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Characteristics of Unsteady Flows in a Semi—Induction System

by a Variable Volume Helmholtz Resonator

Kyoung - Eun Kang
Department of Mechanical Systems
and Naval Architecture Engineering,

The Graduate School of Industry
Pukyong National University

Abstract

Unsteady flows in a semi—induction System was Investigated to
verify their characteristics. A semi—induction system was contrived and
made to verify the flow characteristics in an intake system. To
attain an unintact wave of an intake pulse, a single semi—intake
system was adopted-as a test rig. The system consisted of an intake
pipe and a rotary valve as a pulse generatory and-a variable volume
Helmholtz resonator. The ~variable volume Helmholtz resonator was
mounted in the intake ~pipe to enhance a breathing capacity and
engine performance. The phase and amplitude of the pulsating flow
in an unsteady flow system were found to affect the charging
capacity significantly. The behavior of pressure wave, their phase
and amplitude were investigated in various regions. Some of the

results obtained from experiments were described.
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Fig. 2 Schematic diagram of experimental apparatus
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Photo 1 Photograph of experimental apparatus
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Photo 2 Photograph of data acquirement apparatus
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Table 1 Dimension of intake system

[tem Diameter (mm) Length & Volume
Surge tank (small) 350%x400x%500 70 ¢
Surge tank (large) 600x700%500 210 ¢
Semi—induction pipe 40 850 mm
Pulse generator 40 300 mm
Outlet pipe 40 780 mm
CR(Close' Resonator) = 0
SR(Small Resonator) 100 1177 cc
LR (Large Resonator) 100 2355 cc
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Fig. 3 Schematic view of variable Helmholtz resonator
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Photo 3 Photograph of variable Helmholtz Resonator
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Photo 4 Photograph of pulse generator
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T 2H2 7B S Abgato] s, AAl oA wAEks gd
gt o] St aE Adatr] f1ste]l " BA7] (pulse generator) & 3 AAIZITE
HA wA71e] g & EE 128, 356, 600 rpmZ7HA] 3@AIR tpro] AA|Eedth

F FA 2719 rpm, VHRE AFw3te] tfsto] A|7ta} Zhof
ot e ule] woFs AFsle] wlwstty, A4 HAr)e) A e RS

2y dFC (rotary encoder)E E3to] ‘00 0% AlH (setting) st A - 3

—

Table 2 requirement of experiment

[tem Method of experiment
Flow 30760, 90 Nm'/h
Pulse generator 128, 356, 600 rpm

Resonator volume CR (0 cc), SR (1177 cc), LR (2355 cc)

Encoder 0.5 deg/pulse
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30 Nm®/h, No.3

] — LR128
1025d LR128
CR128
1 opening closure
1.020 H

Intake pressure(bar)

LI " I L N N B WL T ar T T A e A 1T

I
0 300 60 90 120 150 180 210 240 270 300 330 360
Rotary valve angle(deg)

m LR(2355CC), SR(1177CC), CR(Close Resonator)

Fig. 5 Variation of measured intake pressure

with various condition at 30 Nm®/h—128 rpm
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1,008 - 30 Nm’/h, No.3

—— LR356
T SR356
opening closure | CR356
1.006
=
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==
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@ 1.004 -
(7]
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£ 1.002-
1.000 +——7——T 11 T T A T a1

v TN I L
0 30 60 9 120. 150 180 210 240 270 300 330 360
Rotary valve angle(deg)

m LR(2355CC), SR(1177CC), CR(Close Resonator)

Fig. 6 Variation of measured intake pressure

with various condition at 30 Nm®/h—356 rpm
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—— — T
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Fig. 7 Variation of measured intake pressure

with various condition at 30 Nm®/h—600 rpm
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Fig. 8, 9% % 60 Nm’/hdu] FAwA7]9] 3144557 356 rpm¥ 600
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1.025 opening closure
1.020
1.0154

1.010

Intake pressure(bar)

1.005

1.000

LA B L R NI R HE Y N I A I R
0 30 60 90 120 150 180 210 240 270 300 330 360

Rotary valve angle(deg)

m [R(2355 cc), SR(1177 cc), CR(Close Resonator)

Fig. 8 Variation of measured intake pressure

with various condition at 60 Nm®/h—356 rpm
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Fig. 9 Variation of measured intake pressure

with various condition at 60 Nm®/h—600 rpm
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m LR(2355 cc), SR(1177 cc), CR(Close Resonator)

Fig. 10 Variation of measured intake pressure with various

condition at 30 Nm?/h—600 rpm
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Fig. 11 Comparison of intake pressure by 356 rpm variance at 60 Nm®/h
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m LR(2355 cc), SR(1177 cc), CR(Close Resonator)

Fig. 12 Comparison of intake pressure by 600 rpm variance at 60 Nm®/h
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Fig. 13 Variation of intake pressure with resonator close opening condition
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Fig. 14 Variation of intake pressure with resonator half opening condition
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Fig. 15 Variation of measured intake pressure with various

condition at 90 Nm®/h—128 rpm
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Fig. 16 Variation of measured intake pressure with various

condition at 90 Nm®/h—356 rpm
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Fig. 17 Variation of measured intake pressure with various

condition at 90 Nm?/h—600 rpm
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3.3.4

o

A7) AF, P/G AL H3le] wE 35

Table 3 Air flow variation of intake system according to variation of

volume of resonator and revolution speed of pulse generator

FLOW 30 Nm’/h CR(O co) SR(1177 cc) | LR(2355 cc)
RPM 128 30 26 30
RPM 356 26 27 25
RPM 600 28 28 26

TS/ & A— M Sy

FLOW 60 Nm°/h (0 co) 1177 ce) | LR(2355 cc)
RPM 128 60 60 52
RPM 356 54 53 54
RPM 600 56 56 56

FLOW 90 Nm’/h CR(0 co) SR(1177 cc) | LR(2355 cc)
RPM 128 90 86 86
RPM 356 85 80 86
RPM 600 86 85 80
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