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Development of 100—bar Level Seawater Desalination Pump

Bong—joo Lee’, Sau Lim", Hyeonwook Jo™, Eunjeong Lee”, Minsub Han™

Key Words : Multi-stage pump(G-FE3), High pressure pump(_'IZ M) Desalination pump( 5+

Computational fluid dynamics(5-3-7-4 <

=] ) Ring section type(E-E4)),

ABSTRACT

We developed a 7-stage pump for the seawater desalination. The pump was aimed at the performance-level of 300m*h, head

700m, and max. pressure 100 bar. In the design, the high pressure, erosion resistance and erosivity are closely considered and

the balance-disk axial thrust balancing is used. Three-dimensional flow analysis is performed to evaluate the design, and the

test demonstrated the performances of total head, 787m, and efficiency, 85.2%.
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Table 1 Design specifications

Items Specifications

Pump capacity 300 m/h

Total head 700 m (°]%)

Outlet dia. x stage &100mm x 7stages

Rpm 2970 (50Hz)
Efficiency 80%
Vibration (RMS) 3.0 mm/s

Max. temperature 120C

Max. pressure 100 bar
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Fig. 1 Construction view of a high—pressure multistage
pump: STN model of Handol Pumps
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Fig. 4 Views of 3D computational analysis model
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Table 2 Design comparisons
Initial Design Final Design
stages Ist | 2nd-6th 7th Ist 2nd-6th 7th
impeller
5 7 5 7
blade no.
diffuser 3 9 1 1"
vane no.
return 9 } 1" )
vane no.

Table 3 Computational Analysis Conditions

Items Specifications
Solver ANSYS CFX 18.0
Simulation state transient
Time step 0.00020202 sec
No. of steps per cycle 100
base fluid water, 25°C
turbulence model k-0 SST

Domain Interface Model Transient Rotor Stator

Entrance: latm,

boundary conditions turbulence Intensity 5%

Exit MFR
MFR 300 m¥h
Rpm 2,970

Table 4 Mesh types and numbers for initial design

Flow region mesh type mesh No.(x10%)
Inlet case tetrahedron 979
impeller hexahedron 108
inlet stage diffuser tetrahedron 211
return vane hexahedron 352
impeller hexahedron 149
middle stage diffuser tetrahedron 204
return vane hexahedron 352
exit stage impeller hexahedron 149
Outlet case tetrahedron 565

Table 5 Mesh types and numbers for final design

Flow region mesh type mesh No.(x10%)
Inlet case tetrahedron 600
impeller hexahedron 108
inlet stage diffuser tetrahedron 230
return vane hexahedron 399
impeller hexahedron 149
middle stage diffuser tetrahedron 229
return vane hexahedron 399
exit stage impeller hexahedron 149
Outlet case tetrahedron 594
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Fig. 5 Mesh—independence—test results: (blue diamond)
shaft work, (orange square) hydrodynamic power
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Fig. 6 Global change of total pressure in the final design
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Fig. 7 Recirculations in designs and their effect on total

pressure loss: (a) final design, (b) initial design

Table 6 Pump performance (3D computation)

Design Total head, m Power, kW Efficiency, %
Initial Design 301.7 3225 76.1
Final Design 3214 321.7 81.3
2 s
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Fig. 8 Pump test facilities

Table 7 Pump test results

. . test
item unit target . test results
regulation
output m*h 300 KS B 6301 300
total head m 700 KS B 6301 787
output dia. : 2100m x 7 |KS B 6301 | 2100m x 7
X stages
rotational
RPM(50Hz) 2970 KS B 6301 2970
speed
efficiency % 80.0 internal 852
vibration(R
3.0 API 610 2.1
MS) mm/s
. C 120 internal 120
temperature
. bar 100 |KS B 6301 100
pressure
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