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Flow-Induced Vibration Signal Analysis of the FIV Test Loop
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Abstract

Vibration spectrums of the test loop according to flow conditions were analyzed in order to identify
the sources of vibration at peak frequencies. While a flow condition of the sweep test was changed by
varying pump rotational speed from 450 rpm to 1500 rpm by the step 150 rpm, midspan acceleration
of the test section in width-direction and dynamic pressure perturbation in the test section were
measured. Other sources of vibration due to the flow structure interactions, such as acoustic resonance,
blade pulsing frequency and bellows wrinkles, were investigated. Pressure perturbation in the section
and acoustic resonance due to branch pipe give major effects to the vibration of the test section in
high frequency range of 1.5 kHz to 2.8 kHz.

M =

S AT A FAA AL A=
BArEg dAdAsgEAY F8 FEd AXF
AAE Mdets A oleh #AYEE VNxATE
A Fsta vk 4R A JFA = U
39 FF AX=E Qo] TpE3 A AN Ax
H7] wio] YAARHFAE o|F = FoT HF
FES AT #HE oy APES AAoF st
oJHo| FHH AP FIZ= 5x5 PR SA (XX 4
24 570, As% 2370, b 270)E ol &St
S AsAER dyAst ARs s
AEE AAHNoH, 7AAN AsAdHR 45
HHel FHZAANG S FAl L = 9V
o] FAFEE 2 GHAs AlEFEA

t A4 T L

E-mail : ex-leekh@kaeri.re.kr

TEL : (042)868-2298
* gEAAHATA

FAX

: (042)863-0565

601

(Flow-Induced  Vibration and  Pressure  Drop
Experimental Tester; FIVPET)Z "™ ¥ 1 tH1]. Fig.
19 APTLe] AFEg vhedict,
AFAAE gkl met AlglE o] |
& fEAE cEARA, A

N,

o -z
4t Mo
R

2

ol
——

>,
=

>R

fu
o, Ho o M x

oo 4 o 1o P

il
(g =
=

LR )
==

T . > K

K
iz
ML
TN
pe
2
N
L
il

i)
)
kD

>
2
Ho
offt

U
4z
v
o
e Jo
rot
s
M
i)
o
i_z
(o3
Ol—ﬂ il
[
oX,
o

~
o
e
re
-

Ir
4z |
M
)
“_51: N
N

>
jaii}
1

¢
o
offt

In

“
2

3
2

[>
fm =
o
2% |o 28

monoh &1 1% oo gd o fo T
&
N

(S

2ol 9 o [o
o

o

AN Lo
Ho
offt
N
o
2

=
il
2

e ol
0,
S

it
Q9

EAQF ol Ao zEHA
1 ok F3[3]el AA = ]
JFZ(FIVPET)Sl #-&3tal Alg

ted Add dsae] v

N
P
ot
T2 Mool

Moo 41 orlr o

g

Al

i

oo 2 o> oo o> > ol )y ¥ ot o xdt

A ot
o2l i

B
il

o ot iz ot

2 o
o



) T

=

Velocity(m/s)
3.0
4.22
5.39
6.56
7.55
8.49
9.42
10.34
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Flow Rate
(LPM)
843
1172
1489
1806
2103
2355
2616
2866
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450
600
750
900
1050
1200
1350
1500

Pump Speed
(rpm)

Table 1 Flow Conditions for the Sweep Test
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Fig. 1 Schematic Diagram of the Test Loop
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(b) At Pump Rational Speed of 600 RPM
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Frequency(kHz)

(a) At Pump Rational Speed of 450 RPM
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Fig. 2 Vibration Spectrum of the Test Section Measured at Midspan
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Table 2 Test Flow Condition and Magnitude of
Dynamic Pressure

Pump Flow Inlet | Velocity | Dynamic

Speed Rate Pressurze Squarg Pressure

(RPM) | (LPM) | (kg/cm?) | (m/s)” |[RMS](Pa)
450 843 0.7 9.2 143.5

600 1174 0.99 17.8 257.1

750 1501 1.37 28.8 373.8

900 1809 1.82 424 535.6
1050 2100 2.4 57.5 704.0
1200 2368 3.08 72.0 854.0
1350 2617 3.88 88.9 1078.6
1500 2868 4.76 106.7 1396.0

Tog 50

80, g,

essure~2 (Nom~2)°2/Hz

50,0,

v
< ©.00
20,44

4 124 124 7
36z

(b) High Frequency Range(1000~2800Hz)

Fig. 4 Dynamic Pressure Pulsation Spectrum
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Table 3 Acoustic Resonance Frequency according
to the Sound Velocity

Frequency(Hz)
c(m/s)
1st(n=1) | 2nd(n=2) | 3rd(n=3) | 4th(n=4)
1400 437.5 13125 | 2187.5 | 3062.5
1440 450.0 1350.0 | 2250.0 | 3150.0
1480 462.5 1387.5 | 23125 | 32375

Table 4 Fundamental Blade Passing Frequency

P/S(RPM)| 600 | 750 | 900 1050|1200 | 1350 |1500
BPF(Hz) | 60 | 75 | 90 | 105 | 120 | 135 | 150

s anst AP sk FolA £3FAE B
i Eoles ZIlE Ao #AHE s AA
A (bellows) dHFolls= dAZ kAo 7 Wb
BEE Wi FE(Wrinkle)Zt 5ol ol 574
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Table 5 Frequency Induced by Bellows Wrinkle(Hz)

Pump Rotational Speed(RPM)

600 | 750 | 900 | 1050 | 1200 | 1350 | 1500
No- Flow Velocity(m/s)

25 | 32 | 38 | 45 | 50 | 56 | 6.1
1] 99 | 126 | 153 | 179 | 200 | 222 | 243
2 | 199 | 253 | 307 | 357 | 400 | 444 | 487
3| 298 | 379 | 460 | 536 | 600 | 666 | 730
4 | 398 | 506 | 613 | 714 | 800 | 888 | 973
5| 497 | 632 | 766 | 893 | 999 | 1110 | 1216
6 | 597 | 758 | 920 | 1071 | 1199 | 1332 | 1460
7 | 696 | 885 | 1073 | 1250 | 1399 | 1554 | 1703
8 | 796 | 1011 | 1226 | 1428 | 1599 | 1776 | 1946
9 | 895 | 1138 | 1380 | 1607 | 1799 | 1998 | 2189
10 | 995 | 1264 | 1533 | 1785 | 1999 | 2221 | 2433
11 [ 1094 | 1390 | 1686 | 1964 | 2199 | 2443 | 2676
12 | 1194 | 1517 | 1840 | 2142 | 2399 | 2665 | 2919
13 | 1293 | 1643 | 1993 | 2321 | 2599 | 2887
14 | 1393 | 1769 | 2146 | 2499 | 2799
15 | 1492 | 1896 | 2299 | 2678 | 2998
16 | 1592 | 2022 | 2453 | 2856
17 | 1691 | 2149 | 2606
18 | 1791 | 2275 | 2759
19 | 1890 | 2401 | 2913
20 | 1990 | 2528
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