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Fluid-solid thermal coupling analysis

Overview of CHT Analysis
What to analyze

B This procedure manual describes the procedure for Air inlet
creating the shape, setting up the analysis,
performing the analysis, and processing the results
of the heat flow analysis of a heat exchanger with
three regions: air, water, and solids, using
ennovaCFD v1.10.1 and the
chtMultiRegionSimpleFoam solver, which is a
steady-state solid-state fluid coupled analysis solver
of OpenFOAM.

B The target of analysis is the heat exchanger shown
in the figure on the right.

®m Fluid regions (air, water) and solid regions are %
Air outlet

modeled using ennovaCFD's polyhedral mesh.

B The total number of meshes is about 240,000
meshes, and the generation time is about 5 minutes.

T,

Water inlet

-

Water outlets
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Fluid-solid thermal coupling analysis

Overview of CHT Analysis

m With ennovaCFD, you can create and analyze analysis models in various flows. In this procedure, we will
create a model according to the following flow.

Data Import

—v

Geometry

Manwation

,| Detecting Meshing

Rwinc |

ennova CFD mesher

v

Analysis settings H (OpenFOAM)

Result Processing _I
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Launching ennova CFD

B Launch ennova CFD.

m If you are using Windows-PC, there is an icon for booting in the installation
folder.

m If you are using Linux-PC, start it with the ennova command in the installation
folder.

W If a license error occurs, it is necessary to set environment variables, etc., so
please consult the license administrator or our support.

f\
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File Import

m Before importing, change the import options.

2 . Impart

h.l Export
" Print

_‘J‘ Cloze

_J Cloze All

i .1 firx_tPipe Finx_t
€ 2 Slidingct
€y 3 Slidingect

Eﬂ 4 Trangent_particle ect

Eﬂ 5 HeatSink_HeatBalance ect

Eﬂ b Pipe_steady ect
€ 7 VOFect

@ I & Ennova Options l 7 Exit Ennova ]

@ Ennova Options 7 X
Dizplay =]
Lighting CN Select Import Options.

Mouse Import Options
ﬁport —
™ Perform Auto Repair on Import I~ Exclude Untrimmed faces
Servers
% Hoops Exchange = Open Cascade
Rezources

« MURBS

Group Made:

I~ Use eroup map fil

STL/Mastran Import OpItFi

Group Mode:
¥ Merge vertices across solids
Merge Vertices Tolerance:

Featire Anale:
i

(3) Change to the
ed frame setting

 Tessellation

IlGroups fram zurface name :I'

sktop¥directives txt

|One group per file

Ile—ﬂﬁ

e

| of

@ Apply

Cancel |
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File Import

m In this case, we have prepared Parasolid data, so select the file and import it.
In the Functions tab, select "Geometry".

- W] [
‘@G‘o @ SetupOpernFOAM  PostProcsss
@ s

€ Files to Open ? X

View Lok i &[T C¥rome¥Ennava¥hodel¥test medel¥O perCAEYPipe Fin¥STL Flooo  EEA

(3): Select Air.x_t, Pipe_Fin.x_t

e Windows (C:)
@ Home

& Desktop

& Documents
€ BEamples

Fils name:  |AirstFipe Finstl @

Files of type: |Geometry Files (*.ecf # reds # tin % 3dm #stl #igs *iges #stp * step #.nas *blk * bdf % t #x b * CAT Product # CATFart #asm : 7| Cancal |

STL Import O ptions

Feature Angls : |4_5 |Scale: I 1

Vertex Merge Tol: [1e-06 F~ Merge verticss across solids
-ECF Loading O ptions -

™ Do not display geometry [~ Do not display mesh

|LocslLAPTO P-3NDPVINIE
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Overview of GUI Operations/Name of GUI

Ernova 1.7.4 (win6419.12.12) Function Ribbon 3D Viewer

Setup OpenFO AM FostProcess

8 z e 77 g . B0
lg & & o 4o 5 | FunctonTab | . &

application
menu

Quick Access

toolbar
Dock Window
Y
.
: ‘ ‘ - : : . ‘ ruler
0,900 0,100 0,200 0.300 0,240 0,500 0,900 0.700
&F Air-rmultistl B

Messages B8 x
Finished Creating Database .
lpadG;cups group .default Message WlndOW

Render graphics finished |
Render graphics finished [@ 6] [LaPToP-3NDPVINGG ‘




Fluid-solid thermal coupling analysis

About Geometry Editing/Preparing Shapes

B In order to generate a multi-region mesh with ennovaCFD, the following
conditions must be met.

B Inter-domain interfaces are shared on a single surface

m Closed surfaces (no single edges)If you run the Find Volume tool of ennovaCFD
in the above state, it will copy another interface between regions and
automatically detect each region. OK

-

A state in which there are two The interface between the
inter-domain interfaces regions is shared on one
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Editing Geometry / Checking Imported Geometry

B The imported shape is a rectangle that simulates the solid shape of the heat exchanger and the air area.
B Since the solid shape and the rectangular shape are interfering, the interfering part is processed.
m If you display the semi-transparency on the next page, it will be easier to check the interference part.

Interf
erenc
e

Volumel
Rectangle (air
area)

Volume2
Solid shape
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Geometry Editing/Translucency

B With this operation, you can switch between transparent and non-transparent display of the shape.This
operation is also valid for mesh viewing.

(1): On the 3D viewer
Right-click mouse to
display menu

Show All Groups
Hide All Groups
Select CGurves
Select All Yisible
Select All Periodic

Remove All Periodicity
Rectangle Select

Rectanele Zoom

Translucent On/off

® : "Translucent On/Off Change geometry to semi-
' transparent

T,



Fluid-solid thermal coupling analysis

Edit Geometry/Run Stitch Surface

B Execute the geometry editing function "Stitch and Intersect surface".
m Divide the surface of the interference with the split function.

@Stitch and Intersect
Gty surfaces

AP e R

&' Repair Geometry

a3 Set Geometry Repair Tolerances

FH Stitch and Intersect surfaces
Only Stitch surfaces

|44 Restart from GAD

2]
> Reload fram Server

D

Surfaces are split to
create multiple
edges

Display

Tolerances

etup
Mode /Edee Check

folume Check

i e Bl &l Find structured faces

ture Geometry Che 52 Defeature geometry

structured Faces C % Combine edges




Fluid-solid thermal coupling analysis

Edit Geometry/Remove Unwanted Faces

B Remove unwanted surfaces in the air area.

Group List

- ] wiew I:fFID} bv!!..?lv Pt f H‘LHH QQv@% mmm Cr é)‘lil

-] local coordinates | ) o

5§ geomerzy 80 -8 | sH O &% s 4Q
Transform Selection Fix Nodes Fix Edges Fix Faces Create T

o

(1) Hide solid_1

(2) Select two
unnecessary
sides

(5) Delete the other
place in the same way.
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Edit Geometry / Create Oil Inlet and Outlet Surfaces

B Use the edges of the solid area to create the inlet and outlet surfaces of the oil.

Group List

~E view _ A 7| — ok H l@Face From Edge
g |52 |@¢ =2 |AQ X
F Cireate

Fix Modes Fix Edges

ix Faces Group Tools

Face from edee
Q Create face from edee

@ Press F1 for more help.

solid 1

(2) Select 4 edges of the oil Generate a face, and create
inflow and outlet surfaces. another face in the same way

T,
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Geometry Editing: Finding Regions (Performing Find Volume))

® Now that you are ready to run the Find Volume tool, execute it.
B Three volumes (analysis regions) of air, water, and solids are extracted.

@ LN ) — |Group List =3
@
CAD | Geometry = Mesh  SetupOpenFOAM  PostProcess =i wiew
(=1 I
Qv Jor R @~ A0y @] A 2| i+ local coordinates
. o & | B @] geometry

- @ ' & Bl || L@ & 1 -] @ .double edges

View Display Auto Repair Transform | Selection | Fix MNodes e
g 7 : o [ #t .nodes
Sroup List Find Tools o -
M view i § edges
local coordinate% %—‘ = lume 1
=M geometry =

& .double edge ® Press F1 for more help. =

~M ¥ .nodes : o

IR @Find Volume I

¥ @ .multiple edges
M ag fluid
M mgPipe Fin

(2) Three volumes are extracted, and
the domain interface is automatically
duplicated as a part named Share~.

T,
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Edit Geometry/Rename Region

® Change the name of Volume 1~3 to a more understandable name.

2 CC

Volume?2

¥

VolAir. VolSolid . VolWater

Volumel

Volume 3

How to re

. Group List

name a region
<] xi

| Repair Talerances | Group List

, wiew

local coordinates
E}-- geEomELTY

|:| (] .double edges
-] ¥ .nodes

L[] [T 229 4]

(1) Select the
name of the
area you want
to rename.

Group List

b ] view

i~ local coordinates
E} geomeELIry

i |:| H .doukle edges

w0 % .nodes

EIGT Fotrrm—

Rename

(2) Right-click the
mouse to display the
maneuver and select
"Rename".

Enter a new name from
thekeyboard

> view
-] local coordinates
E}-- gEOmeEETY
[0 ] .double edges
+ [ % .nodes
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Edit Geometry / Rename Boundaries (Air, Water Boundaries)

m Change the name of the air inlet surface.

(1) Select the inlet face (+X
side surface)). s

UnSelect Last tem

Set Face Mesh Parameters
Mesh Selected Face

SetSize 4
Hide 3

Remove
g Dctrude
i Fixhole infacs

Select Bounding Edges
Select Attached Volumes
Select Periodic Twin
Select Baffle Edges

Bl Select All Connected

N Select em Group

Group List 8 x

~M view

~M local coordinates
=¥ geometry

- @ .double edges
¥ .nodes

@ .multiple edges
g0 @ VolAir

MmAir inlet l
: ::;are_;lpe ; n

60 @ VolSolid Air_in|et

Mo Pipe_ Fin
~¥ Mg Share Pipe Fin..
=0 @ volWater
~F Mg fluid

Create Density

- . [
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Edit geometry / rename boundaries (air, water boundaries)

®m Similarly, change the names of the air outlet surface (-X side face) and side side.
B Also change the water inlet surface (+X side) and water outlet surface (-X side).

@Select the side (3 sides).
Air_symp

. Name of air and
@Water_inlet water inlet and
outlet surfaces

Er S
ZEUALME Air_inlet
RO Air_outlet
ZE U HRE Air_symp

@Water_outlet _
JKAOmE Water_inlet

(1) Select the exit face (-X side) KO Water_outlet
and change it to Air_outlet.
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Save

B Save your work to a file.
®m ennovaCFD stores all the information of the pre-step in an .ecf file.

m From the Applications menu, select Save As and save the file as sample.ecf
(the name is arbitrary).

€v Save Geometry ? X

- Look in W G ¥home¥Ennova ¥Model¥test model¥0 penCAEYPine Fin¥STL j Q00 @@ 2
Recent Files

y My Computer

MName /| Size Type | Date Modifie

Save with a »

different file name

e Windows ()
far Home

#® Desktop

& Documents
€y Bamples

File name: I Isample ecf i ‘

Files of type IErmova Case Files (*acf) j Cancel

Scaling |1

[ [Local LAPTOP-3NDPYMNIG '

[E'J Entiova Options ] [ "1 Exit Ennova J
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Overview of Mesh Creation and Settings

®m ennovaCFD enables the following mesh control:

®m Global sizing

m The mesh size that applies to the entire model.

B Set the maximum, minimum, curvature size, layer size, and number of layers.
m Local sizing

m This is the mesh size applied to each part.

B Set the maximum, minimum, size of the curvature section, and layer On/Off.
W Spatial mesh sizing

m Set the DensityBox (the range is controlled by a rectangle or a cylinder).

® The mesh size used in this model is as follows.

m Global Size

B Maximum size=0.01 [m] , Minimum size=0.0025 [m]

B Number of layers = 2 layers, Initial height = 0.0003, Ratio = 1.0

e,
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Meshing/Mesh Tab Descriptions

B Mesh settings and mesher execution are done in the Mesh tab.

Ennowva 1.7.3 (winfd 19.09.15)

PoztProcess

B O o rb'DDﬂﬁE@' G4V E%¥ N

Q- @ P H |- TR Y 0 P A < ILELQ @
Mezh settines Geometry to Mesh Selection Mesh Edit
N
Mesher Execution Mesh sizing menu

Menu
ﬂ topologyBasedMesh Run Button
¥ This is the mesher used in this work.

Global Sizing Menu

EEE
afe
i Q4

ﬁ Local sizing menu

@* Spatial mesh sizing menu




Meshing/Global Sizing Panel

B Sets the global mesh size.
®m Change the red text settings.

® Do not change any other settings.
+ Max Size. : 0.01
* Min Size. : 0.0025
* Sag number :0.02

« Sag number is the distance between the mesh
surface and the curved surface, Refinment num is
the number of divisions on the circumference, and
the mesh setting applied to the curved surface.

« Sag number and Refinment num are interlocked

parameters.
* Volume Prism Layer Default : On
» #Prism Layers 2
« Height : 0.0003

« Height Ratio
the second layer)

: 1.0(Thickness ratio after

Fluid-solid thermal coupling analysis,

aviy @ 9vif ﬂ-ﬁg_ﬁﬁ
G e@H wriwerT] B

Wiew

;Meshing

CAD Mesh Pos

Geometry l l Setup OpenFOAM

Bad
20 i
BI;.

o

Dizplay Mezher Mezh zettings

= Glokal Farameters

Max Size:
Min, Size:
Sag number

[0.01
[0.0025

0.02
33

Size Ratio; |
¥~ Run Booster
Optimize for

' Fluent

C StarCOM
Elements in gap |—1
=earch floor IO
[~ Al Trangles

Refinemesnt num

= Boundary Layer

F Wolume Prism Layer Default
# Prism Lavers:

Height |0.00DS
Height Ratio |1

[T Auto reduction

Minimum Quality 0.1

T,
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w CAD Geometry l Mezh l Setup OpenFO Ak Fos
over @ ot B BET o
Mesh Creation/Local Sizing Panel & @it el [E) © @

Ve Dizplay Mezher Mezh zettings

m In the Local Sizing panel, turn on the Solid
Surface Layer setting (the default is Layer OFF).

m We won't use it this time, but you can set the
maximum, minimum, etc. for each part.

'Local Mesh Setting g X — Local Mezh Setting
_ Nolume list Max. Size I
WolAir -
ValSolid Min. Size |
© |Volwater
Sag humber I

(Refinement num;

Size Ratio
o [0 Gt =1 Friom Err—
| | Gilabal == n_layers .
| Pe Gotal = " ®Prismz0ff->Use Volume
Select Wolume | Efg . '
Boundary list . . izl et I
= (2) Select parts with solid Gap Close |
- surfacesShare_Pipe_Fin Looord rame |

Share_Fipe_Fin
oI

. Share_solid_1 [l teshine Parameters | @Apply

« Share_solid_2 I

| Open Mesh Parameters Settings
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Mesh Creation/Local Sizing Panel (List List)

B You can see a list of local sizing settings in a spreadsheet.
B You can list the mesh sizes with the Open Mesh Parameters Settings button.

m If you right-click on the panel, you can output (input) the settings to a CSV
fileo

Height Ratio |

\
Gap Cloze I

O low .,evﬁ ﬂ’ﬁ%a moﬁ@r_’*l—] o Lcoord name I
P S-@LE wigerT]

R fpply Meshing Parameters
Wigw Display Mecher Mesh settings Open Mesh Parameters Settines @
. ‘L (3): Display the
Local Mesh Setting Parameters Lt -
Mol

CAaD Geometry l lezh l Setup OpenFOaM Pos

c

name i |ac:tive zroup | Max Size Min. Size Sag numker | Refinement | Size Ratio | Prism | n lavers Height Height Ratic| Gap Close | Looord name
: 0.01 0.0025 0.02 39.0 i 2 H|0.0003 10

Use Globe x|
Off ~|Ee Volume
Off ~|Ee Wolume
Off ~|Ee Volume

B
Q
)
g
Ll

e e ]

Input and exit to
CSV files

<
3

Off ~|Ee Volume Ll el 1
Use Volun x| Ee Volume o

Use Gioke =] [oe Glokel = Edit in Bxosl

OF =l Volume Export CSYW File

Use Volun x| Ee Volume
Use Volunx] ke Volume
Use Globe x| [lse Glokal
Use Volun x] ke Volume Fill Do
Off ~|Ee Volume 2

Fill Up

N i
1=
are Pip -
Water out Off ~|Ee Volume = I

<| <] <
33| 3

Add 1o Group

<
3
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Meshing/Meshing

B Polyhedral Mesh Settings
®m Check the flags of the Polyhedral mesh. ‘

W Mesh aetup OpenFCOAM PostFr L)
”:* M (1): Check Polyhedral Mesh from | g'._, r uranuss [NER ‘
goas Q Tnpnlng' y Bazed Mesh 3 Button to interrupt
" " v Boundary Laver L r_neshing
v Polyhedral Mesh (2) Check :P olyhedral Mesh lisplayed at the bottom
icft of the window)
B Mes
® Run topologyBasedMesh to create a polyhedral
mesh.

Mesh Setup OpenFO A PoztProcess

> (&
T mran BTl B T

Meszher Mezh zettines

Topoloey Bazed Mezh

29
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Setup OpenFOAM

m OpenFOAM calculation settings are configured in the Setup OpenFOAM tab. The
menus are roughly categorized for each OpenFOAM dictionary file. The tasks are

Caesh Setup OpenF O ahd PostProcess
Ls
Cof ||

®» @ ® @ ® ® ® ® ©® ® ® © © @ ©

Dictionaries Zloud =zer
(1) controlDict Panel (4) Materials Panel (7) Lagrangian Panel  (11) postProcessing/\%Jl. (14) Cloud Panel
- Solver, version used -Physical properties of - Particle settings -caseDicts Calculation execution by
- Region division method materials (8) Functions Panel DERTE cloud server
for parallel computing Configuring -function (12) Optimisation/t%JL.  (15) UserGUI Panel
- Time increments and (5) Constant Panel Configuring OptimisationDF%E Add GUI by user
frequency of output results -Initial conditions (9) functions2 panel (13) writeDict/{R)L
- Turbulence model -Physical properties -Function2 OpenFOAMI7A IL—DHH
and other settings -CellZone Configuring
(2) fvSchemes Panel and other settings (10) fvOptions Panel
- Discrete schemes for (6) caseProperties Panel -fvOptions
each term -Boundary conditions Configuring

Configuring Configuring
(3) fvSolution Panel

-Linear solver

-Relaxation factor
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controlDict [

Analysis Settings/controlDict Panel > Main Tab C) v
m Specify the solver version to be used and the basic SEttings | r e s sws =
for calculations. e ]

B Change the red text settings. I

® Some menus are not displayed by the selected version. |7 Srernn |

m Solver — :
« Version*1 : Optional selection l'j”ab"’l“”y;edl |
« Overset Mesh Enabled : Checkoff L_____ |
« Solver Type*2 : heatTransfer
« Solver*3 : chtMultiRegionSimpleFoam

« scalarTransport Enabled : Checkoff

*1: Select the version of OpenFOAM to be used for calculations. Some
features may not be available in all versions.

*2: Select the calculation method.
*3: Select the solver name to be used for the calculation.

As for the calculation method and solver name, it is necessary to

know what kind of calculation the analyst will perform and se'~~* _
the appropriate item. Continued on the next

iaie .
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Analysis Settings/controlDict Panel > Main Tab —

m Set up parallel processing.

B decomposeParDict ool '

B Method: Scotch = |

® How to divide the number of meshes so that the number of meshes is approximately the same for each
CPU

B HPC Num :4

B Specifies the number of CPUs available for calculation.

Continued to the next pagel

e,
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Fluid-solid thermal coupling analysis @eocecceeecsoe

Analysis Settings/controlDict Panel > Main Tab

| - Solver

| » decompozeParDict

B Set the iteration, the frequency of output results, and so on. — -
B This panel uses the default settings and does not change them. o : 5
m controlDict i
« Start From : latestTime el ::D"“:S‘ED =
+ Start Step O e 5
» stopAt : endTime sustTimeStep  [of |
« endTime : 1000 e :?E
« deltaT 1 masCeliaT |10
»  Write Control : timeStep
« Write Interval : 500
* Purge Write : 0
If the specified number of times is exceeded, old results will be deleted, and all "0" will be
saved.runTimeModifiable . off
« adjustTimeStep : Off
« maxCo : 0.5
« maxAlphaCo : 1.0
« maxDeltaT : 1.0

Continued to the next pagel

T,
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Fluid-solid thermal coupling analysis Gooeccwococoe

. | controlDict & X

: | * Solver

] | w decomposeParDict —|

; | controlDict 1

Analysis Settings/controlDict Panel > Main Tab

B Set the calculation specifications, select the turbulence i
® model, and so on. ] [ E—
B contorlDict Options 1 [ ol C

« writeFormat : ascii .

« writePrecision : 12 Prlysis Typs [FS -

« writeCompression :on |

« timeFormat : general ]

« timePrecision » 12
m Analysis Type

« Analysis Type : RAS

Choice of laminar or turbulent flow calculationTurbulence Model
« RAS : KEpsilon

Choosing a Turbulence Model

T,
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Analysis Settings/controlDict Panel> Modules Tab

m If the installation environment of ennovaCFD and OpenFOAM is the same, you
can perform OpenFOAM calculations from the GUI of ennovaCFD by setting
the OpenFOAM installation folder in the FOAM_INST_DIR.

B Please see page 59 for how to perform the calculations.

m If the installation environment of ennovaCFD and OpenFOAM is different, no
FOAM_INST_DIR configuration is required.

B Please see page 60 for how to perform the calculations.

; controlDict g X .

Main @ Modules

—Mame of Modules

— Modules

Wersion FOAM INST DIR

IIV2UI2 ! nF O AMAOpenFOAM-v2012

v1812 Fopt/CpenFOAM A OpenFOAM-v 1812

2
3
41906 Sopt/OpenFO &M CpenFO4 M-y 1906
il
fi

w1806 foot/OoenFO &M CoenF O/ M-v 1806 LI
Ihzert Row | Remove Fow |
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; f¥Schemes =]

Analysis Settings/fvSchemes Panel> Fluid Tab el |

B Sets the difference scheme to be used for fluid o =
calculations. o  Fommre =

® This panel uses the default settings and does not e T

change them. |
® ddtSchemes(Time Term Scheme) I = =
turbulence [Gauss =
B geometrySchemes e o 5
B gradSchemes(Gradient Term Scheme) 1= > =
m Limiter for gradSchemes(Gradient Term Scheme) ) l:ﬂ:: E
m divSchemes i SO E
m bounded for divSchemes e [lore =]
® laplacianSchemes i
B snGradSchemes e,
B interpolationaSchemes M —
= wallDist _— '

Continued to the next page<

B o W
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Analysis Settings/ fvSchemes Panel e L=
B Sets the difference scheme to be used for solid-state =~ | |f== et o
calculations. N — [
B This panel uses the default settings and does not change |- unie o sacsstenes
them. " Fere d
B ddtSchemes(Time Term Scheme)
« default : steadyState
B gradSchemes(Gradient Term Scheme)
e h : Gauss
m Limiter for gradSchemes (Gradient Term Scheme)
. h : None

e,



Z= 1D.\)

Fluid-solid thermal coupling analysis ccBReceecee®®

Analysis Settings/fvSolution Panel > Fluid Tab

m Set the SIMPLE algorithm on the fluid side and the linear
solver for each variable.

momehtumPredictor Ion hd l

cohgistent off hd

B This panel uses the default settings and does not change |- l—lg_
th e m ! - residua.IODntrol for SIMPLE —|
. SIMPLE vrelaxatlonFactorsforSIMPLE—|

w Solver for

m residualControl for SIMPLE (Convergence judgment value)
B relaxationFactors for SIMPLE (Relaxation factor)

m Solver for p

m Solver for U

m Solver for turbulence

m Solver for thermal

w Solver

fi

- Solver for U
fi
i

w Solver for therma

IREINAGEK

e,
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f¥Solution (=

Analysis Settings/fvSolution Panel > Solid Tab

= SIMeLE
m Set the SIMPLE algorithm on the solid side and the linear | meorwoemiomecos
solver for each variable.

B This analysis is calculated with the default settings, so it || oewe e
will not be changed. e

minlter | 1

. SI M P L E =monther |SymGaUSSSe idel

precon ditioner | DIC

n Nonorthogona ICO rrecto rs : 1 - = relaxationFactars for SIMPLE
2 h |07

m Solver for thermal

solver
smoothSolver

« tolerance s le-
6

relTol : 0.1
minlIter 01

smoother
symGaussSeidel

preconditioner : DIC
Continued to the next pagel

B residualFactors for SIMPLE(Relaxation factor .

Led Lo
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Materials g X

Analysis Settings/Constant Panel > Material Tab i [ pbronil | sces |
® Set the physical properties to be used in the
calculation. | b
B Check the panel and set the following physical The physical
properties. /||| property values
_ _ _ of air are:
B Fluid: Air > use default settings \Use preset values
B Fluid: Create a new > TN T Iﬂ
m Solid: Newly created > Al (aluminum) 4 ‘““afe“a'“’T—_l A
B The physical property values used are as follows.
7]( E{* (7 }l,E type [heRhoTherma |
Water Al
thermal - - :Ee[PaS] ::Dsrjs =
conductivity[ W/mK] S
Viscosity 1.8e-5 1.0e-3 -
CoefﬁCient[ Pa- S] ‘ type [perfectGas =]
Pr['] 0.7 6.98 - | : Load )l:daterial File |
specific heat[J/kgK] 1000 4186 903 Materl Data | . %{.J
molecular 28.9 18.02 - '

weight[kg/kmol]
_ density[kg/m3] perfctGas 1000 2702 —
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Analysis Settings/Constant Panel > Material Tab T el
m Add the physical properties of water. { (1): Select t{Le
B Add physical properties by the operation shown in the physical
figure on the left. . properties at
tho
- Cl l\ﬂ'alne
u Material Type Bottom=Air
Material Type : FLUID ,
B thermophysicalProperties ®Enter "Water"
|
+ type X .
heRhoThermo ,@:Insert Row
I Ihzert Row I Remave Row | ‘
Material Type [FLUID =l
tvpe |heRh0Therm0 LI

| w transport

| ~ thermo

| - ZpECiE

| w equationDfState —|

Continued to the next page< .




Fluid-solid thermal couplingege@ececcccse

Palynomial SpeCies I

Analysis Settings/Constant Panel > Material Tab

erial Settings

—Mame of Matrial

B Add the physical properties of water.
" Transport | o —
o Type .
const
« Molecular Viscosity[Pa-s]
1 e_ 3 Insert Fow Remaove Fow
. Pr[-] : o~
T aterial Type |
6 . 98 1= thermophysicalProperties ]
B thermo _mm;t -
« equationOfState(Density Type) : hConst mu [Pas] [1o°3
« Specific Heat(Cp) [J/(kg-K)] (Specific Heat) : 4186 AL B

— therma

7k : 0 type |hOonSt LI
Water cp [Ukek] [4186

Hi [1ke] [0
R ER[Pa-s] 1.0e-3 |
Pr[ _] 6 . 98 1= equation0fState |
|~ snerey il
tEEA[I/kgK] 4186

F=[kg/kmol] 18.02
R [kg/m3] 1000 RENHK

T,




Fluid-solid thermal couplingege@ececcccse

Materials (=

Analysis Settings/Constant Panel > Material Tab ’ -
B Add the physical properties of water.
B spcice
« type
Spelce Inzert Row Femove Row
» Molecular Weight[kg/kmol](EIEE : 18.02 — |
B equationOfState = VemerhyekalProparion ———
. type = |
rhoConst =
- Density[kg/m3] (BE) : 1000 :z;eightmmﬂl—k;f;f =l
m energy p———-
— X e o 3
7
Viscosity coefficient[Pa-s] 1.0e-3
Pr[-] 6.98 | =
specific heat[J/kgK] 4186 = i
molecular weight[kg/kmol] 18.02
density[kg/m3] 1000

T,



Fluid-solid thermal coupling analysis  ec¢deeceoccsoe

Materials g X

. . . Material | Palynomial | species | =
Analysis Settings/Constant Panel > Material Tab
B Add the physical properties of aluminum. { -
B Add physical properties by the operation shown i (1) Select the phys,ca| propertles at the
figure on the left. bottom
Mame
®m Material Type [
+ Material Type : SOLID zlwater
B thermophysicalProperties
+ type :
heSolidThermo
I Inzert Rowe II Femave Row |

= Material Twp
Material Type [SOLID =]
— Load Material File

Material Data I EI

Load Material data |

Continued to the next pagel

T,
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Fluid-solid thermal coupling analysis  ecocEReccosce
Analysis Settings/Constant Panel > Material Tab _

B Add the physical properties of aluminum.
® Transport

* Type . | = Material Type I
constlso | = thermophysicalProperties ————————

« kappa [W/(m-k)] ; [ 3
237 kappa [/ mkR| 257

m thermo mpro— | _

« equationOfState(Density Type) : hConst o LikeK] [303

. Specific Heat(Cp) [1/(kg-K)]) £ 903 Iﬂf::j D

° Ref. EnthaIPY(Hf) [J/kg] . 0 | = EepeiriOiiEie

1= ENErEY

» Losd Material File

| solid (aluminum)Al

thermal 237
conductivity[W/mK]

specific heat[J/kgK] 903

density[kg/m3] 2702

Continued on the next page

T,
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Fluid-solid thermal coupling analysis oec¢occ@ceeccsoe

Materials
G

Analysis Settings/Constant Panel > Material Tab 2| water
B Add the physical properties of aluminum. Ll
M equationOfState

+ type

I’hOCOI’\St Ihzert Row Femove Row

« Density[kg/m?3] :

2702 | Material Twpe |
| ther mophyzical Properties |
| w tranzport |
|  thermo |

- ZPECIE

= equationCfState
twpe IrhoGDnst LI
»

rha ke/md] [2702

Solid (aluminum))
Al

thermal conductivity[W/mK] 237 typs |sensibleEnthaipy [~
Speciﬁc heat[J/kg K] 903 = Load Material File
. Material Data I EI
denSItY[kg/m3] 2702 Load Material data | |
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Fluid-solid thermal coupling analysis 000opkoeeSS0
Analysis Settings/constantProperty = R i
® VolAir(Fluid Region) and give the physical properties of [ —=—#hno

the air. |
®m Volume Settings
« domain name : VolAir
B Type Settings | = e et
« Region Type : Fluid R —
B Material Settings ) Vit sttnes
+ Assign Material S [l (o =
Air
m Initial Conditions “["""SDX'“ - —
+ Ulm/s] : X=-1,Y=0,Z=0 = [ I
+ p[Pa] . 101325 R i :
. T[K] : 300 Turbulent length [m] lu.uls I ll
« Turbulent Intensity : 0.03
« Turbulent Length[m] : 0.015 Ig[m,@uu — I Fr i
m Gravityg[m/s?] : X=0,Y=0,Z=-9.81

T,



Fluid-solid thermal coupling analysis 000eEheoeeeoe

congtant (3]

Analysis Settings/constantProperty e i e
m \olSolid(solid area) and give it the physical S e—
properties of aluminum.
®m Volume Settings
: VolSolid
M Type Settings
« Region Type : Solid
M Material Settings el senes _
« Assign Material : Al EE—
m Initial Conditions 1 R
-+ TIK] : 300

e,
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Fluid-solid thermal coupling analysis ooockboocosve
Analysis Settings/constantProperty L] rocins 1 o | e
m VolWater(Fluid Region) and give it the physical o

properties of water.

®m Volume Settings
« domain name : VolWater

B Type Settings -T.ypesmim.
: Fluid Rt TN {F'd_.li

° Reglon Type ~ Material Settings -

m Material Settings pesion ot (] =
« Assign Material : Water Il Gonditons )

m Initial Conditions o el — —
* U[m/s] : X=0,Y=0.1,Z=0 i I —
+ plPal - 101325 T o T
« T[K] : 300 |
. Turbulent Intensity : 0.03 I . |
. Turbulent Length[m] : 0.025 e

B Gravity

« g[m/s?]
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Fluid-solid thermal coupling analysis ¢¢occcbhoeccsee

Analysis Settings/caseProperties Panel

® The boundary conditions to be set are summarized below.

BC

Air inlet

Air outlet
Plane of air

symmetry
Water inlet

Water outlets

Oil-solid
interface

Air-solid

Air_inlet

Air_outlet
Air_symp

Water _inlet

Water_outlet

Share_Pipe_Fin,
Share_solid_1,
Share_solid_2

Boundary conditions

Conditions: Ux=—
1.0,Uy=0,Uz=0[m/s]
T=300 [K]

Pressure Regulation
Conditionsp=101325 [Pa]

Symmetry condition

Conditions: Ux=0,Uy=0.1,
Uz=0 [m/s]
T=353 [K]

Pressure stipulates conditions
p=101325 [Pa]

The conditions for co-service
are hot

Pressure stipulates conditions
p=101325 [Pa]

The conditions for co-service
are hot

B The solver for comnressibilitv calculations uses pressure in units of [Pa].




Fluid-solid thermal coupling analysis

Analysis Settings/caseProperties panel> Main tab

m Air_inlet sets the entry speed.

B category
« Boundary Name
« category
m coded
« coded enable
W inlet
+ type
« flowSpecification
+ U[m/s]
Z=0
m inlet(Turbulence)
« Turbulent intensity[-]
« Turbulent length[m]
® inlet(Thermal)
-+ T[K]

: 0.03
: 0.015

: Air_inlet
: inlet

: unchecked

: subsonic
: fixedVelocity
: X=-1Y=0

Air_inlet
Air inlet
bo

Z= 1D.\)

QO0CCRVOCC00Q

caseProperties ]

I~ coded enabled

— inlet

type IsubSonic LI

flowSpecification Ifixed\-‘elocity LI
b3 ¥ z

— inlet{Turbulence)

Turbulent intensity [-] IUUB—

Turbulent length [m]

— inlet{Thermal}

TIK] J300




Fluid-solid thermal coupling analysis

Analysis Settings/caseProperties panel> Main tab

m Air_outletsets the outlet pressure.

B category
« Boundary Name
: Air_outlet
« category : outlet

B coded
« coded enable s FIvIAD
B outlet
+ type
subsonic
« returnFlow : default
- plPa] '
101325
m outlet(Turbulence)
« Turbulent intensity[-] : 0.03
« Turbulent length[m] : 0.015

« Uref[m/s]
m outlet(Thermal)

i returnF lov Idefault

type subSonic

Ll L

plPa]  [i01325

= outlet] Turbulence)

Uref [m/z] 01

Turbulent intersity (-] [0.03
Turbulent length [m] I

— outlet{ Thermal)

TIK] [200

. T[k] - 300 Air outlet surface

Z= 1D.\)

OP0CORNOCRLOQ




Fluid-solid thermal coupling analysis

Analysis Settings/caseProperties panel> Main tab
M Air_symp sets symmetry.

B category
« Boundary Name : Air_symp
» category : Symmetry
B coded

- coded enable : Checkoff

air side

Z= 1D.\)

00T 0COO




Fluid-solid thermal coupling analysis 0000T0C0C0e

caseProperties (=2

Analysis Settings/caseProperties panel> Main tab

B Share_Pipe_Fin, Share_solid_1, and Share_solid_2
set up conjugate heat transfer at the inter-domain
interface (interface).

M category

« Boundary Name :
Share_Pipe_Fin,Share_solid_1,Share_solid_2

« category : Interface
m coded =]
- coded enable : checkoff :E%
B interface sl food
« wallFunction : highReynoldsRAS
o Prt[-] : 0.85
« thicknessLayers : 0
« kappalLayers[W/m/K] : 0

T,
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Fluid-solid thermal coupling analysis e¢eccwecesoe

Analysis Settings/caseProperties panel> Main tab e

m Water_inlet sets the entry speed.

B category
« Boundary Name : Water_inlet
» category : inlet

m coded

« coded enable : CheckOff

. Inlet I coded enabled
. type : subsonic P
« flowSpecification : fixedVelocity e [ 3
. U[m/S] : X:O Y=01 flowSpecification [ficedvelocity =]

Z=0 x U[m,@m;mz—

m inlet(Turbulence)
« Turbulent intensity[-] : 0.03
« Turbulent length[m] : 0.0025

® inlet(Thermal)
© TLk] : 353

V‘J — inlet Turbulence)
z Turbulent intenzity [-1 [0.03

Turbulent leneth [m]

— inlet Thermal)

inlet 7 rffzs3
surface
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Fluid-solid thermal coupling analysis ©@ececEkescce

Analysis Settings/caseProperties panel> Main tab

m The Water_outlet sets the outlet pressure.

B category S ——

Boundary Name : Water_outlet
» category : outlet

B coded

« coded enable : unchecked

W outlet
« type : subsonic
returnFlow : default
p[Pa]
W outlet(Turbulence)
« Turbulent intensity[-] : 0.03

= coded

‘ I~ coded enabled

= outlet

type IsubSonic

returnFlow Idefault

plPa]  [101525

Turbulent intensity [-] |002
Turbwlent leneth [m] W00025
Uret [mi=] ID.]

— autlet{Thermal}

= outlet{ Turbulence)

X
g

« Turbulent length[m] : 0.0025 : 1 o
Uref[m/s]
m outlet(Thermal)
© TLK] Water
outlet

su;{ace
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Fluid-solid thermal coupling analysis eeoceccEwoceccoe

roperties g X

Analysis Settings/caseProperties panel> Maintab  [Cade o | Boeson |
B Air, solid_1 sets up a wall with friction.
m It uses the default settings, so no input is required. R —
M category
« Boundaries ; -
AII",SO||C|_1 Category |wa|l
» category : wall — coded
] Coded I__coltl:ledenabled
+ coded enable :checkoff N -
m wall waItIIFunction :higl't'l.ReynoldsRP.S %|
* type : nOSI I p = wall{Thermal} y
+ wallFunction : highReynoldsRAS st [T =
« motion : Pri [] o5 jl
stationary Air
m wall(Thermal) Air
« heatTransfer : adiabatic Bound
« Prt[-] : 0. aries
solid_1
Pipe

X
g
z

Boundari
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Fluid-solid thermal coupling analysis
Analysis Settings/functions panel>fieldMinMax tab LAY = =Yo7 () Yo k=Y STo=

functions

b | patchrrobes | 4[]
B Sets the record of the maximum/minimum value of the T
physical quantity being calculated.
m filedMinMax Enabled : on ﬁﬁ_
®m Volume Settings
« domain name : VOlAir
m Output Settings
« writeToFile : NO Er—
log : yes |
location : yes j
mode : magnitude o =
m Fields
- all : off
U : on
P : on
« turb : off

e T 1 on
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Fluid-solid thermal coupling analysis

Gl AL ET=YEeY A1 ) T Xon Y SToe:
Analysis Settings/functions panel>fieldMinMax tab
figldMinhizx B probes | patchProbes | 4|0
B Sets the record of the maximum/minimum value of the 'r
physical quantity being calculated.
m filedMinMax Enabled : on W_
®m Volume Settings
« domain name : VolSolid
m Output Settings
« writeToFile : NO e
log . yes — =1
location : yes e :; :II
mode : magnitude —
m Fields ,
- all : Off B
e T : on

e,
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Fluid-solid thermal coupling analysis 00000000T0000
Analysis Settings/functions panel>fieldMinMax tab
i probes | patchProbes | 34| ¥]
B Sets the record of the maximum / minimum value of > ot et ]
the physical quantity being calculated.
h
m filedMinMax Enabled : on
®m Volume Settings
« domain name : VolWater
B Qutput Settings
« writeToFile ale) e L ::
log : yes jostion = =
location  yes i
mode : magnitude Lk
m Fields E
- all : off T
U : on
P : on
s turb : off
- T o]y

T,



Fluid-solid thermal coupling analysis

Perform Analysis/Execute Direct Calculations > writeDict Panel

D)
P00 200

m If you have an environment that calculates directly from OpenFOAM, run the caIcuIatlons with Run.

;writeDi-::t = X;
= Setup
Ihclude Mesh |Yes j

¥ rerumberMesh
[~ checkMesh

[~ reconstructPar
[~ foamToEnsight

| = Export

@ | Export Dict Files I |

= Bun OpenFOamM |

Flateform

(5): Select the solver

Igmﬂgninlvironrrent.
Fun |

& Save Mesh to OpenFOAM Project

Fleo o |EES

I Mame V I Size I Tvpe

Look i - I G

(2) Folder name for outputting a set of files for

Directory name OK @
ASCTE ird Cancel |

Scaline : |1

[ [Localennova-test

W sgi01:23 - Tera Term VT [ESEE=0

J7-OUF) BEE) FES) a2 bO—L0O) DA ZEDW) ALTH)

time step continuity errors @ sum local = 0.00157924967075, =lobal = 1.82012753024=-05, cumnulative = -0.0137692205027 -
DILUBICGStab:  Solvimg for epsilon. Initial residual = 0.00213201696766, Final residual = 3.89318208766e-05, No lteratioms 1
DILUBiCGStab:  Solving for k, Initial residual = 0.0200971534299, Final residual = 0.000493485895381, Mo Iterations 1
ExecutionTime = 1.95 s ClockTime = 2 s

Time = 33

DILUBiCGStab:  Solving for Ux, Initial residual = 0.00727868659469, Final residual = 0.00014964258142, Mo [terat ions 1
DILUBiCGStab: Solving for Uy, Initial residual = 0.00248025238861, Final residual = 8.75301273678e-05, No [terations 1
DILUBiCGStab:  Solving for Uz, Initial residual = 0.00187762239112, Final residual = 7.40633274224e-05, Mo [terations 1
GAMG:  Solvine for p, Initial residual = 0.0218450592277, Firal regidual = 0.0001105359404, Mo Iterations 4

time step continuity errors @ sum local = 0.00145673817624, global = 1.370507549688=-05, cumulative = -0.0137554254272
DILUBiCGStab:  Solving for epsilon, Initial residual = 0.0013080300848, Firal residual = 3.4112686736e-00, Mo Iterations 1
DILUBiCGStab:  Solving for k, Initial residual = 0.0176415589641, Final residual = 0.000429449958129, Mo [terations 1
ExecutionTime = 2 s ClockTime = 2 5

vIL\-0%j

DILUBiCGStab:  Solving for Ux, Initial residual = 0.00662185406984, Final residual = 0.00013763008079, Mo [terations 1
DILUBiCGStab:  Solving for Uy, Initial resicual = 0.00225925876454, Final residual = 7.98916536759e-05, Mo [terations 1
DILUBICGStab:  Solvimg for Uz, Initial resichal = 0.00174054729225, Final residual = 6.873587950972-00, Mo [terations 1
GAMG:  Solvire for p, Initial residual = 0.0200764118692, Final residual = 0.000101524969782, No Iteratiors 4

time step continuity errors @ sum lecal = 0.00134519204195, global = 1.25308548127e-05, cumulat ive = -0.0137428944728
DILUBiCGStab:  Solving for epsilon, Initial residual = 0.0017074015964, Firal residual = 3.01731041895¢-05, No Iterations 1

@




Fluid-solid thermal coupling analysis

Execute Analysis/writeDict Panel > File Output v

0000 CC 0D

m If you do not have an environment to calculate directly from ennovaCFD, output a
file and perform the calculations. .. o

Look im: ';'Ili j Q E 0 @E@
ame 122 Twpe

rht male File Falder

set of output files for OpenFOAM

= - 1 e {LLF) J
writeDict g X e {06
e H:
{ar Home LI ‘I I v
- Setuy - @
F Directary name: Icht_calc
ASCIT
Ihclude Mesh |Ves ;I

Scaline : |1
¥ renumberMeszh |

[T checkMesh

[T reconstructPar | 0
[~ foamToEnzight
— constant
= Export
| — system
@ Export Dict Files | — D Allrun
— =] dynamicGenericFoam.xml
— post.foam

A set of output files for OpentrOAM .



Fluid-solid thermal coupling analysis
How to run the analysis / OpenFOAM solver

Copy the set of files for OpenFOAM to an environment (Linux server) where OpenFOAM can be executed and execute Allrun.

i 8 50i01:23 - Tera Term VT E@g
FFAILF) B|EE) J|ES) 2>BO-L0) 2+ F2(W) ~ILTH)

% Is i
[ case.foam constant run.sh svstem  workF low. txd

% ./Allrun &

V& 5gi01:23 - Tera Term VT @E‘g‘
i |j7’l’}b{F) |E(E) F|E(S) I>bOI0) Do EDIW) ~LT(H)

Mtime step continuity errors @ sun local = 0.00157924967075, elobal = 1.82012753024e-08, cumulative = -0.0137692208037 -
DILUBiCGStab:  Solving for epsilon, Initial residual = 0.00213201636766, Final residual = 3.85318209766e-05, Mo Iterations 1
DILUBiCGStab:  Solvimg for k. Initial residual = 0.0200871534299, Firal residual = 0.000493485895391, No lterations 1

Execut ionTime = 1.95 s ClockTime = 2 s I:I

Time = 33

DILUBiCGStab:  Solvimg for Ux, Imitial residual = 0.00727968659469, Final residual = 0.00014964258142, No [terations 1
DILUBiCGStab:  Solving for Uy, Initial residual = 0.00248025238861, Final residual = 8.75901273678e-05, No Iterations 1
DILUBiCGStab:  Solvins for Uz, Initial residual = 0.00187762239112, Final residual = 7.40633274224e-05, No [terations 1
GAMG: Solving for p, Initial residual = 0.0218450592277, Firal residual = 0.0001105359404, No Iterations 4

time step continuity errors @ sum local = 0.00145673617624, alobal = 1.37850754068¢-00, cumulat ive = -0.0137554254272
DILUBiCGStab:  Solving for epsilon, Initial residual = 0.0019090300646, Firal residual = 3.4112685736e-05, No Iterations 1
DILUBiCGStab:  Solvins for k. Initial residual = 0.0176415589641, Final residual = 0.000429449958129, No lterations 1
ExecutionTime = 2 = ClockTime = 2 s

Time = 34

DILUBiCGStab:  Solvimg for Ux, Inmitial residual = 0.00662185406984, Firal residual = 0.00013763098079, Mo [terations 1
DILUBiCGStab:  Solvimg for Uy, Imitial residual = 0.00225925876454, Final residual = 7.98916536750e-05, No Iterations 1
DILUBiCGStab:  Solving for Uz, Initial residual = 0.00174054729225, Final residual = 6.87358755997e-05, No Iterations 1
GAMG: Solving for p, Initial residual = 0.0200764116692, Firal residual = 0.000101524968782, Mo Iterations 4

time step continuity errors @ sum local = 0.00134519204199, slobal = 1.25309546127e-05, cumulat ive = -0.0137428944726
DILUBiCGStab:  Solving for epsilon, Initial residual = 0.0017074015964, Final residual = 3.0173104168%¢-05, No Iterations 1

(1™

Solver Logs
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Fluid-solid thermal coupling analysis

Analysis Execution/Execution Progress

m If you set the OpenFOAM environment and execute the Allrun script, the
process will be executed according to the settings in ennovaCFD.

#1/bin/bash
#
# Version: v1812

# FOAM_INST_DIR:
# Check switch

# isParallel 01

# initCondCellZone: 0
# isCHT 01

# isRenumber 01
# isCheckMesh  : 0
# isReconst : 0

# isFoamToEnsight : 0
# isRadiation :0

# isLocalBlend : 0

#
. $WM_PROJECT_DIR/bin/tools/RunFunctions
# Start OpenFOAM workflow

# changeDictionary
for region in $(foamListRegions)

do . s
runApplication -s $region changeDictionary -region $region -constant -noFunctionObjects Execute Changechtlonary for each
done H

region
#d P
runAe;?)mggi?; ?:IrecomposePar -allRegions -noFunctionObjects decom pose RU n renum be rM eSh for
4 Run each regionPar
for region in $(foamListRegions)
do .
runParallel -s $region renumberMesh -overwrite -region $region -noFunctionObjects Run renumberMesh for each region
done
runParallel $(getApplication) Run Solver
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