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A Study on the Vibration Responses of Piping Systems by Pulsation Flow
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ABSTRACT

{n this study, to investigate vibration response of piping systems due to pulsation flow, a transfer matrix method is
presented. Fluid-pipe interaction is formulated using wave equation for flow velocity and pressure, which depends on pos-
ition and time. From the wave equation, transfer matrix is obtained. The dynamic responses of piping systems induced by
pulsation flow appeared to depend upon fluctuation fluid velocity and pressure occurrence from pulsation, and beating
phenomena were observed near the resonance. Consequently, the dynamic behaviors of piping systems appeared to the

same as response characteristics of the inside flow patiern of the pipe, and are determined by the inside fluid (Tow.
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Table 1. Dynamic Amplitudes; o = 6.5 rad/sec
Length of i
Pipe(m)} x=1.5 x=30 } x=4.5
Amplitude | L FE—
| l M.:u g 1. 290><m i 596xln | (903 10°
: P(Pa) i Min. | 6731x|0* 'l 1_6:»_?><|U PoSESIx10°
DAverage| 9.899x10° | 9.991x10¢ | 1.009% 10°
..... L - . e R ]2‘01; : s e
¥ i | oo e [
Average! 9.997 9.997 9997
.m._._ﬂMax. -104.376 129.283 o 154.173
FuN) | Min. | 54.538 29.636 4.74
Average | 80.207 - 80.957 B 81.707
Max. | —2655X10° |~1.442%10° | -2.308 x 10?
Fy{N) I Min. | -5.081X10° {—6.293x10° | -7.504%10°
Average | —3.904X10° | —3.941 % 10* | —3.978x 10*
Max. 1.049 x50 [ 3.134%x10°*| 6.609%10°*
Udm) | Min. | —3.597x10°°|-2.443%107%| 5918 (0~°
.;{vcragc 3.490%10°%}  3.531x10°f 3.578x10°¢
B Max. 10141072 | 1.256X (1072 | 1.498x 1072
Uym) MI; ”w5.298><ll3'3 2878x1077 | 4.605%107
Average} 7.791x107%| 7.864x107%| 7.937x107
Table 2. Dynamic Amplitudes:w = 17.5 rad/sec
Length of
Pipe(m) x=L$ x=30 x=4.5
Amplitude
o Max. | 1.295 % ]'0"5 1.60% x10° I.;ZSX 10°
P(Pa) . Min. 6,663 x lO‘; &521;10" 3.813x10*
Average| 9.825X10* { 9.845xi0* | 9.864X%10*
B Max. 11.911 11.91) 11.908
(m;m) Min. 8.084 8.085 8.088
Average| 10.023 10.023 10.023
Max. [104.936 130.993 155.822
F.(N) 111: 53.986 23.52‘;’_—. T _3—@ o
Average| D613 [m | .28
B M; —-2.643X10° —l,396x10’ —1,5|2x|o=
F,(N) | Min. [—5136X10° | —6.382x(0° | ~7.628 X 10°
Average | —3.897X10° | ~3905X%10° | —3.913x 10*
Max. LOSOX10™*| 3.259x10°%| 6.888x107°
Udm) | Min, |~3.892x10°%]—2.568% 105 | —6.197X 10™*
Average | 3.367x10°%[ 3810x107°| 2623x10°¢
| Max. 9.023% 107 [.134x10°*| 1.355%107?
Uy(m) | Min. 4.694X107*] 2481x107*| 2.686x107*
Average| 6.923X107%} 6936x107| 6.950x10"?




Table 3. Dynamic Amplitudes o = 300 rdd!su
Length of D _
Pipe(m) x=1.5 x=30 x=4.5
Amplitude
B Max. .I...4"I§><}U’ |3.039->(]{];- . 2803><le
P(Pa) | Min. S423%10° | 1588 10° |—1.208%10°
Average | 9.786X10* | 9.768x10* | 9.755x%10*
Max. 9.448 9.430 9.403
(m:sec) Min. 9.266 9.283 9.310
Average| 9.357 9.357 9.357
B Max. [114.500 [45.450 168.090
FiN) | Min. | 43.756 12.813 —~9.826
Average | 78.964 78.822 ?8 7I8
o Max. 3052)<]_C-l_’__ 3.876)([0’ 4480>< 10"
F(N) | Min. 1.166x 10* 3415%10* | —2.619x10*
Average| 2.104x10° | 2,101 x10° | 2.098x10°
Max. 1.540x10°% | 4,922x10°*| 1.002x10™
Udm) | Min, | —8.502X10%| —4.234x 10°*| -9.324 % 10"*
Average| 3.387x10°%| 3.230x10°°| 3.000%10°
Max. |—5387x (0% |~1.578x16°*| 1210xt0™*
Um) | Min. |—1.410x103 [ =1.791 X103 | =2, 0'.-'0><I0'
Average | —-9.722x 107 | —9.705x 10" —9692xl0"
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