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An Application of DoE Methodology in WAVE Simulation to Identify the
Effectiveness of Variables on Engine Performance and to Optimize Responses
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Abstract : Testing engine performance using an engine dynamometer requires high technical researchers and many
facilities. Nowadays, different variables of CAE program are used for identifying the engine performance instead of
engine dynamometer test. This is more convenience, as it does not necessitate an abundance of engine dynamometer
experiments and, in addition, produces better results. However, CAE programs also contain various variables which can
affect engine performance. Those are coupled with each other, thus making it difficult to determine the effectiveness of
different variables on engines. DoE (Design of Experiments) methodology is an efficient way to verify the magnitude of
effectiveness on engine performance as well as making responses to be optimized at once without trial & error. This
study used data from WAVE simulations, which modeled the DOHC SI engine with in-line 4 cylinders at 1500, 3000
and 4500rpm. DoE methodology is designed properly to determine the effectiveness of five variables on power, BSFC,
and volumetric efficiency, as well as to find the optimal response conditions at each rpm through a minimized number
of experiments. After finishing DoE process, all the results are examined concerning the reliability of test through a
verification experiment.

Key words : Design of experiments(-d g 7| 21 ¥]), WAVE(CAE £ & 1 3), Response(¥+-2- <), Variable({1=}),
Effectiveness(%d =), Optimization(Z = 3})

Nomenclature P.T.temp : piston top temperature
. . Heat.Co : exhaust manifold heat coefficient
DoE : design of experiments .
. . . Valve.Co : valve coefficient
CAE : computer aided engineering

RPM : rapid per minute

BSFC  : brake specific fuel consumption LAE

CAS50  :location of 50% burn point QA ol R HE] = 0] 831 A5 A HLE A

C.L.temp : cylinder liner temperature 3 Edo ulg} A8 AUz AEEQ 7)E
& 2F Qo] sTUY Aol E 4Y FA 4
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Table 1 Specification of modeling engine
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Fig. 1 Modeling of SI engine by WAVE
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Table 2 Response (engine performance)

Factor Characteristic

Power [hp] Larger the Better

BSFC [kg / kWh] Smaller the Better

Volumetric Efficiency - Larger the Better
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Table 3 Variable (engine operating parameter)

Factor Abbreviation -
“Location of 50% - .
Bgmed point {deg] CAS0 14~20
Cylinder Liner C.Ltemp 400 ~ 450
Temperature [¢]
Piston Top PTtemp 650 ~ 700
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Exhaust Manifold
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Valve Coefficient Valve.Co Low ~ High
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Table 4 Variable (engine operating param

eter)

Location of 50% Bum Point CA50 20~ 30
Combustion Duration 10 ~ 90% BDUR 24~ 26
Piston Top Temperature PT.temp 650~ 700
Cylinder Liner Temperature C.L.temp 400 ~ 450
Cylinder Head Temperature C.H.temp 500 ~ 550
Valve Coefficient Valve.Co Low ~ High
Intake Manifold Heat Coefficient H.C.In 05~1
Engine Heat Coefficlent H.C.En 0.5~1
Exhaust Manifold Heat Coefficient H.C.Ex 05~1
Intake Manifold Friction Coefficlent FC.In 10~ 30
Engine Friction Coefficlent F.C.En 200 ~ 800
Exhaust Manifold Friction Coefficient F.C.Ex 1~2
Table 5 Response (engine performance)
Power of engine Power [hp]

Brake Specific Fuel
Consumption

BSFC [g / kWh}

Volumetric Efficiency

Vol .Effi

Fuel Flow Rate

Fuel flow [g/s]

Air flow Rate Air flow [g/s]
Intake Pressure In.Pre [Pa]
Exhaust Pressure Ex.Pre [Pa)
Intake Temperature In.Temp [K}
Exhaust Temperature Ex.Temp [K]
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Table 6 Influence of the variation of the different terms on
the response function at 1500rpm
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Fig. 2 Flowchart of DoE
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Table 7 Influence of the variation of the different terms on
the response function at 3000rpm
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Table 9 Coefficient of regression
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Table 10 Single response optimization

rpm Factor Value

Power [hp] 34.06
1500 BSFC [kg /kwWh] 0.45
Volumetric Efficiency 0.88

i Power [hp] 90.59
‘3000 [ BSFC [kg /kWh} 0.43

Volumetric Efficiency 1.01

B Power [hp] 125.44
. 4500 i BSFC [kg /kWh] 0.45

Volumetric Efficiency 1.21
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Table 11 Single response optimization

pm Factor Value
Power [hp] 33.06
- 1500 BSFC [kg /kWh] 0.45
. Volumetric Efficiency 0.87
) Power[hp] 79.45
0 " 3000, e BSFC {kg/kwh] 0.44
) Volumetric Efficiency 1.01
Power [hp] 125.44
BSFC [kg /kWh] 0.45
1 Volumetric Efficiency 1.18

Table 12 Variables in optimal response condition

Factor Value
CA50 [deg] 12.46
C.L.temp[c] 381.16
P.Ttemp{«] 659.98

Heat.Co 1.34
Valve.Co : Low
CA50 [deg) 14.33
C.Ltemp({c] 373.93
P.T.temp[<] 623.95
Heat.Co 1.09

Valve.Co Middie
CA50 [deg] 9.86
C.Ltemp[c] 365.54
P.Ttemp(«] 615.54

Heat.Co 1.37

Vaive.Co High
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Table 13 Accordance of Variables between WAVE and DoE

pm Power BSFC Vol .Effi

: 1’500 98.45% 99.56 % 98.99 %
3000 97.08 % 99.99 % 99.58 %
4500 99.6 % 99.94 % 92.92%
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