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Study on the Prediction of Performance and Emission in a 4~Cylinder
4-Stroke Cycle Turbocharged Gasoline Engine (First Paper)

R B OB F F oY R & @
B.C. Yoo , B.H. Lee , K.S.Yoon

ABSTRACT

As a'mean of increasing engine power, great attention has been concentrated on the turbo-
charging owing to better fuel economy, smaller engine size and lower emission. The performance
in turbocharged engine depends not only on the efficiency of the engine and the turbocharger
used, but also on the total characteristics of the system by the matching turbocharger to the
engine. The matching of the turbocharger to the engine has been usually accomplished by the
empirical techniques with a great deal of laborious work. It would be better to predict the
performance and emission in the turbocharged engine using the effective simulation model.

In this study, computer simulation program has been developed to predict the transient
variation of properties of gas in the cylinder, intake and exhaust pipes, the engine performances
and emissions.

2 2 B o8

M T ¢
N M8 BH EE E (rpm)
aq DoE BEGES) #E Annand B P .3 Ji(Cbar)
Ar DokEES] FEHE (') 7 bK#EREA] B(m)
b D R GRS #E Annand B R; DA RS “1HE” PREEEE
¢ DS Bd{EsEo] #E Annand B T R EX
c' D RLIEGREE Y] WHIEMRE u’ AL R
Ca : B R Vaiston+: T2E9] A5 BE(m/s)
ff AL k28 PRI x P REER S
k BB K @ P 3 A (deg)
D ERGER p ® B (kg/m®)
m B B2Ge ¢ CE B

* AEARR HHIEN
o SEARK KB



26/ % X

T % =
e s N
m S
L BERERY

HEBEENS EE Tt SMEEEs

o Minel o 5ha kT #EESl HHE 50 ~
100%7HA A 4 Jon] Bol KM
o RS I Kol WMe) i, 8
RS WA S0 mEmEEe ®%Y 4
ATHE Mo Asto] - ER CIABIS
fhes de) BRSO fom ke
HRiBkme] MED WA RiEdls RMHEA

THEU RS HERs{hE _Iﬁ‘éom] o o]

of chek F3 BREe) WS HFE 2 ik
EEE T B X T ) r-:m;@m
&9 ED W) T Mol WA RE

B BEEAEA ] A A KER

o Bl BEL £ BR sk of
Zo}A e ool WS fEapel Eyfo] HE
=y 58 =g @i Buel O 9 B
o ®ES Mo LHol KA i
BWEo KRB wfTHolor Btk meby
Bt HEHeR BREES BEST B
Mg BE AstedE o MW B
wieel tees T HHS: MAEMY AEY

ol mdlg FUMP S St EHRillg
BB 9 RS BES RO

ZiA ol & #iEE Ropfo] oo o ale] L
o2 |2 she Aol wiER s,

® WERAME 4RE 4412 B 7}
SYUWMS EBROFE Sl AT Y MK,
pE 2 WEREESY ABd o)A ¥4 #K
BE B9 & - BREMOINY HBHRSS
NgzoATo 2N £ EEEMET Fit
BTN AU At & - BHRTR R
fEoAY WERS IWaAme] BHREM &
HET A% EREHANENT  BERBEHE
w9 BV BE £& BESH s

BAE I Adx AMEHIE mdE RwEste
HAFE IS AEYo=2M HREE 7t

UM BEREM HEBR-S RS 3
v LEE #R#stox o

2. AIBH0M T U HEAE
2.1 AMEICIA shuey BRo AISoM

AT oA o] b s AT
AEme) HAvigd wel SokA Kol <
sle] #HeEeith Bl RS BETIAC BEeW
o] MEE & AR, MREVF BY % &sVts
Tle] WERAR P % - HHGBER) AT A
7hme] #MABH RERS 2 AAYR Tt
7b -l BEE RREE Hade Aoz
AzZare M—FEmEa™te A Hus
=3 :

2937 W % BIGEEHES A s
—~ERESRN BT o1FoiR el A=
WA Zharb okseimol o8 EEmAT SRmel T
EEHO R U E Aosy Azt 24EM
2o oslel HEHTL MR §
FiolN H£ES WM EHe 2 A 4
HA H—aht BE, o, AR 5 7zl
BN MR O gE wE Aegr A

sic}, .

C 2@EEEDY] 98 HEelN HEMEmC
ALK AEES KAE) BRS FES o
—— _&:Olr_ EE/J\—HL}'.

%’2_;2 —pm Af Wy rerenreesmetnenanieiiiei, (1)

A71A Bk spEES ohE9 gol Kuehl
o] Ui K e u, Yol B AEFEE SFE
ek AP

0.78 x 10*
ff“ =ff; 10000 ><9100 4.938° P—o.oss7s
7+ 7.)

. (2)

AL KRB WBRS] TR B2
WBEA BB st RES IO B #
BiCIRE, wdo] Ef R ~2EWR
B & ol° E@REd =a @] B



RE #Y3) Reeste]of g

Lucas ¢ James®, Benson %" & #&Lift k%
FEE BHEEEFY] —EH=EA BEE
WEEY FoAXH Z Ale]Fe AH —FEF
we e Aoz BHElE ol e
Wk thE S HEs FrEe] MBSt fIE
o] glevt Foiz WEEEES et &l
MREZE —Eslta REdo = Bl ks
HET BRASLEEN s SaA =
DR EREES EEES f3 RERKS
wid71dle FrFath 1B olgge
@2 WARBIZ] #13le] Lienesch %2 &L
RES HEADBERE hASHI, BERRe
#1700 whal ®in e Baste O B
HWRAS FIRSIY o3 B ksFrE] HE
o RS e

7 .
u’ =Vp¢'ston ,';o ci a'/c’ ererrareaae ey (8)

&7]4] €¢; = Lienesch %2] B 23l
REE WHOIN o & BHEMY ko w
2 REfo= ‘y&'fgzloiok e AL o
FIERE=A 2 E#EH 28 —gs %
o=z EEgd.

B KA FREE B2 7Y SULEE
B RS sta, REHINS 4MHe) EMos
Urol £42] @Ml dtd N2 e Btk

& BmEstd @I B Fig. o) vehy
%1 B MEde BABENRY Bk}
o] FolF # kzukAEe] 0.03mol FED
w7hA) 0] kA REMIES 2 By B,
L #gEER ol 50%<) ol& o7tx]e &
#0] 528 @irEls PRI FIBRK B
2 OKREET Wik WIS EH w4
RBReZ MEERES 53T ko)
723 BausE #3BE MEERE R G5
KL REE Mattavi o) &igol <sle] #
RS ok AL Fi ST

ffm=1+4.01 %{ e, 4)

1 B WIGBERMT %2 B K
RREEM Sels oo 2o BE A
EES) MEEE Hos EEa) 0w

St o] HHHEASS

-B BTS84/ Vol. 10, No. 6, 1988/27

| f‘fl’H:<-O_,:63> Sy e (5)

KREET} FPste F4BEA AAMs
ALK AR E BB 2RkK 25 #=
HEAY R Fudes R 2moA Btk
BB R AKKERETE Zolxe MRS Al
st g Rox &RETH

ffv= ffm[4(—‘ 1D(x—0.5)* +17(6)

Fra
BES gol Btk SRR RESR o2
FiEslel BEMBES kT 5 Uk

Turbulent Burning Velocity

50% Mass Burnt
|

0.03m
" Flame Radius

Fig.1 Four Stages of Flame Development

AAYN 77 By BES e =of
AYUGBERA 7laote] BEE-S Annand 9
BEEFERT ) gsle] T,

2.2 B -HmER FEEel AEdoIM

FRANM mES 1HF EEY hBow
st o EmIte] mEI BmRe @i,
MEE 2 JERY BLE HEIT. o %
B XETRLS BHETY LHEY RESH
BAZX o] HEASe ®E kslr 93}
o gttt AN, B wRAyE
RES BHWS MR £52) sdge] o
2 HHSHBERE P B HRKo D #
BFEd BER



28/ X

B TFHEDY S sl BEMOR Bo &
A OEES frEelMe M, ME 2 mE %
< #HEg 5 U

B RBREMe ® - RTRES MRl B
M, BN, SMEE, HER T & %R
HRE 22 WEE mR=o) oFle] ol
Rgvs ool gt & HEdMs UHES £8
A el ETHEHYWY 2 ALEsg o
o, LA MEHS EHRHoE #ies
B OWHY ALE BERNS FMESE g
BEARETFRLON g vy Ze gikmel o 8
AE EE-ERRATE Y ARgsigioh
EF BEBAMY HBg AEH)HET] 9
sl WESRIL WKk HREDT BEEDS
LS B GWMEXFIT SWHSHH D
o7 FMHsclon BESR AfE N &
o= BEste] AT EEMEY B
o sted & SERACIA RS THED RE
o] BAOK—HEERE Hitmue o g3y @
e ATl RS BMHE sl @
Fge] aBIMAN W - PERERN & ZE
Aol MhEe] FHeEel olste] M 2 B9
AOZ HAZE BEHWE] sttghso] delx
o AR R B EHh--HEHE 45N
g LolA olo] HESIE B RERSY U

S HED 4 Ytk Eo & BHC B
olsted oozl A N TREE

Ao B2 HErsl] o)&e] R BWI=
do] BEHME ME T WaEshsd FAEH
E AR Hfgstel & BHEEET B RB
Bl DEEES 2o HEgstd o o
& BRI EaMe] EHEER s
st e HES REsYTHW

2.3  #HesmAEACl FHE

F HERANE REARDES HBRI= &
e o2 HO, Hy, OH, H, Ny, NO, N, CO,,
CO, 0y, 0, Ar % 12719] {LBfS £/E3Y

con 059 MRS 25 X2 Exek] o

3 22 K d¥eR &8t EmEt
BREAANA ddus Aoz A Zsin,

a[C,., Hm+é<n+rf‘> 0» +~3%4<n+%>1v2

+ —0'2548 (n +%> Ar}

— X H 0+ XoH + X OH X, H+ X5 N,
+XeNO+Xa N+ X3 CO, + Xy CO+ Xy O,
F X1 O Xig Are ceerrerrernariins (7

o5 {hEES] MK Vickland %% o
RES £RMES o FEHRES TR
of skgic)

B R thell YRS 12 e (b2
HONO= & Bl TS o] givia &
FY £ & WE 2 RE#RES war) o
om2 NOE REREHS FIAst #7586
BEZY HEIT. NOY ERBHBEANE
Extended Zeldovich =& N, 0] TsF 47
o] KEFE K3l Annand R @YP-2 4FF 3}
Boo o] Rl o5ty NOS| IERRBt{ha&
L2 g KeF kRAC
L =l _“5)[1+ae lel/(szLRs)

+ Rs
1+Rs/ (R, + R+ Rg)

o714 a, = NOS Fig@E 3 deF
wigEe e Jebd .
EBRTRFY Coo BEE &= BEhxt #
ETFAMe FlRELY 25 —RmoS g
K& o) st £ 0= = R oz gl n ope?

] 8)

CO+4-OH

A2 KEXAM Cool FTFHBEES K%
FErel ke BEHY £HEE & 59
v} meEkd commEe PR #HEE fldkod
v FElEELT 4w 2 ge e Aow
2Rl HS OHS) FFHREE FKlodob 3
=d o]F sl Hel OHY #RIBHS
RUESte] ok B EiirE mWiks AEIXS S
Folok s #Mol ATk, aEE HESH
#3) stm el Rl #EiEskE COMES #
Wk Slete] FEol BEE T AUKRS 7
B3l COEEE %AIS7]Z2 3wl Benson



%2 ML P9 COREEL Al Ho
Co9l mA THEEs 28 @mEer st
0= Starkman 7 Newhall @] £3&-& #i48
Z gl Ale]Z o] coel kFH BIFE B
T o ARG RESAHTL ST @
(COI=[COJe+ feo ((COIpuar ~(CONJ t0)
A7 feow= 0T 1ARC]S] ZH& e H
BEH=AN WS E#ke, 252 2 ARIFE
o] A8 —%Eg FoE EFEYT Benson %
hf:’: fca —O'] OE 5 "Ez' ﬁﬁ%ﬁ.}‘ﬁ-@—-# * E’%
ol o] g WHESY AU Ay &
ol wh= COW¥RES] LS HESISI
24 BHEHY RE

& Foeel e Alguold mdlle g 1

BH) BREHA &KHFS G2 oY
DA oR gEHeiol sl EREHEAE

AR e WIEMRE, Annand BEEHE, R
L2 EHRE, DEHRBAEK 5 FHEGRK
o BERE Fo| vk ol WHRERMAKE
Bl BRI MAke] @EEA Noyes 7t
RES o] ERR'Y-S FHIHET

Aq71A dw WEA ST H1829 ol #
B oa,p,c.r g fE U8 fi%y ’%jjﬂf.-—-] %
HXe 2 Ringrh olwe] SHEMFAE:E H2
o iEst wahel Aol wEt Noyes 71 Al A
g ES AT

F HRAAM T EBFIIAY mEe AE
ojdaty] fete] FALHT HEHMMOZ BHE
T dojus REEEOE Wi BEE %
TED-E AP o] e o3}
of |ALE witke] BMIHIBTHS RS HEH
fRitE FIAEl] o Koz HERPTh

PgZCl—Ksz)Px ........................ (19

A7)M EMEHEMK Ke 83 2o gHEE
o o] e e R s el sio)

- RyBET B &/ Vol. 10, No. 6, 1988/29

_ k4P
ﬂpnuf
FALBE BHARE BHmoa Azgwn
o FES R ‘F’iﬁtﬂiuﬁl wES) mEt @
o}, Benson &' 2 [ {He] AZEw Uo7}
A B Bme fisd o3 ZRne
HES ¥l EiREE 22508 My
o W BET 4 Jow, FEH MRS
kg7 sl BERE B TS
olof Sh= JwEH FEE oy EEE o
st [—2k z.ks. RN E Fak a8 B
E EolA gede HES EUY At kg
FW = 2700 22E5WHE JIR HED
o2 #WEE Stromberg TR Rt
i Hug ERS Fold @ Bkl K
fe8ol S E Bensonz A—3 HRE A
Art. o7 AR BEel ke 2RZ
EHGREC 2+e Benson %o i3 RiLE
of tiatel AL FET} e 2 HES
Pt LiET Zro] Bensondt kel =2] W
%S Folo EHFERES EERHY KRS A
A7 2D FABES RE M) mES e
oA ~zEWuel BEEES ubre] sh  fAdk
% A% MAKTRES WESo 2N WEs)
RED & USS ¢ 5 A e %
HRANE B BHERS ®kEsr] 35
o HALBE SRRl Mg e MmN 2
222N BE et FAB Fme) K
NEeFES WES T R3S M HKHHR
HE rEsiadrh oot ol R HKEHERK
B EEERE o KGR DE flgel
BIES Eslal @erh Table 1 & fh HER
il & BEAN de ERFREE H#st
vhebd Aol
Aty B BWEAEE HHe SlEE
o WIEREKS HEZEHE HESF e
EWEMY HRow AL HERE o=
RS AA R wRe Y HEE e
HEES tested mE —HIEE S @
g Asle] ©)E TOE RE E@Es ouE
WA Table 2% 44 WSS Tg
#ma,

....................................... (13)



30/ X

Table1 Comparison of Resistance CoeHicients

Throttle Opening Resistance Coefficient ( Unsteady)
Benson et al Yoo and Lee Present Study
1/4 44.8 2 360.3 3 440.3
3/8 12.8 765.1 657.1
1/2- 48 359.0 267.0
3/4 1.4 147.5 113.0
4/4 1.2 125.4 80.8
Simple Stromberg Stromberg
Carburettor 2—Venturi 2~ Venturi
Remark . ]
with One (Solex) (Domestic)
Throttle

Table2 Ceonstants

Fuel ; Composition CiHy .
Lower Heating Value| 42000kJ/kg
Correction for
Turbulent Intensity 1.27

Cylinder Wall Temperature | 409K
Annand Coefficient aq | 0.26

b 0.70

¢ | 425E-9
Pipe Friction Factor 0.0050
Discharge Ceoefficient Noyes eq.
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Table3 Engine Specitications

Item Specification
4-Cyl-In line~QHC
Water Cooled
Displacement Volume | 1597 cc

Bore X Stroke 76.9 X 86 mm
Compression Ratio 8.5

Type

Max. Output 100PS/6300 rpm
Max. Torque - 14.kg—m/40.00rpm
Turbocharger Garrett, T-2
Air Cooled, Wasted
Gated
Turbine 0.47 A/R, 50 Trim
C ompressor 0.48 A/R, 50 Trim
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