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Pipe stress analysis of centrifugal pump units under various operating conditions
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Abstract ; The size of berthing ships at seaports varies, and the flow and pressure of the ships’ built-in
pumps are not fixed. When the distance between the dock and the storage area is far, and the pressure of
the ships’ built-in pumps is insufficient, multiple booster pumps need to be added at the dock. To cater for
different sizes of ships, an operation plan of multiple pumps combination should be provided. Centrifugal
pump is selected as the booster pump for this seaport. To address the issue of excessive force and torque on
the pump nozzle under different operating schemes, in accordance to APl 610 Centrifugal pumps for
petroleum ,petrochemical ,and natural gas industries, the CAESAR 1[I stress analysis software is used, with
the nearest anchor point of the pump unit as the analysis unit. The calculation method for the temperature
of the standby pump piping is provided, and the pump along with its inlet and outlet piping are analyzed as
a whole. Through detailed stress analysis of pump nozzle and pump inlet and outlet piping systems under
various operating conditions, we have developed a piping arrangement that not only complies with industry
standards but also enhances operational ease and maintenance accessibility, while presenting a clean and

orderly aesthetic. This was accomplished by altering the piping system’s route. This study provides
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meaningful guidance to piping arrangement of centrifugal pump under various operating conditions.

Keywords: Centrifugal pump; Piping; Stress analysis; Various operating conditions;
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Fig.1 Process diagram of booster pump
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Tab. 1

Parameters of crude oil pipeline design

IR #fE &It w&it
JERE /O WRE /O W|E/ EJ/
mm C C MPa
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mm »

B o

FEL ®720 x 10 1245 120 90 100 2.2
HEACEL D426 x8 1245 80 90 100 2.2
ZEH D484 d325 x8 1245 70 90 100 2.2
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Fig.2 Diagram of calculation temperature setting for the inlet and
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outlet pipelines of the standby centrifugal pump
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Fig.3 Stress analysis model diagram for inlet and
outlet pipelines of centrifugal pumps of crude oil

transportation system( Version A)
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Tab.2 API 610 Pump nozzle allowable value table( Horizontal pump for side inlet and outlet)

BAE R /N

BAEHIIRE /(N - m)

B L2 AR

EHt /mm F, F, F. F, M, M, M, M,
300 6 670 8 000 5 340 11 700 6 100 2 980 4610 8 210
400 8 450 10 230 6 670 14 850 7 300 3 660 5420 9 820
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Fig.4 Schematic diagram of the centrifugal

pump position in the piping system
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Tab.3  Operation plan table of centrifugal pump

BAETTR TR FETHER
T 1# 2# 3# 4% 5#
TH2 1# 2# 34 4% 5#
TH3 1# 2# 3# 44 S#
T4 1# 24 34 44 S#
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Tab.5 Calculation results table of pump outlet nozzle
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Tab. 4  Summary table of centrifugal pump nozzle verification

results under different operating schemes

BEFR TR AR

TH1 1# I A itk | B A
T2 L# 2# 1# 2458t OB AZ AR i
TH3 1# .24 3# 3# AR DR ANE
T4 L# 24 3# A# JAA S | O Rz
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Fh R O ORI RS

B IR /N

BAE RS /(N - m)

LTS # Fy Fy F, My M, M,
T2 1# 2178 -3510 -18 679 -2113 7 112 -1302
24 -3 269 -3532 33 850 -2 143 —15 443 -1332
TH]3 34 -3 034 -3 655 25 069 -2 167 -9 085 -1395
44 119 1323 -19506 418 12 665 798
API 610( DN300) #2348 — 6 670 5 340 8 000 6 100 4 610 2 980
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Fig.5 Diagram of pipe system deformation

under Case 2 operation plan

1 TRV, B A R 1 S A - Z T
AR S BOR LA 2 B - Z J7 1 W4 1 9F 5 A
= ZJ7 W LRSS T A A, A LA TE - Z
J7 RO AREBOR . s AR T 1 2#0 LI, - Z
D7 IR/, o8 T 1 245 AT Bl AR AT

Ry S B AT A7 A S AL DR 2 S A
SR TR Z BRI, (518 S SR H S ML
RSN, LUT 00 2 R0 50 01,4593 B RS, UL 6.,

Y
Z"L‘X
B6 THR2BEARTEREZME(BR)

Fig.6 Diagram of pipe system deformation

under Case 2 operation plan( Version B)
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Tab.6 Calculation results table of pump outlet nozzle under Case 2 operation plan( Version B)

BAE S /N
(S

BEAME DR /(N - m)

FX FY FZ MX MY MZ
T2 1# 2199 -3380 -13 238 -2088 3925 -1231
24 -2 427 -3519 10 595 -2125 -4218 -1 330
API 610( DN300) 7 14F(E — 6 670 5 340 8 000 6 100 4610 2 980
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Fig.7 Layout model diagram of the modified pump

outlet manifold( Version C)
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Tab.7 Calculation results table of pump outlet nozzle under Case 2 operation plan( Version C)

BAE S /N

BAME DR /(N - m)

BAET R 2
FX FY FZ MX MY MZ
T2 1# 1778 -4038 -7 449 -2232 1170 -1583
24 -2256 -3872 28 989 -2211 -13 806 -1512
API 610( DN300) 7 14F(E — 6 670 5 340 8 000 6 100 4610 2 980
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Fig.8 Layout model diagram of modified pump

outlet branch pipes( Version D)

Tab.8 Calculation results table of pump outlet nozzle under Case 2 & 3 operation plan( Version D)

BAMEHR S /N

BAME RN /(N - m)

(B S ERSss r, r, v, M, w, ,
THR?2 14 -441 -6 122 2 109 -2352 -1 124 -4 521
24 -766 -7 540 5 736 -3 684 —1 746 -3 991
T3 3# -546 -7 646 4 434 -4 401 -169 -2 501
44 -43 -3 134 =300 -1 642 2 148 -3
API 610( DN300) 214 — 6 670 5 340 8 000 6 100 4 610 2 980
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Tab.9  Qualitative risk assessment criteria table of flow-induced

turbulence
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Tab. 10  Fluid kinetic energy values at different positions of the

pipe system
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