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SCORG™ Setup for CFD Simulation of
Twin Screw Machines with Simerics Inc.
Simerics-MP+® Solver

SCORG™ is the CFD grid generation tool for rotary twin screw machines. The tool includes
additional modules for designing and editing rotor profiles, executing a thermodynamic
calculation based on quasi 1D chamber models and generating the deforming working chamber
grids for selected commercial CFD solvers. For more information on the product please visit
the website: www.pdmanalysis.co.uk or refer to documentation help.

This guide lists the steps for setting up a CFD simulation for Twin Screw Compressor with
SCORG™ and Simerics MP+ Solver. The user is expected to be familiar with screw machines,
CFD and Simerics MP+ in order to be able to use these procedures. It is highly recommended
that books on that topic are studied*?

Refer SCORG™ Installation Guide for system and hardware requirements.
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LN. Stosic, I.K. Smith, A. Kovacevic Screw Compressor Mathematical Modelling and Performance Calculation, Springer,
UK 2005, ISBN-10 3-540-24275-9

2 A. Kovacevic. N. Stosic, I.K. Smith, Screw Compressor Three Dimensional Computational Fluid Dynamics and Fluid
Solid Interaction, Springer, 2006, ISBN 3-540-36302-5
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1 Introduction

Screw Compressors are rotary positive displacement machines. Although the working principle
of these machines is simple, the geometry of rotors which are in the form of multi -lobe helical
screws meshing with each other, is making analysis by use of Computational Fluid Dynamics
(CFD) challenging. The process starts when the lobes are engaged at one end, which creates
continuous increase of the volume between the rotors and the casing which reduces pressure in
the suction domain and draws the working fluid in. Further rotation of the rotors makes this
volume between the rotors and the casing enclosed when the compression of fluid begins. This
increases the pressure within the chamber. Further rotation exposes the pressurized fluid to the
outlet port and the fluid is delivered (Stosic, et al., 2005). Similar process is occurring in other
helical screw machines such as pumps, vacuum pumps, gear pumps, expanders, extruders and
motors. The CFD is equally challenging in such machines due to sliding and stretching

The main objectives of CFD simulations of a screw compressor are to:

a. Obtain the pressure field inside the rotor chamber and in the suction and discharge
domains. Example shown in Figure 1-1.
Obtain the velocity fields in critical regions of the computational domain.
Obtain temperature fields in critical regions of the computational domain.

d. Obtain integral parameters of the machine such as power, mass flow rate, discharge
temperature, torques on the rotor shafts, etc.

e. Obtain the loads and temperatures on boundaries with solid parts of the machine for
further structural and thermal analysis.

P-a diagram for the Screw Compressor
'N' profile, 5/6, 128mm, 5000rpm

— = - CFD Model - Sbar
— — CFD Model - 8bar
- = = = CFD Model - 7bar
CFD Model - B bar

o Measure - 9 bar
o Measure - 8 bar
A Measure - 7 bar
¢ Measure - B bar

Pressure [bar]
m

0 50 100 150 200 250 300 350 400
Angle of rotation [deg]

Figure 1-1 Pressure Variation diagram of a Twin Screw Compressor (Kovacevic, et al., 2007)
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This Tutorial will provide a step by step guide for the procedure to setup and execute a typical
twin screw compressor, pump or motor simulation. An example of a dry air compressor with
3/5 lobe combination, L/D ratio of 1.6 and wrap angle 285 deg has been considered.

2 SCORG™ Project

» Launch SCORG™ on the Desktop.
» Select File > New

File | Edit Run View Units Help
|1 New.. Ctrl+N
Open .. Ctrl+0

Close

Save Ctrl+5
Save As...

Import
Export

Most Recent
Exit Ctrl+0Q

PoxEao@e @ 15T

» Select N35_Template.spt > Open

@v|j <« Development » SCORG(C) » SGUI » Scorg » bin » Templates - | 3 | | Search Templates el |
Organize v MNew folder ==~ d o
S Eavorites MName ° Date modified
B Desktop Ad6_Template.spt 27/08/2014 11:46
|18 Downloads Circ46_Template.spt 27/08/2014 11:46
2] Recent Places Inv22_Template.spt 27/08/2014 11:46
1 SkyDrive Inv33_Template.spt 27/08/2014 11:46
£ & N35_Templatespt 27/08/2014 11:46
E Libraries M45_Template.spt 27/08/2014 11:46
Documents M46_Template.spt 27/08/2014 11:46 No preview available.
o' Music M56_Template.spt 27/08/2014 11:46
[E] Pictures M57_Template.spt 27/08/2014 11:46
Subversion M67_Template.spt 27/08/2014 11:46
B videos
. Computer
&, Local Disk (C)
e D) - 4 [l 3
File name: N35_Template.spt - ’Scnlg template (spt) (*.spt) v]
[ Open ] ’ Cancel ]
)
™ .
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» Save the project in a new folder named TwinScrewSimericsSetup -
SCORG_Grid_Tutorial.spf
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QOrganize =

3 Documents

J‘. Music

le=| Pictures
gﬂ Subversion

E Videos

1% Computer
£ Local Disk (C3)
s DD
Cs% Sham_2014 (\\Sk

3% Sham (\CFDPC)

“+ Hide Folders

File name:

Mew folder =~ @
i MName : Date modified Type
. SCORG_Grid_Tutorial 19/09/2014 16:56 File folde
4 | 1 k
SCORG_Grid_Tutorial spf -
Save as type: | Scorg Preject file (spf) (*.spf) ']
Open l I Cancel ]

» The GUI of SCORG™ in the figure bellow shows the mains items of the front panel.

Fie Edt Run View Unts  Hep
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» In Units Tab, Select Length units as ‘m’. This selection has to be the same as the units
in which input profile coordinates are available.

EJ AU - [SCORG V5.4]

I File Edit Run  View Units Help
DEde»el a0 @
Inputs Units Properties
Variable Units it
Pressure [Pa Il
Temperature R x|
Length m -
Density kg/m® |
SpecificHeat JAka Ky |

i -

» Go to Help - Tutorials > Folder opens
» Copy the compressor rotor profile files > [ 35MaleProfile_P1.dat and
35FemaleProfile_P2.dat ]
» Copy the compressor suction and discharge port grids >
[ SCORG_Simerics_Tutorial_Ports_V5.0.sgrd ]
» Copy the setup template - [ SCORG_Simerics_Tutorial_V5.9.spro ]
» Paste these files in the working directory - TwinScrewSimericsSetup

[ SEEC)
(_J{_)[J « SCORG() 2014 » Development » SCORG(C) » Tutorials « [ 43 ][ Search Tut.. P
Organize * E Open Burn Mew folder =~ [ i@'

" Favorites - Mame ’ Datem
=1
B Desktop \Z| 35FernaleProfile_P2.dat 11/08/2
& Downloads = =] 35MaleProfile_P1.dat 11/09/2) | =——=—
1= Recent Places Eﬂ SCORG_CFX_Setup_V5.0.docx 01,/09,2
J SkyDrive — @) SCORG_CFX_Tutorial_Ports_V5.0.cfx 31/08/2
| 7] SCORG_CFX_Tutorial_V5.0.ccl 31/08/2
sl Libraries T SCORG_Pumplins_Setup_V5.0.pdf 19/09/2
3 Documents | SCORG_Pumplinx_Tuterial_Ports_Y5.0.sgrd 19/09,2
J’. Music

[ | e
-
@Uv| ;o D (D] » TwinScrewPumplingSetup » - |¢¢| Search o Pl
Organize - Include in library « Share with + Bunm = F= = [Tl IZIEI
P -
~f Favorites Mame
Bl Desktop = , SCORG_Grid_Tuterial
& Downloads |Z| 35FemaleProfile_P2.dat
:i; Recent Places |Z| 35MaleProfile_P1.dat
) SkyDrive |7 SCORG_Pumplinx_Tutorial_Ports_¥5.0.sgrd
- Libraries <

3 \ ™
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» Goto User Profile > Browse and Select the Male Rotor Profile from working directory.

35MaleProfile_P1.dat

= User Profile
Import Impart Reset To
Male Female Imported
Default Profiles
. Feset To
‘ Write To Default ‘ | Defaut
Profile Transformations
Apply to both Male Female
Rotate (Deq) 0.00 =/ |(0.00
Scale 1.000 = {1.000
Hip Coordinates
Mirror About X
Mirror About Y
| ACCEPT Transformations

» Click ‘Yes’ to overwrite P1.dat.

Chverwrite

[9} P1.dat already exist would you like to overwrite it!

» Similarly Select the Female Rotor Profile.

35FemaleProfile_P2.dat

» Click Write To Default.

5O
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= User Profile
Import Import Reset To “
Male Female Imparted
Default Profiles
; Reset To
Write To Default “ Default
4
Profile Transformations
Applytoboth [C]  Male Female
Rotate (Deg) 0.00 =/ |0.00 B
Scale 1.000 = |1.000 =
Flip Coordinates = [
Mimor About X [ [l
Mirror About Y = [
[ ACCEPT Transformations ]

» Click Refresh to view new profiles.

B3 DATwinScrewPumplinkSetup\SCORG_Grid_Tutorial I

File Edit FRun View Units Help

NEHS ¢ odxXE O08e T 129
Selections] Properties User Profile %
‘ 4. SCORG_Grid_Tutorial i
{ Prrfila Satiim

» Inspect the Rotor Profile in the GUI for gaps in the tips, starting points of the profile
indicated by the small yellow circles. Below is the required orientation.

—

<*ZSCORG"" © PDM Analysis Ltd, 2022 Page | 7

~



SCORG™vV2022, 2022

Ooioon

» Set Project Units to Sl

E3 D:\Twinscrewpump|inxsetup\scone_ﬁﬁd_mtorim'—
File Edit Run View | Units | Help
DE A3 e~ (E

SI(m, kg, m/sk

Selections | Properties (m,kg,m/s k)
Imperial (psi,*F,inch,Btu/{Ib.*F))
4 - SCORG_Grid_Tutorial

Profile Setup More...
i Profile Elements mll

SI{mm, kg, m/s,c)

» Set the following Profile Parameters to get desired clearance size:

GAPI =0.06mm
GAPR =0.06mm
GAPA =0.05mm

*Setting GAPI = 0.06 sets the minimum interlobe clearance as the GAPI.

—

|
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» Go to Geometry - Set the following parameters:
=L_Botor Confiouration
Relative Length 16
Ratar Length 0 mm
Wrap Angle 285 Deg
Btk | ow Pressure Po .
Pitch High Pressure Port 0 mm
Rtar Pitch [Un'rforrn -
Riotar Profile [Ccnstant -
Main Rotor Centre X 0 mm
4 Profile Main Rotor Certre 0 mm q
: lml Main Rotor Certre Z 0 mm
¢ i User Profile Main Rotor Start Angle 0 Deg
I - Geometry Riotor Stage Mumber 0
> - Themodynamics Main Rotor Helx [Rgt |+ 3
[ - Grids :
Gate Rotor Position [nght - ‘
= Profile Setup = __Machine Confiouration ___
Profile Choice User Sp... |- Machine Type H
Puis Distance 92 mm N Gate 1
71 El Compression Start 1] Deg
2 : eg
D 0.0 Volume Index 18
GAPR 0.06 mm E Rotor 21 GPa
GAPA 005 = al Rotor 1E05 m.m./K
o E Casing 211 GPa
Clearance Distribution ol Casing 105 K
= User Prefile

» Go to Thermodynamics > Set the following parameters:

= Working Conditions

Wtip 666665 m.s
Raotor Speed

293 K
Tr 350 K
Tevp 268 K
Tecond 313 K
T Ambient 293 K
Ts 0 K
X 1

» Save the Project.

3 \ ™
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3 SCORG™ Mesh Generation

SCORG™ is stand-alone numerical CAD-CFD interface used to generate a numerical mesh of
rotating parts of a screw machine and to transfer it to a general finite volume numerical solver.
The program generates a block structured hexahedral numerical grid for rotor flow domains,
solid rotor domains, inlet and outlet ports.

Inputs Required

In this step the rotor domain mesh is generated in SCORG™. The inputs required for this mesh
generation are: (Kovacevic, et al., 2007).

Control Parameters:

Type of the machine.

Number of mesh divisions along the lobe in circumferential direction.
Number of mesh divisions in radial direction.

Number of Angular divisions of the rotation.

Control Switches:
These Inputs are used to specify the method used for Rotor Profile Input and the required
mesh calculation options.

» Click Grid Module in the project tree  =_Rotor Mesh Size

» In Mesh Type Size set: Circumferential Divisions Main Rotar 0

o Circumferential Main =0 Circumferential Divisions Gate Rotar &0
o Circumferential Gate = 60 Radial Divisions 8
o Radial =8 Angular Divisions 50
o Angular =50 Auial Divisions 0
o Interlobe Divisions = 50 Interlobe Divisions 50

» Distribution Parameters:
These inputs are used for adaptation and distribution of the grid points on the boundaries of
the domain and for smoothing of rack (Rack is the curve representing a rotor with infinite
radius which uniquely separates the flow domains of the male and female rotors).

o Type of Distribution - Casing to Rotor Conformal

Casing to Rotor Conformal
3

= Distribution Paramete
Type of Distribution
K Main

Rack Smoothing Factor 0.8

Project on Main profile Yes e

—
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» Meshing Parameters:

Meshing parameters provide control over the distribution of the internal mesh points in each
cross section of the rotors.

= Meshing Parameters

o Otragoraty S| |
Relaxation Factor (0-1) 1

Tolerance Factor { 1-100) 100

Inflation Layer Contral

Radial Bias Factar (0-1) 0.5

Radial Bias Intensity (1-10) 1

o both the distribution and meshing parameters can be changed later

» Start Grid Generation through a three step process as below.

» Select Rack Refinement Points = 500

= Control Switches
Rack Generation
Rack Refinement Points

Boundary Generation
Fluid Retor Grid

Solid Retor Grid

Inlet Port Grid

Outlet Port Grid

2/g2(2/glgk
L

Preprocessor Input File Simerics-MP+ w
Wertex Files Start Number 1
Wertex Files End Mumber 50

» Click Numerical Rack Generation

File Edit Run View Units Help

NEH e o2 XE0|oadIdore
rl . -\-‘I-—\. - e If-ll___l'.l__l'.l_ t:‘I

Tl T £ b

This operation produces the rack curve between the two profiles. It is required to be executed
only once in the grid generation process.

<*ZSCORG"" © PDM Analysis Ltd, 2022 Page | 11
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Default profiles! .t

P1.dat and P2.dat files have been replaced. Do you want to
! use them as default profiles?

Yes Mo Cancel

» Click Boundary Distribution Generation

File Edit Run View Units Help
NEd e xa0|¢eadéilFO0oT &

Inputs\] Properties | Units LIser Profile x\]

L Ay

Information about the progress of the selected activities in the meshing procedure is displayed
in the output window. Any warning or error and their locations are indicated. If errors occur, it
is important to manually tune the input parameters which will produce a mesh without errors.
Graphically the mesh distribution in each section can be visualized and checked for any
deviation from requirements. The detailed description of methods used for distribution,
adaptation and generation of numerical mesh is available through the Help in the drop down
menu.

» Inspect report and check that there are no distribution warnings listed

4 SCORG" © PDM Analysis Ltd, 2022 Page | 12
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C:hWSCORG \Grid=echo off
iﬁéi&ﬁﬁﬁhﬁﬁ.;.&Eﬂééé&ﬁ ....................................................
ProjectPath = D:\TwinscrewCFxSetup’,SCORG_Grid_Tutorial
SCORG - Screw COmpressor Rotor Geometry grid generator v.5.9
............................................................. 3/ 3/2021...
Screw compressor/p Wrap = 283.2 RPM=12344. vel= B82.3 Ncel= 566400

Z1/Z2= 3/5 d1=127.38 [mm] d2=120.32 [mm] a= 93.00 [mm] Ten=216.45% [mm]
"Nfi Nr Nz Nadd Rot Rack Boun Mesh RotM InpP OutP Prep Rasm Line 01l
a0 & 118 50 3 1 1 0 0 0 0 0 1 1 0

Calculation: ROTOR 1: 0.00 pist ©.00 Cos 2: 0.00 ang. 0.00 sin
Calculation: RACK smoothing factor: 0.80 smooth: ON
Calculation: BOUNDARY Male = 300 Female = 300

Initial smoothing Distribution:Casing to Rotor Conformal

TFI_Mesh routine - Rotor 1

TFI_Mesh routine - Rotor 2

Initial smoothing GRID RelaxFac, TolFac, RadBFac, RadBInt, InterlobeBInt

1.0 100 0.5 1.0 2

sh routrine
Distribution Type: Casing to Rotor Conformal |

Cell statistics overall number of cells 0
.Rotor fluid 0 .Inlet port 0
.Rotor solid 0 .outlet port 0
‘start: 11:23:18  End: 11:24: 2 Running time: Oh: Om:43s = 42 sec

............................................................. 3/ 3/2021...
SCORG - Screw COmpressor Rotor Geometry grid generator - Ver. 5.9

» Click Distribution Mesh to visually inspect the distribution in each cross section

EX D\ TwinScrewCFXSetuph\SCORG_Gnd_Tutonal
File Edit Run View Units Help

1GHd3|[¢»00XEO0OCe D

Selectionsw Properties User Profile %

Ce ma|)s

Distribution Mesh

» - SCORG_Grid_Tutorial -~
» - (Geometry
» - Thermodynamics
3 \ ™
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» Inspect all the distribution positions that O error are reported in each
position.

» Click Rotor Grid Generation

n View Units el

File Edit p
1Fdle~ocxmolesdau@ore e rm o
I'r-l.-..-...hwl [ I =z lloar Prafila t;‘l

» Inspect report and check that there are no grid errors listed

3¢ SCORG" © PDM Analysis Ltd, 2022 Page | 14
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x x( Rotor Grid %)
Distribution Mesh: Quality Criteria:
[ ~ | ]| [Mene ~] [ Show Rotors | Guaity Report
l.."
L
Uity 0,
i
Lo 2 -
GEEEERER =
SRR i g2
SR o
= G

1t

iispn

Ui

T

T

it
S

o =
% S A
SRS
Y
\\\\\\\\\\ uantey “‘lllll"," EEE'H'%\%@#
NNt =~
R N 558 5
v T A R W s,
A R TR ey, Iy 00
TR ittty My e
Eox f “ﬁﬁﬁ&ﬁ%ﬁﬁ° ”WW%%ﬂmﬁ? i
!

Installrath C:\SCORG

ProjectPath = D:\TwinscrewCFXSetup'SCORG_Grid_Tutorial

SCORG - Screw COmpressor Rotor Geometry grid generator V.5.9
SCrew compressor/p wWrap =

3/ 3/2021...
283.2 RPM=12344, vel= B82.3 NCcel= 566400
Z1/2Z2= 3/5 d1=127.38 [mm] d2=120.32 [mm] a= 93.00 [mm] Tlen=216.45 [mm]
‘Nfi NF Nz Nadd  Rot Rack Boun Mesh RotM InpP OutP Prep Rasm Line 071
a0 & 118 50 0 0 0 1 0 0 0 0 1 1 0
calculation: FLUID GRID RelaxFac, TolFac, RadBFac, RadBInt, InterlobeBInt
1.0 100 0.5 1.0 2
TFI_Mesh routine - Rotor 1
TFI_Mesh routine - Rotor 2
PDE_mesh routine - Rotor 1
PDE_mesh routine - Rotor 2
PDE_Interlobe_mesh2 routine: smooth Interlobe
.&HE&ELEF%HIL.ﬁbibFE ........... R R R R
Check_crid - rRotor: 2
write 2D Grid Data
Grid Data Count:
Male rotor domain, vertices: 321300, cells 283200
Female rotor domain, vertices: 321300, cCells 283200
WriLLen Concrol. dac
AT EIEEYE T SURRLEREEE Sonnall Mo bE LaiiL e
.Rotor fluid 0 .Inlet port 0
.Rotor solid 0 .outlet port 0
‘start: 11:29:31  End: 11:29:42  Running time: Oh: Om:10s = 2 sec

3/ 3/2021...
SCORG - SCrew COmpressor RoTor Geometry grid generator - ver. 5.9

» Click Rotor Grid 2D Mesh to visually inspect the grid in each cross section

o) .
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x( Rotor Grid_ )
Qualty Crteris

x
Gualty Report

Distribution:

[ Show Rotors

Mesh

[None
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» Click Quality Critera - Error Cell and Inspect.

Aa@algoTe@ e

x(RoorGrid =)
Main Errors: 0

Qualty Critera:
Gate Errors: 0

Mesh:
1

Distribution:

1 -

» Click Quality Critera - Orthogonality and Inspect.

x( Rotor Grid X

Quality Criteria:
Orthogonality I Show Linesl | Quality Report |

4

» Inspect the 3D mesh

5O
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Select Rotor Position
Unfform Rotor Geometry

=-[¥]Main.1
[¥]Main_Ax_HP
i -[V]Main_fx_LP
+ [TIMain_Casing
[¥]Main_Rotor
&-{V]Gate.1
[V]Gate_Ax_HP
i -[V]Gate_Ax_LP
: [|Gate_Casing
[¥]Gate_Rotor
[ Wireframe
(-] Sealing Line

» In Control Switches = Preprocessor Input File select > Simerics-MP+
» Set Vertex Files Start = 1
» Set Vertex Files End = 50

Hff v
500
Boundary Generation Cff W
Fluid Rotor Grid Off w
Solid Rotor Grid Off e
Inlet Port Grid Off o
Outlet Port Grid Off e
Preprocessor Input File Simerics-MP+ e
Vertex Files Stat Number 1
Wertex Files End Number 50

» Calculate Preprocessor Files Generation

(*}SCORG"’ © PDM Analysis Ltd, 2022 Page | 17
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Edit Run View Units Help

.

NEHde~»@2xXao| ¢addIToTe
" - A

-

-

I"-I | IS o B = [ _t\:‘l

-———Generation of Rotor Pre Processor files
Checking volumes in Male

Min/Max volume= 2.5494173e-11 2.4967806E-08
Boundaries:
Rotor_male
Casing_male
Axiall_male
AxialZz_male
Zones:
Fluid_male

Checking volumes in Female

Min/Max volume= 1.8902525e-11 3.7128007e-08
Boundaries:
Rotor_female
Casing_female
Axiall_female
Axial2_female
Zones:
Fluid_female

Number of grids = 1

Boundaries:

Rotorl_rotor
Casingl_rotor
Axiall_rotor
Axial2_rotor

RotorZ_rotor
Casing2_rotor
Zones:

Fluid_rotor

Simerics-MP+ SETUP Grids written

Generation of time step grid files
start time step:

End time step: 50
RoTOr 1, Grid position 1
(=t T 1 mradd Rncatadnn el

» With this the SCORG Project is complete and the Simerics-MP+ setup can be started.

» In the directory structure of SCORG Project > Grid - Output consists of Simerics-
MP+ folder.

» Copy files in this folders to the project working directory -
TwinScrewSimericsSetup

» These are Rotor grids and the Simerics Template Setup

—
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~



SCORG™V2022, 2022 ® “d PDM

g analysis
-
= |:| SCORG_Grid_Tutorial
= (7 Grid
7 Input
= (3 Output
dat
arids
= [0 Simerics-MP+
FemnaleRotor sgrd
MaleRotor sqrd
Setup_Compressor_Rot
Setup_Tutorial_Compre
SingleRotar sgrd
tmp
[+ (7] Reports
(7] Results
(] Prafile
() Thermodynamics
SCORG_Grd_Tutorial spf
Settings xmil
» The highlighted files are required for full setup.
' @ = | Simerics-MP+ — O X
Home Share View 9
u <« SCORG_Gnd_Tutorial » Gnd » Output » Simernics-MP+ v 0 2
[ Desktop - Mame Date modified Type
= Documents FemaleRotor.sgrd 02/03/2021 14:24 Simeri
4 Downloads MaleRotor.sgrd 03/03/2021 14:24 Simeri
J‘! Music [8] setup_Compressor_Rotor.spro 03/03/2021 14:24 Simeri
= Pictures [8] Setup_Tutorial_Compressor.spro 03/03/2021 14:24 Simeri
E Videos SingleRotor.sgrd 03/03/2021 14:24 Simeri
22 Windows (C)
- Work (D)
5 items =2 (=

4 Simerics MP+ case setup

» Launch Simerics MP+
» Select Open - New —> Import port and singlerotor grid

» Save as [ TwinScrew35 Compressor.spro |

<*ZSCORG"" © PDM Analysis Ltd, 2022 Page | 19
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Mesh Model Simulation Results B X
Import/Export Geometry or Grid

Split/Combine Geometry or Grid
Transform Geometry or Grid
Grid and Geometry Information
General Mesher

Template Mesh,/Surface

Rotor Template Mesher

Yalve Template Mesher

Properties B X
L= £ rH w Import Grid From Simerics Grid File
Import Grid -
Grid Type 30 Grid b
Grid Format Simerics Grid File -
3 \ ™
¢-k}SCORG © PDM Analysis Ltd, 2022 Page | 20
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~
&% Select File

« A <« TwinScrewCFXSetup » SCORG_Grid_Tutorial » Grid » Output » Simerics-MP+ v ] Search Simerics-h
Organise » New folder =

@ OneDrive - City, U ~ MName Date modified Type Size

FermaleRotor.sgrd 03/03/2021 14:24 Simerics Grid File 17,640 KB

@ OneDrive - Persor
i MaleRotor.sgrd

Simerics Grid File 17,640 KB
SCORG_Simerics_Tutorial_Ports_V3.9.5grd 09/08/2019 0%:14 Simerics Grid File 25,644 KB
SingleRotor.sgrd 03/03/2021 14:24 Simerics Grid File 34959 KB

8 Qsync

& This PC
_J 3D Objects
[ Desktop
@ Documents
* Downloads
J‘& Music

= Pictures
B videos
e Windows (C)

- Work (D)
w

File name: | SingleRotor.sgrd v| Simerics Grid File

» Click Screw Module - Save As - SCORG_Simerics_Tutorial _V5.9.spro

I = | Simerics-MP+ — O bt
Home Share View 0
— A <« SCORG_Grid_Tutorial » Grid » Qutput » Simerics-MP+ v 0 2
@ Qsync " Mjmtnr.'l |:] rotor. 16 |:] rotor.31 |:] rotor.46
| | rotar.2 | Jrotord7 | Jrotor32 | | ] rotord7
E This PC |J rotor.3 |J rotor.18 |J rotor.33 |J rotor.48
- 3D Objects |J rotor.d |J rotor, 19 |J rotor.34 |J rotor.49
[ Desktop |J rotor.3 |J rotor.20 |J rotor.33 |J rotor.30
E] Dacurments |:] roter.6 |:] roter.21 |:] rotor.36 SCORG_Simerics_Tutorial_Ports_V3.9.sgrd
* Downloads IT-I rotor.7 IT‘] rotor.22 |T‘] rotor.37 IE SCORG_Simerics_Tutorial_V3.9.5grd
J’ Music IT-I rotor.d IT‘] rotor.23 |T‘] rotor.38 || (&) SCORG_Simerics_Tutorial_V3.9.5pro I
. | | rotor.g | Jrotor24 | |rotor39 SingleRotor.sgrd
&= Pictures |J rotor,10 |J rotor.23 |J rotor.40
m Videos |J rotor11 |J rotor.26 |J rotor.41
= Windows (C:) |:] roter,12 |J rotor.27 |J rotor.42
- Work (D) |:] rotor,13 |:] rotor.28 |:] rotor.43
& Network |;] rotor. 14 |;] rotor.29 |;] rotor.44
= | Jrotor3 | Jrotor30 | | rotord3
W
54 items == &=

Copy rotor.1, rotor.2 etc files to the working directory.

» View Geometric Entities by Type:

4 SCORG" © PDM Analysis Ltd, 2022 Page | 21
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A

¥  Geometric Entities

B 7] £} £ &) >

~ [ Boundaries
[] Axiall_rotor
Axial2_rotor
Casing1_rotor
Casing2_rotor
Rotorl_rotor
Rotor2_rotor
discharge_mgi_screw_axi
discharge_mgi_screw_rad_1
discharge_mgi_screw_rad_2
discharge_outlet
discharge_wall
suction_inlet
suction_mgi_screw
[ suction_wall
~ Interfaces
Interlobe_rotor
v [ Volumes
D\schargepurt
Fluid_rotor
SuctionPort
v [ Built Meshes
DD\schargePclrt

AR EEREEEREEE

[ Fluid_rotor
[ suctionPort
» Add Flow-Turbulence and Heat modules.

B Physical Model Selection ? >

Available Modules: Module Mame  Simulation Modules:
Spool Valve ” Common
Ball Valve hd Flow
Axial Valve Add - Turbulence
Circumferential Valve Heat
Ball3D Valve

w Flow
Multiphase
Cavitation

Multicemponent Mixing

v Heat
Radiation
Data Exchange o

< > <-Delete

Close
3 \ ™
<-kISCORG © PDM Analysis Ltd, 2022 Page | 22
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» Select all volumes and set Ideal Gas Law.

® 4 PDM

[« suction_inlet
suction_mgi_screw

Properties g X [« suction_wall
l= & Model ¥ Geometry Wy View v B interfaces _
¥ Common ~ ¥ Volumes
v Density Ideal Gas Law - DischargePort
Minimum Pressure 0.1 Pa Fluid_rotor
Molecular Weight 28.97 kg kmal SuctionPort
Compression Factor 1
Porosity Mo e [ DischargePort
Common Output I Fluid_rator
Volume Remesh Mo - [15uctionPort
* Flow
> Viscosity Constant Dynamic Viscos.. ™
Resistance Model Mo - U
> Output
Moninertial Frame Mo -
> Initial Condition Specified Values i “
Create a Mew Source Mo -

» Select Fluid_rotor and Set Volume Remesh

» Create Interfaces
» 1-— Axial Suction

X SCORG"

Properties g X
L= L Model i Geometry W view
* Common A
> Density ldeal Gas Law -
Porosity Mo i
» Commeon Cutput
* Volume Remesh Volume Remesh A
* Method External Grid File b
Baze Mame rotor.
Files Found 50
Header Lines 1
Skipping Files 0
Cyclic Yes -
* Flow
Viscosity Constant Dynamic Viscos.,
Resistance Model Mo A

© PDM Analysis Ltd, 2022

=1 Ulblrldrgt_wdll
[+] suction_inlet
suction_mogi_screw
[+] suction_wall

v [] Interfaces
Interlobe_rotor

~ [ ] Built Meshes
[] DischargePort
[]Fluid_rotor
] suctionPort

Page | 23
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» 2- Axial Discharge

X SCORG"

© PDM Analysis Ltd, 2022

@ qPDM

EEEHEX

Boundaries
_ iall_rotor
Axial2_rotor
Casing1_rotor
Casing2_rotor
Rotor1_rotor
otor2_rotor
ischarge_mgi_screw_axi
discharge_mgi_screw_rad_1

ischarge_mgi_screw_rad_2
discharge_outlet
[ discharge_wall

inlet

M SuctionPort
v []Built Meshes

O DischargePort
[ Fluid_rotor
[ SuctionPort

EE ] EY £ &l X
v [] Boundaries
iall_rotor
asing1_rotor
asing2_rotor

Glm_A;ian_mtnr_suct\nn_mgi_
matched Grid Interfaces

~ [ Built Meshes

O DischargePort
[ Fluid_rotor
[ SuctionPort

Page | 24
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» 3 - Radial Discharge Main Rotor

& SCORG_Semerics_Tutorial VS.9.5p¢o - Simerics MP+

File View Help
DB Lyl B E-B-a-pa~ b N

§ O
( PDM
g analysis
A

Mesh  Mode  Smuston  Rests 8 X & SCORG_Swmerics_Tutorial_V5.9.spro & x
f= ! Simerics ol
" Common 2 orCs
v Flow O_b
2 Turbulence
Heat
12 dscharge_outiet
] discharge_wall
MGO3. Caing ot dscharge. i
atched Grid interfaces.
\ GOt
= E ]
I & Modd  Pceomery B vew /
~ Flow vial o
Options Stationary -
Wall Type Ragid -
High Order Shese No -
Output Defautt -
~ Turbulence Vsl -
Wall Function Standard -
Well Roughness Model  Smocth -
utpat it -
~ Heat Adiabatic -
Output Defout - v
2
Resdusl o x
0
g2
[-29
as
Yo s wm s s am e aw  w o e s o e w0 om s am o5 aw 1
| =8
Ready
@] © 1oenretosewen oM - B WE /WY T EA ABE e W)
s uEUmENIC Cuues
[ “ m = =]
| N T EEEES K
| . ~ [ Boundaries
| N [ Axiall_rotor
! [ Axial2_rotor
| = [ Casing1_retor
¥ Casing2_rotor
[ Rotorl_rotor
[ Rotor2_rotor
[ discharge_magi_screw axi
. discharge_outlet
" discharge_wall

HEREEE

i

E

c

OO0 ERE 5 RRE = ERIE

© PDM Analysis Ltd, 2022

X SCORG"

2

o

suction_inlet

suction_mgi_screw

suction_wall

erfaces

Interlobe_rotor
MGI0T_Axiall_roter_suction_mgi_sc
MGI03_Casing1_rotor_discharge_mg
smatched Grid Interfaces

MGIOT

MGID2

MGI03

lumes

DischargePort

Fluid_rotor

SuctionPort

ilt Meshes

DischargePort

Fluid_rotor

SuctionPort

Geometric Entities List

Page | 25
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A

» Rotorl_rotor has following properties:

v Turhulenre

Properties 5 X
L= & Model W e viow

v Flow Rotating Wall A
Wall Type Rigid -
High Order Shear Mo -
Rotational Direction Clockwise 57
Rotational Speed 8000 rpm

> Rotational Axis Vector 0,01
> Rotational Center 0,0,0 m

Axial Velocity LY

Output Default -
Wall -

Geometric Entities

=P e A X
v M

oundaries

ischarge_mgi_screw_axi
ischarge_mgi_screw_rad_1
ischarge_mgi_screw_rad_2

» Rotor2_rotor has following properties:

X [
@ Geometry MWD vView
Rotating Wall v
Rigid Y
ear No 34
ection Counterclockwise ¥ f
zed 4800 rpm .
is Vector 0,01 %
0 —
0 N\
1
nter 0.093,0,0 m
0.093 m
0 m
0 m
g %
Dafault -
» Set Inlet
Properties
b F  Model 15 Geometry W view
v Flow Specified Total Pressure
Directional Option Boundary Mormal
Total Pressure 101325
Velocity Profile Zero Gradient
OQutput Default
v Turbulence Specified Values
Turb. Kinetic Energy 0.01
Turb. Kinetic Energy Diss. R... |1
Qutput Default
v Heat Specified Total Temperature
Total Temperature 300
Output Default

X SCORG"

© PDM Analysis Ltd, 2022

\ \ /

. e/

\, \\ p
S /
W ;

Geometric Entities

Casing1_rotor
Casing2_rotor
Rotor1_rotor

discharge_mgi_screw_rad_2
discharge_outlet
discharge_wall
suction_inlet
suction_mgi_screw
suction_wall
v [ Interfaces

Interlobe_rotor

FMGIO1 Axiall rotor suction mai s

N
Geometric Entities

B ] EY £] &) X :
A Boundaries

[ Axial1_rotor

[ Axial2_rotor

| Casing_rotor

[ Casing2_rotor

[ Rotor1_rotor

[A Rotor2_rotor

[ disch arge_mgi_screw_axi
[ discharge_mgi_screw_rad_1
[ disch arge_mgi_screw_rad_2
[7] discharge_outlet

[ discharge_wall
T ——

[] suction_magi_screw
[ suction_wall
A Interfaces
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» Set Outlet

Properties F X

L= £ Model ¥ Geo i

~ Flow Specified Total Pressure -
Directional Option Boundary Mormal -
Total Pressure 201325 Pa
Velocity Profile Zero Gradient =
OQutput Default -

~ Turbulence Specified Values -
Turb. Kinetic Energy 0.01 Ifs*
Turb. Kinetic Energy Diss, R, |1 *fs?
OQutput Default -

v Heat Specified Total Temperature -
Total Temperature 300 K v
Qutput Default = A

k3

Oy
¢ PDM
g analysis
-

¥ Geometric Entities

BE e A X

» Go to Geometry tree > Select Rotorl_rotor and Rotor2_rotor
» Go to Results > Select Pressure

Roto
Roto

RIRIRIEERIEERE

sucti
sucti
sucti

v Interfac

v []Boundaries

[A Axiall_rotor
Axial2_rotor
Casingl_rotor
Casing2_rotor

r1_rotor
r2_rotor

discharge_mgi_screw_axi
discharge_mgi_screw_rad_1

discharge_mgi_screw_rad_2

discharge_wall

on_inlet
on_mgi_screw
on_wall

es

#  Geometric Entities

Flow: Pressure [Pa]
101325

101325

EAEHEX *

~ ™

v

Boundaries

[ Axiall_rotor

Axial2_rotor

Casing1_rotor

Casing2_rotor

Rotor1_rotor

Rotor2_rotor
discharge_mgi_screw_axi
discharge_mgi_screw_rad_1
discharge_mgi_screw_rad_2
discharge_outlet

discharge_wall

suction_inlet

suction_mgi_screw

suction_wall

erfaces

Interlobe_rotor
MGIO1_Axiall_rotor_suction_mgi_sc
MGI03_Casing1_rotor_discharge_m¢
MGI04_Casing2_rotor_discharge_m¢
Mismatched Grid Interfaces

REKRERERRRRERIE

T
S

RKEE

Volumes

[ DischargePort
[“] Fluid_rotor
[V] SuctionPort
Built Meshes

[[] DischargePort
(] Fluid_rotor

[] SuctionPort

» Create a monitor point at (0.0, 0.062,0.203) for tracking Pressure history

X SCORG"

© PDM Analysis Ltd, 2022
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* (Geometric Entities

General Mesher — - B Fl ENER] X

Template Mesh/Surface 4 Bound

Rotor Template Mesher Ax!a =
Walse Ternplate Mesher Axla 1 rmale

]r-[ Create a hMonitoring Point ]

Iroperties g X
| ‘E}Model | @Geometry | ﬁ)\u‘iew |
Type Fixed to &nInit.. =

4 Position [00.0620.203]

k4 1]

0.062
‘:er 0.203 Lridrye_uuuen
.E"'-... isharge_wall

tion_inlet
ion_mgi_screw
on_tvall

| Geometric Entities List
4[| Built Meshes

&[] DischargePort
[ Fluid_fernale
= "~

[

» While Point01 is active in the selection, Click - Add XY Plot = Select Pressure
- Plot

B-B-81{ (b 2 ®[F e

E 4}| 5etup_l:omprem3 [¥] suction_magi_screwr
p Si : [¥] suction_wvall
Imerics 4 5

o

ints
aint 01
4[] Built Meshes
I [C] DischargePort
L TR '

W | -~ N
| Reslks | Simulation | Fesidual | Flak 1 & X
Z ke < & (1 8= = t
4 Turbulence
Turbulent Kinetic Energy 0.8
Turbulent Energy Dissipation Rate
2 Floun 06 |
TETOC Ty -
Yalacity ¥ ar
Welocity £
4 Heat 0.2k
Ternperature
i} 1 1 1 1 ] ] L 1 1
1} 0.1 0z 0z 04 0E 0E 0.7F 0.8 0.4 1

» Similarly create Plots for Mass Flux through the suction_inlet and discharge_outlet
boundaries.

«-kZSCORG"" © PDM Analysis Ltd, 2022 Page | 28
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|| Rotaor_ternale
Rotar_rmale
discharge_mgi_screw_axi
[¥] discharge_rmgi_screw_rad_
=

perrrapimrerey_tad_

] LRLLT L
suction_wall
4 [J]Interfaces
MGID1_Casing_fernale_Cas
MGIN1_Casing_female_disc
MGIN1_Casing_male_disch
MGINT_discharge_rmgi_scre
MGI2_Axial2_fernale_discl
MGIN2_Axial2_male_discha
MAGIN3_Axiall fernale_suct
MGIN3_Axiall_male_suctio
ismatched Grid Interfaces
MGINL

MGINZ

MGINZ

lurnes

DischargePort
Fluid_fermale

Fluid_rnale

SuctionPort

- CAD Surfaces

1 1 1 discharge_rmgi_screw_axi

0z 0.3 0.4 0.5 06 0F 0.8 0.3 1 i

& X

Results | Sirnulation I Residual I Plak 1 | Flot 2 ‘

j = = 1
ZI E’S?_ k i = = Flowt Mass Flux| @ suction_jnlst ——

4 Screw Flow: Mass Flux @ discharge_outlet ——

=3

Revolution Average Mass Flux
Revolution &verage Yolurme Flux
4 Flow

Wolurnetric Flus

1Y

[ka/s1_
T
E°°"E

1Y
FEEz IEEEEEEE

Mass_Flux
o
T

CEEEE

2
f

=

=
=

» Save the project

5 Simerics MP+ Solver Calculation
» Go to Simulation tab = Click Start

o SCORG_Simerics_Tutorial_V5.9.spro - Simerics MP+
File View Help

DB [Lr] & mE-R-¢

l Mesh Model Simulation Results

| % Start | Pause
O Steady (® Start from Initial Values
Start from Solution

E) Transient Continuation Run

&
Simulation Time {Duraﬁon}l |ﬂ.ﬂ?5 | g %
Number of Time Steps: | | 1500 2] »
Mumber of Iterations: |25 E" 5
Result Saving Frequency: | | 1500 ] »

(*}SCORG“‘ © PDM Analysis Ltd, 2022 Page | 29



o)
SCORG™ v2022, 2022 Q9"0oM

The time step size is controlled by the number of divisions used for angular discretization
during grid generation in SCORG.

» Monitor the convergence in residuals:

Resuls Sirulation Residual Plat 1 Plat 2 8 x

a
[\ elocity —
Pressure ——
Turbulent Kinetic Energy
Turbulent Energy Dissipation Rate
Ternperature ——

02

=
N

=1
o

Residual Drop

-
[

-
.

12 . 14 16 18 20 22 24
Iteration

[ o001 (2) 55

» Pressure contours on the rotor profile can be seen updated by selecting the boundaries
in geometric tree.

;F'Iow: Pressure-{Pa]
200000

h

6 Summary

This document describes the steps to setup a Simerics MP+ model for Screw compressor CFD
analysis starting from output data generated by SCORG™ Meshing tool. More detailed
information on using SCORG and Screw compressor mesh generation can be found in
user guide (SCORG). The Screw Module built in Simerics MP+ provides a very fast and user
friendly setup procedure. It is possible to make quick changes in the grids and simply update
the model by replacing the grid. The setup can be easily duplicated to users own port grids by

<<kZSCORG"“ © PDM Analysis Ltd, 2022 Page | 30
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editing the .spro file in an ordinary text editor. More detailed information on using Simerics
MP+, Transient simulations and Post-Processing can be found in user guide (Simerics, 2021)
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