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A Study on the Multi-Tuning for Intake Manifold Using Engine Simulation
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Abstract

To study the variation of charging efficiency in the engine intake, the method to change the

natual frequency of intake system using the intake control valve was studied and it has been used

in actual engine to increase the intake air. In this paper, the method of characteristics was used

to analize the non-steady state and compared with the experimental data of the 6-cylinder diesel

engine showing the effectiveness of the method theoretically.
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(b) Variation of charging efficiency
Fig. 1 Intake multi-tuning system of HINO engine
and the variation of charging efficiency.
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Table 1 Specification of engine and turbocharger

Firing order:142635

Bore x Stroke[mm]: 120 x 130

Displacement[1] : 8.821

Max. Output(PS/rpm) : 310/2100

Max. Torque(Nm/rpm): 1177/1300

Mni. BSFC[g/PSh]: 146

Max. BMEP[bar] : 16.8

Compression Ratio: 15.5

Valve timing[ATDC] : EVO-129, EVC-375, IVO-343, IVC-580

Variable Geometry Turbocharger : RHC7V, single turbine entry




F1% S}FAE AT A B4 AT 3319
[NT:KE CONTOL 2 » CVi=0lL3SET  CVY2=CPEN
wAZ CUNCTIIN =IZZ
RPv2 T235.0  TCRTNOMIa SCS. L TlZ2= 2073
23~
........ EXPER[ENTS
-------- - XREF= 0,343 + ¥CEL= J.23
------- yerRsz L 2L, YCEL=s .22
-] F----- XBEF= 2,020 « YCEL= §.00
g i.3 T /ﬁ\ ,{/‘—R .’ﬂ.\
& ; \, \ / N
. LS / \ / N\
s \ / A / Y
é e 4 A N .’\ 2
8 A ’ \ / \
o ) \ . \
= Y A
g y \_ / \ S \
1.2 b ’ \'w p
1vn IvC
| |
9 100 200 300 400 S00 600 7C0

CRANK ANGLE € ATOC )
Fig. 4 Compared intake pressure waves with calculation and experiments along the time step and
changing X, (at the position P1 of Fig. 3)

Xrer ol W 3tell wtad E7)2 o ayg ddAAe
ulagt Ao, A o3 hHsirt A" HAX
Fig. 3¢] Ploj=] CV27} 23iglo g 1-Ato]Z
o 3o Aol g% shHsly G A
gepx geth 3- 7154 2R e 3-93
#eoz ARk
57)5t9 A8 sﬂﬂ——
o] waol wa} g2 Fe gk
Agsl gl
CJ=A+B- VF

A(14) oA, VFE &7 F3{mYs]olzm, A, B
Agolck, £ Ao A5 7lao] dldE A
~-1" e 2 (£-1.000, B=25.0% A% 3
Figs. 5, 6ol 49} o] oielrtxg A@Esold &
7\ eate she) Alg Aol 4R} B AT Y

Fig. 7olA= & 7] control mode Iloll4 o2z}
A ] W& FrEEe Hite] iy AEd

1o oy r

B AAE 6715 AddolA vlmd oo, A
71542 25 1200rpm THA Uehis 7

gRce] wer Folwuel o2& BHole ol
ol vldg F71E5ge] HelE 2ok Fig 8
A QY PAEEA F -7 W Fatal
£ shafasl Agaold Aol Foluy @3
ARIVO)S) B¥old 2ot rhage] Frht

Erlabe] HH7E o) F)Zel =ZFEUS] s o]
o}, o] dALL Fig. 9ol R} A olaigl=t,
Fig. 9+ o Az xo)4 Icycle F F 314
9 %73 (Pl Folly 2A4)E Ao o gk
Eis 174, IVCel E5-4ollA WA H &

ol

o

INTAKE CONTOL 2 o+ CVI=CLOSE CV2<0PEN
VAYE MOCEL VITH HODIFIED JUNCTION CDEFFICIENT BY MASS FLOV
+ CALCULATION EXPER]

2.4 RPMa 1200. + TORIM.M}= 500. « CJ2a 2.72
o cucuursu VOL.EFF. « 0. 9426
g 20
3 16
a Q
g2 o e [
2.4 RPHz 1000. » TORMM.Mla 500, o+ CJ2= 214
CALCULATED VOL.EFF.= 1.0169
2 20
E .6 ™
4] ._.-'
# 12} g 0% v ]
2.4 RPMa= 900. . TORIN.Mla 500. + CJ&2a 1.52
CALCULATED VOL.EFF.» 1. 0565
g2 20
2]
§ 1.6
o o
L R N .
1] 100 200 300 400 S00 600 700
CRANK ANGLE

Fig. 5 Compared experimental data with calculation
for the intake pressure waves (PI) at the vari-
ous engine speed



°]

3320

71gke] A n A7t Frlwe Qo] 3eed FUE
% MRS & 4 Stk
Fig. 102 Icycled $zlol w& gtedsigds v
& Aoz, CV27l 239lolx Frlwu T o)
Aol A o] A2 (P2, P3) intercooler
22 Ree ofE 34ale] o3 st
go] Fu}g Alolo] EATE B 4 gloh
Fig. 11ol A= gf&ste] ubA|zke] F71E &of
U)X g I E Aoz Foiwid ZH ¢

f

2 fe k

r
-
o
K

)

2|

o2

INTAKE AUTOMATIC CONTROL
CULATION

, -"OPEN PERIOD -
A G RPM = 1628
2 s
=]
oo
& 3
a2
g 1 Vi
g o v
o s G RPA = 139}
o b
g 3 e
g 2 K R
1 V
€ . ¥
g ]
g s
4
vy
€ 1 [V
o

150 200 250 300 350 400 450 S00 S50
CRANK ANGLE

o2, Al
4

o) %]

LUV

#3l& 37129 4o w3y Aoy, 27
A ¥, F7i3be HaA sk [0Ce] FHEl
AL F71E8 o5} 5o o]z Fig 129 &
14 8E Easte FHu|melMde 2 E4 9,

7174 Erlabzt daA o g™ & o)
7b slol Flf3ol Fobsle Aol Roixe] §7
stel A7t I0CA 23 A A& 7+ (800
rpm) ojul] Frle 23 o EFo] HE BoF

t},

e 2

N

=
Ty °

- - - -« EXPERIMENTS

~ CLOSED PERIOD -
E/G RPH = 1620

140
120

E/G RPH = 1391

E/G RPH = 1220

-0 0 80 120

CRANK ANGLE

-120 -80 40

Fig. 6 Compared experimental data with calculation for the cylinder pressure at the various engine

speed
FIRING ORDER = | 4 24 35, CR = 15.5 , MESH 3
CONTROL VALVE + 1 C.V.=CLOSE 2-C.V.=0PEN
1-CYLINOER
138 ﬁ .......... 2-CYLINDER
...... 3-CYLINDER
1324 - = = ~ 4-CYLINDER
—~ ~ — S-CYLINDER
126 -} — — — 4-CYLINDER
120 4+
- 114 4
N 108 4
o 024
g
9% +
90 T
84 -T N -
400 400 800 1000 1200 1400 1600 1800 2000 2200 2400
ENGINE RPH

Fig. 7 Charging efficiencies of 6-cylinders engine at the various engine speed (simulation results)
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