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Velocity-pressure wave measurement method of individual

cylinder charging for multi-cylinder IC engine

Cheng Peng', Liu Zhong-chang®, Guo Ying-nan®?, Liu Jin-shan?,
Tan Man-zhi’, Gong Bao-1li', Liu Xun-jun®
(1. Center of Test Science, Jilin Unversity, Changchun 130022, China; 2. College of Automotive Engineering, Jilin
Uniwversity, Changchun 130022, China; 3. Chongqing City Key Laboratory of Vehicle Emission and Engery, Chongqing
400039, China)

Abstract; A new method for determination of the charging and the volumetric efficiency of the
individual cylinder in a multi-cylinder internal combustion engine was proposed. The method is based
on the measurement of the pressure wave in the intake system of the engine and the radial distribution
of the velocity of the steady turbulence flow in a section of the intake port of each cylinder. The
AVL657 digital analyzer was used to measure and record the charge pressure wave in the intake
system and the TSI IFA100 hot-wire/hot-film constant temperature anemometer was used to measure
and record the charge velocity in the intake port. The measurements were performed under motoring

condition at different engine speeds and different throttle valve openings and the chargings and the
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volumetric efficiencies of each cylinder were calculated under different conditions. The average

volumetric efficiencies of each cylinder were compared with that of the whole engine, and the maximal

deviation was 0.04. The maximal unevenness of the volumetric efficiencies inside the engine was

9.1%. By means of the proposed method, it is possible to study quantitative the unevenness of

charging of individual cylinder.

Key words: power machinery and engineering; internal combustion engine; charging; velocity wave;

pressure wave; volumetric efficiency; measurement
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Fig. 1 Sketch map of measurement apparatus based on
velocity-pressure wave method
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Fig. 2 Average flow velocity and intake pressure
waves in measuring section at different

throttle valve openings

"800 1200 1600 2000 2400 2800
n/(remin”")

() FWRITIFRE 4/4

—— Il —— 2
1.2 —A&— 3L 48

1.0 SHL—e— 6L
& 0.8

0.6

0.4

(}_2 1 1 1 1 1

800 1200 1600 2000 2400 2800
n/(remin ")
(b) FARNTIFHE 3/4
. —o— 1fL—8— 24l

—&— 3L 4§
—HK— Sl —e— 6l

L L L 1 L
"800 1200 1600 2000 2400 2800
n/(rsmin ")

(o) FATIITE 2/4



. 72 . THRKRFFHROCT F R

% 37 A

—o— 1L —8— 2f
—&— 3L —>— 48
6 fir

.2 — —
00 1200 1600 2000 2400 2800
n/{remin ")

() WAITIFEE 1/4
B3 AEFRIMAEMADHEERTEZEMNERNE

Fig. 3 Volumetric efficiencies of each cylinder at

different throttle valve openings and
engine speeds
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Fig. 4 Average volumetric efficiencies of whole

engine and each cylinder at different

throttle valve openings
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Fig. 5 Unevenness of volumetric efficiencies of each

cylinder at different throttle valve openings
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Fig. 6 Unevenness of volumetric efficiencies of whole

engine at different throttle valve openings
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