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Abstract @ The model used in this study was reversed to analyze the cause of excessive damage

that occurred inside the rotating system and pipe

system of a centrifugal-type seawater pump on a ship. For this purpose, internal flow analysis on a cooling seawater pump was performed using

CFD. As a result, the shape and boundary conditions of the target pump were set by reverse engineering, and pump efficiency at a design operating

point of 125 m’h was calculated as 85.3 % with a head of 32.0 m. The maximum efficiency point of the target pump was estimated to be 86.2 %

at 150 m7h, but this differed from the actual operating point. At 112.5 m7h, which was the lowest flow point, flow was unstable due to the

characteristics of the low flow point and analysis convergence was not good. The purpose of

this study was to clarify the cause of ongoing

cavitation in seawater pumps and piping systems in operation. Future research will be needed to clarify causes for pipe systems in the future by

performing calculations for the total piping system of an inlet and outlet, in addition to measuring the flow rate of each branch pipe.
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Fig. 1. Vertical type single suction pump.
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Fig. 4. Cut model pump for reverse engineering.
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Table 2. Numerical methods and boundary conditions

Boundary Conditions

Software ANSYS CFX 14.5

Turbulence Model SST Model

Inlet Opening Press.

Outlet 125.0 [m'/h]
Number of Nodes 1,271,430
Saturation Press. 3,167.7 [Pa]
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Table 3. Comparison of pump design value and CFD result

Items ]I::r Ijglgt RCe 1;11)1‘[ Diff.
Flow rate [m’/h] 125.0 125.0 -

Head [m] 31.7 32.0 1.0%
RPM [rpm] 1,780 1,780 -
Efficiency [%)] 74.5% 85.3% 10.8%

AL FeuE AAE QoA TetE7] Aol A
Yo egsrt wAs=y ol e FFE Aa
QG E(VPSHre)ehal Se, sl HolA Fahax 5
= BEFUTT(NPSHre )t SAHAIT(8) R FHHIEE
she] BAA e A ()3 P,

NPSHre' =[x NPSHre 3)

JOkXA(H)J,} ,ng_%o
4 (o, Thoma Al 2

A A = A Lsﬂl 87 fsiA =
HEZ el Aol A S Ao Ei}i IRy =&

A Q(NPSHav > (14+a) X NPSHre)E A&k &t}
_ Hsv _ NPSHre
o=~ = i “)
-4 35.0
L ————+—"
i 30.0
- 25.0 E
No-Cavitations g

4 20.0

| 150 —+—Head[m]

- 10.0

4 5.0

0.0

-70000 -60000 -50000 -40000

Inlet Pressure [Pa]

-80000

-90000

-100000

Fig. 8. Cavitation point of occurrence by inlet press.

Fig. 82} o] o’ sl
ol 3.1% TAE A o
A e 2R ESF

F(NPSHre) $to.2 210 €2 A4t 9o},

ol o>
¥
G
g
=
=
2

B

-75000Pa

-90000Pa

3 "3>

-70000Pa

-1

-90000Pa

-75000Pa

Fig. 9. Volume fraction distribution at internal flow.

AW Bz AFAILY A ASFYTERY 1779
[e)
o

g, o] AW gFEAILY] FoE 120 HE XY FE3A}
o] AR & A FATT 2,11 E ®rt} 033

" E, 0489 E 7} F-Z3}A



2. Aol 1125m/holl A E A F3FH S48 50 &
tgste] dlAlel o] FX| gtk 53], R Ee)
FA AN A A& FEaldel IR e 7AA &
A, FAGE &4 9 v o3k Xjol= Bl

. H Best efficiency point)+= 150m'/h
oM oF 86.2%= oS H Ao, Al A= 2ol 7}

s At A aGEE Y gho] 3 Al
Aol AA 1Y Tl 9 e T3 AT
he =&Fstaal skl

SHAIE, Adure] /b - @ell Asf = vpol= Al AE Tz
T 284 WA wrlste EEd vk dabs HolA|
YA FF F-F T A sho] L A mFe] AN, 7 A3
ol het 3 32 5 54 T2 S B Pd A1E
A& 913 FEAT7F Aas) Bl

= 7
of A7 HxsjFiistu s stEdTaldl 9

References

[2] Cha, 1. H., J. G. Lee, Y. Y. Kim, J. 1. Lee and H. L
Kim(2007), A Study on the Analysis of Vortex Cavitation
in Pump, Korean Society for Fluid Machinery, pp. 275-280.
Chen, C., B. Zhu, P. M. Singh and Y. D. Choi(2015),
Design of a Pump-Turbine Based on the 3D Inverse Design
Method, The KSFM Journal of Fluid Machinery, Vol. 18,
No.l pp. 20-28.

[4] Choi, J. W., C. G. Kim, W. S. Lim, Y. D. Choi and Y. H.
Lee(2008), Analysis of Flow Characteristics around the
Multi-Intake  Sump of Pump Station by CFD, Korean
Society for Fluid Machinery, pp. 581-586.

[5] Choi, Y. D. and J. Kurokawa(2008), Improvement of Pump
Performance and Suppression of Cavitation in a Centrifugal

Pump, Korean Society for Fluid Machinery, Vol. 11, No. 1,

(8]

PEx - AED
pp. 18-25.

[9] Choi, Y. S., K. Y. Lee, S. G. Jeon and J. G. Kim(2006),
Design of a Centrifugal Pump Impeller using 3-D Inverse
Design Method, Proceedings of the KFMA Annual Meeting,
pp. 1379-1384.

[10] Kang, K. W, Y. H. Kim, Y. J. Kim, N. S. Woo, J. K.
Kwon and M. O. Yoon(2011), A Numerical Study on the
Performance Analysis of the Mixed Flow Pump for FPSO,
The KSFM Journal of Fluid Machinery, Vol. 14, No. 5, pp.
12-17.

[1] Kim, Y. H, S. Y. Bae, S. Y. Jung and J. S. Oh(2008),
Study on the Electric Energy Saving System in Marine
Cooling System, Journal of the Korean Society of Marine
Engineering, Vol. 32, No. 8, pp. 1157-1163.

[3] KRRules(2016), http://www.krs.co.ki/KRRules/KRRules2016/data,

Chapter 5, Engine Room Machinery, p. 1328.

Mo, J. H, Y. T. You and Y. H. Lee(2012), Numerical

Study on Cavitation Performance Evaluation in a Centrifugal

(6]

Pump Impeller, Journal of the Korean Society of Marine
Engineering, Vol. 36, No. 2, pp. 286-293.

[7] Tran, B. N,, C. J. Yang, B. G. Kim and J. H Kim(2017),
Internal Flow Analysis of Seawater Cooling Pump using
CFD, Journal of The Korean Society of Marine Environment
& Safety, Vol. 23, No. 1, pp. 104-111.

Received : 2017. 04. 14.
1 2017. 06. 14. (1st)
1 2017. 06. 26. (2nd)
2017. 06. 28.

Revised

Accepted :

- 406 -



