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Analysis of performance and combustion characteristics of D.O./butanol

blended fuels in a diesel engine
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In this study, to investigate the effect of physical and chemical properties of butanol on the engine performance and combustion
characteristics, the coefficient of variations of IMEP (indicated mean effective pressure) and fuel conversion efficiency were
obtained by measuring the combustion pressure and the fuel consumption quantity according to the engine load and the
mixing ratio of diesel oil and butanol. In addition, the combustion pressure was analyzed to obtain the pressure increasing
rate and heat release rate, and then the combustion temperature was calculated using a single zone combustion model. The
experimental and analysis results of butanol blending oil were compared with the those of diesel oil under the similar
operation conditions to determine the performance of the engine and combustion characteristics. As a result, the combustion
stabilities of D.O. and butanol blending oil were good in this experimental range, and the indicated fuel conversion efficiency
of butanol blending oil was slightly higher at low load but that of D.O. was higher above medium load. The premixed
combustion period of D.O. was almost constant regardless of the load. As the load was lower and the butanol blending
ratio was higher, the premixed combustion period of butanol blending oil was longer and the premixed combustion period
was almost constant at high load regardless of butanol blending ratio. The average heat release rate was higher with increasing
loads; especially as butanol blending ratio was increased at high load, the average heat release rate of butanol blending
oil was higher than that of D.O. In addition, the calculated maximum. combustion temperature of butanol blending oil

was higher than that of D.O. at all loads.

Keywords : Latent heat of vaporization, Combustion quality, Coefficient of variations of IMEP, Fuel conversion efficiency,

Single zone combustion model
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Table 1. Specification of test engine

Naturally - aspirated, 4 stroke DI

Type diesel engine water cooling type
Number of cylinder 2
Bore x Stroke 100 x 115 mm
Compression ratio 17
Injection pressure 20 MPa
Injection nozzle  Multi-hole nozzle (5 holes, ¢ 0.28 mm )
Power 19 kW (2100 rpm )

i
= W]
N

(D Engine Computer

(2 Dynamometer (© Needle lift sensor
(® Dynamometer controller Fuel tank

@ Thermocouple i Agitator

® F.O boost pump
@3 Fuel flow meter
Exhaust gas pipe

® Pressure transducer
® Rotary encoder
(@ A/D board

Fig. 1. Schematic diagram of experimental apparatus.
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Table 2. Properties of test fuels
Fuel Diesel oil  n-Butanol
Density (kg/m® at 20T) 835 812
Kinematic viscosity (cSt at 207C) 5 3.64
Vapour pressure (mmHg at 25C) 1 6.7
Flash point (C) 45 29
Auto ignition point (C) 210 340
Heat of vaporization (MJ/kg) 0.23 0.43
Specific heat (J/gK) 1.84 2.39
Energy density (MJ/kg) 43 36

Table 3. IMEP & IHP of one cylinder at various loads

Load Low Medium High
(1/4) (2/4) (3/4)
IMEP (bar)
Fuel IHP (kW)
419 531 775 bar
D.0. 421 7.25 11.09 kW
421 5.6 7.87 bar
0,
B 10% 424 7.12 11.28 kW
4.57 5.69 7.85 bar
B 20% 459 7.14 1122 kW

CIIEN PR/RES B8eiR0 J|Ts U HASY siA

HSlck SHUEE A2 2 1 degrie) 1ol o
2004 1040124 ¢4 SR om, 58] Zgstol
L HFGS Hlo] 7SI ARERS Sk

o §5tgict.

o3
@

[\)
rl r
N
i
-
QL
o
-z
u
o
rfo
o
R
figo

of whe A
+EadEe HEA S (COViyep ; coefficient of
variation of indicated mean effective pressure)S LERH
ol COVivpri= APO1ES EAIY S| 2714 WEAdS U
Rt Aok d el Herh FHok Z1e]al COViver”t

4 =
Fuel
—o0—D.O
- -0--B10%
B -B20%
<
o
L 21
5
>
Q
> e If
“T---o
0 . . I
4 6 T

IMEP ( bar)

mean

Fig. 2. Coefficient of variation of IMEP of fuels at various loads.
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Fig. 3. Indicated fuel conversion efficiency of fuels at various loads.
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angle at high load.
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Table 4. Premixed combustion period and mean heat release rate

Period Mean release rate
Load Fuel (ms) (J/ms)
D.O. 0.7491 466.82
1/4 10% 0.8714 466.18
20% 0.9995 453.07
D.O. 0.7033 641.61
2/4 10% 0.8013 628.53
20% 0.8994 604.48
D.O. 0.7018 790.99
3/4 10% 0.7003 861.44
20% 0.7014 880.62
10004 Fuel
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Fig. 9. Measured value and estimation data of exhaust gas of
fuels at various loads.
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Fig. 10. Max. combustion temperature & ignition temperature
of fuels at various loads.
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