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1. Introduction

The screw centrifugal pump is widely used in 

industry to transfer sewage or sensitive foods such as 

tomato, potato, live fish, eel, shrimp, etc. With the 

large and open channel from suction to discharge, the 

screw centrifugal pump is preferable to transfer the 

solids without clogging. The screw centrifugal pump 

impeller includes the screw part with the spiral 

propeller effect and the centrifugal part with the 

centrifugal effect [1]. A screw centrifugal pump 

combines the advantages of a screw pump and 

centrifugal pump, such as no blockage, higher 

efficiency, wider high-efficiency area, cavitation, etc. 

However, the major disadvantage of a screw 

centrifugal pump is the injury and damage of the 

sensitive food by the blade inlet shape. The unsuitable 

blade inlet shape can cut or damage the live fish body 

as injuries, descaling, and bruising.

There are few studies about the impeller blade inlet 

shape or the fish transferring application of a screw 

centrifugal pump. There are just some topics related to 

the screw centrifugal pump. Kim et al. [2] studied the 

effect of entrained air in a small screw-type 

centrifugal pump and confirmed the impact of the mean 

size of bubbles, tip clearances, and flow patterns on 

pump performance. Tatebayashi et al. [3] studied the 

influence of meridional shape on screw-type centrifugal 
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ABSTRACT

A screw centrifugal pump is a non-clog type pump known as the sewage pump to transfer solids such as rags, hair, clusters 

of stringy material, and digested sludge applications. With the large and open channel from suction to discharge, the screw 

centrifugal pump shows better solids transferring capability, even the sensitive products such as food (tomato, potato), live fish, 

eel, shrimp. However, the impeller blade inlet of screw centrifugal pump with the high rotation speed can damage the live fish 

or food. Therefore, in this study, the impeller blade inlet shapes are investigated for their influence on the performance of the 

live fish transfer pump. The straight, concave, and convex blade inlet shapes are created. Numerical analysis was conducted 

to study the pump hydraulic and suction performances according to the impeller blade inlet shapes of the screw centrifugal 

pump.
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pump performance. The thrust in the screw-type 

centrifugal pump was investigated by Tatebayashi et al. 

[4], which showed the axial thrust became maximum 

when the impeller radius reached the tongue of the 

volute casing. Tatebayashi et al. [5] also studied the 

pump performance improvement by restraining 

backflow in a screw-type centrifugal pump. Cheng et 

al. [6] explained the parameter equation for the screw 

centrifugal pump impeller blade, and Guo et al. [7] 

studied the design method and internal flow 

characteristics of the screw centrifugal pump.

In the industry, a screw centrifugal pump was 

researched and used as the live fish pump, and the 

experimental results [8, 9] of the fish pump showed 

the damage and injuries of fish still existed. 

Therefore, this study is aimed to investigate the 

influence of the impeller blade inlet shape of screw 

centrifugal pump on pump hydraulic and suction 

performances for friendly fish transfer.

2. Design and modeling of screw centrifugal 

pump model for the fish transfer

The design specification of the screw centrifugal 

pump model is illustrated in Table 1. Selecting a screw 

centrifugal pump with rotational speed is low as 650 

min-1 to friendly transfer the fish. The impeller plays 

a vital role in the screw centrifugal pump. An impeller 

for a screw centrifugal pump was designed from 

previous studies [1, 7]. The target fish species in this 

study are trout or salmon, and the fish size shown in 

Fig. 1 is the length of 250 mm and the width of 60 mm 

with a maximum weight of 0.7 kg. The design 

parameters of the meridional plane shape of the screw 

centrifugal pump impeller are shown in Table 2. Fig. 2 

showed the impeller meridional plane shape with a 

straight inlet shape. According to the impeller design 

parameters, the impeller channel width can be adjusted 

to have enough space to transfer the fish.

The blade inlet shape is an essential part of the 

screw centrifugal pump impeller because it affects the 

safety of the transferring live fish such as trout, 

Item Nomenclature Value

Flow rate   0.064

Head   4

Rotational speed  min   650

Specific speed 



 


 min    212

Table 1 Design specification of screw centrifugal pump model

Fig. 1 Fish size

Item Nomenclature [1] Initial value

Impeller outlet diameter max  380

Hub diameter m in  337.84

Impeller inlet diameter 
 260

Shaft diameter   25

Outlet width   120

Total axial length   380

Hub axial length 
 283

Inclination angle 1 
 30

Inclination angle 2 
 41.2

Blade inlet angle 
 39.9

Blade outlet angle 
 10

Channel width C [mm] 130∼140

Table 2 Design parameters of meridional plane shape of the 

pump impeller

Fig. 2 Meridional plane shape of screw centrifugal impeller 

blade model with straight inlet shape
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salmon, eel, shrimp, etc. Therefore, the study of 

impeller blade inlet shape of screw centrifugal pump is 

necessary. Fig. 3 shows three initial types of blade inlet 

shapes considered to use in this study are the straight, 

concave, and convex shapes. Bezier curve is used to 

design the initial concave and convex blade shapes. 

The impeller was designed with the same meridional 

plane shape but a change in the blade inlet shapes.

2.1 Concave shape design

Besides the initial concave inlet shape model shown 

in Fig. 3, called lower-concave shape, two more types 

of the concave inlet shape are generated as the upper 

concave and middle concave shapes shown in Fig. 4. 

The concave shapes are established by the Bezier curve 

[10] as the following equation. 

  



≤≤ (1)

where 


 are the control points of the quadratic 

Bezier curve. 
 are the end points,  is the middle 

point.

2.2 Convex shape design

The initial convex inlet shape model shown in Fig. 3 

is established by the Bezier curve. However, two more 

types of convex inlet shape with 90° and 180° sweep 

angles are generated using Eq. (2). Fig. 5(b) presents 

the design of the convex blade inlet shapes. The 

convex shapes with 90° and 180° sweep angles are 

designed by the proportion formula as;

(a) Three-dimensional model of the convex blade inlet shape models

(b) Design of the convex shapes and relationship between radius 

and sweep angle

Fig. 5 Scheme of the convex blade inlet shapes design

(a) Three-dimensional model of the concave blade inlet shape 

models

b) Design of the concave shapes

Fig. 4 Scheme of the concave blade inlet shapes design

Fig. 3 Initial impeller blade inlet shapes of screw centrifugal 

pump
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






→ 




×
(2)

where  and  are the total sweep angle and radius 

at the end point (
; ),  and  are the 

sweep angle and radius at the point .

3. Numerical method 

The fluid domain of the screw centrifugal pump 

geometry was modeled in 3D. CFD analysis was 

conducted by using a commercial code of ANSYS CFX 

18.1 [11]. ANSYS ICEM 18.1 [12] is used to generate the 

structured mesh for numerical analysis. Fig. 6 

illustrates the numerical grids of impeller and volute 

casing fluid domains for the pump model with the 

straight impeller blade inlet shape. Efficiency and y+ 

value are selected to evaluate the mesh dependency 

test. Fig. 7 shows the mesh dependence test, which 

indicates the selected 3.5 million mesh number for 

numerical analysis. Table 3 indicates the discretization 

error [13] for the numerical method is less than 1%. 

Therefore, the numerical methodology for screw 

centrifugal pumps is acceptable.  





(3)

 





(4)

where    and  stand for the density of water, 

acceleration of gravity, head, flow rate, torque and 

angular velocity, respectively.  , 

 and  are the 

Fig. 6 Numerical grids of impeller and volute casing fluid 

domains

Fig. 7 Mesh dependence test for the screw centrifugal 

pump model with straight impeller inlet shape

Fig. 8 Turbulence model dependence test for the screw 

centrifugal pump model

N1=1.9×106 N2=2.5×106 N3=3.6×106

  

 1.095 1.095 1.095

 1.110 1.110 1.110

 73.414 2.912 2.478

 73.469 2.917 2.471

 72.879 2.876 2.466

 -0.589 -0.041 -0.015

 0.055 0.005 0.003

 23.016 20.941 15.305


 73.489 2.919 2.482




0.075% 0.163% 0.128%




0.102% 0.217% 0.159%




0.013% 0.036% 0.053%

Table 3 Discretization error calculation for numerical grids 

of screw centrifugal pump model
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absolute distance from the wall, the friction velocity 

and the kinematic viscosity, respectively, r is 

refinement factor between the coarse and fine grid,  

is efficiency,  is head in (m),  is power in (kW). p 

is formal order of accuracy of the algorithm, 

 
,  

, 
 is approximate relative 

error,  
  is extrapolated relative error, 

∈
  is 

fine-grid convergence index [13].

Fig. 8 presents the turbulence model dependence 

test with the k-ɛ, RNG k-ɛ, and SST turbulence 

models. The adopted three turbulence models confirm 

well the efficiency characteristics of the pump. The 

SST turbulence model was employed for the CFD 

analysis in this study because it evaluates the complex 

flow field in fluid machinery [14].

The numerical method and boundary conditions are 

illustrated in Table 4. The frozen rotor was selected to 

reduce the simulation time and pass actual flow 

downstream. For the cavitation flow simulation, The 

Rayleigh-Plesset model is adopted to evaluate the 

cavitation. The total pressure of the inlet with zero 

reference pressure and mass flow rate of the outlet is 

selected as the boundary conditions of the pump. The 

development of cavitation occurrence is easily 

controlled by adjusting the inlet pressure. The general 

connection is set as a frozen rotor between the fixed 

domain and the rotational domain.

4. Results and discussion

4.1 Pump hydraulic performance

The pump performance for the three initial types of 

blade inlet shape model under the non-cavitation 

condition from the computational simulation is shown 

in Fig. 9. The results show that the efficiency and 

Analysis type Steady state

Working fluid
Water at 25°C

Water vapor at 25°C

Inlet Total pressure

Outlet Mass flow rate

Turbulence model Shear Stress Transport (SST)

Interface model Frozen rotor

Cavitation model Rayleigh-Plesset

Walls No slip wall

Table 4 Numerical method and boundary condition

Fig. 9 Pump performance curves of screw centrifugal pump 

models with three initial blade inlet shapes 

Fig. 10 Pump performance curves of screw centrifugal pump 

models with three different concave inlet shapes

Fig. 11 Pump performance curves of screw centrifugal pump 

models with three different convex inlet shapes
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head of the convex blade inlet shape model are higher 

than the straight and concave blade inlet shape models 

at the design point. At the higher flow rates, three- 

blade inlet shape models have nearly the same non- 

cavitating hydraulic performance.

A comparison of pump performance of three concave 

inlet shape models is shown in Fig. 10. The efficiency 

of the three concave inlet shape models is almost the 

same. The efficiency and head of the Upper-concave 

shape model are slightly higher than those of the 

Middle-concave shape model, and the efficiency and 

head of the Middle-concave shape model are higher 

than those of the Lower-concave shape model. Fig. 11 

shows the pump performance curves of screw 

centrifugal pump models with three different convex 

inlet shapes. The head of three convex inlet shape 

models is relatively similar. The efficiency of the 

initial convex shape model with the -45° sweep angle 

is higher than those of the 90° and 180° sweep angle 

convex shape models.

4.2 Loss analysis

The loss analysis in the impeller and volute is 

conducted using the following equations:

  






∆

× (5)

  



∆
× (6)

where    gives the total loss for the pump 

impeller,    gives the total loss for the pump 

volute, ∆ is the total pressure difference in the 

respective components of the pump.

Fig. 12 presents the loss analysis of the impeller and 

volute in the different blade inlet shape models at the 

design condition. In the volute domain, the hydraulic 

loss of all the models is similar. In the impeller 

domain, the hydraulic loss of the straight shape model 

and three types of concave shape models has no 

significant difference. The hydraulic loss of the initial 

convex shape model with the -45° sweep angle is 

lowest, and the loss of the 180° sweep angle convex 

shape is highest. Therefore, the efficiency of the initial 

convex shape model is highest, but the 180° sweep 

angle convex shape model shows the lowest efficiency.

4.3 Internal flow characteristics

The development of swirl flow relates to the damage 

of fish while passing through the pump impeller. The 

swirl number is adopted to evaluate the effect of blade 

inlet shape effect. The swirl number is calculated at 

the various locations along the impeller passage. The 

swirl number [15] is defined as Eq. (8) below: 











 





 

(7)

where   and 


 are the velocity components in the 

circumferential and axial directions,  and  are the 

local and full radius, respectively, at each  location 

shown in Fig. 13.

Fig. 13 presents the swirl number distribution of all 

screw centrifugal pump models with the different 

impeller blade inlet shapes at the design condition. 

The values 0.0 and 1.0 of  mean the axial locations 

at the impeller inlet and hub outlet, respectively. The 

swirl number distribution is similar in all blade inlet 

models except for the 90° and 180° sweep angle convex 

shape models. 

It is conjectured that the 180° sweep angle convex 

shape consumes more power to reach the design head 

at the design flow rate, which contributes to the 

hydraulic loss in the impeller with the relatively higher 

Fig. 12 Loss analysis of the impeller and volute between 

the different blade inlet shape models
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sweep angle convex blade shape. The swirl number at 

the inlet of the 180° sweep angle convex blade shape is 

comparatively lower than the other inlet shapes 

because of the smooth change of the blade inlet sweep 

angle. The 180° sweep angle convex impeller inlet shape 

model showed a lower swirl number, which implies 

superior internal flow condition among the designed 

impeller inlet shapes for the fish transfer. 

The distribution of velocity streamlines at 1.0 Qdesign 

is presented in Fig. 14. As seen from the figure, the 

swirl flow can be seen near the impeller hub in all the 

screw centrifugal impeller models. However, in the 

case of the 180° sweep angle convex shape model, the 

streamline near the impeller hub cone is relatively 

more uniform than the others. However, a minor 

recirculation region is found near the inlet of the 

impeller shroud. It is conjectured that the different 

flow tendency near the impeller inlet results from the 

different impeller blade inlet shapes. According to the 

internal flow investigation, it is concluded that cutting 

the tip of the impeller blade inlet shows that impeller 

inlet flow can flow more uniformly and smoothly 

without clogging, and there exists a small swirl flow 

near the blade tip. Therefore, the reduced blade inlet 

area with the larger sweep angle convex shape is 

convenient for fish to enter the pump impeller.

Fig. 15 illustrates the pressure contour of the screw 

centrifugal pump with various convex blade inlet 

shapes both on the suction and pressure sides. Both 

the suction and pressure sides of the impeller blade 

are observed by the front view. As the blade sweep 

angle changes, the pressure contour distribution on 

the pressure side is relatively similar, but the pressure 

contours on the suction side change according to the 

sweep angle. The area of the low-pressure zone 

gradually increases when increasing the sweep angle, 

however insignificantly.

Fig. 16 shows the suction performance comparison in 

screw centrifugal pump models with various blade inlet 

shapes by CFD analysis. The definition of the 

cavitation coefficient () [16] is shown as Eq. (9).

4.4 Pump suction performance

 






 
(8)

where  is net positive suction head,  is the 

pump inlet pressure,  is the saturated vapor pressure 

and  is the effective head.

Fig. 13 Swirl number of screw centrifugal pump models at 

the design condition 

Fig. 14 Velocity streamline of screw centrifugal pump 

models with the different blade inlet shapes at 1.0  

(A-A cross section)

Fig. 15 Pressure distribution of screw centrifugal pump 

models with three different convex blade inlet shapes at 1.0

Qdesign
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For the cavitation analysis, the inlet pressure 

reduced as the cavitation number decreased. Fig. 16 

presents the suction performance by the blade inlet 

shapes. The result indicates that the suction 

performance of the convex blade inlet shape with 180° 

sweep angle is better than the other blade inlet shape 

models. The phenomena of cavitation occurrence in the 

screw centrifugal pump model having the screw 

impeller structure are similar to that in the inducer 

structure. It is interesting to confirm the extension of 

the cavitation coefficient number to the lower region 

by the increased blade sweep angle. Similar results can 

be seen in the inducer by the studies of Kang et al. 

[17] and Ashihara et al. [18] with a change in the blade 

inlet sweep angle. To compare the relationship between 

the impeller blade inlet shape and suction performance, 

suction performance and vapor volume fraction at the 

different cavitation coefficients by all the blade inlet 

shape models were examined in detail in the following 

section. 

Figs. 17 and 18 present the suction performance and 

the vapor volume fraction contours of the three initial 

blade inlet shapes at the different cavitation coefficient 

numbers.

The vapor volume fraction is shown at various 

cavitation coefficients: =0.2, =0.1 and =0.05. The 

cavitation analysis results for the initial blade inlet 

shapes showed a lower concave blade than the straight 

and initial convex shape models. Moreover, the lower 

concave shape also shows the smallest vapor volume 

area among three initial blade shape models in all 

cavitation stages, in which 0 means water and 1 means 

water vapor.

Figs. 19 and 20 show the results of the cavitation 

analysis for the three types of concave blade inlet 

shape models include the suction performance and the 

vapor volume fraction distribution, respectively. For 

the concave blade inlet shape models, the higher 

volume fraction area is located near the hub of the blade 

inlet, and the vapor volume fraction increases as the 

cavitation coefficient decrease. The suction performance 

of all the concave shape models is relatively similar, just 

like the similar tendencies that hydroelectric performance 

has shown.

For the cavitation analysis of three types of the 

convex blade shape models, Figs. 21 and 22 showed the 

suction performance and the vapor volume fraction 

Fig. 18 Vapor volume fraction distribution on suction surface 

of i) straight ii) lower concave and iii) -45° sweep angle 

convex blade shapes at σ = a) 0.2, b) 0.1 and c) 0.05

Fig. 16 Suction performance of screw centrifugal pump 

models with the various blade inlet shapes

Fig. 17 Suction performance of screw centrifugal pump 

models with the initial blade inlet shapes
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distribution of three various impeller blade inlet convex 

shapes. The 180° sweep angle convex shape model shows 

better suction performance than the 90° and –45° sweep 

angle convex shape models. The cavitation inception 

occurs at the blade tip on the suction surface of the 

convex inlet shape models. At the cavitation coefficient 

numbers of and, the 180° sweep angle convex blade 

inlet shape model has the better vapor volume fraction 

distribution than the 90° sweep angle convex blade 

inlet shape and –45° sweep angle convex shape models. 

Therefore, the examined results indicate that the 

convex blade inlet shape with a larger sweep angle 

suppresses the cavitation instabilities more efficiently.

It is concluded that the 180° sweep angle convex 

blade inlet shape shows the best suction performance 

among all the adopted blade inlet shape models.

5. Conclusions

The influence of impeller blade inlet shape on the 

hydraulic and suction performances of the screw 

centrifugal pump for live fish transfer was investigated 

by CFD analysis. The transportation of fish is affected 

by the cavitation in the pump. The suppression of 

cavitation is required for the transfer of fish without 

any damage. Therefore, the screw centrifugal pump 

should maintain the suction pressure above vapor 

pressure during operation to avoid cavitation and safe 

fish transfer.

The results indicate that the pump hydraulic 

efficiency of the initial convex blade inlet shape model, 

Fig. 19 Suction performance of screw centrifugal pump 

models with the three concave blade inlet shapes

Fig. 21 Suction performance of screw centrifugal pump 

models with the three convex blade inlet shapes 

Fig. 20 Vapor volume fraction distribution on suction 

surface of i) lower ii) middle and iii) upper concave blade 

shapes at σ = a) 0.2, b) 0.1 and c) 0.05

Fig. 22 Vapor volume fraction distribution on suction surface

of i) -45° ii) 90° and iii) 180° sweep angle convex 

blade shapes at σ = a) 0.2, b) 0.1 and c) 0.05
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which has a relatively low blade sweep angle, is the best 

under the non-cavitating condition. The 180° sweep 

angle convex blade inlet shape model shows better 

suction performance than the other models. Although 

the 180° sweep angle convex blade inlet shape model 

has a relatively lower pump hydraulic efficiency in 

comparison with the other convex blade inlet shapes, 

this blade inlet shape results in relatively smooth and 

uniform flow patterns, as well as the superior cavitation 

suppression ability in the impeller passage.

Therefore, the findings in this study conclude that 

the selection of convex blade inlet shape with suitable 

sweep angle in consideration with the trade-off 

between the pump hydraulic and suction performances 

is preferable for live fish transfer.
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