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An Experimental Study on the Performance Improvement and
Emission Reduction in a Turbocharged D.I. Diesel Engine

ABSTRACT

The performance improvement and emission reduction in a turbocharged D.I. diesel engine
was studied experimentally in this paper. The system of intake port, fuel injection and
turbochager are very important factors which have influence on the engine performance and
exhaust emission because the properties in the injected fuel depend on the combustion
characteristics. Through these experiments it can be expected to meet performance and emission
by optimizing the main parameters; the swirl ratio of intake port, fuel injection system and
turbocharger. The swirl ratio of intake port was modified by hand-working and measured by
impulse swirl meter.

Through this steady flow test, we knew that the increase of swirl ratio is decreasing the
mean flow coefficient, whereas the gulf factor is increasing. And the optimum results of engine
performance and emission are as follows; the swirl ratio is 2.43, injection timing is BTDC 1
3° CA, compression ratio is 16, combustion bowl is re-entrant 5° , nozzle hole diameter is ¢
0.28+*6, turbocharger is GT40 model which are compressor A/R 0.58 and turbine A/R 1.19.

F87)%480] : Valve Lit(832.%A), Flow Coefficient(5Z A 4), Swirl Ratio(X3]4]), Fuel
Consumption(d & 48] &), Turbocharged D.I Diesel Engine(} 4] t©]A ql =)

1. A 8 sl ael zpFate $871 FEFN gl A}
Fao] o Auxre] @37 HA ngsie A

HZ 2AFAAA9 NEFAE A 2 AA A3 Huglch £ AP e 249
B2 W717kA, ASTA ol X AsEHa 9

ou, AFTYAA #H7I7A 9 life cycleF A

« 34, LA ENS Agagu g 89 ARHLL Hi Holxa glon Az
w34, BAUE 71AF R Aol dig amjate] 277+ AgEm gl of

36 EINESxNIY=E2F



F4 dAadze s R wizizks Aol #3 A9 a7

He 74 2 Bl gt} B A7) o]
FolA 1 it

g4 gAdRE AU oM 94l wiE
7k29] YA & o] &3t HHE IHAATIL H
Hz dZdE 4=V AquAE A™bY W &
U= 29 AU E FIHAAA T Hdy
el Fdsle 3719 4EE =9 d%e 1
Hg der oo wg davixe 1L 2 g
o2 Qs Ady o o8 Fsagle] HA
Hog dx9 diaNdE s FlAd dig
Az} AR EAA ] g ARES ALAU
A F 23 AEE HYsAE davt U
FAANA F71rEl 9FE F& FRUAE
ZE AUG= £ - u7] LEJLH FVE
B9 M|, §7] € wi7|MEY AEWH, YE
%4, WusfHAY, #3719 54, ¥ 97 o
71ge] AF g Frigolzo] AR Ho] Fo
Jon, AR i AAZE FAKH,
B3, £33 BAIE 59 AR BF
a7), ¥4 9 FNEHE 59 EFEH 2 ¥
719be] Ef] wWE HAHoE YE £ U

E3 AxA9 HY 2 toroidal, re-entrant
2 shallow dishd 522 U¥E F glon, dA
AUl e F71A04 9 F7753 dEEAH
A E5d A8 EFHAA FRIAE 1
& 4= itk 53], fAdzY] dagAoA A3
5L BAHE 989 FYINY £ X
A7led e F8¢ At HERE FAE
58l HAS MIfEE AT AL vf
T8tk HI e 1Y AR EAPIHE &3}
T UAdRY Mo P o] 7|&EY A
SEAMRYE ALgste Azl vE) HIREE
Zox HAN TYABEAIN G M3 FF B
3 AFE oH3] F43 FAVE Hago ol &
HA g7 943t AREFIA] E 79
HEo dadulY F7HEE U 47 5
o2 e n&EY, AAu Y A & A¥E
A7Z e FAoth dutdoez F/HES
gAsle 7|x7]EE LDAE ol€% 3-D 5%

249y 9 72+% CFD IS8 o|4% 4534
gy 5179 gg5o] dF AAuRe §E
4L olgsted B T8o] Hu glou of
Ax A7 Az AA 5 A Ade] o)A
= 2942502 oj43 AUy W AIREe
H @Yol 2A )&t o

B AFoME 32 gadRe) Ay §7)
TEJ st TES FAAA BE AAHE
AYe S5t MAFEEHL HZL - B3
3, oo WE FVIEEY M), AREAHY
7z 2 HFvie) &) - HHl 27) S W
ARL W AARS 2L wpstasge B4 g

nEFY.

2. AEEX ¥ 9y

2.1 H3|H AEFII Y YY

Add Ul MIF5E ASste wyolE pa-
ddle wheel =& vaned] JHELEEZHE o|E9]
TR 29 HAHEEE AZ3l= paddle wheel
typed] swirl meters}, AdE o ¥oA
honeycombdl 243t Ea F 5% &9
28 A3 &A= Impulse Swirl Meter(
ISM)7} itk & 433X ISMHEH o2 Fig.
13} o] M3u|g Z2A37] H3td dAGule
FoA o2 F47 4FYF honeycomb
A=A ol oz AAUY Mol 1.7
Sl Holzl X Ax8lx, FYF7I7 &
ZulE honeycomb grid® FH3=E 3
ISM& Z43F 9 swirl W4 E X0 #ARY
o] FYZF79 swirl Z=7} AdY &4 E
A2 W, 2z dg olg3std JehA €
t 9714 24" B3 FYUEY & 25
o thg AlzhEskgo] ot

XE AF9 ¢ FU|MEETE A
U @43 g {5l HE Fig2
AP WEAEZA Mg 4EFFo 49
9%g Fnz WBEANEZ §486°] w3 250
mmAgqZE dA st

H8H 5%, 2000 37



Valve opening

l'.—' Laminar flow meter

Blower

Fig. 1 Schematic of steady flow impulse
torque swirl meter

gty TERFS HH YA us H3ls)
B2 AL WHIAHE Imm¥ F7H7IHEA
AN, XTEE FHI}e IVRHHE FRAF
Al(laminar flow meter)& ©]-83te] =359
o

\ [ —— UD=0.10. NRE(D} > 60.000 ]
\ —— LD=0.26, NRE(D) > 90,000
\\

\\ Fully turbulent flow
\ \

Tt
e ——

Inner valve seat Dia. (mm)

Flow not fully turbulent

D0 200 300 400 500 600 700 800 €00 1000
Velocity Head. 8 PimmAg)

<
-

Fig. 2 Curves of pressure head with inner
valve seat diameter

Q714 Aol HEsHEe AUz &
71y 92 HEANES AHEE Fig3dlA
S A Eube} o] WHE 30° 9 A|EZI R
109] A= HYtA S o, Wy

38 AFXEXIEE=2Y

AEE ofghio] 30 olm, ARE| 60°

__I?l_
Ql o]FANEZOZ MHAHO Yt}

&

4

851 RrO.7
947.5 &
[ ; A
~] X " 16 } —_

¥
248.6

#53.5
955.5

Fig. 3 Geometry of intake valve and
valve seat

M3julg AFsE By FEYAS Fig4dl
Al vpebdutel o] XEQ] QHE ZAR Do W
A& 7hob AU SAHA-RE H&AANE EolA
U, @Bl SeM HARZR Y Eo] @F F
A3 AY, XEQ u2E ZAE Qo Y& +
A3ke Wyl Utk & djoMe dityez
FRHel 7HE Lol OFHE <4 1.0mmA
4 gopliAY 89 A8 wEAd S £33
o2 H M3IH|E 1.70, 2.13, 24302 HWA3}G
=3

Fig. 4 Geometry of port modification for
variance of swirl ratio



I AR Qe R WZI7s Azl B39 48 97

B AYdA AZd g3 293z wge o
2 HA MY FrEE FHZE H L5
FHAFCy, FAY Fa 24N, A3H|(R,),
Gulf factor(Z) 59 A4HE 3317 918t A
35y T2aPe AHEsIT

22 dXds AEIX R Y

B dAFdA AMEE de FAYL Table
139 Zon wolZ 124mm, FAZo] 130mm<!
In-line 6 Ad& 234 DI gAdddAes &
AHAl9] AlkE Zexel PS3S9 EAIEHIZEZ Ay
Y, =& Auyg 2 34 5& Ad9sAd.

Table 1 Specfication of test engine

Engine type 6-cylinder, 4cycle T/C DI engine
Bore * stroke(mm) 124 * 130
Displacement(cc) 9,419

Max. power(kW/rpm) 176 / 2300
Max. torque(N* m/rpm) 882 / 1400
In. v/v head / seat dia @ 552/ 0 486
VO BTDC12°
Valve timing IvC ABDC24’
EVO BBDCS51”
EVC ATDC13"
Swirl ratio(Rs) A type=1.70, B type=2.13, C type=2.43
Compression ratio 14, 155, 16
Combustion bowl type Parallel, Re-entrant
Turbocharger T45, GT40
Governor RFD type
Timer Advance(0.5° / 950rpm)
Injection system NOP(bar) | Ist : 15.7, 2nd : 21.6MPa
Hole size [0 0.31*5, o 0.30*5, 0 0.28*6
pmz,f:ﬂ 477 (inj. angle 150° )
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Table 2 Dimensions of combustion bowl

D h |Com.| Vol

T Bowl
yPe W (mm) | (mm) [Ratio | (cc)
Pl o #66 327 | 14 | 978
Parallel | P2 65| 292 | 155 | 85.3

h
P3 \/Q\L ¢65| 275 | 16 |817
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Table 3 Specification of turbocharger

Type Specification A/R
Compressor
0.72
Garret AR
T45 Turbine 1.05
AR 1.22 R
Compressor
0.58
A/R
Garret 106
GT40 Turbine
1.19
A/R
1.34
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P : Pressure Transducer

D Air flow meter

@ Engine dynamometer
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@ Fuel temperature controller
® Exhaust gas analyzer

@ Coolant temperature controller
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T : Temperature Sensor

@ Torque indicator

@ Throttle actuator
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@® Fuel consumption meter
® Smoke meter
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® Combustion analyzer

@ Hybrid recorder

Fig. 5 Experimaental apparatus for engine
performance
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