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A Study on Mathematical Modeling of Forcing Function for the Piping Vibration of
Petrochemical Plant Design

S. K. Min(Mecha. Eng. Dept. KHU), M. J. Choi(Mechanical Eng. Dept., KHU)

ABSTRACT

In analysis of piping vibration of petrochemical plant, the forcing functions mainly depend upon the
equipment working mechanism and vibration resources in the piping systems. In general, harmonic
function is used for the system with rotary equipments. Mechanical driving frequencies, wave functions,
and response spectrum are used for reciprocating compressors, surge vibration of long transfer piping,
and seismic/wind vibration, respectively. In this study, for the spray injection case inside the pipe, forcing
function was modeled, in which two different fluids are distributed uniformly. To confirm the results, the
scheme used for the forcing function was applied for real piping system. The vibration mode of the real
system was consistent with the 4™ mode obtained by simulation using the forcing function formulated in
this study.
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Table | Measurement values of piping vibration in field

Node §| Displ. (p-p : 107 mm) Unity Normalization
No. X Y z X y z
60 25 5 17 0.060 0.045 0.023
80 45 10 192 0.107 0.091 0.256
20 210 ¢} 510 0.500 0.000 0.680
100 420 110 750 1.000 1.000 1.000]
1o 320 40 0.762 0.364 0.000
120 160 65 0.381 0.5%1 0.000
130 175 11 0.417 0.100] 0.000
140 1580 33 500 0.357 0.300 0.667
150 70 2} 150 0.167 0.082 0.200
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Fig. 4 Comparison of the 4™ mode displacement with
CAESAR Il calculation and field measurement data using
normalization

Table 2 Natural frequency of CAESAR I calculation

MODE FREQUENCY FREQUENCY PERIOD
No. (Hz) {Radians/Sec) (Sec)
1 9.810 61.693 0.102
-
2 16.101 101.167 0.062
3 22939 144.129 0.044
4 26.671 167.582 0.037
5 J4.116 214.360 0.029

- 594 -



B

2 =%
Al7lE o
-g}ﬂ 21

7} ol R %k

4. 4B

A= ZAE MA A, MPAEL $0
2] F79o A=At uighk 71 =9
= WU Apdgog HarA AF
Holol

ofQl wi# i ¥-o] ¥ W A

of fr=ot Aol wi@EA] UHE HEse

WS AAszzr stk A sl halA

=i

T+aizl ARHE ALt vl 84 Program

ol

2l CAESAR 1I 2 Alibet ZAxbo} AA wj@A 2

FUFE 4 A THTFST 26671 Hz oA Ao o
A& YL 4 F A, A4S o B

£ 0995 mm ol Al FHA 0.75mm 2 0.245mm
}' ]7}‘ O] ":' 3_1}0]75&}- :!: MME}' 0]&]1}'} —Qi}"‘\i“
%Ha% SEVIEeR Hutg 9 A = Us
A7z pdEc
Angd

1oeaj @A o] SEaA) 24 AL pp. 65-
66, 23 57.

2. Olson, D. E., “Vibration of Piping Systems,” Pressure
Vessels and Piping: Design Technology — A Decade of
Progress, pp. 449 — 461, 1982.

3. «FEEFol nhe ddckdAd AT an (FatF
Fol @& W@ R giyris] AFEEN),” $67)
FATY 92HEATA, pp. 4-6, 1988

4. “Pipe Stress Analyst Design Guide,” Fluor Eng’g &
Construction Company, No. 4.11, No. 4.14, No. 7.1,
No.7.2,pp. 1 - 15pp. 1 -9, pp. 1 - 8, pp. 1 — 4, 1987.

5. “CAESAR Il Technical Reference Manual,” C.AE
Eng'g S/W, pp. 5.1 - 5.7, 2000.

6. “User’s Guide for LIQT,” Stoner Associates Inc., pp.
1-1 - 1-3, 2000.

7. E. Benjamin Wylie and Victor L. .Streeter, “Fluid

Transients,” FEB Press, pp. 9 — 23, 1983

David T. Cindric, Satish L. Gandhi and Ray A.
Wiliiams, “Designing Piping Systems for Two-Phase
Flow,” Chemical Engineering Process, pp. 51 — 55,
1987.

Mohinder L. Nayyar, “Piping Handbook,” Mcgraw-
Hill, pp. B161 - B177, 2000

. ANSI A58.1, “Minimum Design Loads for Buildings

and Other Structures,” ASCE pp. 7 - 88, 1982

. Task Committee on Wind Forces, Committee on

Loads and Stresses, Structural Division, ASCE, “Wind
Forces on Structures,” Transactions, paper No. 3269,
Vol. 126, part I1, 1961

- 585



