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Abstract

This study presents result of comparison between two other numerical method, method of char-
acteristics(MOC) and Lax — Wendroff method(LWM) applied at wave action analysis of intake and
exhaust pipe in terms of calculated pressure, velocity and emitted noise, in the time and the fre-
quency domain, by means of fast Fourier transform analysis. Particularly FCT(Flux Corrected
Transport) scheme is appended to LWM to protest unacceptable overshoots, occurring near discon-
tinuity. The final conclusion of this study is that MOC should be replaced by a second order finite
difference approach because of larger contributions due to high frequency components than the
results from the method of characteristics. Clear benefits we can get by change are faster calcula-

tion, higher accuracy, conservation of mass and consistent calculation method
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Table 1. Specification of engine

Engine tye Water cooled 4 - stroke
gine typ MPI SOHC engine
Bore x Stroke 85 x 86(mm)
Total displacement 1468cc
Compression ratio 8.5
Intake/Exhaust pipe length 0.9/1.8(m)
Ignition timing BTDC 5° + 1°/ 700 rpm
Intak Open BTDC 16°
Valve ntake Close ABDC 54°
timing Open BBDC 52°
E t
Xhaust |5 e ATDC 12°
Throttle body
Intake Exhaust

(r

Cylinder LWM+FCT & MOC
Method Applied

Fig. 2. Schematic diagram of engine
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Fig. 3a. Comparision of velocity traces in intake

pipe using LWM+FCT method and MOC

at 1500 rpm
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Fig. 3b. Comparision of velocity traces in intake
pipe using LWM+FCT method and MOC
at 2000 rpm
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Fig. 4. Comparision of two - step Lax Wendroff(LW2) method and MOC in exhaust pipes for 4 siroke

spark - ignition engine.
(a) Pressure versus Crank angle(1000rpm)
(b) Pressure versus Crank angle(2000rpm)

(c) Pressure Spectrum versus Frequency(1000rpm)
(d) Pressure Spectrum versus Frequency(2000rpm)
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Table 2. Comparison of computational time against
MOC and LWM +FCT method
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Mass Flow Rate 0.00226
(kg/cycle) 0.00208

Fig. 5. Comparision of mass conservation

0.00216
0.00195

0.00207 (LWM+FCT)
0.00177 (MOC)

A3 FCTE AN ST EF3tT AAA 2
S Wol AL FUS S C F U

¥o Be B Alte]l WO F ) 7)1 H9
FAA L o] & RTAEYH S AL A
A E Bl AGE = 3E Aoz Yy,
T AEAQ BUAPAME FEAEYY A&
ol 2 dHE /AL A og Bardrh

Fig. 5% 2t Aol o g vl 7] el A<} 37}
A YR AN AHFHFFE Aisled AgHET
EHlug Aojtt. 2 A3} LIWMAFCT vhgo] &
FREDNANZ 95T FFEE Holu USS
& Aot ol 2xte] FHEE JA 2 V) |
9 Aoz Addr).

4. 2 £

(1) LWME A79 & - w7 2] fE&Ad
HEg v ¢4y £ 25 BEAEo] EAfsn
2 LWM zARte 2 & 34o] B &3A] &
22 FCT ¥y & ALg-3to] ftE2e & 2
7 AUt
SA4FAY0 A5 = ¢ Y g%y L
Zt AR ANA O Y BPoz QI R
%80z Qste] LWM+FCT®R} % 83
4&% ¥ F e ol FFTE 3 2~
dEy 24 43, S4JAY L 250 o
Ao g2 278 /44 & & U A
£ ojujgct oata LWM+FCTLS F - )
Z1BHY K5 AL B2 77t 9
Foll A3 A5 ANl x H g A
EdE 5 Ut
(3) LWM+FCTE 543U ET BE ANE
E AFHEE WA £ FHEE B
i AFE A3

@2

~

1]

[

pns

1) R. S. Benson, “The thermodynamics and Gas
dynamacis of Internal combustion engines”,
Vol.1, Clarendon Press, 1982.

2) A. Onorati, D. E. Winterbone and R. J. Pearson, “A
comparison of the Lax — Wendroff Technique and
Method of characteristics for Engine Gas Dynamic
Calculation Using Fast Fourier Transform Spectral
Analysis”, SAE paper 930428, 1993.

3) R. S. Benson, Garg, “A numerical solution of
unsteady flow problems”, Int.Jnl.of Mechanical
Science, Vol.6, 1964

4) D. E. Winterbone, et al. “Numerical Simulation
of intake & exhaust flows in a high speed
multi - cylinder petrol engine using Lax — Wen-
droff methods”, IMechE, 1991

5) Lax, P, & Wendroff, B., “Systems of Conserva-
tion Laws”, Comm. Pure Appl Math., Vol.13, pp.
217 - 237,1960.

6) P.Petric, M.Poloni, “Exhaust System noise opti-
mization using mathematical modeling”, Intl’
Mech Eng., 1991.

7) T. Bulaty & H.Niessner, “Calculation of 1-D
Flows in Pipe System of I. C. Engines”, J.of Flu-
ids Engineering, Vol.107, 1985.

8) Book, D. L., Boris, J. ,P. “Flux - Corrected Trans-
port 2 Generalization of the Method”, J.Comp.
Phys., Vol.18, pp.248 - 283, 1975.

9) C. A. J. Fletcher, “Computational Tehchniques
for Fluid Dynamics 2", Springer — Verlag, 1990

10) Richtmeyer, R. D., “Difference methods for ini-
tial value problems”, Interscience, New York,
1967

11) Poloni,M.,Winterbone,D.E., Nicols,J.R, “Flow
with variable specific heats in the exhaust pipe
system of the internal combustion engine”, SAE
FISTA Congress paper, No.885094, 1988.

12) Ikeda,T. et al, “On the SHASTA FCT Algorithm
for Equation for 0p/dt40(v(p)v)/dx=0", Math.
Comp., Vol.33, 1979.

13) G. P. Blair, S. W. Coates, “Noise Produced by
Unsteady Exhaust Efflux from an Internal Com-
bustion Engine”, SAE paper 730160, 1973,

(700)



Lax -~ Wendroff 8 & o] 8¢ 433 7138 7132 & - w71 hel /5 £ &8 54 34 125

N XA N

ZENE (Sah)

19624 11EBY Y. 1986W Ftoizta
Zoohet JAIBAL FY 19884 F
CHE 3 JIAIBS Y ER(MAD 19964
SUEE 7IA3Hn FA(LAD 1994
WA opMoiE XEXAD EZ3g E

o8| 52

HPT(TFR)

1965 2828 Y4, 1991 <lstchst
n 3oy JA3Ha &Y. 19934
A chiEd JASHY FA(Y
A 199741 - #A) shACiEw S
J1AIS e pALY, ehEbe) &A

(701)



