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Experimental Study on Vibration of Clamped-Clamped Pipe Conveying Fluid
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Abstract The dynamic behaviors of the clamped-clamped pipe conveying fluid under the harmonic exci-
tation and pulsating flow are investigated by using the experimental method. The vibration experimental
equipment of the clamped-clamped pipe conveying fluid is designed and made. In order to ensure that the
experimental results are accurate and reliable, three pipes of different materials are selected for the ex-
periments. The influences of the fluid velocity, excitation amplitude and pulsating flow frequency on the
vibration characteristics of the clamped-clamped pipe conveying fluid are studied. The results show that
the fluid velocity and excitation amplitude have a significant impact on the first-order resonant character-
istics and vibration amplitude of the clamped-clamped pipe conveying fluid. There are the chaotic vibra-
tions in the clamped-clamped pipe conveying fluid under pulsating flow. The average amplitude of the

pipes decreases with the increase of the pulsation frequency.
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tion experiment

FH A R 2240 Tk sl it B Sl A R 1R

515 mﬁa@m A8 45 A1 P 2 7 A 30 49 4 30 Tl
B e — I O SE 7 3 S B S A S 7 TR B 31 2 3 O 8 26 7 K T

2023-03-12 Y FN 45 1 5, 2023-04-21 U E 15 MO Rs.
* E K HRPI IS WHIIHE (11672188,12072201) , National Natural Science Foundation of China (11672188,12072201).
T B {5 E# E-mail:yufeizhang73@163. com



o5 4

T UG 45 < 199 s 2 i o A IR 3 SR T 5 55

WA [F] 00 i O 4 i 3l ) S R B R

o225 ¢ T ik A5 IR gh ) AU T AR £
A LI T AE. Paidoussis' B 2% i i 45 18 9% 3h 1
TRERE R ZE R, B IR T I A A TE BAR SR R OR A T
PR R AR A, F5 WA g SR A TE R TAE
TAS KL RE. Holmes %Y AL 244 AF i
T AR LM IR 3 5 T, 43 AT T A g S S Ik Bl I
S Y 2 803 B R AR 4 M 3R B 19 AR E M. Yuan
ST RIE T Timoshenko B2 ¥ # 57 1 025
T R Bl T 2R ST g [ A A TE Y P A )
UA Y AL, Shao %0 SR FH it b vk A B I WF 5T T MG
Ui 61 7 i 0 T 1Y) PR R Bl R M LA T A 0
RS (I B R | ) S M A 4 2 . D Xt
U R M Lo 8 DL ARG B Sy e AR EAT T
B IR AT T K S T A R T PR i B S 1 3
J15 AT K. Zhu SEUH WG TR N Sk R BOME O 1R L
T 32 R ) A VR T U R AR LR 3. Guo
GUVURRTEERGESIRE G 0 T A
Jih R BELJE X 52 2% i Ik A I R 40 Bl A R M Y 5 .
Liang %5 OR0 T AR AR HAT N e 5% 00 4 45 18 R
FH AT B 7 R WE 9T 1 3% R G A6 B ) B R 1Y
3230 4R 2 M. Wasiu 2500 X P 3 R i 2k i 2
B HEAT T 80 e A B T UE T P 3R T BB X R
A& B SR B9 B . Dana 280 gy T N TR
7 U R A A i U A Y 3l g S R X T g [
W BN I 2# AT R BEAT T AT VBB 5. AR 6 ik
AT A Sty S AR 240 SRR o L L F I R
HUR I B IR SRR R AT T SR A gL gt A
ST U A T SE IR R G0 6 K S AR T A
M B AR e YRR AT T SC R B 8. Bl 20 9 0 28 i
THEL T W s 1] S48 3 7E FE ) R ARAE R B B
S5 AR A B T TE 1) TR X [ AT AR 1 R )

H I OC T4 i 8 IR 20 0] 8 A 398 43 B FERC(E
B TAETF R 2 o TS24 v b e S g ik 4%
AR b A R X 45 i 1A S 3 0t 5 A X I R i AR /b
I OG99 o S R B I A SR 0 ANE Y T SR T
TN M SR I S K Gz Bl A ARk U A IR B R
RS2 A KK 3l A T 0 2 5t 4ig 55 n) L A
SCH SR 7 A BT T SR 5 O W 32 K B A
PR T B0 7 2 D e A TRl X VO i T R I A R
Sl R Y R

1 LRERFZERAR

4 i [ 2 il A PR B S0 R G 1 B
HISCER & BRSO PR AR S R A 4L
B P S B LR B A0 AR VA I SOKR KA
M # SCHRAFE IR A3, 25 b oK B i 3l Oy SO B o)
00 R T A 7K A R AR < Tk 20 2R R AEAS (] bk 3l 9 5 ) ok
PDRR RS /o P07 N i V8 .3 1 =i G 9 R
DL T T LS AR e 0 K I I T R R 2R o e A%
BRI BCL R AE S R A ERR ABUNYIL A
A RO G T AR 2 R AR TE B R 2 Y 1)
R, M A2 00 2 K R A5 DL AR IE. 9% 3 5 5 >R 4R i
DH5922D #2545 5 WK 70 Hr 28 58 58 il o i JE 4%
g o 4 DM K AR G R B0 A S A i B e A e
DHDAS #fF ] LLSE i i 310 ¢ B 45 5

Experimental pipe

Fixture Floameter Acceleration sensor
Test stand Test analysis system

' H 1 Power amplifier

Linear bearing Computer

Vibrato /“” F
\‘Water tankH
Waterpump{_ _] o= _-_—;T-_'- -

Ca) S &5 4 i P&

(a) Diagram of the experimental structure

I =S

S —

(b) FHGEEE
(b) Experimental equipment
E1 KRS

Fig. 1 Experimental system

S RE ] T PVC.PAG6 FIEEAS I = Fl A )
MRS e EE 1.8 2 LB 3. £ EMYHS
oane 1 s, W v [ 5 i A A an ) 2 TR
Hor U A4 9 i i, L oA T o =2 R i O 48
B F N ERAFEAEBR J1 . X O G m Ak bR LY
N RE 1) AR bR, S AL BRANE .



56 & 4 %5

T /I S 2024 445 22 %

(1) I3 52 5048 W 3 2 50090 % 5 IF LAV o [
E M LR BT B

(2) o038 J3E A4 SR atie 180 o A S 30 4 i [ 67 ', 52
B A5 0 AR IS RS SR 5 A T B

(3) 5 — P S B 7K UL, ] 4 S 50 2B B LA R
A H A R A6 PR K 5

(4) [ 58 WHR #8  HR S IR AE IS SR 25 5

(5) WHRAT AN 1 FF iy 328 0 38, W A 14 i
51 5T 11 S 6 A

(6) B /KR, 2 SLE i 2 (3) ~ (5);

(7) BUE AR EAE , 2 L R (3) ~(5);

(8) WA A SR B (D~ (D).

x1 RBESH

Table 1 Pipe parameter
Parameter Pipel Pipe2 Pipe3
Material quality PVC PA6  Silicon rubber
Internal diameter d (mm) 6 6 6
External diameter D (mm) 8 8 8
Length L (m) 1 1 1
Mass per unit length M (kg/m) 0.025  0.050 0.025
Bending rigidity EI(N/m?) 0.710  0.324 —
Number of experiments 3 3 3
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Fig. 2 Clamped-clamped pipe conveying fluid model

2 IRBERRBIELSN

2.1 AR 2R A 3 B AR 3 0 0

FE T VBB T VR T S 0348 P R R T Y
DA o TR i [T G i AL R SRR B R S K R
DA TR ATV RN T el PR A 4R At S92 56 i i
DHDAS #fF42 il ik #% 7 45 1Hz~50Hz 1Y 4945

e 3l ok WL A5 3 52 2 PO B L) K DHDAS %K
P Hf B A5 52K i 22 — B 41 01 23 0 43 17 A T IR
£10 Rt A B! G A = S B 2 N .0 o 1 L i =
ﬂ&/ﬁﬁﬁﬂ?ﬂfﬁﬂﬂm,iﬂﬁﬁa;@“ m R AR
Pl oA =S, LIAE 14 3 AT A L 52
B s R ANIE 318 4 B, Hh 1B 3 S g i R Ak
Uit B I — B I PR A AR 0 AR A AL 1 R
M 2. 9m/s TR F 3. 75m/s, ;A FL R G 4 %
7. THz BEAREN 7. 2Hz, 8 3 WM 2. 9m/s S #i
HRF] 3. 75m/s, 7 A L PR 19 0 DN 8. THz BEAIK
F 7. 9Hz, B it 9 00 3G I 4 T8 — B T4 AR s B
Z REEARG L 33 1 BH L R 114 A A 2 5 i 7 S 1 SR IR AR
[ 4 Ay 2% 7 38 T AR I8 3 R A5 T — B iR R i 1 A
RIBL .3 1 M 2. 9m/s B K %] 3. 8m/s,
AR IEMH 27, 6mm FEALE] 22, 3mm, & 3 Ji # A
2.9m/s ZHIH K F 3. 75m/s, IR IF(E 19. 6mm
FEARE] 7. 3mm, 8 A REAS TR A8 I 45 2R 7E 7 M
bR BE A N T R RGO A TR — B iR
A A8 ) — i iR i W A 2 B = AT % A [R) 64 3
WML EE 1 5% 3 MRS SR K TR

78

77 F l\-

76

75 F
74 F

73 r

72 b ~

71 F
70 F

69

o (Hz)

v (m/s)

(a) &1

(a) Pipel

8.8

86

o (Hz)

82 |

80 | \

s L 1 L L
28 3.0 32 34 3.6 38

v (m/s)
(b) &3
(b) Pipe3
B3 HARMR AL R

Fig. 3 Resonance frequency variation diagram
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Fig. 4 Vibration amplitude variation diagram
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