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A prediction of the scavenging efficiency and the performance
of a two-stoke SI engine with the different exhaust systems
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J. E. Chung

ABSTRACT

In this paper, the numerical simulation of the method of characteristics for a two-stroke Sl engine was
carried out, and the scavenging efficiency and the performance of single engine with two types of exhaust
system, that is, a pipe exhaust system and a tuned exhaust system, were predicted and compared. The
conculusions are obtained as follows. (1) The method of characteristics of hometropic flow considerning
‘the fricton and the variation of area is useful to predict the scavenging efficiency and the performance
of the two-stroke engine. (2) The shape of exhaust system effects directly on the scavenging and the
trapping efficiency. (3) A tuned exhaust system consisted of the diffuser and the convergent nozzle makes
the plugging pulse and therefore enhances the scavenging and the trapping efficiency. (4) Tt may be
possible to design the optimum exhaust system by using the plugmng pulse.

Z=0 7|48 0] | Two-stroke Engine(23] 4 713), Method of Characteristics(=7 %), Scavenging Efficie-
ney( 4 71 58 ), Tuned Exhaust System(._%‘% vl 7] A 2-%1), Plugging Pulse(Z 77 H2)

1. A & 23R 71A/E A2 Fe 71Fo] ohg} 19

7] & 9=2] Dugald Clerk 2ol 23l &
- ) AAAEE Y ST H= THE A H$13L 1981 Joseph Dayell #i3ted AFH<
HE7IEA Y7188 SAS 147171 g7t FPaA A & el 237 V)Fe] AFAH

Atk olH T WA7IRL 2718 vhekRe | Ak 28R 71RE V1REFT FHe| E ‘I]
Aoll= GR(Green Round) AltHE ti¥|3t= § Tz} 7vAEe A Z¥]| 8o ATEE AA o]

Z18¢l 71 #H3 7 7= glok ol HE§ 7l QolA 3 Mt 48 FEMe|FE, S5 5HE
A} 7hEdl B4R Sl R Sl 37 298 A ol FEAA AHEH Ao =Y
71T o]t} AL o g2y @8 Avgo] mw ujd g3l

» A4, 97X SN 7|A-FL



g] 7] Aty wlE 2&A VIR 4275 & # HTF oS 131

A ] Eo] B dRoR AlEo] A|TEHSSITH
198611 Ralph Sarich®! Orbital Combustion Process
Engine”2 /N&& o2 zAFaHE 7|H2 2 284
713eo] A B2Zre) 3 glt}. o] Orbital Engine<
&3 7] JAEH(low cost compact pneumatic di-
rect injector), &8 Hj} 7] A| 2% (low thermal inertia
tuned exhaust system) 52 NH3dte] 2344 7
%o AL IE FAFFUEAM daldes H
il 717F: v E S AT AHHEE A
XS PFAZ|E HA St Azt E 23 F
718e] 2L 7sAL AAMSAL Qlv) e £
A wl=2] GM, FORD, CHRYSLER, ¥
DAIMLER-BENZ, VOLKSWAGEN, PEUGOET,
RENAULT, FIAT, 223 &2 TOYOTA, HO-
NDA, SUBURU &l 4] 283 7]¢tol] 3§ A+
A8stn itk

28R T ME Fr1BAT vl T
Alel] dojdct. o] AL o] 7|#e] FH & FAl
%y o] €} FA] Fui7] 4L 47| X E (tran-
sfer port)®} ¥} 71EE(exhaust port)7} FAll
2= 7|7te] EAEiEE A FY E vV
Ago] oFct, olel e FA Fuj7) HE& 27
(scavenging) ©| &t 2T 47| ELL 2834 7|#
o] e 2 w77t AR Azl 9=
717}, 2B 2 LT|EEC HEYH 9= T
W) 71 Al 2l e8] A= F3) 283 7@/ T8
g}, ool )3 |7+ Blair” Benson,” Landfah-
rer” GOl ¢l LA T ST

B ddAe AR AA oA d= FEle @
71% 28R 7|S@d thile] A (Method of
Characteristics) = AR&8te 7t=FHEFo 2 3
A5 F A7|EE D AFE dEa w7
Halo] olEd viR|w FUE THEL

2. AMOIE Al=80]|M

2.1 9@ AlOIE

I Ak R PRAAH ARG A7) L
W7 EES BEglE vty 4EHge] A

AolzdA ¢ R A7IXETV} B3 F Ye 7

Z+e A3 Ao Folg} Fo)h & R WA
NAs ZTAEZY HACT 7HggTy, A4
Aol st v e AP duAdEd”
(heat release model) & AF8%HTe,

q=3% (a—

. 1
; %{a{%+§ L

— W — | X + --_rraTr—
q > . ((1 (lq-n) 6 { max

1 2
; um"'gctp{a{ﬂw"'g%

) Y - | 1
__a 1]

. 2
O+ <A<y T O

714 qe BLA&(heat release rate, J/deg),
e HUHELAAE, o APALE g H
8tA 7, a= GEA7IHE eI

2.2 28t AO|IS

APE, 2PAFA o)L, F71H, &7|H R M)
212 FY, &7 25 W7|EE EHA
e 714E TAte] Fole d, AjEel 3
Ao 2o ME AU T AAIE 2=
9] &2 71Asn AHARE B AFHEY
2L AlgdH F718E A0® 2wl 7@l A=
] A A (unsteady) 7tEf5& FAUNULE )
Mgt} olw uE 2 9B A HEE 1 ho-
mentropic flowell theF ¥ e ¥ Riemann variab-
les A, Boll T3t vh-& 7 &2 BA4 & AHSTHGL

A=A+ dl

Br=PBp+dp



132 3

o714 FAz R P TRHTolm AHA &

Nk FEIH dAst @ptE THET T

n=-8D 2 U gz
dB=+L;1-) %Cﬁ %I {1+(k+1)%}d3
_.(k;l)x%;_i;_dz

ol k= ¥gY, = wEAF, L Hel, D
74, F= WAola, [ AE &&= 559 F
Aol dX dZ, dFe 22 3L, A3 WA
Halgko| o,

27188 noll thdte Al AT ol
U3 & Benson-Brandham 2978 A&k},

N o 1_E{M* SR+ )
Rk

7]M SR& 4 7|8 (scavenge ratio)°]3l, M %
Ce 44 o2 Xy o] - 163259 0.1397
& AbggTh?

2.3 22 7|(& 3 HiY] AlLH]

APFAA o] 20AM EHT A2FE FF 9
gl F9d, A7) D 7] X9 W7t ZREE S
AEAQ 287 7|#e] SHE &= 400ccd]
N5 Zi1Ee xd vigoew AAHIT F|He]
AN A DL Table 194 BoFETy. &5 o] 7]
@& F4du)7} 130]% WOT(wide open throttle)
Az A=

2897 71¥-E 53] &7 | Hj7] FHo] V&
el AdF] 9L vy, 2 BEE XE
INHAIZ], ZE A 8 oo, wrjA&Y BA
0] Fa3TE B dToA = o] FollA w7
Al2dle] Fabo]l 27]|EE B 7| AT VA=
S HetElr] st AR TE FH e 27HA
v 7] Al 28l & A g3}, dlube 2719 A7)

Table 1 Specifications of model engine
| item | speafication
- baré: X strﬂke(mtﬁ) | -85.03’{ 70.0
| connecting rod(mm) 125.0
trapped compression ratio 0.7
| crankcase compression ratio 145
port | I
exhaust, open(°ATDC) 96.0 |
| close(°PATDC) 264.0
no. of ports ' 1 |
transfer, open(°ATDC) 118.0
‘ close(°ATDC) | 2420
no. of ports 6
inlet, open(°BTDC) 60.0
close(°ATDC) | 600 |
no. of ports 1
pipe '
transfer, length(mm) 90.0 |
area ratio 1.35
inlet,  length(mm) 200.0
| carburetter diameter(mm) 3.0

Table 2 Specifications of two exhaust sys-

pipe tuned
exhaust system|exhaust system

tems

length

L1(mm) 400.0 75.0
L2(mm) 400.0 500.0
L3(mm) 200.0
1A(mm) I 560.0
L5(mm) 75.0
diameter ‘ |
D1(mm) 430 43.0
D2(mm)

D3(mm)

2 @ w718 AAHel™ FiglolA 7
ZE ¥odFEe, o shue dhol X, oA (diffu-

ser) ¥ 2% (convergent nozzle) 2.2 74 &
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Fig.1 Schematic repreéentatian of a pipe
exhaust system

Fig.2 Schematic representation of a tuned
exhaust system
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Fig.3 Predicted pressures of cylinder, and

exhaust, transfer and inlet pipe at 3000
rpm
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Fig.4d Comparisons of predicted performance of
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Fig.b Comparisons of predicted scavenging and

trapping efficiency of two exhaust sys-
tems
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Fig.6 Predicted pressures of cylinder and

exhaust pipe of a pipe exhaust system
at 5000rpm
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Fig.7 Predicted pressures of cylinder and
exhaust pipe of a tuned exhaust system

at 5000rpm
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