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The purpose of this study is to examine the basic design of a submerged cryogenic pump, which is a two
stage impeller pump. We limited this study to the impeller design of the submerged pump. We calculated its
velocity triangle based on the impeller blade configuration and, in order to check its natural frequency, we
carried out a modal test using a finite element method (FEM) analysis. Basically, modal test results had quite

similar to FEM analysis.
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Fig. 1 Applications for cryogenic submerged pump
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Fig. 2 Cryogenic fluid loading system

Table 1 Cryogenic fluid loading system parts name

Parts name

1 Plug and play design compatible with
standard storage tanks.

b Possibility to run 2 LNG dispensers on 1
cryogenic pump module.

3 | Integrated Cryogenic submerged pump

4 Possibility to run 2 LNG dispensers on 1
cryogenic pump module

Refueling of wvehicles at constant flow and
5 | pressure by use of a pressure control valve
and variable speed pump control

6 | Safety Valves, Fitting, Gas detector, etc.

Gas vent Valve Hlectric

Liquid vent

Cable Sealing

Return Line Motor housing

P Iy otarsmar——
—

Bearing
Balance Drum
Suction Line - Sealing
| | oituser

Impeller

Inducer

[\ casing

Fig. 3 Configurations of cryogenic submerged pump

Table 2 Specification of cryogenic submerged pump

Division Specification

1 E/rlzgis.u:l;lowable suction 25bar

2 Number of stage 2

3 Frequency 104Hz

4 Flow rate 200L/min
5 Differential head 266m

6 Differential pressure 11bar

7 Absorbed power 8.7kW

8 Pump speed 6,000rpm
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Fig. 4 Distribution of differential head at submerged

pump
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Fig. 6 Velocity triangle of blade inlet and outlet

Table 3 Comparison of velocity triangle on blade inlet

and outlet
Design
Equation Result
parameter
Impeller inlet
Absolute o Q
velocity U7 TK D, <b, <60 0-806m’s
DN
Tip speed u, = 7r6(1) 21.376m/s
Relative velocity| w, = 1/1)% + uf 21.391m/s
1,0
Blade angle B, =tan '( 1) 2.159°
Impeller outlet
Absolute _ Q
Velocity U= X D.Z X b2 > 60 1.291m/s
D,N
Tip speed Uy = ﬂﬁd 50.077m/s
Relative velocity wy = \Jv3 + U 50.094m/s
—1 Vam
Blade angle B, = tan (E) 30.15°
BPS prs =~ ;)N 1,000Hz

A;:263cm 2 Ap:1.77cm 2

Fig. 7 Impeller blade shape and comparison of outlet
area
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Fig. 10 FEM model for modal analysis
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Table 4 Properties of impeller material

10,000
Item list Value gopp | = TEt M FEM

Young's modulus 71,000 MPa 8000
Poisson’s ratio 0.33 = 7.000
Yield strength 280 MPa S 6o
Tensile strength 310 MPa g 200
Density 2,770 Kg/m3 E‘“‘mﬂ
= 3,000
?;‘E‘ﬁ‘i:i”.,;";"m..m 2,000
e 1,000
0

1 2 3 1

Mode

109.88 Max.
97673
#5468
13264
61059
28854
3665
25
12201
0036291 Min

& Modal
Total Defermation 2
Type: Tetal Deformation
Frequency 56514 H

Fig. 11 Experimental setup for modal test
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Fig. 10. Result of test and FEM mode shapes
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