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A Study on the Structural Analysis of
Cryogenic Submerged Pump
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{Abstract)

Recently, reciprocating cryogenic pumps are mainly developed for small-and-mid
sized fuel supply systems. Centrifugal type pumps are not actively developed. Most
cryogenic  submerged pumps are imported. For transportation, cryogenic liquefied
natural gas requires the liquid pump technology that can works in extreme
evironments. In order to transport liquefied natural gas, it is necessary to apply pump
technology. This is the fundamental research for developing the submerged pump
technology applicable to the transportation and storage system equipment of cryogenic
liquefied system. It tries to secure basic design materials through reverse-engineering
in the cryogenic submerged pump development. Regarding materials, STS-304 and
STS-431 which are stainless materials widely used in the cryogenic area are applied.
Aluminum alloy is applied to impeller and upper manifolder and the pump rotates at
the high speed of 6,000rpm.
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Fig. 2 Configurations of cryogenic submerged pump
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1 Max. allowable suction 25bar o} Zro] AtETH
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2 Number of stage 2
3 Frequency 104Hz .
4 Flow rate 200L/min
5 Differential head 266m el e :
6 Differential pressure 11bar P
7 Absorbed power 8.7kW e o = "
8 Pump speed 6,000rpm Fig. 3 Working fluid movement path




(KSA(C

730

ol
ol

g seetel =23 AM232 5=

I

HFHILol g wHe A2t
= Stk of7|A] dFHIO] He 9
W7 20mmeo]ct.

A=-—(D}— DD

4))
(602 —207) =2,513< 10 °m?

a

30

]

AQst gl T 4
_/,:

=
AT SEE MG 2ol 7 4 ek

= %(AL) X Pxv? )

)

1
—X AX
2 P

=, 6,200 =21.98m/s

%x 2,513 10 %< 464.6

ro 19

b g e

=
s =
ot rir

AN r-°|-h

ot

jinss

SN

r2

2

&

R

=N

a

e

B=)

—

z

(@)

rﬂ:
AW
rlo
1>
=
o
%
ns
4
O,
o

F:%XpXAX’UQ

@
= %x 464.6 % 2,513 X 10 ° x 21.987 = 282.03 N

= Sl s RS 282.03N°0l1,
Zofi= 270e] et spdsies Zize] ofHeof

L OF 14INS] S 2ol WABS ¢ 5 ek

flo

Q| G APEE I

3.

(VY

ING Iz SRes e HERRH &

e
£ ot
- o

2 Wy 22 P4l ok
oAt dFEe] el W o) o sy
S B WAl SE 9 AP By &
o ST G T Al HolFolAl s
W waslud o R AmEe] 24

A= Table 29} 2t}

Fig. 4= F2o4 Z23s vepd 20= ()9
S FE2AT AAZAE Foldt Fojn, o
2 gl 2ol BEE AT Ee (h9h ol

Ol

>

A: Statie Strctural
Static Stuctural
Time: 1. 5

[ Moment: 12300 N

B resce 1418
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B cylindrical Support: 0. mm
B cylindrical Support 2: 0. men

(a) Boundary conditions

A Static Strctural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
unit: MPa
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(b) Equivalent stress
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Tetal Deformation
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Time: 1
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000054526
000036351
000018175
omin

(c) Total defomation

Fig. 4 Result of structural analysis at impeller
and shaft
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Table 2. Properties of material

. Impeller Shaft
Item list

AL alloy | SUS304

Densitylkg/m’] 2,770 7,750
Young’s modulus[MPa] 71,000 193,000

Poisson’s ratio 0.33 0.31

Yield strength[MPa] 280 207

Tensile strength[MPal 310 586

3.4 197 THA

ING BZo| wjuyZee}l HE 3Re4e Fig 5
o} go] AgEo] Qirk w3 JHle} =& A4
ke 5 7He] wojRle iy _2¢je} uiyEd]
Awe] zhzh ug=le] Zck wjuEE 9 HEs)
A TR S &R 9 SR
Fig. 5¢F 2t} wiyZEe7l 145E SE E(hole)
Xl &2 Hof sjglon], Z17ko] ujuEr]
- woj=fo] $iXsk= Aol wloly skexA

Table 3. Bearing load at bearing point 1 and 2

Bearing X-axis Y-axis Z-axis | Total
1 -2.76E-03N | 2.73E-03N | 281.6N | 281.6N
2 1.23E-04N | 3.85E-04N | 0.4N 0.4N
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Fig. 5 Boundary and load conditions

(a) equivalent stress
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(b) total deformation

Fig. 6 Results of structural analysis at pump housing
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Result of principal stress at
impeller and key slot

Table 4. Results of fatigue life

Name

Principal stress(Max.)

Cycle

Key slot

27.9MPa

»108
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