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A Comparison of the TVD Scheme, the MacCormack
Scheme and the MOC for the Calculation of Gas Flow

in a Pipe-0Orifice System

Suk-Chul Moon

Department of Control Mechanical Engineering
Graduate School

Pukyong National University

Abstract

The design of manifold for internal combustion is important for the
improvement of charging efficicncy. And modern engines achieve their
characteristics through the careful design of both the intake and exhaust
manifolds. So an interest in methods for designing engine manifolds has
continued in automotive industry and a lot of simulation methods have
been developed on the intake and exhaust system of engines. In this
study, a comparison of numerical algorithms used for calculation of the
unsteady gas flow in the pipe of the inlet and exhaust systems is

presented. The comparison is made between the Method Of



Characteristics (MOC), MacCormack scheme and TVD scheme. These are
representative numerical algorithms which have been widely used. The
test was performed in the pipe-orifice system and the calculated and
measured results for three numerical algorithms were compared to verify

the accuracy respectively.



Q yeof

TN s ™ N

Wy e B

>

A

4=

CRAY S a a,y)

P71E S F (mfs)

D olze] A% (m)

o apel i o] whR Al
LI

Dol =utel ¢ ¥ (bar)
Doafel o) ddF (m? )

c s (K)

D7kmel kel R S R(
D7 R E S RE(mds)
DEAb Aol(=x/ x )
RN A= e Ly
D@ e we

DA el s

P EE (kg/m)

csbol = el o] Wwh

D wu R RiyY 4

= u/aref)

(kgf/m?)

c ol AW (= F/F)



1. A &

W 71del 288 A7 AF A7ES 7] MEE AL A7

Y T SHaEGAEE)S BAAYE Wl gled FHase iR

Fuizlel dHHMEe ol fste WR(EH &), #
. B3 B4 ade golZ o) Fujr)el $Eo] ulgAroln o] ulm
AT HHTe 2 G, $3 Z4E F ol gsr] AdME Favw
el 7hafE dFe drdelng B dge] ofFox g
1858 Riemannol] 28] zetd SAIZHES Zatd nAdale] o]

£

w2 2 E7L o] FojA 1 Bensono] U
st Agike oAs) de] 2oln gty ARt EAHSMAYe B dE ]
Aolls dds] Fzatant uREy Au) gAaS Abgstnz A% oy
TEE HEol F HA 3g ¥ ol & WF Y gtgnE FHIA 2
T B wEel AT sjMels AEo] o),

v 1950 e B3N BHs SRS £ olE §3k 2E(H]
Aygel Rz Alzste] HT 200 Boole nEE A wRAL A4

st FE ARRHE] gl 2oz A’ . featRE e Taylor AL

shoFoh ek FAsbe 2o B4 (discontinuity)o] & ASoE A%
(oscillation)& ©F7]8he A H 3} 7)ol AT 2 793 AAZ A}

Bohe AL sbseht sHwave)’t ZAE E98 T wabdbs 2HE $50)



3} Godunovil & A #2.2 39, Engquist® Osher, Roe¥ So] MurEg]
3 TVD(total variation diminishing scheme)®¥]'V ®o} 7jutg g0 Zwrx
B A0 23 {3 AP 53 242 oA’ TvDHE AF
TVDH# A TVDRo) sl A vl (flux limiter)E AME3E 23
22 gl ¥ (slope limiter) 2 A}&3t= Ao Yu}
2 APl M e WaZide] Fuiz# statE SR FR AEEHE
oA TVDH, MCK(MacCormack) 2 SA 244
A&t A duelse SAS Hw EAMstma g

=)



2. ol & 34

21 BEY APy MREY A upg A

Fig. 2-18] ¥ &% 299 "4 Aol o5 frse A FAAL
ofgtel Aolrb ot Fig. 2-1(a)E f% EEE F5% Au ¥Hge BE
& A Aelgt i Fig. 2-1E §% 292 §53 2w S$HFAe

&y Au HAgdyelet o A4 MAANSE wEHow FHIT o

i

Ao vhA wEsha) o AR zYsd] ARHon AugEd TRE
wEsx] E3A ok deiu old® BAt oW fFANIAE 1 o

o] A&7t Ak @ X (truncation error)tt WFE®l 9 X} {round-off error)Eol

gk Ao ozl siFstAY TR ow R0 HE 9x1e) A W

S0t ASE AARE 53 FHA9 g BEALES Ay & 79
=

Agele e A 28 fFistAd HEE e Adfgs

=

Aetoll A= oo Fg wEd A AL AT ch(RAE 3

o
We REA AY) Leu 34 YR oldel DA ARALS AojH 7] o



Volume d¥’

(a) Finite control volume fixed in space with the fluid moving through it

Volume dV

(h) Finite control volume moving with the fluid such that the same fluid

particles are always in the same control volume

Fig. 2-1 Flow models
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Fig. 5-2 Comparison of calculated and measured pressure-time histories

using nonconservation equations at 2.5 bar, point A
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Fig. 5-4 Comparison of calculaled and measured pressure-time histories

using conservation equations at 1.5 bar, point B
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