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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-g, k-o 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

nD?  3.1416 x(0.1)?

4 4
Flow rate of centrifugal pump

A= = 0.00785 m?

Q=AXV=0.00785 X 2 = 0.0157 m3/s
or
Q=15.7L/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=15m

Theoretical Pump Power (P)
The hydraulic power needed to lift a water.
P = pgQHP
Where:
p=1000 kg/m3 (density of water),
2=9.81 m/s2 (gravitational acceleration),
Q=0.0157 m3/s
H=15m.

P=1000x9.81x0.0157x15
P=2311.6 W =2.31kw
Impeller Tip Speed (U)
Tip speed formula give in data hand book (DHB) [1]

TIDN
60
where:
D=0.15 m (assumed impeller diameter in (DHB)),
N=1000 rpm
3.1416 x 0.15 x 1000
U= =7.85m/s
6
Specific Speed (Ns)
Specific speed helps in pump design classification:
o
§ = Ha
1000 x v0.0157153
§= 153/4
Ns = 1000 % 0.125 lo4
ST 762

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
e  Click Ok.
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File(F) EQ(E) Select(s) View(V] Condition(C] Executeld Option(©) Help(H)

o2 el QQx SR ESE tﬂ‘ CiAsi M08 0i0o® ®

Navigation O ratteer
3 Prepare Parts -0 Project (scFLOWpre) P 1
e v i Select Project %
© inportPartFie Sjesciimsa
© Create Parts G oo
o ean e | @ Srtaceregon T Heb
% Buid Analysis Model & Volume Region
% & Momerial Region Prosectname | Cenmiugal e I 1) ] =] rutorel
(&3 Cross Section Region =
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s 03 Reference Pont Work foger [\ | J B refer
2 Creste project Folder nder the above drectory O webse
3

Recently used project files

D1\577 sc_fow\Centrfugel puno Centriugal_pump.ooh

fenturi_meter \erturi_meter Laminar.pph
mpati of_ et on. Vancs. Grim Ga, geodmpact_of_Jet_Turbulent_Standard_K-£P
wlimpact_of_Jet_on Yanes_smm di_geoWmpact_of_set_ Lamenar.foh

:_SAS.pph
on TURBLENTZ. pe

_RNG_K-£PS.pph
Standard_K£PS.poh

Property va

D:\a77_sc _flow_laminar.pph
< >
Open
Open project
Refer.
4
Message

Fun 2= Stendad e, (Crade)
Degree of paralielism {:
.. iy
The temporary path of the history fie is C: 1

& scFLOWpre
i FilelFl Edit[E]l Select(S] ViewlV] Co

| 2 e[S Q3

dition(C]  Execute(¥] Option(O) Help(H)

BESS 9@ b s il S 8 o0 e

Navigation o> R PartTree -~
Prepare Farts - Project (Centrifugal_pump)
@ Parts Control Y i (& Parts (whole)
= H ! Fluid Region
G Create Parts Bl B Region
& Doty P b &3 surface Region
© Specify DiscontindBts Parts ety
‘7 Build Analysis Model W Rt e
d&' (& Cross Section Region
=] @ reference Point
& Parts Control = |
e
Enable functions which requires grouping of parts. For example, =3
rotation, translation, and wrapping =
T
Ce Rotation (Discontinuous mesh) I [ Rotation, translation (Overset mesh)
[ wrapping
Property - a By selecting [Rotation (Discontinuous mesh)] or [Rotation, ranslation (Overset mesh)],
egions and conditions for discontinuous mesh or overset mesh are automatical
created. When mixing plane is used, the parameters of mixing plane are set in the
condition of the discontinuous me:
| @ L= —

e  Click import part file (browse the directory to import the CAD).
e Change the parts name as shown below.

Part Tree -~ o
E1- 108 Project (Centrifugal_pump) =--EA g Project (Centrifugal_pump)

=20 Parts (whole)
10_Simulation_of_Centrifugal_

[ 10_simulation_of_Centrifugal_j
2 &g Parts

&) Body.3

& Body.4

&) Body. 5

2 Fluid Region
@ Region
(&P surface Region

&2 Volume Region

[&2 Mumerical Region
(&3 Cross Section Region
= Ea Reference Point

-C2 Fluid Region

Property -~ o
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e Click Modify Parts in Navigation Panel

e  (Click on Transforms

e  (Click on mm>m

e Right click in Draw window and select all the Parts. Make sure both the parts are displayed in Selection tab.
e  Click on Execute

T Parts Control
© Import Part File,
Q eate P

=] ML@ Farts (Whole)
E-be[8 10_Simulation_of_Centrifugal_y

Data Cleaning EditSolid Edit Sheet Cross Section and Extraction @

Description
Create copy of the marked parts by scaling.

% Scale Parts and Copy
C§9Translate Parts and Cop
LBRotate by Angle and Co|

Part to modify size of Center of scaling

= e -
Impeller y: |0 m Select All Faces
2 = Deselect All Parts
Scale Deselect All Faces
X: | 0,001 Deselect All Edges
¥Y: |0.001

Hide Selected Parts
Only Selected Parts
Hide Selected Faces

Z: | 0,001
(k) == ==

The number of copies

Only Selected Faces

Show All
£
< > l Delete Parts
[Jrreview  []Overlay Execute | pump_geo.%_T has been loaded.
= A
L [ Body name is changed to case.

e  Click on Specify Discontinues Parts.
o Select Rotate from part tree. Ensure Rotate is displayed in the form and click Register.
e  (Click Ok in new message window.

e  Click Ok.

e  Select the Impeller and drag and drop it below Rotate.

@ ImportPart File - L& 10_simulation_of_Centrifugal H & Parts (Static)
PR Part4
I coce ()
- @ Impeller H
i © : =108 Parts (Moving)
dg’ L Fluid Region &) Rotate
= & Region ] rmpeiler |
@ - [b Surface Region E'Z-} Fluid Region
_:6 [&3 volume Region E% Region
= &3 Mumerical Region e B B i
oo [BL Crose Section Reainn .
Specify Disconting < Pa Y
Mame Auto creation o...  Mote
Register a part which represents a discontinuous L2
region.
Register new
<n Part [Rotate |
Prop Create condition and surface region automatically |
el [ use independent mesh o
Mat
Posé
Pasj
Posi
Sizg
Sizg
Size Delete @
OF
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2) Step 2: Click on Build Analysis Model
e  Click on Build Analysis Model
(Click OK in the pop-up dialogue)

‘3 scFLOWpre

: FilelF) Edit[) Select(S| View(V] Condition(C) Executel] Option(O] Help(H)

el sEn O Srgcs 98 du M1 o880e® ®

Mavigation w O Part Tree - O

g Prepare Parts e[ Project (centrifugal_pump)
© Parts Control | b0 Parts (whole)
© Import Part File -0 Parts (Static)
©@ Create Parts i i Bl 10_simulation_of_Centrifuy
@ Modify Parts = [@ Part4
©_Spedify Discontinuous Parts| | | i M case

. Build Analysis Model =] WL, Parts (Moving)

A

@ &) Rotate

& - L e |

S = Fluid Region

g (& Region

®

(&3 Surface Region

(&3 volume Region

[b Mumerical Region
[b Cross Section Region
EB Reference Point

scFLOWpre
g 2 et PaTEs et e s e il e
Property - used.
cance
3) Step 3: Click on Part Material
e  (Click on Part Material
e  Select Case and Rotate in Part list
e  Select Fluid in attribute and select air.
e Click Apply
e  Select Impeller in Part list
e  Select Obstacle in Attribute
e Click Apply, Click OK
v - B8 10_smuiation_of Centrify F —
@ (AL parts Material X
: e EGEE
@, Re Freps i H A
bt s VG
Egister Hegion ---@Impeller ) : Attribute
Q Conditions [ Fuid 2eq () Obstade 2
[ Octree Parameter i @zse Obstade Obstade -
‘-‘f.)) Mesh Parameter [@R[égmn . rotate Obstade Obstade
* Exeate X Kopen T T = s e Osold
<) Rotate_Plane s e e
<) Rotate_Cyinder Material
< Autate Plne(] =08} gas(incompressile) A
[a\c'olumeRegion [

airincompressible/20C)
== water_vapor(incompressible/100C;
= water_vapor(ncompressible/20C/s
helium-4{incompressible/25C)
neon(incompressible/25C)

e Rotate_Moving

[b Humerical Region
<4

[a Cross Section Region Apply

(3 Reference Paint

4) Step 4: Click Register Region

e  Click Register Region

e Insert Inlet in Region name Select X Max face
e  Click Register

e Insert Out in Region name Select Y Min surface
e  Click Register and Click Close
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MNavigation w o PartTree -
=2 £ B0 Project (centrifugal_pump}
° i Parts (Whale)
] & Parts (Static)
Qo
o
°
le, Return to Prepare Parts s
@ PartMaterial
@ Register Region
B3] conditions
) Octree Parameter L2 Fuid Region
&b Mesh Parameter &~ [ Region
7 Execute B[ surface Region
i < Rotate_Plane
Register Region
Surface Region  Volume Region  Fluid Region Reference Point
Registered region Register fEdit
Region Name Type Numbe... Target
< Rotate_Plane Surface region 2 Selected face ~ ®?
< Rotate_Cylinder Surface region 1 3
< Rotate_Plane[2] Surface region 1 S s
[arled |
Selected face
Both sides ~| | verify Direction
Face Number
Face43
List selected faces
Rename... Delete
d

- o
e ——

L
. Register Region

Surface Region  volume Region  Fluid Region  Reference Point

Registered region Register Edit

3
1 Region Name Type MNumbe... Target
<’ Rotate_Plane Surface region = Selected face ~ ®
< Rotate_Cylinder Surface region 1
h <> Rotate_Plane[2] Surface region 1 RN N
<3 Inlet Surface region 1 outet |
1 Selected face

Both sides

Face Mumber

Face72

List selected faces @

Rename... Delete

5) Step 5: Click on Conditions
e  Click Conditions

e  Click on Analysis Conditions Click Flow, Free Surface, Moving Elements and Discontinuous Mesh This all Box is enabled
File[F) Edit(E] Select{S}] View(v] Condition{C] Execute(¥] Option{O] Help{H)

e 2 ol QX SI(RREcS 9B 4= [ Ml 10000 0E &
MNavigation - Part Tree -

==Y =

L&R Project {centrifugal_pump) -~

o = [ Parts (Whole)
o - [ Parts (static) Condition Wizard
L 10_simulation_of_Cent i =
o Parta o0, Ana Conmons
o ZE Ll 2rely=s Tyo- I set the analysis type.
lg, Return to Prepare Parts S Basic ing
- Parts (Moving) = =
© Part Material = © Initial Condition
R _ iS Rotate 21-Cg Boundary Condition
=2 ) - © Flow Boundary
[T Octree Parametel =2 Fluid Region - @ Wall Boundary s
% Mesh Parameter B[ Region - @ Symmetrical Boundary )
# Execute =] &3 surface Region @ Periodic Boundary [Heat Radiation
I < Rotate_Plane @ Source Condition
< Rotate_Cylinder © Fixed Condition Rotation, translation
<0 Rotate_Plane[2] £y, Moving Elements Moving elements Discontinuous mesh
<3 Inlet © Discontinuous Mesh
P < outlet (=] FrEEI Surface : Diffusion
B+ [@ Volume Region -~ @ Analysis Contro
] B e i . [0g, Output Setting of Analysis Data [ piffusive species ] Humidity [}
& Numerical R;glun 5 - @ Output of Field File
< 5 @ oOutput of List File Multiphase flow
8 cithienOutpat [ JPartide tracking | w/o inter-parftice forces |
Property - © File Name
© Optional Conditions [ cavitation (]

e  Click Basic Setting and select Transient Analysis
e Input last cycle as 400.
e Type to Time step and Time step = 0.001 s

© IJRASET: All Rights are Reserved | SJImpact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue IV Apr 2025- Available at www.ijraset.com

=g Analysis Conditions

----- @  Analysis Type i X
.J'© Basic Setting Set the basic parameters for the calculation.

----- © Initial Condition Steady/Transient
5 Ea B g Conditin (O steady-state analysis | (@) Transient analysis
- @ Flow Boundary
- @ Wall Boundary

- @ Symmetrical Boundary Cyde
- @ Periodic Boundary Parameters of time and cyde R

g E;j;?:g:;i?;::n Parameter Value Unit Type
----- © Moving Elements Last cycle 400
----- @ Discontinuous Mesh Type Time step
----- @ Free Surface Time step 0,001 5 o
----- @ Analysis Control Set start time Do not set

aEa Output Setting of Analysis Data Set stop time Do not set

s H £ Cuabeaad o Disld Sl

e  Click on Flow Boundary condition

e  Click on Inlet and click Inflow and Outflow Condition
e Select type as Normal Velocity and value as 2 m/s.

e Liquid Volume fraction to 1(Liquid)

e Click on Set.

Condition Wizard X
B-Ea Analysis Conditions
‘‘‘‘‘ O Analysis Type ¢ Rotate_Plane -
= i Inflow and outflow condition
‘‘‘‘‘ © Basic Setting ¢ Rotate_Cylinder o
- @ Inital Condtion ¢ Rotate Plane[7] N ‘F\ux[‘%] | )

- Boundary Condition ‘D‘:) Inflow and outflow condition

(4
&) outet Type  [Mormal velocity N

i-- @ Symmetrical Boundar
m p Y Parameter Value Unit | Type
i @ Periodic Boundary o & b
‘‘‘‘‘ © Source Condition Exising Conditons... Normal velocity 12 \m,’s_: r _v_J
‘‘‘‘‘ © Fixed Condition Inflow turbulence type Turbulence intensity and ratio
% Moving Elements Turbulence intensity 5 % i
‘‘‘‘‘ © Discontnuous Mesh Ratio (eddy viscosityfm... 100 - s
‘‘‘‘‘ © Free Surface Liquid volume fraction type  Specify value
- @ Analysis Control Liquid volume fraction 1 (Liquid)
-] Ea Output Setting of Analysis Data
i@ Qutput of Fiekd File
0 Dot of ik Gl
e  Click on Outlet and click Inflow and Outflow Condition
e Select type as Static Pressure
e  Pressure value as 0.
e Liquid Volume fraction to Natural
e  Click on set.
g EZZE:Z'Z?nEder Inflow and outflow conditon
g Sl S Mame [Fusrs | &
— ifﬂg‘I:UXEﬂ Type ISiEEc pressure ot Homy =
3‘3 Fnckc] Parameceter value Wit Type
Pressure [=] L. 2T
Inflow turbulence tvpe Turbulence intensity and rato )
Turbulencs intensity s i E% ¥
Ratio {eddy wiscosityfm... 100 - T
Liquid wolume fracton type Specify walue
Liguid volume fracton 1 {uiguid)

Description
Specifies static pressure at the specified surface. This can only be applied on surfaces
recognized as outflow. This type will restrain the badoward flow at the outflow surface and
stabilize the analysis.

Set direction normal to region Prewisw Remone Set
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e Click on Free-surface. In material tab for gas region refer and select air, in liquid material refer and select water.

©@ Other Output

ditio d X Select region
£y Analysis Conditions
© Analysis Type Material Region Name Material
. Eas.\t Setnn.g Surface Tension Gas region ‘ | I Refer... : = e air{incompressible (20C)
A il Conition Boundary Treatment
£y Boundary Condition 8ol {Condensation e ‘ | W
@ Flow Boundary
Evaporation/Condensation
© Wall Boundary W s . 3 Njm
6 Sy iy Hoksia ping Surface tension coefficent | |
. Wave Generation
@ Periodic Boundary
@ Source Goncdiion el et Select material X
© Fixed Condition
@ Moving Elements
© Discontinuous Mesh (&) gas(incompressible) A
-[ig) gas(compressible)
'© Andlysis Conrol (), gas(compressible +temperature_depe
£ Output Setting of Analysis Data & “‘d(‘mp@“ihe)
© Output of Field File PRCUN M I
© OutputofListFie bromine{incompressible[20C)
fithium(incompressible/227C)

sodium incompressible[127C)
aluminium incompressible /700C)
potassium(incompressible/127C)
zinc{incompressible/500C)
rubidium incompressible/100C)
cadmium(incompressible/400C)
tinfincompressible/240C)
antimony (incompressible/700C)
caesium({incompressible/30C)
mercury(incompressiblef25C)

..... 2 lead(incompressible/400C)

© File Name
@ Optional Conditions

e Select on moving elements

e  Select Rotate-Moving.

e  Click on New.

e 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.

e  Set Angular velocity to 1000

e  Click Preview and Once all the settings are correct click Ok.

X I Maving Condition

=) Ca Analysis Conditions
..... O Analysis Type Create maving conditions. Name ?
----- Q Basic Setting
""" © Initial Condition Name Note Parameter Vale Uit Typ
=L Boundary Condition B
Ca Q Flow Boundary ‘m s Holken e L
@ Wall Boundary 2 Rovate Settng type Spedfy vale
@ Symmetrical Boundary Edt... RDTBTJ.on Ll ) L
“““ @ Periodic Boundary e Rotate_Moving Rotation center ¥ 2.433952312e-17 m
_____ © Source Condition Remove Rotation center Z -2.927462417e-17 m
..... i i Rotation axis X =1
Moving Elements Rotation axis Y 0
----- © Discontinuous Mes Bxisting Rotation axis Z 0
----- O Free Surface o Angular velocity 1000 mm |
----- Q Analysis Control Speed in axial direction 0 mfs in)
=3 Cutput Setting of Analysis Data
----- © Output of Field File G
----- © Output of List File moving...
----- © Other Output
“““ Q File Name Repulsion...
© Optional Conditions
Calculate axis from part shape

Calculate

[ E Preview | oK Car)

e  Click on Output of field file Select Output setting of Analysis data
e In output timing select every specified time interval, time interval = 0.1s and Initial field = Output
e  Click Finish
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=-Cg Analysis Conditions
e @ A I is T
TS T Dutput Setting of Analysis ] st the output conditions of ficld files.
B Surface Data
Initial Condition -
warisbles
i Parameter values Unit Type
Ocurl;ldaryﬁcong“:on Loy e (=] t timis E ified 4 intbes 1]
owe Boundary ool il e wutput timing wery specified time interval
@ wall Boundary Time interval 0.1 s
= Element Informaton (Measy _
© Symmetrical Boundary Initial field Cutput
c Options

@ Periodic Boundary Awveraging Mo averaging
Source Condition
Fixed Condition
Moving Elements
Discontinuous Mesh
Free Surface
Analysis Control

= is Data
Sotout o

- @ Other Output
- @ File Name
- @ Optional Conditions
< >
<csek | | vesenn

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

e C(Click Ok

Navigation ~ @ PartTree -~
== )52 0 Project (centrifugal_pump) ~ ‘
-l = Parts (Whole)
° £1-BAGS Parts (Static) Octree Parameter >
-’ - B0 10_Simulation|
° MGG Parta
- P2 EE| O Targetnumber of elements | 100000
le, Return to Prepare Parts n P il
© PartMaterial A (O Minimum size 0.001903817454 | m
© Register Region i =
Bl Condision o @ Octree parameter
) Octree Parameter 3 Fluid Region
- s &3, Region
* Execute B[ Surface Region Create Octree
< Rotate_Plane
---------- < Rotate_Cylinder
£ Dotnte Dozl

Basic Settings

Size f
T ize for regions

< Region Size Range
Prd 9 airfincompressible/20C) (FuidR

case 0.01
P Rotate 0.01 []
& Impeller 0.001 [}
P Rotate_Moving
<P Rotate_Flane
<P Rotate_Cylinder
<P Rotate_Planel2] nehel
<P nlet >> Cancel
“Poutlst
<P Patt surface (@case)
<P Part suface (@Rotate)
<P Patt surfacs (@Impeller}
<P No-slip wall

]

Influence range

[ Confim 5= ]

[ Evaluate the influence range using the size from [Basic Settings] @

Create oK Cancel

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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5 SO I

£ r] Mesh Parameter <

Thickness and rumber of prism layers

q Thickness coefficent 0.2
| Number of layers 2

| Detail..
Other paramsters
<

ﬂ () Stability-oriented
Pro

O Detailed seting

Mesh Parameter |
Set values of stabiity-oriented type L

Set values of modsl shape-oriented type

r lreated because the rotation speed is 0.

oK. | ce region @WALL

LS T 15965
Modes  : 64107

Elements : 17326

File D:\477_sc_flow\centrifugal_pumpl202504162 12553centrifugal_pumpcentrifugal_pump.oct has been loaded.
assembly name is changed to MeshingGroup_1_Default Octree.

8) Step 8: Click on Execute
®  (Click on Execute.

® Make sure you enable Execute solver.
e Click Ok.

e
Coﬁ o ¢ oI impeller Erecute X
g B0 octee
@ Octree Parameter Execute
c& MeshParameter | |T [g Flid Region Exeaute folowing tast,
* Breate E[% Regon Execute foloning tasks. Task
B % Surface Region
Check registered regions
P 4 Rotate Pie Build analyss mode! TR
----- 4 Rotate_Cinder . s 0
_____ ) Rotte Pl Generate octree for meshing ~ Generate m;
----- £ Tniet [AGenerate mesh et e
- § utet Generate surface mesh
[Asave fles for the analyss Tnsert prism layers
=) Q} Volume Region i
i e Rotate Moving v Mesh file Generate tera me:
7 5 ®sae (Obonotsave Convert to palyhedral mesh
- Create fils for the analysis
Property vl Analysis condition fle Save mesh fil (centrifugal_pump.gph)
®5ave (Oponot save Save $PH fle (centrifugal_pump.sph)
- Save project
- Execute analysis
Launch solver (centrifugal_pump.sph)
; x | !
Y aelF S
] scrLwpre vl exitwhen solver i launched | Concel
4
Message vl
Preview cannot be created because the rotation speed is 0. A
Adds faces to surface region @WALL
===(ctree Information ===
Octant : 15964
Nodes 164107
Elements : 17326
File D:\477_sc_flow\centrifugal_pump)20250416212553centrifugal_pump\centrifugal_pump.oct has been loaded.
Assembly name is changed to MeshingGroup_1 Default Octree.
< > v
CAP NUM SCRI

9) Step 9: Click on SC Monitor

® (Click on SC Monitor Execute

®  (Click import SPH file path.

®  Click Execute and waiting for Run
e (Click T Post Processor icon.
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Matrix relative error

B X component of velocity
B Y component of velocity

B Z component of velocity

O Pressure

B Turbulent kinetic energy

Relative error

M Specific turb. dissip. rate

M Liquid volume fraction

1 10 20 30 40 50 60 0 73

Cycle

Figure 2 Check the Matrix Relative Error Status of Simulation.

Velocity min/max

62.4

_ B U-velocity MAX
B U-velocity MIN
| W V-velocity MAX
\ | B v-velocity MIN
B wW-velocity MAX
B wW-velocity MIN

Velocity

-70.7

115
1 10 20 30 a0 50 60 70 BEB1

Cycle

Figure 3 Check the Velocity Status of Simulation.

10) Step 10: Post Processing
e confirm the status of job in [Job schedular] as ‘Reached steady state normally’.

e Select %‘ to launch post processor.
e Select [Plane (1)] from control window. In [Contour] select Magnitude of velocity for Variable and click Redraw icon %‘

e  Contour of Liquid volume
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Liguid Volume Fraction

1.00

= 0.87

B
.73
.60
.46

e  Contour of Velocity Vector

ntrifugal pump_ 400. fph

Relative Velocity of Moving
11. 68

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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