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A Study on the Amelioration of Volumetric Efficiency
by Variable Induction System in a Diesel Engine

Key Words : Three Degree of Freedom Model(32+5= 29), Helmholtz Resonator (A 2-& = F317]), Depression
Peak(E7] 2875} 33), Inertia Ram Effect(34 ¥ &30, Volumetric Efficiency(A &8}, VIS
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Abstract © A three-degree of freedom model of intake system was contrived and investigated in various ways
for the purpose of the amelioration of the volumetric efficiency in a low and transient engine speed for a
multi cylinder diesel engine. The basic concept beyond this model started from the theory that each degree of
freedom model has volumetric efficiency peak as many as its number of the degree of freedom. The
volumetric efficiency affects significantly to the engine performance; torque characteristics, fuel economy and
emission level. For commercial vehicles and stationary engines, the engine is designed so as to produce their
best performance near the normal engine speeds, thus the low engine speed area has a tendency of poor
volumetric efficiency. The aim of this study was highlighted on the amelioration of volumeiric efficiency of
low engine speed area in a multi cylinder diesel engine matched with an additional Helmholtz resonator. By
the use of VIS{variable induction system) volumetric efficiency at low engine speed range was significantly
improved. The availability of control by combination of VIS and CIS{conventional induction system) will be
proposed as a variable induction system that would be an appropriate model for amelioration of the volumetric

efficiency at low engine speed.

LA 2 o2 99 Hd ¥7 w5EH HHEHY E=
54 2 72 gE TEd FUg s ok
Ahsket dixAle 2egE drlege] ARz HAZwY AHESE F21 AYEset e Ay
743 JRE dRo2 Ry F2HE 2FGEAY ¢ T Fg4 ARG FFL v
< AFEA TFAE] Al 59 nwFEol = Farmerel] €J3}d 18934 o]n] 4333 ojd7]w
A Age] Boln ALe= fAE 7o) o AFEE] WIBY Holdl o] JFe T
=°ciaA er%J 2GE] 28 ¥ o A Evhe 2L 49k AANA A1 T AFES
5= AFARY o HE 9L QAT Wo] 2 Fdd B A7E F2 129, 7aLY 43
AR e} gxo w48 HRF BN Jd 2 = Erf‘i‘?if’; AZ AL, 19708 2B LT T
Ho] the == AA I} o] Rolx)7] WEelk & F A Qr), 1 BE AR D] A} FA o
71 217 Tl A-AE el AAAE F719 RS 27 7<1§}f3‘?°l““1£ BAAAD A Fafl, A An
PAEHS Arc 714 AP e AL Al 2T AES A3 g A7 S oF
HEgo|THa 3= HArZ|He HARESE AW F e FEE UEF7] A Jiside ARAA
o] &gz} o] Zlgo] ARA ] HEHAN ugh
A A& BAPE ZFed A &H7] EE e A3
A5 2006 12% 234 Ny . AolE RRAOZ o]2o]x 1 T}
o T A AR Fal7l M=o B@ Sx AAE SuolE
E-mail © cosmopolitankhy@hotmail.com < o] &3t T4 249 AAA wAS T oha,

I‘il‘ rir

o

_12_



7 gad dg 3R He 0L 149 §59
FANG 25 FHIHY, FE ARPSL o
g3 Tk

§7) #3 Fole 92z &
§ Agoz Asel FlBos
271502 AFHAN 4 WS

_frbl_

EL:]'
77} AeH o A5FA} F

g dsge old e BEReE wz} Feje) 2
49 WA} 2 oW H5E A%

o HF G=H9y EelF g42 & ot sf
A3 g7 o H}FS(wave action) &
3l thrsd o)y Eo gHew FIE A48T
& = F71 Al=dg BAE £ v <4EA

e} ¥
Engelmanol® 9)3}e] A1Zk4 a% = FR7]
A 2 &g Fr18 AA o222 §71

717}
dojvle ¥4 Ho 339 HZ]%— BDC HZe
EF 3 ze=2A B2 23S AAA Pearsond
0 )23 2445 A Y-AeA Zd(2degree
of freedom mass—sptring model)e] AFH3AL D.
Bortoluzziol Ve 23 F7)18-Z849-13 §7)3-2
A= 7449 %7%]&%01 12 F218e T3R8
Mg A 2xg-Agd 2d-g o] &% 1L
&N TEES 71Hg 975 FEnh

% Aol ALY AHEES TN

At 224 E =g -AgA o FRA7E 234}

%714011 FR7E HER FAF AHE 22
P-AFAS TS 7k FAA =R 9@
A&l Mo AHEES ZABIEeR F7A2H
A ZheHE A 8T

[=R3=5!

2. Ao e

1]

A= o

2.1 MEEF

Fig. 12 £ 439 43 AXEo|vh. 4d A}
238 7132 ANY EDHE 3715 AR HA7]
Bog I FAL Table 13 29 FHAE 9A4F
2 FHA(EFF T 13200 E 28390
7189 FAL 22 F21%, HEFR), ER

EE Fgd, 2w 13 Fr1e] 7lH BE4
AH o] 93 23 F71% 2o §71 AAR Y

T 3 (Sokken) E A 2353t}

%WM% AYE Table 291 YehASlY 14 &
71Be 15EE HY AEHUHARE 7| BS54

]

ofjf % i

1ot

%

AZztar v 7|2 AEE 71 WE= vl 7] ARSI AL
ololl A7 Amm, Qo) 62hmm ZB-E A AT

Table 1 Specification of test engine

Itern Description Specification
Type 4 stroke DI
Swept volumelema3) 2531
Bore x Stroke G100 x 110mm

Charging method Naturally agpirated
Number of cylinder 3

Power 35 KWiat 2600rpm)
Compresgion ratio 176
EVD 133 deg/EVC 375 deg

Valve Timing

IVO 345 deg/IVC 576 deg

Table 2 Dimension of intake system

Ttem THarneter{rrm) Length (mm)
Resonator,
S:12.300: 3 220
Resonator,
L: 2460ce 48 “0
Secondary pipe 54 é%% :é%%
Primary pipe 35 304
Flenum: 20ce 97 280

*- n
L,

1. Diesel engine 2. Dynamometer
3. Dynamameter controller 4. Primary pipes
5. Flemum{manifold) 8. Secondary pipe
7. Resonator 3. Throttle valve
9

1

. Intake surge tank 10. Laminar flow meter

11. Exh. gas pipe 12, Exh. surge tank
13. Rotary encoder 14 Terminal hblock
15 DAQIPXI) system 16. Flow meter for F.O.

. Differential transmitter for flow meter
. Pressure transducer

Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Variation of measured volumetric efficiency
with engine speed and resonator open &

shut mode
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Fig. 3 Variation of measured volumetric efficiency
with engine speed and 2nd pipe variation,

resonator shut mode
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Fig. 5 Variation of measured volumetric efficiency
with engine speed and 2nd pipe variation,

resonator open & shut mode
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Fig. 6 Variation of measured volumetric efficiency
with engine speed and 2nd pipe fixed and
combination of variable induction system
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