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Abstract: In MSC scFLOW, the centrifugal pump is modelled to analyze its performance. Centrifugal pumps are widely used to 
transport fluids by converting rotational kinetic energy into the hydrodynamic energy of the fluid flow. This rotational energy 
typically comes from a motor or electric engine. The fluid enters the impeller near the centre and is accelerated by the rotating 
impeller, then radially flows outward into a diffuser or volute chamber (casing), where it exits. Common applications of 
centrifugal pumps include pumping water, sewage, oil, and petrochemical fluids, with a centrifugal fan often used to create a 
vacuum in systems like vacuum cleaners. 
Keywords: CFD simulations of fluid and air mixer interactions are essential for optimizing flow characteristics, turbulence, and 
mixing efficiency in various industrial applications 
 

I. INTRODUCTION 
MSC Software is recognized as one of the pioneering companies in the software industry, standing out as a global leader in enabling 
manufacturers to enhance their engineering processes through simulation software and services. As a trusted collaborator, MSC 
Software assists organizations in improving product quality, reducing design and testing time, and cutting costs associated with 
product development. The company's technology is widely used by academic institutions, researchers, and students to broaden their 
understanding and further the capabilities of simulation. 
MSC Software's simulation tools are utilized by top manufacturers for a wide range of applications, including linear and nonlinear 
finite element analysis (FEA), advanced material modelling, acoustics, fluid-structure interaction (FSI), multi-physics, optimization, 
fatigue and durability analysis, multi-body dynamics, controls, and manufacturing process simulations. The company's products 
provide accurate and dependable predictions of real-world product behaviour, empowering engineers to design more innovative 
solutions. 
MSC SCFLOW Overview: 
Computational Fluid Dynamics (CFD) using MSC scFLOW is a powerful simulation instrument for examining heat transfer and 
fluid flow in complex systems. This allows engineers to predict and verify fluid dynamic behaviour for both steady-state and 
transient conditions. Users can model and analyze fluid flow, interactions and energy transfer within the system with MSC scFLOW 
to achieve accurate results. scFLOW allows users to work with single-phase flows and more complex multiphase interactions, 
simultaneously providing powerful features such as thermal management, cavitation simulation, and free surface modelling. This 
makes it an essential tool in a variety of industries, including aerospace and automotive industry. The software solver engine is 
automatically run to solve fluid dynamics equations, provide reliable analysis results, and at the same time ensure the best 
performance results. 
Centrifugal Pump Operation: 
Most centrifugal pumps are not self-priming. In other words, the pump casing must be pre-filled with fluid before the pump is 
started, or it won’t function. If the casing becomes filled with vapors or gases, the pump impeller becomes gas-bound and is unable 
to pump [1]. SolidWorks mechanical design automation software is a feature-based, parametric solid modeling design tool that takes 
advantage of an easy-to-learn Windows graphical user interface [2]. It allows for the creation of fully associative 3D solid models, 
with or without the use of automatic or user-defined relations to capture design intent. Parameters refer to constraints whose values 
determine the shape or geometry of the model or assembly [3]. These parameters can be numeric, such as line lengths or circle 
diameters, or geometric, such as tangency, parallelism, concentricity, or alignment. Numeric parameters can be linked to each other 
using relations, which enable them to capture design intent. Design intent is how the designer expects the part to respond to changes 
and updates [4]. Several factors contribute to how we capture design intent, such as automatic relations, equations, added relations, 
and dimensioning. 
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II. LITERATURE REVIEW 
1) Centrifugal pumps are widely used in industries ranging from water treatment to oil and gas for transporting fluids by 

converting mechanical energy into fluid motion [5].  
2) Their efficiency and performance heavily depend on design parameters like impeller geometry, flow rate, and rotational speed. 

Computational Fluid Dynamics (CFD) simulations have become essential for predicting pump behavior under different 
operating conditions without the need for costly prototypes [6]. 

3) Several studies have highlighted the importance of accurate meshing, turbulence modeling, and boundary condition settings in 
achieving reliable CFD results [7].  

4) Moving mesh methods, such as those used in MSC scFLOW, enable precise modeling of rotating impellers and fluid-structure 
interactions, critical for understanding real-world pump behavior [8].  

5) Researchers have shown that the turbulence model selection (e.g., k-ε, k-ω SST) significantly affects the prediction of flow 
separation and cavitation within centrifugal pumps [9]. 

6) MSC scFLOW provides capabilities such as free surface modeling, multiphase flow analysis, and automatic handling of 
rotating regions, making it a powerful tool for pump simulation [10].  

7) Detailed studies using scFLOW have demonstrated the advantages of transient analysis in capturing unsteady phenomena like 
vortex shedding and pressure pulsations [11].  

8) Tutorials and case studies available online, including CFD simulations using ANSYS Fluent and MSC scFLOW, further 
demonstrate practical workflows for modeling centrifugal pumps [12][13]. 

 
III.PROBLEM DEFINITION & CALCULATION 

A centrifugal pump has a water inlet velocity of 2 m/s, and the impeller is rotating at an angular velocity of 1000 rpm. Conduct a 
CFD simulation to visualize the velocity distribution on the impeller blades and the flow of water from the inlet. The model is first 
created in two dimensions using various AutoCAD commands and the centrifugal pump's isometric view, as seen in figure 1 

 
Figure 1 Relative Velocity Turbulence Model 

 
Modeling With Calculation 
Theoretical calculations were performed before conducting the CFD simulation to validate the initial design of the centrifugal pump. 
 
Flow Rate (Q) 
Given In Below 
Inlet velocity, V=2 m/s 
Inlet pipe diameter, D=0.1 m (assumed typical small pump) 
Cross-sectional area of the centrifugal pump 

 
Flow rate of centrifugal pump 

 
or 

Q=15.7 L/s 
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Pump Head (H) 
Assuming standard head generated by centrifugal pumps is around 15 meters for small impeller designs rotating at 1000 RPM. 

H≈15 m 
 
Theoretical Pump Power (P) 
The hydraulic power needed to lift a water. 

 
Where: 
ρ=1000 kg/m3 (density of water), 
g=9.81 m/s2 (gravitational acceleration), 
Q=0.0157 m3/s 
H=15 m. 
 

P=1000×9.81×0.0157×15 
P = 2311.6 W = 2.31kw 

Impeller Tip Speed (U) 
Tip speed formula give in data hand book (DHB) [1] 
 

 
where:  
D=0.15 m (assumed impeller diameter in (DHB)), 
N=1000 rpm 
 

 
 
Specific Speed (Ns) 
Specific speed helps in pump design classification: 
 

 

 

 
The low specific speed (~16.4) indicates a radial flow type centrifugal pump, which matches typical design expectations. 

 
IV. SETUP METHODOLOGY AND SIMULATION 

1) Step 1: Open scFLOW Software. In the Kicker, launch Pre-processor 
 Click launch Pre-processor 
 Project Name: Centrifugal Pump 
 Click Create 
 Click on Parts Control 
 Select Rotation 
 Click Ok. 
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 Click import part file (browse the directory to import the CAD). 
 Change the parts name as shown below. 
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 Click Modify Parts in Navigation Panel 
 Click on Transforms  
 Click on mm>m 
 Right click in Draw window and select all the Parts. Make sure both the parts are displayed in Selection tab. 
 Click on Execute 

 
 

 Click on Specify Discontinues Parts. 
 Select Rotate from part tree. Ensure Rotate is displayed in the form and click Register. 
 Click Ok in new message window. 
 Click Ok. 
 Select the Impeller and drag and drop it below Rotate. 
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2) Step 2: Click on Build Analysis Model 
 Click on Build Analysis Model 
(Click OK in the pop-up dialogue)  

 
 
3) Step 3: Click on Part Material 
 Click on Part Material 
 Select Case and Rotate in Part list 
 Select Fluid in attribute and select air. 
 Click Apply 
 Select Impeller in Part list 
 Select Obstacle in Attribute 
 Click Apply, Click OK 

 
 
4) Step 4: Click Register Region 
 Click Register Region 
 Insert Inlet in Region name Select X Max face  
 Click Register  
 Insert Out in Region name Select Y Min surface 
 Click Register and Click Close 
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5) Step 5: Click on Conditions 
 Click Conditions 
 Click on Analysis Conditions Click Flow, Free Surface, Moving Elements and Discontinuous Mesh This all Box is enabled 

 
 Click Basic Setting and select Transient Analysis 
 Input last cycle as 400. 
 Type to Time step and Time step = 0.001 s 
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 Click on Flow Boundary condition 
 Click on Inlet and click Inflow and Outflow Condition 
 Select type as Normal Velocity and value as 2 m/s. 
 Liquid Volume fraction to 1(Liquid) 
 Click on Set.  

 
 Click on Outlet and click Inflow and Outflow Condition 
 Select type as Static Pressure 
 Pressure value as 0. 
 Liquid Volume fraction to Natural 
 Click on set. 
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 Click on Free-surface. In material tab for gas region refer and select air, in liquid material refer and select water. 

 
 Select on moving elements 
 Select Rotate-Moving. 
 Click on New. 
 In the motion type select rotation and for Setting type select Specify Value. In part name select Rotate and Click refer and 

calculate. The rotation axis will automatically get calculated. 
 Set Angular velocity to 1000 
 Click Preview and Once all the settings are correct click Ok. 

 
 Click on Output of field file Select Output setting of Analysis data 
 In output timing select every specified time interval, time interval = 0.1s and Initial field = Output 
 Click Finish 
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6) Step 6: Click on Octree Parameter 
 Click on Octree parameter and click Detail 
 Select Region Fill Parameter  
 Select Enter Case Size 0.01 Rotate Size 0.01 Impeller Size 0.001 Click Apply. 
 Click Confirm size and Click Create and Click Ok 
 Click Ok 

 
 
7) Step 7: Click on Mesh Parameter 
 Click on Mesh Parameter 
 Select Model shape-oriented 
 Click on Create Mesh and Click Ok 
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8) Step 8: Click on Execute 
 Click on Execute. 
 Make sure you enable Execute solver. 
 Click Ok. 

 
 
9) Step 9: Click on SC Monitor 
 Click on SC Monitor Execute 
 Click import SPH file path. 
 Click Execute and waiting for Run 
 Click  Post Processor icon. 
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Figure 2 Check the Matrix Relative Error Status of Simulation. 

 

 
Figure 3 Check the Velocity Status of Simulation. 

 
 

10) Step 10: Post Processing 
 confirm the status of job in [Job schedular] as ‘Reached steady state normally’. 
 Select  to launch post processor. 
 Select [Plane (1)] from control window. In [Contour] select Magnitude of velocity for Variable and click Redraw icon  
 Contour of Liquid volume 
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Figure 4 Contour of Liquide Fraction 

 Contour of Velocity Vector 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5 Relative Velocity Turbulence Model 

 
V. CONCLUSION 

This report modeled and analyzed the centrifugal pump with MSC scFLOW for its internal fluid dynamics. The computational fluid 
dynamics (CFD) workflow illustrated the velocity distributions, flow patterns, and turbulence in the pump at transient conditions. 
The workflow consisted of pre-processing, the assignment of materials, setup of boundary conditions, meshing and executing the 
solver. With regards the simulation results, the overall pump performance characteristics were provided with critical insights into 
the high velocity and turbulence around the impeller blades. Collectively this use of scFLOW provided a full picture of the 
operational use of the pump and demonstrated how powerful CFD can be in understanding centrifugal pump agriculture design to 
enhance reliability and improve efficiency. 
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