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A Study on the Pressure Variation in the Intake and Exhaust
" Pipes of Four Cycle Four Cylinder S.I. Engine
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Seog Jae Lee, Eung Seo Kim

-ABSTRACT

The purpose of this study is to investigate the flow through the intake and exhaust system
of a spark ignition engine. The flow was assumed to be one-dimensional, compressible and un-
steady, and carburetor, muffler, valve and junction are modelled as boundary conditions accord-
ing to their flow characteristics.

In the experiment, four cylinder gasoline engine is used and the pressures in the intake
and exhaust pipes and in the cylinder are measured and compared with the results of numerical
analysis.

In consequence of the comparison, four periods of pressure wave in a cycle are observed in
both case of experiment and prediction. In case of exhaust pipe, the results obtained from
the experiment are in accord with that from calculation. The results of the intake system show
some differences with each other due to the complication in shape, but the periods of both case

concur well.
5 o pit #
g SR, DA Wue 2d g9y
(ZupEA> g9&

a: < e Q:49 2
Az%i}%%@c[“] tial 7

D : T‘—l-.c-’-] g]% dref, u x}:g-ﬁgz_g'l ,ﬁ_ﬂ]élii
fo@ oS U R s (L
F:3 9us Voiddd Al

K : za-w#[fk] x99 ol 9Y B
m A 2 X : §xi9) go][x‘J
M u e

o H Z: R Az (Lt ‘
Xref

v AEWL oetd A EFew
e+ 439, Agoeta 2)ATez



86/@ X

CHGEA>

. B : Riemann A=
rAga dx
1Hl g M
RAEE
¥Eed

REEED

e I FYF7

A 1999 fEHozRE JE GHoR T
dezy HFL AX HIkE

¢ X719 o=z A% wF &

e ulZ17EA

in  AAE FE= 54 @

o A

out : AAE wrte 54 &

p T

ref @ 7| &)

2 T~ T B~ - Y

L # &

g2e Yd Ape 7 Q5e BAHE
F71s Aol wHH AR A AL,
w, emsnm, BAKE YZd, =
Jlaw S of RTE slwe] MH, 9
gav], g Sol Q%L nHch
23] 48 gl Qe AHgsE
el A% BRmmETE g9 & QUG
o Ty, HET BHRERS FAEY 5ol
WA S EoE POV ols 1 BEAA %
s} w7l REEOR, KB !

%

6}7" 188 719 EREES T4 &
e FuUAL F Rew JE REEES
HE, ity W T BRE VY ¥

At

w73 BEFEFES) WE AEHTES

ZgAel ¥A AAI o olfe mAkd

T ZB4AA 9 2r1RA A FEE =T

2 AHeE $ sl . .
# WrdM e olu] £38E v 2le BEM

#Egel Mg AT VS Eug do 4

SREE

AolF 471% JiEdsRe gqadez 7
a7), &e7], BH, ¥4 ':—1 174 %
22 159 mEsto et zd¥stn, &
el dxg dhae] o3 fik JladE
2y $#tE EE3 non-homentropic Hhel
e fEmmES WHESk HES BTN
t} 71879} 227 e glolA = steady test
T 53l &49 HAGKS BET F OB
BENRT Zdz HEsidon, Auviet kst
RKTAY KOS #lEstd HEfRES) B
st o,

2. HEmEEH

2.1 XEAERX

BEERERNAAE HEE 1 XT, BEEHE,
FEHRMB O R /1A D ER, AME BE
ARE FEIIE LERFERL o2 Aok

ap Ju 0p_ pu dF
T 0Tt F 7z =0 C ()
b 0w 10w ud_

i d d
—£+ua—u—a2 at—azug‘g——(lfh—l)p

a B
[——|——[4Df “2 Z ] =0 ‘ (3)
o 7] ol 4]
= Tw 32:-,52, F:TL_D2

g P 0

tle

olm ¢& Sz, DA T o] Wd
Egets dolth

FARHs
A= a U= _x = _aé. Z= &ﬂ
aref’ draf ’ A Aref Xref
_ x
Xrof .
9} Riemann® =
- £—1
K 5 1U, ‘BIA"-. 9 u

g =qst SAFAs AAQ st 3



2letm A g e e
£—1

e gol FAIEC,

dA=dA+ dau

—1
T

ﬁnlé

4E ,
Xz+

Zf"”fuﬂﬁ{ —(r—1) }dz

(E_l) qxrefl
2 a,f Adz

along Z_}Z(Z Uv+A

dﬁ:dA—"EldU

_E—1AUGF , A
=T R ax %t pdATt

£E—1
2

2 fre U U
Lt {1-0:-1) Z}dz

Ii'—-l) ‘I-":ﬂ:'f1 :
e Gref® A% (5)

d,
along d—)zf'—'U—A

aan = LG 2l g 2o 2et 12}z )

along % =U

4), (59 z+ BE
Rin “H‘-_}. _%l?i%_h?—_ 21§ Riemann W3] #
35 el K6l A, vlaz Qg ql
Egdo] H3E YEhith

2.2 RN

221 718, &7 »rdg
718719k 23718 HEgHRBEI dojut
T EdEFHow JAsln® AR e A
#ated AR olshrol dhs) Aelald #(na
2},

& 27 gwaAe s,

M, = [CZthaa) VT + a0)T — 4b (6K —ar)) 2

20K —a)
- (7)

BRETREE/ Vol. 10, No. 6, 1988/ 87

EHER

2 2 4 N
a=x—;—1, b=aM; +My, Q:E Q]q‘..

222 dx g4
ol MAWBE Hale] e gt

F7MEEE ot HFH7E dolgd W HEH
o BEFETEY FEATLE Uyol nEqg
o

olREFFY AP AUy el wx &
REAAE Sdea2nay, Y FPRxA
o) ZAAZA = sERAE R e &
5o Afw Wy ERRAA @ AA7
NE FPFE7ITE 71 s

AA M ] 20E A7) At Aufgg
S ARgSle] of7ke] AALE P the Ao
dejzixh,

Lo— 1. xina+lour: AA,:_AA,,]
A = Ay B o) (B An)

Xout, [ﬁ+]} ch+ I[C‘E_I)Ag

+2(1=) x.-n,] (9)

A= [2‘_" + lo«t] [ﬁ] (k—1)/2£ ﬂg{](lr-l)/ZK
A 2 by P (i0)

223 =% =4
FNgBE ‘z?—‘?'} Ay W= {9244 o
WM EE 9 AR g FAE
29 #HFPoF 7HA gtk

o] W] Riemann® 5= wh&-1 po] leld

-1

a4 (Aﬂ*) 2 =1 (12)

2.2.4 ¥7H wg
370 ol ge] shelZ7} Rol EIIHC A
= Z gol= Fe] ¢gH S —FG A=

Azata 2713 ovbe f5Y dER ¥



88/%

12,
im
ull
i)

gel e #13e Fshe R

o] MEEHS HI}
225 Auy x2d
Nam@gFe] v g 2 E A
18Ee HgA71a geasee AB= 2

=3 .
dp,; . 1 dm a2 d_m _ ﬂ
a v, [a"" [dt] e [dt]g Fbe g

+Cx—1>%] 9)

=

GHA &L Annand o] &g Abe-gh),
2.3 X &M
=4 H&ZM

Z—X7e) zt Aol A
non—mesh method & A}
%s}oq AR AT F wghel o) AR
AelH deay Hdol e T}, o7
A Y AzAE Rwe e IREDS
THE: 5o of 5’“’4’ -

4z, 1

932 2,8 2438 .
Riemann® 5] W s}ake K)ok 2o £

skl el & Aok

di= (al)wea +(52)emrapy +(52)fﬂ'cﬁan
+ (52)&«: transfer ' (15)

ol 7t & o Koz FAHch

(60 area =— L2 T B2 (o = Bp) 1 [%]dz
| )
-3 ]
. = AXXrg A ﬁ ?
Dprcimn=— 7 2. Bzt (A=)
fzp—ﬂp] rs,s,—z,]
T2, —851) LAp—8» 4z (18)

2

(az)kmt transfer:% qXref

1
arefa

2
,+ 807

233 AAM FAIA

(19)

;q}xuu AZ Xy ok dEzd dfd g2
K@), @ o '
Xp =Xi+ 06X 0

(2 Bi)
0Xy = —"F—I—AZ

Aar = Aag + EAA]; (21)

SAnp = (K - ]-) 4Aps 9%xref + 2fxre)'
AR Qe+ ) Lares D

A — B
=z
fe] kg olgdw Hbo o A=Al
A Ees ddsl ke e gel T2

L —1)dX— Xy
AAI AAkl+{( )Xklkl}

(Aar — Aarer ) 22)
Xg
A'A
. ] . "
P4 —‘-l * (K+1)
z 42 (R-1) i &y
|
i
! b
l
. i ‘
-1 fk-1y 0| Yy Jen g+
z
Xro MMy Mg
My | Moy My
Xy As LAy Aty
Xpay

Fig.1 Pathlines superimposed on mesh grid
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