g 9H2H9 (n-CygP~n-GgP) T2 Table 3] GC Azl <J5te] Wf
Az AlokS AE-sHATH FRAFEAPHORE Al on, BxR WHE o] 4, o8, Tt
o W S 48 HPLGE o83 Table #] 4244 281313,
3. Alg{HmH 784 (saturate, olefin, aromati® S H4R| A<k B2 o]ste] 2
4519t
Aol A-E A Ee SulellA AALE A REAZE ROTEA o
& AR AR AE T AEEE 47 58 ol REEF I Table 3. Analytical condition of gas chromatography
BEs A Al O AL Al A 584 sl & 25d Column Cross-linked methyl silicone
& WEeE sslon, 71g vlge] 0.80018H] S AR 540 o 50 m>x 0.2 mm, 0.51m thickness fused silica
slof Wwz Aele SYaen], J9E S ol ol v FID. 320C
s Adrtete] A2 Gt slste] 101 Ale ARt Oven temperature 5T (10 min)-(3.C°C/min)- 140°C(10 min)-
HPLC #4-5 AAlstr AertE Ssiart dAg A8 5 Aert (3 °C/min)— 230°C(30 min)
= Table 2] #5704 A 59 RFARY] ZH7o] AREAA]Y] Inlet temperature 30t
o} AAMA] A 7F] Alole] Al7ke] mElA e 1320) HEE ¢F Carrier gas He, Split Ratio About 400:1, 30 ml/min

FID combustion gas 65 ml/min), Air(550 ml/min)

Table 2. Test condition of cetane number

ltem Operating condition Table 4. Analytical condition of HPLC

Engine speed 9009 rpm Column NH, column(Phenomenex Co.)
Injection timing 13.0 deg before-top-dead-center(BTDC) 3 micron, 250<4.60<2 mm
Injection flow rate 13.0+0.2 ml/min Column temperature T

Crankcase lubricant SAE30, SF/CD or SC/CE Detector RI detector

Oil temp. and pressure 57+8.5°C, 0.17-0.20 MPa Mobile phase Hexane(HPLC grade)
Coolant temp. 100£1.5°C Flow rate 1.0 ml/min

Inlet air temp. 66+0.5°C Injection volume 1Qul

Compression pressure 3.2+0.14 MPa Run time 18 min

Table 5. Test results of diesel fuel all

Item Cetane Specific Distillation(°C) Composition(Vol%)

Sample number gravity 10% Recovery  50% Recovery 90% Recovery  n-Paraffin Saturate Oleffin Aromatic
A 57.9 0.8211 187.4 277.1 336.4 6.03 76.2 14 224
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 12 221
D 53.7 0.8195 191.5 281.8 335.2 7.96 79.4 11 19.5
E 53.7 0.8262 197.8 278.6 345.8 15.64 78.2 0.5 215
F 534 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 12 23.0
| 521 0.8222 175.1 258.6 336.4 9.69 75.9 0.8 23.3
J 521 0.8243 197.5 258.6 336.6 8.83 75.4 0.9 23.7
K 521 0.8244 190.7 258.8 333.3 9.66 78.3 11 20.6
L 515 0.8281 192.5 267.8 337.8 9.76 76.3 1.0 22.7
M 514 0.8296 192.0 266.8 354.6 7.45 76.6 0.5 22.9
N 514 0.8253 185.6 252.0 336.3 9.09 77.6 16 20.8
(e} 51.2 0.8266 179.8 238.6 3335 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 504 0.8498 193.6 260.8 343.9 6.07 71.4 11 275
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 0.6 241
U 495 0.8318 181.1 245.0 3345 8.62 73.8 1.3 24.9
\% 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 2.0 254
Y 475 0.8492 171.3 248.5 3434 6.07 70.7 1.0 28.3
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Table 6. Test results of kerosenéraction

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
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Fig. 5. Correlation between cetane number and specific gravity.
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Table 7. Test results of diesel fuel oil
Sample A B C D E F G H | J
Cetane no. 53.2 52.6 51.6 53.0 49.2 504 50.8 51.0 51.2 51.1
mono-aro 16.15 19.54 20.10 18.98 22.59 21.94 21.09 20.95 20.34 20.31
di-aro 2.78 2.24 2.35 1.97 241 2.27 2.25 2.14 217 2.24
poly-aro 0.03 0.10 0.11 0.06 0.10 0.10 0.10 0.09 0.08 0.10
sl AS Bel slovt WIS s o] FsisiAle FUrh webr, Zsdo] Fp g AARES Ae] seiM e 719 2
ol EZ3RMNd n-paraffine, iso-paraffine, naphtheBe] A0 %171 FEAZT FEHY e P RS 5]4\_5}% T2, v B &
gEQ Ao FgHET). HHE AUE FoA] 53] U7 2de Al B0% FE2EE Bolv e R A ds AAsteloit &
2 915t FaA I B9 o]F o) e tel MR At AN RS e HE QQ1ES ﬁiﬂ Azz7d oM aLelshd
HAI= Table 2] o] AP AN Bole Hiep o] & k= o HA Azl A3e Aad-g 27t TA U71eE-E AHE 9l
Frbe 2] APA] FEAHS KolX] &3 sled), o] 3 e © 9EE Wr BEHOF AT £ 38 Zlom JEn
Slpane) Blawste] fhigo] 3] mgolojs FRE 71AH] EskaL 9
' oz By 8} galrar A49 FARS olfL glo. Zt A}
9, 59 gaFdA tE 79 dslrant Hlge] 2o ﬁi*éOI
Fetr] ol #adE vehle Alerke e galeael Wt B dre A9d g s drY Jdewm sEglen old 7+
of AFoez =7, 11). Ap=guch,
e gElrart 48 FEEE olF e Ate A fl&
v B2 Aot optAke] Afot o] AR | 4R S =S
GitE o2 AR Gilras ThE 93Nt vlFe] Ay 9FoR
T o oFYEl] Wi Faalo] v ©lra ) Holx)E Zlow 1. Ullman, T. L., Mason, R. L. and Montalbo, D. A.: SAE Trans, 9992
BrrE A glen, B AolM e A= $U§ AR Ho|x vt (1990).
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