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An Experimental Analysis of the Flow Field in an Air Induction System by Flow
Visualization and LDV Measurements
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ABSTRACT

To describe the air flow characteristics within an air cleaner cover and mass air flow
sensor (MAFS) entry region installed in a 3.0L engine air induction system, flow visualization,
velocity and turbulence intensity measurements were taken in several view planes. A detailed
knowledge of the interaction between the design parameters and the flow structures will
enhance our understanding of the motions within the flow field and enable engineers to
optimize the induction system and reduce the signal-to-noise ratio in the MAFS output.
Emphasis is placed on the analysis of coherent motions and the controlling parameters which
affect the air flow in the MAFS entrance region over a flow rate of 13-240 kg/hr.

The high speed motion pictures illustrated that the air flow generated within the air
cleaner cover under steady state condition is quite complex. In both axial and radial planes of
the main passage it was found that the flow pattern is remarkably influenced by the air cleaner
cover and main passage configuration. A comparison of the flow patterns and measurements in
the original and modified air cleaner cover is presented. Measurements from the MAFS
indicated an significant reduction in pressure drop and signal noise for the modified cover as
compared with the original cover, over an air flow rate of 13-240 kg/hr.

FQo7)&80]: Air induction system(E 7)), Mass air flow sensor(AF o o] Z 2 9 A A)),
Flow visualization(f+% 7}A13}), Air cleaner cover(o] o} &2\ # 1), Main
Passage(F - £), Bypass inlet(8}lo] |2~ JF)

1. A 8

i z4e] nds wr|7tx FA FFL
2 14% 7180 Ui 71ed Bl 25E

* 29, getdisa 7| AR

102 I SASEE=E

il



#% 7PI3SE LDV 4 o184 710 W) #5400 e 48 Y

Ag&A 3 ok WA el 7dy 3 o
HY 9E38e EE vE7k: FA) B B
4e& /AT e ARA HEE EAE
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2. NBAEX ¥ YH
2.1 HAANH EJIA 42
olojZ2g gt MAFSHUE U9 53 &
N3y 98t & &% 7HA3et LDV(laser
Doppler velocimetry) &%3& AA4H Ad=x
Z(steady state condition)o|A 35ttt A
A= Fig. 19 Jebd A3 o] 3.0L A7

1.Spencer centrifugal blower with throttle 2 Plenum(1.22
x 213 x 244m) 3Manometer with probe 4.Smoke
generator with seeding tubes 5F induction system
6.Laminar flow air element 7.Inclined manometer 8 Nac
E-10/EE high speed camera 9.Synchronization timing
system 10.Mirrors 11.Cylindrical lenses 12.Copper vapor

laser

Fig. 1 Air flow induction and visualization system
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Fig. 2 Original air filter cover and MAFS unit

assembly
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§ WAsL FEIEH Yo F7)9 %7}
FYULYHEE FHse 379 &x9 ZA
A7) fH3td ZYPAAolA HeEri(crank
case breather)2F8 Yz 2AZA] Y+&
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laser, CVL model No. 451), A&, 9453 A=,
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YEx Y Y& E(film frame rate)E 7137 ¢
8led Trigger pulse generators} Optical
pick-up& 4335

2.3 diOIXd T2 &M (Laser
Doppler Velocimetry, LDV)
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239 (two-component) LDVAJA®E 4W
Ar-lIon#e]A% TSI AFY WA= =ZFgF,
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1) 9 A% #A¥(original cover): f% 71X 3}
g o83 9 AY doEuANY fFEY

H9H M1z, 2000 105



A7 ZUIIYHE 9o e G2 Al Y
s}t FH29 AT FRAAM 1LE FEFLEE
o, AW $ & WM E fEutEls], vpoldA
YT FYolME BEFF 50 ASHE AL
242 £ dAch wEA volsiae FE2<1
SERo2RY AL IVNFE A AZse
Aol wj$- AYThE AL ¢ F Ao AR
o2 AFFHAERE ozd Au)et dE LY ¥
A9 3 wzits ARE A% F71A A
e "aAe 33T F AU

2) /A=A 7 (refined cover): Fig. 4% 371
% 13kg/hr(LDV &AH F4 FEAM9 F
&9 9 0.87-0.92 m/s)olA wlolHl2f2 FA
Ag AYz FYULYHE HH FA T Hol
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Fo= BAgle] B AEE f59 548 ve
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FUE AFol 9% A9 nXA ¥k

(Original cover)

(Refined cover)

Fig. 3 Sectional views of original and refined covers
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Fig. 4 Flow field in a plane passing through the

centerline of the bypass passage and

perpendicular to the air filter surface with a
flow rate of 13 kg/hr

Fig. 5 Flow field in a plane passing through the
of the bypass
perpendicular to the air filter surface with a

centerline passage and

flow rate of 13 kg/hr (near bypass passage)

Fig. 6 Flow field in a plane passing through the
centerline of the bypass passage and parallel
to the air filter surface with a flow rate of 13

kg/hr
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Fig. 7 Flow field in a plane perpendicular to the
bypass passage centerline at 10 mm from the
bypass inlet with a flow rate of 13 kg/hr
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3.2 LDVEH

AAE AW 5 7Sk AFHoE #Y
7] Y3t Hasxe dRAEE voldx ¢
T25H 30mm Eol3 FHE9 oty HH
(radial plane)olx ZA3HoH(Fig. 8), FA
AAE 8mm AAMgrid), F7HH H=
50-240kg/hr2 3t 271 £EAZE FolA
u-EEA RS 24dd £ A4S Jeh 3,
v-4£EARES ZEUARIE ERd F3A A
& Yehidh

<

: [ 30 mm —n |
Filier cover

Bypass cemrat line
/.
g

LDV measurement planc,
perpendicular 1o the bypass
let eenter line

]

Rypass MAI'S
[l ]

Fig. 8 Schematic showing LDV measurement plane

Fig. 9(a)¢} 9(b)= F71% % 50kg/hroll A u-
&89 FAHH EFHA(standard devi-
ation) &, YHZEE YE I A FRAEE
BaaelA gold 2719 AMFHTY AFIol
th). 549 54L& MAFSHUE % 2u3
ofg] HE9 &£mrt F7F R8T vt <zt
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Ao A A= fraatele 9ol U AL
2 gadoh o F3FY 5L IV E
o Wigle] ARl A9 YA sATHFig. 10(a),
10(b). & &HY FAH9A A= MAFSHY
B9 J5A EAoZ Q3o 98} off FE
oAx &4& APEgty] WEolt
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Fig9(a) Mean velocity in m/s for 50 kg/hr
(u-component)

Fig. 10 (a) Mean velocity in m/s for 240 kg/hr
(u-component)

Fig. 9(b) Standard deviation in m/s for 50 kg/hr

(u-component)

Fig. 11(a)$+ 11(b)e F71+%F 50kg/hroll A
v-5EA48E ez itk v-EEEE &
UESY] ¢ REog Z4F a3 3lof u-
Seest vjastel Hof 25%3%=e) 2718 7} AR ABEAN HelM FFF 5
A Aok AL faFe Aste] #ARlCl A UdA

Fig. 12(a)$ 12(b) 3714+ 240kg/hroll A gonj E3 MAFSH#UYE ofg BEd %
v-EEARE dEiR Sk AARY F52A zumg wRges) e 2o Hsd B

Fig. 10 (b) Standard deviation in m/s for 240
kg/hr (u-component)
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Fig. 11(a) Mean velocity in m/s for 50 kghr
(v-component)

Fig. 12(a) Mean velocity in m/s for 240 kg/hr
(v-component)

Fig. 11(b) Standard deviation in m/s for 50 kg/hr

(v-component) Fig. 12(b) Standard deviation in m/s for 240

kg/hr (v-component)
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3.3 diiSadAHB0 & MAFS
Output

Fig. 13~15¢ AFA3AlA dAd A
d243E vgd Rt #F  ¥H9
8-500kg/hroll 4] Transfer function®] I
Aol JHAE AWAA < 05%0lH,
AlE AWM E 2%E dEth Fig. 14
A AMF AB e AHE AWY 4HPEE
et itk #7149 484 e 34
HH3E T3 AME £ USE HW3I
& 4 Utk Fig. 155 3F71%% #sd o
g TALSE v HAoEAN 28% ¥
4 HAAH3E T3 2Ho] S & F
Atk ol¢k o] FY FUNF AFY AE
= A9 34 HFHsE T3 AA
g 4 gdov, =3 EdadA dAse
257 FYAURA &AE 2D 5 o] o)
S HF A gFojHof & Aot

[——0riginal cover —e—Refinad cover

/0 (%)

' | '
w ~ < = -
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Mass flow rate (kg/hr)
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Fig. 13 Transfer functions for the cover

]—o—OvIginll cover —a—Hfefined covu]

- NN
@« e o
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Pressure drop dp (in—water)

o w
"

100 200 300 400 500
Wass flow rate (kg/hr)

o

Fig. 14 Pressure drop vs. flow rate for the
original cover and the refined cover
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i—o—OriqinaI cover —a—Refinad cuvor]
3 4
2

14 54 93 218 517
Mass flow rate (kg/hr)

(%) Noise

Fig. 15 Noise comparison of refined cover vs.
original cover
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