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The Performance Analysis of Otto Cycle Engine by Thermodynamic Second Law
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ABSTRACT

The thermodynamic second law analysis, which means available energy or exergy analysis, for the indi-
cated performance of Otto cycle engine has been carried out. Each operating process of the engine is simpli-

fied and modeled into the thermodynamic cycle.

The calculation of the lost work and exergy through each process has been done with the thermodynamic
relations and experimental data. The experimental data were measured from the test of single cylinder Otto
cycle engine which operated at 2500 rpm, WOT(Wide Open Throttle) and MBT(Minimum advanced spark
timing for Best Torque) condition with different fuels: gasoline, methanol and mixture of butane-methanol
called M90. Experimental data such as cylinder pressure, air and fuel flow rate, exhaust gas temperature, inlet

gas temperature and etc. were used for the analysis.

The proposed model and procedure of the analysis are verified through the comparison of the work done in
the study with experimental results. The calculated results show that the greatest lost work is generated during
combustion process. And the lost work during expansion, exhaust, compression and induction process follows

in order.

2 9 7]480): Thermodynamic second law(& &8t A2 &), Available energy(7}-&of L4 2]), Exergy( 2 A
A)), Lost work(£414), Otto cycle engine( . & AlolE 7]¥)

Nomenclature

St : stroke of the engine

Ast : the distance between piston and TDC
S . entropy

Sen @ produced entropy

U : internal energy
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Fig. 1 Schematic diagram of analysis model
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a. single cylinder engine
b. engine dynamometer
. fuel supply system
d. intake system
e. cooling system
f. lubrication system
g. load control system
h. exhaust gas analyzer
i. muffler
j. combustion analyzer
k. spark advance meter
|. tachometer
m, spark plug
n. pressure transducer
0. TDC & angle sensor
p. light source
g. surge tank
T. manometer
8. inclined manometer

Fig. 2 Schematic diagram of experimental apparatus
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Table 1 Specification of test engine

Items Specification
Bore x Stroke 85%86
Displacement 488 cc

Comp. ratio 8.5

Comb. chamber Semi-spherical

Max. power 16ps/4000rpm

Max. torque 3.4 kgf cm/2200rpm
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Table 2 Results of engine test

Fuel Gasoline | Methanol| M90
imep (kPa) 960.4 | 1,009.4 | 980.0
Prmaxmean (KP2) 3,802.4 | 5,086.2 |5,233.2
pmax,std. (kPa) 431.2 3234 | 2744
Spark timing (BTDC) 24° 28° 28"
10% MBF angle (ATDC) 2 -6’ -7
90% MBF angle (ATDC) |  30° 18° 15°
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Table 3 Analysis result by thermodynamic second law

Lost work (kJ) Power
Fuel | Available energy (kJ) : . .
Intake Compression | Combustion | Expansion Exhaust kJ)
Gasoline 1.67 0.05(4.2%) | 0.07(5.9%) |0.51(43.3%)| 0.40(33.9%) | 0.15(12.7%) | 0.49
Methanol 1.85 0.06(4.7%) | 0.08(6.2%) |0.53(41.1%)| 0.43(33.3%) | 0.19(14.7%) | 0.56
M90 1.82 0.07(5.7%) | 0.09(7.3%) | 0.5(40.7%) | 0.43(34.9%) | 0.14(11.4%) | 0.59
A% Al 2 A A J5 A AFHE Table3) b 5. 2 B

o) 27 AU WO tFHo R
H]) W3} o] Table 49 ¥ A3} T}
7ty A el gt 293 ¥ or ANE =
ol QX 1 97} 21.8%00 A 31.1% A ¢
RoZ Bof, TP A A A+ At
vz & oV vl my Fegew e Ao
Z dddch 28y, o83 QA €98 A 2
WA A A 2o st E 93] 483t

o

o

Qs A 2844 4 WP e

AETS AP 2 A4
A A oA e
Ad87F 7 A A= ZEFE oA 9] Heat of
combustion & 2 F &} o1} A A 7] @A el ¢
A7 B E ) obd B oleh B e
£% e s LER T Uoh eby 497
oMo £ d2Hu 2t dd sld ==

tugo s A7le &4 A, daAbA € vt
oz Au &4 A 5 AP 4 Ao
Foz o) Fol4 k. FFolE A Al 24

& olz2RY

wloox

24 g ojulo] &4 4L o EREH ¥elF
o AMT 5 Qe &4 Qe AHE T Wast
ATt gt
Table 4 Comparison of the analysis results
Power by Power by | Difference
Fuel
second law pressure (%)
Gasoline 049k 0.40kJ 22.5
Methanol 0.56 kJ 0.46 kJ 21.8
M90 0.59kJ 0.45kJ 311
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