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Abstract: A multiphase pump was developed in this study. The optimum multiphase pump design was arrived at, and
the interactions among the different geometric configurations were explained by applying numerical analysis and the
DOE (design of experiments) method. First, we designed the base model to meet the specifications. Then, we defined
the design parameters related to the meridional plane and the blade angle. Each design parameter was used for
generating experiment sets, and numerical analyses were performed on these sets. Finally, the optimized design was
selected based on the results of the DOE analysis. The numerical optimization resulted in the optimum model having
higher efficiency than the base model. In addition, performance degradation due to changes in the GVF (gas volume
fraction) is discussed.
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Fig. 2 Multiphase pump type for offshore plant
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Table 1 Design specifications

Q VP Rotation speed
[CMH] [kPa] [rpm]
90 350 4200

Table 2 Design variables of base model

SHER o

(a) Impeller
D, betal beta2 | Number of Thickness
(Shroud) |(Shroud) blade
[mm] . . [mm]
[°] [°] [EA]
150 7 21 3 3
(b) Diffuser
betal beta2 | Number of .
D
> |(Shroud) |(Shroud) | blade | Luckness
[mm] o o [mm]
[°] [°] [EA]
150 15 90 11 3
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Fig. 11 Performance of base model (multiphase)
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Table 3 Design variables and ranges of base model
impeller
variable center range
betal 9° +2°
beta2 20° *5°
beta CP1(x) 30% 110%
beta_CP1(y) 20° t10°
beta CP2(x) 70% 110%
beta CP2(y) 20° t10°
Th_CP1(x) 30% £10%
Th CP2(x) 70% 110%

Table 4 Experiment sets for 2k factorial

betal beta2 beta_CP1 |beta CP1 |[beta CP2 |beta CP2 | Th_CPI Th_CP2
x) ) x) ) x) x)
Setl 7 15 20 10 60 10 20 60
Set2 11 15 20 10 60 30 40 80
Set3 7 25 20 10 80 10 40 80
Set4 11 25 20 10 80 30 20 60
Set5 7 15 40 10 80 30 40 60
Set6 11 15 40 10 80 10 20 80
Set7 7 25 40 10 60 30 20 80
Set8 11 25 40 10 60 10 40 60
Set9 7 15 20 30 80 30 20 80
Set10 11 15 20 30 80 10 40 60
Setl1 7 25 20 30 60 30 40 60
Set12 11 25 20 30 60 10 20 80
Set13 7 15 40 30 60 10 40 80
Set14 11 15 40 30 60 30 20 60
Setl5 7 25 40 30 80 10 20 60
Set16 11 25 40 30 80 30 40 80
Setl7 9 20 30 20 70 20 30 70

Gzt el et AA W42 E Figo 13 9 (a9
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Fig. 14 Main effect plot on design variable
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Table 5 Experiment sets for RSM

betal beta2 beta_CP1(y) | beta CP2(y)

Setl 6 18 18 15

Set2 8 18 18 15

Se3 6 18 18 19

Setd 8 18 18 19

Sets 6 2 18 15

Set6 8 22 18 15

Set7 6 22 18 19

Set8 8 22 18 19

Set9 6 18 22 15

Setl0 8 18 22 15

Setl1 6 18 22 19

Setl2 8 18 22 19

Setl3 6 22 22 15

Setl4 8 22 22 15

Setl5 6 22 22 19

Setl6 8 22 2 19

Setl? 5 20 20 17

Setl8 9 20 20 17

Set19 7 20 20 13

Set20 7 20 20 21

Set21 7 16 20 17

Set22 7 24 20 17

Set23 7 20 16 17

Set24 7 20 24 17

Set25 7 20 20 17
Hxsh & 5 i Wre 242 e BHo] 9
5 A7 W R 0k sk e
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Table 6 Design variables and ranges of base model

diffuser
variable center range
blade EA 9EA +1EA
betal(y) 18° +2°
beta_CP(x) 50% 1£20%
beta_CP(y) 20° t10°
Op(m‘gﬂ hetal beta2 bexa_CPM beta_CP2(y)
Hi 9.0 21.0 24.0
nsds o s uso [:a 31 G2
e'.a_i
| N/
d = 1.0000 /
dpt
Targ: 530.0
y = 530.3201
d=095799

Fig. 15 Optimization result of impeller
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Fig. 16 Performance of base model & optimization
model impeller (single phase)
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New betal beta CP(x) beta CP(y) EA
Hi 22,0 90.0 40,0 11.0
Cur [17.0) [70.0] [20.0] [8.0]
0.94195 |4 14.0 10.0 0.0 7.0
Static £ B e / TN
Maximum //
y = 68.6806 '
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Fig. 18 Optimization result of diffuser
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