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Abstract- Centrifugal pumps are used in cooling the engine by pumping water as coolant into the engine. The normal function 
of the coolant is to discharge coolant at a specific velocity into the engine coolant volume, once the coolant crosses 1500 C 
temperatures then it is taken to the radiator for cooling to 500 C. Due to changes in the engine design it is desired to have 
changes in the centrifugal pump design demanding for a larger discharge. The current discharge is 1.8 lit/s the objective will 
be to increase the discharge which can be done by changing the blade angulations. One more variable which will be used to 
control the discharge will be the gap between the cover and the impeller. Presently the gap is 1.5mm and the objective will be 
to reduce the gap and determine whether this will have impact in the overall discharge. Decreasing will improve discharge 
provided there is no increase in the turbulence of the system. FLOTRAN CFD is coupled field analysis software which couples 
the two physics environment namely CFD and thermal module in Ansys will be simulate the flow. 
 
Keywords- Blade Geometries, Centrifugal Pump and FLOTRAN CFD 
 
 
I. INTRODUCTION 
 
A centrifugal pump is one of the simplest pieces of 
equipment in any process plant. Its purpose is to 
convert energy of a prime mover (an electric motor or 
turbine) first into velocity or kinetic energy and then 
into pressure energy of a fluid that is being pumped. 
The energy changes occur by virtue of two main parts 
of the pump, the impeller and the volute or diffuser. 
The impeller is the rotating part that converts driver 
energy into the kinetic energy. The volute or diffuser is 
the stationary part that converts the kinetic energy into 
pressure energy. The efficiency of pump as turbine 
(PAT) is usually lower than that of conventional hydro 
turbines for maximum efficiency point, including 
criteria for selection of pump running as turbine, 
cavitation analysis, force analysis, loss distribution, 
various methods of performance enhancement, cost 
analysis of hydropower plan with conventional hydro 
turbine and PAT  in water supply pipelines. The 
optimum position of fixed guide vanes CFD analysis 
of casing was carried out with NACA-4418 profile by 
varying the guide vane angles 450 to 800, the shape and 
location of reducer between service pump and PAT, 
CFD analysis was performed by considering two 
different reducers at different locations.  CFD 
applications to improve crop farming system such as, 
soil till-age sprayers, harvesting, machinery and 
greenhouses. The challenges faced by modelers using 
CFD in precision crop production are discussed and 
possibilities for incorporating the CFD models in 
decision support tools for Precision Farming are 
highlighted. CFD technique has been applied by the 
researchers to carry out different investigations on 
centrifugal pump viz. performance prediction at 

design and off-design conditions, parametric study, 
cavitation analysis, diffuser pump analysis, 
performance of pump running in turbine mode. The 
geometric configurations of the pump-mixer studied 
are: an R320 curved blade impeller, with variable 
clearance from the tank bottom, and a multiple 
impeller set-up produced by the addition of an upper 
A310 impeller. The multi-block, structured grid CFD 
code TASC flow has been used to investigate the time 
variation of pressure within a complete double entry, 
double volute centrifugal pump.  
 

The transient flow results compared reasonably with 
experimental data obtained in a limited experimental 
survey and clearly indicated the pump locations 
experiencing the largest pulsation levels to monitoring 
pulsations at the top dead centre of the pump volute 
casing would provide a better indication of internal 
pump pulsations than monitoring at the discharge. 
The analysis of the proposed design of the water pump 
is carried out using an analysis software Ansys.. Since 
this project deals with Laminar flow of fluids, and 
involved with variables like velocity and pressure, the 
CFD module of the Ansys software is selected for the 
study. 
 

 Drastically reduces turn-around-time for surface 
preparation. 
 The bottleneck surface preparation and closing 
surfaces now can be reduces, lots of complex CAD 
data and want rapid output of results. 
 Quick, accurate results can be calculated, it is 
only the surface wrapper, which is specifically 
designed for CFD models. 
 Fluids flow, and their quantitative effects on the 
solids which are contacted 
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 CFD is predicting, quantitatively, when fluids 
flow, often with the complications of simultaneous 
flow of heat, mass transfer phase change (eg melting, 
freezing, boiling), 
 Chemical reactions, mechanical movements. 
 Stresses in and displacement of immersed or 
surrounding solids.  
 
The water pump is to design using design software and 
will be analyzed by importing the model in to the 
analysis software. Importing of the model in to 
Analysis software: 
 
1. Imported solid may not be completely able to 
import as solid. Hence we will be doing geometric 
repair to rectify the model. 
2. Define element type as a CFD Flotran 142 
(3D Elements) 
3. In CFD Flotran setup [all the material 
properties is defined]. 
4. Meshing the water pump model using 
automatic meshing tool which is in the pre-processor. 
5. Applying boundary conditions which are 
available in the main menu. 
6. Normally for the laminar flow the velocity at 
the solid will be zero and the negative pressure will be 
applied at the exit of port both as a boundary 
condition. 
7. The boundary condition will be applied to the 
inlet & outlet surface. 
8. The Flow analysis is a non-linear analysis 
and the problem is solved in cumulative iteration 
steps. 
 
II. PUMP GEOMETRY  
 
The prime objective of the current work is to generate 
3D geometry of water pump based on the changes in 
impeller blade angulations. According to the new 
geometry of the pump model, the velocity and pressure 
distribution is studied. 
The present study also deals with the effect of reducing 
the gap between the impeller and the cover and 
determines whether this will have any impact in the 
overall discharge. To reduce the gap between top edge 
of the impeller to casing from 1.5 to 0.7 and decrease 
the inlet blade angle from 1350 to 1250 and the design 
specification are shown in Table 1.  
 

Table. 1. Design specifications of proposed water 
pump 

Impeller Casing Cover 
Number of 
blades = 7  

Outer dia = 
129.4 mm 
 
Inlet dia = 
108mm 

Inlet dia = 
44mm 
 
Outer dia = 
52 mm 

Outer dia = 
129.4 mm 

Inlet dia = 
22mm 

Total height 
of blade = 
37.42 mm 

Inlet angle of 
blade to radial 
= 0 

Outlet angle 
of blade to 
radial = 0 

 
The water pump is perceived with all the required 
dimensions to develop a 3D model. 
 

 
Fig. 1. Proposed design of water pump 

 
III. NUMERICAL MODEL  
 
A. Grid Generation 
The analysis of the proposed design of the water pump 
is carried out using analysis software Ansys. Since this 
research deals with Laminar flow of fluids, and 
involved with variables like velocity and pressure, the 
CFD module of the Ansys software is selected for the 
water pump will be analyzed by importing this model 
in to the analyzed software such as ANSYS 
 

 
Fig. 2. Volume line diagram impeller 
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B. Pre-Processing 
Imported solid may not be completely able to import as 
solid. Hence we will be doing geometric repair to 
rectify the model. Define element type as a CFD 
Flotran 142 (3D Elements). In CFD Flotran setup [all 
the material properties is defined]. Mesh the water 
pump model using automatic meshing tool which is in 
the pre-processor.  

 
Fig. 3. Water pump with volume mesh 

 
Apply boundary conditions which are available in the 
main menu. Normally for the laminar flow the 
velocity at the solid will be zero and the negative 
pressure will be applied at the exit of port both as a 
boundary condition. The boundary condition will be 
applied to the inlet & outlet surface. The Flow analysis 
is a non-linear analysis and the problem is solved in 
cumulative iteration steps. 
 

 
Fig. 4. Meshed Pump Model-Iso view 

 
C. Experimental Data 
PREFERENCE:   CFD Flotran  
PREPROCESSOR:  Element type, 3D Flotran 142 
REAL CONSTANTS: Loading-velocity of the solid 
surface zero, Vx =0, Vy=0 
FLORTAN SETUP: Fluid properties; 
Density=988kg/m3; Viscosity=0.657×10-6 m2/s;   
Conductivity=0.6w/m-k and Specific 
heat=4182J/kg-k 
MODELING: Model is imported in IGES format 
MESHING: Element (size=4mm, shape=tetra), 
volumemesh 

D. Apply Load 
The loading velocity Vx, Vy is applied on the impeller 
blades. In the outer area-pressure, velocity, Vx, Vy, 
Vz is set to zero and Inlet/Outlet is set to zero, shown 
in Table 2. The velocity values according to the area 
number shown in the table. The velocity component 
Vx, Vy carries different values for the seven blades of 
the impeller, as shown in Table. 3. 

Table. 2. Velocity input 
Are

a 
No. 

radiu
s 

Angle(deg
) Vx Vy 

225 44.4 5 3240.66
1 283.521 

193 44.4 56.43 2710.46
8 1798.78 

213 44.4 17.86 3096.27
1 997.682 

207 44.4 69.29 1150.39
9 

3042.83
6 

216 44.4 30.72 2796.55
3 

1661.79
2 

231 44.4 82.15 444.300 3222.55
5 

336 44.4 43.58 2356.54
2 

2242.53
7 

 
Table. 3. Different blade velocities 

Blade No. Vx Vy 

1 3240.661 283.521 

2 2710.468 1798.78 

3 3096.271 997.682 

4 1150.399 3042.836 

5 2796.553 1661.792 

6 444.300 3222.555 
 
IV. RESULTS AND DISCUSSION  
 
E. General post processor 
After applying the load conditions, the run FLOTRAN 
is executed by initializing the number of iterations.  
 

 
Fig. 5. Initial stage 
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Then the vector plot option is selected to see the results 
which is an option in general post processor. As 
shown in Fig 6. 

 
Fig. 6. Initial stage with reduced gap 

The vector plot results are view for all the three stages. 
As shown in Figure 7. 
 

 
Fig. 7. Volume mesh with modified blade 

 
F. Interpretation  
From the initial position of vector plot, we understand 
that the flow velocity has steep increases at two 
different points. 
 
a. The place where the pipe interferes 
b. Another is the place where small volume thinning 
has been done for bolting purpose 
 

 
Fig. 8. Initial stage 

 

 
Fig. 9. Initial stage with reduced gap 

In Fig 10. Shows the maximum velocity minimizes at 
point 1 and 2. From the velocity distribution diagram, 
it is observed that the velocity is increased 
substantially. 
 

 
Fig. 10. Velocity distribution in outlet area 

G. Impact of design 
The following graphs show the pressure intensities 
and velocity of the water in the involute. 
 

 
Fig. 11. Initial stage 

 
In Fig 12. Shows the pressure distribution cure with 
modified blade 
 

 
Fig. 12. Initial stage with reduced gap 

 
In Fig 12. Shows the pressure distribution cure with 
modified blade 
 

 
Fig. 13. Pressure distribution curve with modified blade 
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H. Velocity curve 
It is observed from the pressure distribution curve 
graph that the initial stage design has high pressure 
intensities at some nodal points, so that the turbulence 
is also expected to be high. The number of peaks is 7. 
In case 2, the turbulence is medium and the number of 
peaks is 4.  In case 3, the number of peaks is 3 and it is 
observed that the pressure is uniform. In figure 10, it is 
observed that there are two peak values. After studying 
the velocity and pressure distribution, the outlet 
velocity area plot option is selected by following 
procedure. Select-entity-pick area-nodes attached to 
areas.   

   
Fig. 14. Uniform pressure 

 
The following table shows the velocity values from the 
results option and then the discharge is calculated. 
From the table it is observed that the discharge is 
improved substantially. 
 

Table. 4. Comparison between existing model and 
proposed model 

Stages Velocity Discharg
e 

I) Initial model 1.23 m/s 1.82 lit/s 
II) Model with modified 
gap between impeller 
and cover 

1.42 m/s 2.12 lit/s 

III) Model with modified 
blade angle 1.72 m/s 2.308 t/s 

CONCLUSION 
 
The impact of design changes in the water pump is 
discussed in this project.  A CFD module in Ansys 
software is a tool which is used to find out the 
improvement in discharge of a water pump. 
a. It is observed that the design change in water pump 
improved the velocity from 1.2m/s to 1.7m/s, so that 
the discharge is improved by 42% 
b. The overall efficiency of the water pump is 
increased by 25% i.e. its efficiency is improved from 
60% to 85%. 
c. The design change improves the pressure 
distribution and peak pressure. 
d. The proposed design increases the discharge and 
velocity of the water. The increase in velocity 
correspondingly increases the efficiency of the pump.   
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