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Abstract: The purpose of this report is to identify /observe and determine the pattern of velocity profile and pressure distribution
by using CFD simulation program after the 3D design and modeling of the pump is made using Vista CPD. We have also
created a Solid model using Fusion 360 to get a clear idea of Centrifugal pump design. Basically, this report revolves around the
idea of investigating the effect and distribution of velocity profile and pressure within a pump having the following specification,
Head = 20 m, Flow rate = 100 m*hr, and RPM = 2000. 3D Navier-Stokes equations were solved using ANSYS CFX. The
standard k —eturbulence model was chosen for the turbulence model. From the design point of view, we have studied the effects
of different parameters like rotational speed, volume flow rate etc on the impeller and volute. From the simulation results it was
observed that the pressure increases gradually from impeller inlet to outlet. The static pressure on the pressure side is evidently
larger than that on the suction side at the same impeller radius. In addition to this, it was observed that the velocity increases
from the impeller inlet until it enters the volute casing. It then drops to a minimum value at the outlet region.

Keywords: Centrifugal pump design, Fusion 360, CFD Analysis, Simulation, ANSYS CFX, Vista CPD, pressure distribution,
CFD-Tool.

L. INTRODUCTION
Centrifugal pumps which belong to a wider group of fluid machines called turbo machines are the most common type of pump used
to move liquids through a piping system. The fluid enters the pump impeller along or near to the rotating axis and is accelerated by
the impeller, flowing radially outward or axially into a diffuser or volute chamber, from where it exits into the downstream piping
system. Centrifugal pumps are typically used for large discharge through smaller heads.
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Fig 1: Liquid flow path inside a centrifugal pump
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Computational fluid dynamics (CFD) analysis is being increasingly applied in the design of centrifugal pumps. With the aid of the
CFD approach, the complex internal flows in water pump impellers, which are not fully understood yet, can be well predicted, to
speed up the pump design procedure. Thus, CFD is an important tool for pump designers. The use of CFD tools in the turbo
machinery industry is quite common today. Recent advances in computing power, together with powerful graphics and interactive
3D manipulation of models have made the process of creating a CFD model and analyzing results much less labour intensive,
reducing time and, hence, cost. Advanced solvers contain algorithms which enable robust solutions of the flow field in a reasonable
time. As a result of these factors, Computational Fluid Dynamics is now an established industrial design tool, helping to reduce
design time scales and improve processes throughout the engineering world.

1) FUSION 360 — is one of the widely used CAD software by design engineers across the globe. It's the first 3D CAD, CAM, and
CAE tool of its kind, connecting your entire product development process into one cloud-based platform. It helps to understand
the designing aspect of components and machines. Therefore, we have used FUSION 360 to understand the designing parts of
the Centrifugal Pump.
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2) ANSYS Turbo system — VV2021/R2 which is one of the CFD tools offers a complete suite of software tools for comprehensive
turbomachinery design and analysis. This system will provide a streamlined workflow using Integrated, easy to use
environment for all engineering simulations /Analysis using Vista TF, FLUENT, ANSYS FEA and CFX. In a CFD model, the
region of interest, a pump casing for example, is subdivided into a large number of cells which form the grid or mesh. In each
of these cells, of which there may typically be 300,000, the PDEs can be rewritten as algebraic equations that relate the
velocity, pressure, temperature, etc. in that cell to those in all of its immediate neighbors. The resulting set of equations can then
be solved iteratively, yielding a complete description of the flow throughout the domain. Powerful graphical post-processors
then display the results in an easily understandable way. Therefore, in this report 3D CFD analysis system using Vist CPD
together with CFX code is used to simulate the fluid flow through a pump

Il.  CENTRIFUGAL PUMP DESIGN
The design of centrifugal pump is divided in two categories: Impeller Design and Volute Design. The detailed procedure of single
volute casing and impeller design can be found in different literature; in this report vista CPD for the design of centrifugal pump is
used. The duty parameters required by the pump are assumed to be: 1. Head = 20 m, 2. Flow rate = 100 m*hr, 3. RPM = 2000, 4.
Density = 1000 Kg/ m®,

A. Solid Modeling Of Centrifugal Pump In Fusion 360
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Fig. 1: 3D Model of Centrifugal Pump made in Fusion 360

<+ O ® £ 09

° 468 Q-9 @8

[P = ilolM Sl asLS SIS M =X Yoy¥- Fv).] e e e

Fig. 2: Design Geometry of VVolute
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Fig. 3: Design Geometry of Impeller
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B. Impeller Design using Vista TF V2021/R2
Input variables are used to give a basic starting point for the pump design. The head, volume flow, rotational speed and other
parameters could be changed to the specific purpose. Various windows show the design parameters, like the angle and thickness
distribution. The following fig-2 will demonstrate the entire workflow from input values in Vista CPD to final results by Vista
design module. This way, manipulation of the geometry in BladeGen or BladeEditor will be possible and all the next steps will be
automatically generated and results produced.
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Fig. 4: Flow chart of the project.
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Y A2': PCA Engineers Ltd Vista Centrifugal Pump Design 2021 R2

impeler “] [ caleulate Close Sketches  Efficiency Chart

Operating condtions  Geometry Resuts

Units.
Osi O Imperial

Duty
Rotational speed 2000 rpm
Volume flow rate 100 m¥hr
Density 1000 _ kg/m®
Head rise 20 m
Inlet flow angle 30 deg

Merid velocity rat 1.1

Efficiencies
[Hydrauic efficiency calculated <

Hydraulic 0874
Volumetric 057
Mechanic 0348

Pump 0804

r
Y¥3 A2: PCA Engineers Ltd Vista Centrifugal Pump Design 2021 R2

impeler - Calculate Close Sketches _ Efficiency Chart

Operating condtions  Geometry  Results

Overall performance

Qs Ns nq Nss  power (kW)
0.68 1848 358  3.15 7.0

head coeff flow coeff Ks NPSHr (mdiffn ratio
0.476 0.038 1.045 257 0.005

Impeller inlet
Dh (mm De (mmThk (mm)
250 1087 58
D1 (mmCul (m/sCm1 (m/sUT (m/s;W1 (m/s' 1 (degB 1 (deginc (deg)
576 000 340 603 692 3462 2946 516
834 000 378 873 952 2547 2342 206
109.2 000 416 1144 1217 1999 19.99 0.00

Impeller exit
D2 (mm)B2 (mm) lean (degp 2 (deg) W2 (m/s)
1938 264 00 1280 947

a2 (deg)C2 (m/sWslip/U2 U2 (m/s) Cu2 (ms)
1074 1126 021 2029 11.06

Fig.5: Input design parameters of pump using Vista CPD software,
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Y% A2: PCA Engineers Ltd Vista Centrifugal Pump Design 2021 R2
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Hub diameter Tip diameter |
| Automatic (using stabilty factor)
Shaft min diam factor

Head coefficient & ‘
Dhub / Dsha 1.5

Tip diameter0 mm

Leading edge blade angles

Trailing edge blade angles
Hub and Meanline

Cotargit 5 Blade angle 25 deg \
= 10
Hub blade angle deg Haks angh deg
Mean blade an. 12 deg Miscellaneous
Number of vanes
Shroud i -
oo > Thickness / tip diam3
Hub inlet draft ar 30 deg
Incidence 0 deg
Shroud blade an 15 deg

Fig.6: Geometrical parameters for Impeller of the pump using Vista CPD software
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C. Volute Design
.",-v A2 : PCA Engineers Ltd Vista Centrifugal Pump Design 2021 R2 - x
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Operatng condttons  Geometry  Results

Units
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Duty
Rotational speed 2000 pm
Volume flow rate 100 merhr
Density 1000 kg/m®
Head rise E) m

Inlet flow angle %0 deg

Merid velocity rat 1.1

Hydraulic
Volumetri 097

Mechanic 0948

Pump 0804
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Volute ~ Calculate Close Sketches  Efficiency Chart
Operating condtions Geometry Resuts
Inletwidth 506 mm  Cutwater clearaii16 mm
Basecircle rad107. mm  Cutwater thickne41  mm
Sections, cutwater to throat
No. Area Centroid radiOuter radius ajor radius inor radius
mm? mm mm mm mm
A o 107.5 107.5 253 0.0 Cutwate
2 380 1115 117.0 253 9.6
3 790 1159 127.4 253 199
4 1228 1202 1370 256 256
5 1688 1238 1446 272 272
6 2167 1271 151.4 293 293
Z 2664 1303 157.7 315 315
8 3179 133.2 163.6 337 337
9 3737 137.0 170.2 36.1 36.1 Throat
Diffuser
Exit Area 5869 mm? Length 142, mm
Exit Hyd Diemet86 4 mm Coneangl70  deg
Y22 A2: PCA Engineers Ltd Vista Centrifugal Pump Design 2021 R2 — X
Volute - Calculate Close Sketches _ Efficiency Chart
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Casing rotation angle deg
Section Type
Elliptic / circular v
Aspect rati 07
Diffuser
() User defined diame 200 mm
(") User defined length 250 mm

Fig.8: Geometrical parameters for volute using Vista CPD software.
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1. MESH GENERATION

Once the pump geometry has been speC|f|ed and a mesh has been created automatically, where the flow equations need to be solved.

View1 )
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* parallel to the rotation axs, or mesh faces at the hb curve (low mlormelpo mon) which are thin in the radial or axal directon.

Fig.9: Automatic mesh profile for centrlfugal pump.

V. ANALYSIS SETUP
Design points for a parametric study can be specified using the required duty of the pump in the setup steps:
1) Input Material: Material is also assigned to the parts of the pump as: Casing and Impeller: Aluminum alloy, Hydraulic Region:
Water, Rotating part: Rotating region
2) Boundary Conditions: Boundary conditions are applied to the inlet and outlet of the pump i.e., 0 pa at inlet, 100 m*/hr at outlet,
and 2000 RPM.

A. Solution Initialization
Initialization in Ansys CFX is done by providing initial guess values to solve the governing equation so that the flow field variables
can be solved by iteration toward the solution. The default automatic initialization for the velocity and static pressure is used to
provide a start point to the solution.

V. CFD RESULTS
After analysis has been carried out the following results are obtained. The results are taken only when the convergence is obtained
for the solution. As the solution iterated 1000 times and the pump impeller completed a full turn, following results are taken from
different axis and cross-sections.
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Fig. 10: Pressure Volume Rendering
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Fig.11: Pressure Contour
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Fig.12: Velocity Streamline
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2021 R2

. Macro Report SIULENT

Liquid Pump Performance Report

DISCLAIMER: This report has been supplied to assist in the performance estimation of liquid
pumps. The equations were obtained from available literature, however some equations may
have alternate definitions. It is YOUR RESPONSIBILITY to verify the accuracy of these definitions.

Generated by CFD-Post from results file C:|Usersl|prath|Centrifugal pump._files|dp0|CFX|CFX
|CFX_001.res at Mon Jan 3 10:47:19 2022

User Input

Inlet Region R1 Inlet

Outlet Region S1 to R1 Side 2
Blade Row Region R1 Blade
|Reference Radius 0.05 [ml
|Reference Height 0.05 [m]

Number of Main Blades |6.00
Machine Axis z_rotaxinternal
Rotation Speed 2000 [rev min~-1]
Reference Density 1000 [kg/m~3]
Reference Pressure B [atm]
Gravity Acceleration 9.81 [m/s”2]

Mass Averages

Tnlet [outlet [Ratio (out/m) |

0.100 (m)
0.025 0.075

3D Viewer Table Viewer Chart Viewer Comment Viewer Report Viewer

- Macro Report

Pressure 202909 kg m~-1 s7-2|372064 kg m~-1 s~-2 |1.83364485621473
Total Pressure |202930 kg m~-1 -2 |375837 kg m~-1 s™-2 |1.852052!

Results

Torque (one blade row) -4.55224 kg m”~2 s”-2.
Torque (all blades) -27.3134 kg m~2 s”-2.
Power (all blades) -5720.51 kg m”~2 s~-3
Pressure (Q_ref) 54831.1 kg m~-1 s~-2

ge Coefficient (PHI_d) 0.00152249

Static 'Pressure' Coefficient
Total 'Pressure’ Coefficient 3.15345
Performance Coefficient 0.341171
Euler Static Enthalpy Loss (delta HS) [15.4312 m~2 s”-2
Euler Total Enthalpy Loss (delta HT) |18.7068 m~2 s”~-2
|Static Enthalpy Loss (delta HSS) 169.154 m~2 s”-2

3.08501

Total Enthalpy Loss (delta HTS) 172.907 m~2 s”-2
Static Isentropic Efficiency 10.9618
Total Isentropic Efficiency 9.243
[ Global Isentropic Efficiency 9.04239
Efficiency From Power 0.00756976

Total Head 17.6256 m

0.100 (m)

0.025 0.075

3D Viewer Table Viewer Chart Viewer Comment Viewer Report Viewer

Fig.9: Pump Performance Report
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VI. CONCLUSION

Experimental methods and past experience are undoubtedly important, but the most effective way to study pump performance is
through Computational Fluid Dynamics (CFD). And with the help of a solid model which we made using Fusion 360 we were able
to study the aspects of designing a centrifugal pump.

The CFD-code ( ANSYS Turbo system — 2021/R2 (Ansys CFX), version 2021/R2), has been used in this report for the flow
analysis of pump with end-suction volute type: The impeller and volute geometry was designed by Vista TF CPD V2021/R2
software by assuming the required duty parameters by the pump to be design as a case study are: Head = 20 m, Flow rate = 100
m?3/hr, RPM = 2000, Density = 1000 Kg/ m®, and the model prepared has been analyzed in CFD tool CFX and its performance is
analyzed at different flow rates. It is found that the design and analysis methods lead to completely very good flow field
predictions. This makes the methods useful for general performance prediction. In this way, the design can be optimized to give
reduced energy consumption, lower head loss, prolonged component life and better flexibility of the system, before the prototype is

even built.
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