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Experimental Study of Vibrations, Noises and Pressure Fluctuations
of Centrifugal Fan
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College of Engineering, Zhejiang Normal University, Jinhua. Zhejiang, 321004
Abstract: Microphoness accelerometers, and pressure transducers were used to measure the cen-
trifugal fan noises, pipe vibrations and pressure fluctuations respectively. The results show that in the
spectra of the fan noises, pipe vibrations and pressure fluctuations, the discrete frequency components
related to the impellor rotations are notable,and the rotational frequency (RF) components are the
maximum in general. The coherence of the noises and vibrations with the pressure fluctuations is high-
er than 0.5 at discrete frequencies, but lower at broadband frequencies. The most intensive pressure
fluctuations are within 5D from the fan outlet, where D is the pipe hydraulic diameter, with the
strength almost equaling to the reference dynamic pressure pvi/2 (p as fluid density. v, as bulk veloc
ity). After 10D where the flow became quite uniform, the amplitude of pressure fluctuations is ap-
proximately 20% of the reference dynamic pressure. The RF components are the most conspicuous in
the pressure fluctuation spectra, and the maximum valute is around 25% of the reference dynamic
pressure occurring within 2D ~4D from the fan outlets.
Key words: centrifugal fan;pressure fluctuation;noise;vibration

[1-2]
’

) (computational fluid dynamics, CFD)

(pseudo sound) ™ ; . JAFARZADEH ¢ k< .RNG
N k- RSM s
:2017-11-13 RN(?’ ke °

7 ke

(51575497,51405449) 5

(LY18E060006) . [8]

+ 1188 -



o]

[10]

CFD Lighthill

o

. BODEN [

1 .2 ,
[14]

[15]

CHEONG %

. KHALIFA
(1] [12]
Do
CFD
, Z=36,

n=2 600 r/min,

Q=5.5 m*/min.,

(RF) n/60=43.3 Hz,

(BPF) Zn/60=1 560 Hz,

100 mm
) 3 mm,
(A P
D=94 mm,
20.5D,
1, Q
v, =Q/A=10.4 m/s,
2 ,
4394 ,
OR36 24

4A /P
)
0.5D,

MPAZ201,

6.5D 14.5D R
50 cm. 45°

(a)

(b)

1
Fig.1 Test fan and duct

2
Fig.2 Test rig for vibration, noise and

press fluctuation measurement

, 1D
20D D ¢4 mm
1.5D 2.5D o
, 1 ,
4 mm, o
XTIL-140M-1D

PX1-4220 16 o
2.54 mm, M3.5

« 1189 -



30 10 2019 5
\ KAA-B-1B . 4 0.2% 0.16%,
, 12V . p.=pvi/2=63.81(Pa) (p ).
PX1-4220 0.030 1 qRF
. LabVIEW 0. 025
’ o 0.020
[=}
, KULITE , ]i?f 001
o 10.24 kHz, .
0. 010
2 0.005 |
2.1 0 400 800 1200 1600 2000
3 , % f/Hz
s (a)
r=6.5D 14.5D 0.030
, . x=06.5D 0.025
o o 0.020}
.
’ ’ @ 0.015f
o 12

+52)

WENEE o/ (m

WHEHE/ (m - 52

0.
0.
0.
0.
0.
0.
0.
0.
0 400 800 1200 1600 2000
3% f/Hz
(a)x=6.5D
0.8
0.7F
0.6F 9RF
0.5 [4RF
1 5RF
0.4
o.3Ll| [Il3 28RE
0.5 7RF 11RF 18RF
0.1
0 400 800 1200 1600 2000
W f/Hz
(b)x=14.5D
3
Fig.3 Spectra of duct structural vibration
4 s
s N
o 100 Hz,200 Hz
50Hz .
(RMS) 0.127 16 Pa 0.100 53 Pa,

1190 -

0. 010 F

0. 005 F

0 400 800

1600

2000

(b)
4

Fig.4 Spectra of noise at the fan inlet and duct outlet

2.2
2.2.1

5%
2.2.2

RMS 1.75
s RMS
Pa s 3
4
x=4D
5 o



100

—
(=]

ps

ThEWEE I /(Pa? - Hz D)
(=1

0

AL ) (P + Hz )

0

TN
=
=
I
,E&
g
el
b
R

0
100
TN
T
=
S
E@
w1
EH
Qf 0.01
"

0
100
'N
T 10
®
&
1
-+
% 0.1
3
¥ 0.01
®

0

Fig.5 Power spectrum density of pressure fluctuations

400 800 1200 1600 2000
$ES/Hz
(a) 1

1 1 1 1 J
400 800 1200 1600 2000
FES/Hz

' 1 1 1 J
400 800 1200 1600 2000
WEf/Hz

(c) 3

400 800 1200 1600 2000
$ES/Hz

(d) 4

800 1200 1600 2000

S/ Hz

4(I)O
(e)
5

2.2.3

b 60 ’
1_0_/1RF
0.9}
0.8H
w 0.7H
& 0.6]
0.5
t 0.4
% 0.3}
0.2
0.1H
0 400 800 1200 1600 2000
PFS/Hz
(a)
1.0
0.9}
0.8}
= 07f
5 0.6 H
= 0.5
H 0.4}
£ o3}
0.2t
0.1
0 400 800 1200 1600 2000
BEf/Hz
(b
1.0 /IRF
0~9-/ BPF
0.8 /
0.7
& 0.6
E 0.5H
= 04f
0.3
0.2f
0.1
0 400 800 1200 1600 2000
SRS/ Hz
(c) 1
1.0
0.9
0.8
0.7
&/ 0.6
¥ 0.5
0.4
% 0.3
0.2
0.1
0 400 800 1200 1600 2000
$E S/ Hz
(d) 2
6 N

Fig.6 Coherence of pressure fluctuations

with noise and vibration

« 1191



30 10 2019 5

0.5 , N , 10D
2.3 o
2.3.1 , (20%
) (0.1%~0.2% ) 2
R h 2.3.2
7.5 mm.5.0 mm.2.5 mm  0¢( R
RMS , Fourier
p.(p.,=63.81 Pa) s o 8. 9
R . x=1D(
7 , N x=14D( )
, (RF) o
T:5D ’ ’
Pr:p'Ulz,/Z o 9 N
x=2.5D , , 3 .5 3 s
1:1D ° ’ ° ’
s , 10
R 10D ) 2D ~4D
p.  20%, . 25% , 5D
100 R +r=19D
8ol 3% .
§ ’ ’
L 60
]E D) 10 ‘TZZOD(
® 40l
e 0.5D) o
@ 201
3
0 5 10 15 20
BERHLH A& x/D N
(a) ’
100 —— h=7.5mm ’
80 —— /=h. 0 mm .
o r —a— h=2. b mm
§ —v— h=0 D
]ﬁ 60| .
R
do 40l
«\\ b
20 o pvi/2
0 1 1 1 1 O'Zyo
0 5 10 15 20 (2)
BERMLH O BB X/ D
(b) N R
7 1 s

Fig.7 Strength of pressure fluctuations in downstream duct

« 1192 -



BHEHED./ Y%

BEHED/ %

BEHEP. /%

BEREDP./Y

100

BHEHED./ Y%

BEHEDL/ %

0.1 10

1
B —HES,

(b)h=0,2=1D

= =
[SCT )]

100

A ik,

(e)h=7.5 mm,x=14D

8

=
100

BHEHED./ Y%

BEHED/ %

0.1 1 10 100
F— S,

(c)h=7.5 mm,x=3D

151
12}

9 L

6 L

3 L

(0] ~vr o b \

0.1 1 10 100
R Ak,

(HDh=0,x=14D

Fig.8 Spectra of pressure fluctuations along the central line of the duct

15
121 1RF
0.1 1 10 100
BEH— S,
(a)h=7.5 mm,x=1D
301
25}
20F
15}F
10}
51
0
0.1 1 10
RS,
(dh=0,2=4D
15
1RF
12
N sre SR
9
6
3
0 L L
0.1 1 10
RS,
(a)h=7.5 mm,x=1D
301

1 10
%S,

(dDh=0,2=2.5D

100

100

BEHED/ %

BEREDP./Y

100

100

15
12
9
6
3
0.‘1 .1 10
Rk
(b)h=0,2=1D
15¢
12+
9l
6
st
ok
0.1 1 10
Rk,
(e)h=7.5 mm,x=14D
9

BEHEP. /Y%

BEREDP./Y

30p
25F
20
15¢
10f
5¢
0&
0.1 1 10 100
BHR—IES,
(c)h=7.5 mm,x=2.5D
151
12
9t
6F
3t
0 ot ey
0.1 1 10 100
BR—ES,

(Dh=0,x=14D

Fig.9 Spectra of pressure fluctuations along the corner line of the duct

5D(D

o b

(€Y

« 1193 -



30 10 2019 5

30pF —— h=T7. 5 mm
—— h=h. 0 mm

=X
~.
o)
H
R
SN
)
0 5 10 15 20
BRI /D
(a)
301 —=— h=7.5mm

—— /=5. 0 mm

5 —a— =2. 5 mm

20+

BEYEL./%

10F
5k
0 5 10 15 20
BE RIS 1 3 85x/D
(b)
10

Fig.10 Amplitudes of pressure fluctuations

at the rotational frequency

5 .
2D ~4D
, 25% ,
5D .
(19D ) 3% .

[1] KANEKO S. NAKAMURA T. Flow-induced Vi-

brations; Classifications and Lessons from Practical

Experiences| M ]. London: Elsevier, 2014.

[2] HAYASHI I, KANEKO S. Pressure Pulsations in
Piping System Excited by a Centrifugal Turbomach-
inery Taking the Damping Characteristics into Con-

sideration [ J ]. Journal of Fluids and Structures,

2014, 45(1): 216-234.

[3] FAHY F,ROSSING T D. Foundations of Engineer-

ing Acoustics[ J]. Journal of the Acoustical Society

of America,2002,111(3):1142.
[4] ;

Ll . 2011, 39 (7): 35-40.
XU Chen, YANG Ailing, MAO Yijun. Review and A-

nalysis on the Prediction Method of Centrifugal Fan

Noise[ J]. Fluid Machinery, 2011, 39 (7): 35-40.

[5] JIANG Y., YOSHIMURA S, IMAI R, et al. Quan-

titative Evaluation of Flow-induced Structural Vi-

« 1194 -

[6]

[7]

(8]

(9]

[10]

[11]

[12]

bration and Noise in Turbomachinery by Full-scale
Weakly Coupled Simulation[]J]. Journal of Fluids
and Structures, 2007, 23 (4): 531-544.
JAFARZADEH B, HAJARI A, ALISHAHI M M,
et al. The Flow Simulation of a Low-specific-speed
High-speed Centrifugal Pump[J]. Applied Mathe-
matical Modelling, 2011, 35 (1) 242-249.
LIl » 2005, 36 (10):
62-65.
ZHANG Xiongwen, LI Guojun, LI Jun. Numerical
Simulation of Flow Characteristics in Centrifugal
Pump Impellers with Variant Mass Flow[ ] ]. Trans-
actions of the Chinese Society for Agricultural Ma-
chinery, 2005, 36 (10): 62-65.
s , GUZZOMI A,
L. , 2015, 46
(6): 92-96.
CAI Jiancheng, PAN Jie, GUZZOMI A, et al. Pres-
sure Fluctuations around Volute Tongue of Centrif-
ugal Pump[J]. Transactions of the Chinese Society
for Agricultural Machinery, 2015, 46 (6). 92-96.
0l . 2015,
46 (10) . 56-61.
ZHOU Peijian, WANG Fujun., YAO Zhifeng. In-
vestigation of Pressure Fluctuation in Centrifugal
Pump Impeller under Rotating Stall Conditions[ J].
Transactions of the Chinese Society for Agricultural
Machinery, 2015, 46 (10). 56-61.
KHALIFA A E, AIFQUTUB A M, BEN-MAN-
SOUR R. Study of Pressure Fluctuations and In-
duced Vibration at Blade-passing Frequencies of a
Double Volute Pump[J]. Arabian Journal for Sci-
ence and Engineering, 2011, 36 (7). 1333-1345.
[Jl. ,
2011, 29 (2). 93-98.
YUAN Shouqi, SI Qiaorui, XUE Fei, et al. Nu-
merical Calculation of Internal Flow-induced Noise
in Centrifugal Pump Volute[ J]. Journal of Drain-
age and Irrigation Machinery Engineering, 2011,
29 (2): 93-98.
[l , 2013,
49 (18). 177-183.
LIU Houlin, DING Jian, WANG Yong, et al. Nu-
merical Simulation of Hydrodynamic Noise in Cen-
trifugal Pump Based on LES[]]. Journal of Me-
chanical Engineering, 2013, 49 (18); 177-183.
( 1206



30 10 2019 5

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

LJ1. .
(19):2327-2334.
YAO Weifeng, YUAN Julong, JIANG Liang, et

2018, 29

al. Study on Both-side Cylindrical Ultra-precision
Lapping and Polishing Processes in Eccentric Rota-
tions[ J]. China Mechanical Engineering, 2018, 29
(19) . 2327-2334.

YAO Weifeng, YUAN Julong, ZHOU Fenfen, et
al. Trajectory Analysis and Experiments of Both-
sides Cylindrical Lapping in Eccentric Rotation[]].
International Journal of Advanced Manufacturing
Technology, 2016, 88(9/12):1-11.

YUAN Julong, YAO Weifeng, ZHAO Ping, et
al. Kinematics and Trajectory of Both-sides Cylin-
drical Lapping Process in Planetary Motion Type
[J]. International Journal of Machine Tools &
Manufacture, 2015, 92:60-71.

JIANG Liang, YAO Weifeng, HE Yongyong. et
al. AnExperimental Investigation of Double-side
Processing of Cylindrical Rollers Using Chemical
Mechanical Polishing Technique[ ]J]. International
Journal of Advanced Manufacturing Technology,
2016, 82(1/4):523-534.

JIANG Liang, LUQO Jianbin.
Chemical Mechanical Polishing of Steel Substrate
Using Colloidal Silica-based Slurries[ J]. Applied
Surface Science, 2015, 330:487-495.

DAITO M, HASEBE T, KANAI A, et al. Study

HE Yongyong.

on the Development of Centerless Profile Grinding
Machine for Chatter Free Crinding[J]. Transac
tions of the Japan Society of Mechanical Engi-
neers, 2003, 69(680):1131-1138.
ZHOU L, SHIINA T, QIU Z, et al. Research on
Chemo-mechanical Grinding of Large Size Quartz
Glass Substrate[ ] ]. Precision Engineering, 2009,
33(4):499-504.
[D]. , 2016.
WANG Yonggiang. Study on Magnetorheological
Finishing Using Large Polishing Tool for Ultra
smooth Flat Surface[ D]. Changsha: Hunan Uni-
versity, 2016.
[D].
, 2015.
LI Min. Fundamental Research on Shear-thicken-
ing Polishing Method[ D]. Changsha: Hunan Uni-
versity, 2015.
LI Min, LYU Binghai,

YUAN Julong, et al.

1206 -

[82]

[83]

Shear-thickening Polishing Method [ J]. Interna-
tional Journal of Machine Tools &. Manufacture,
2015, 94.88-99.
LI Min, LYU Binghai, YUAN Julong, et al. Evo-
lution and Equivalent Control Law of Surface
Roughness in Shear-thickening Polishing[ J]. Inter-
national Journal of Machine Tools & Manufacture,
2016, 108:113-126.
LI Min, HUANG Zhenrong, DONG Ting, et al.
Surface Integrity of Bearing Steel Element with a
New High Efficiency Shear Thickening Polishing
Technique[ J]. Procedia CIRP, 2018, 71 313-316.
( )

[13]

[14]

[15]

[16]

., ,1986 s
. E-mail: yao0402141028@126.com,
), 51962 s

. E-mail: jlyuan@zjut.edu.cn,

1194 )

BODEN H. ABOM M. Modelling of Fluid Ma-
chines as Sources of Sound in Duct and Pipe Sys-
tems[J]. Acta Acustica(Les Ulis), 1995, 3(6):
549-560.

L. » 2008, 29 (4):

79-83.
XU Bin, FENG Quanke, YU Xiaoling. Study on
Pressure Pulsation and Piping Vibration of Com-
plex Piping of Reciprocating Compressor[ J]. Nu-
clear Power Engineering, 2008, 29 (4): 79-83.

L1l
1438.
ZHOU Hong,

, 2011, 30 (9).: 1435-

LIU Yongshou, YUE Zhufeng.
Calculation Analyze of Pressure Pulsation in Fluid
Flowing Pipeline[ J]. Mechanical Science and Tech-
nology for Aerospace Engineering, 2011, 30 (9):
1435-1438.

CHEONG ] S. An Analytical Prediction on the
Pump-induced Pressure Pulsation in a Pressurized
Water Reactor [J]. Annals of Nuclear Energy,
1999, 27 (15). 1373-1383.

., 51980 .
. E-mail: cai jiancheng @ foxmail. com,
), 41970 .

. E-mail: eshiju@qq.com,



