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1. WPROWADZENIE

W ¢wiczeniu zostanie zaprezentowany sposdb modelowania nieustalonej wymiany
ciepta z uwzglednieniem radiacji. Jako punkt startowy zostanie wykorzystany model
z Cwiczenia nr 1, ktéry zostanie rozbudowany do przypadku dwuwymiarowego w celu
uwzglednienia konwekcyjnej wymiany ciepta na zewnetrznej powierzchni rury.
W koncowym etapie zostanie uwzgledniona takze sktadowa radiacyjna strumienia ciepla
z zewnetrznej powierzchni rury. Schemat analizowanego przypadku przedstawiony jest na
rys. 1.
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Rys. 1. Schemat zagadnienia zlozonej wymiany ciepta



2. JEDNOWYMIAROWE NIEUSTALONE PRZEWODZENIE PRZEZ PRZEGRODE

CYLINDRYCZNA Z UWZGLEDNIENIEM KONWEKCJI | PROMIENIOWANIA
2.1. PRZYGOTOWANIE GEOMETRII
Wykonaj nastepujace zadania:
1) Otwoérz plik Workbench z projektem z Cwiczenia nr 1
&1
[Cw1_files]
| Cwel
5] Cw1
Ncw
£ Cwl
2) PPM Kkliknij na Mesh i wybierz Duplicate w celu skopiowania geometrii z
Cwiczenia nr 1

v A v B
2 @Geometry . | Refresh V.
3 e Mesh Jd /  Update 7.
Mesh |43 Dupicate ]"/ 4
Replace With >

Clear Generated Data
X Delete
B Rename

Propertes

Add Note

3) PPM kliknij na Mesh i wybierz Rename. Zmien nazwe na Cw2

~ <
1

Refresh
2 Bl ceometry | ]

3 @ Mesh Hpdote
Copy of Mesh <3 Dupicate
Replace With 3
= cesrGeneratedData
A 7 Delste
L
Properties
Add Note

4) LPM Kliknij dwukrotnie na Geometry w Cw2



|E Analysis Systems

ﬁ Design Ass essment
Eigenvalue Buckling
& Slectric

[ Explicit Dynamics
f3 Fluid Flow (CFX)

fH Fluid Flow (Fluent)
& Harmonicacousts
E Harmonic Response
IC Engine (Fluent)
Magnetostatic

i modal

] Modal Acoustis

fl§ Random vibration
[y ResponseSpectrum
A Rigid Dynamic

) SeaticAcoustis

B Static Structural

B Seady-Sate Thermal
(@) Thermal-Electric

E Topology Optimization
E Transient Structural
¥ Transient Thermal
i Turbomachinery FluidFlow

Emmpunurﬂ: Systems

{3 ACP(Post)

iy ACP (Pre)

i BladeGen

W crx

g Engineering Data
@ Extemnal Data
@ Bdernal Maddl
B Fluem

B Fluent (with Fluent Meshing)
@ Geometry

B 1cem cFo

i Material Designer
ﬂ Mechanical APDL
@ Mechanical Modd
@ Mesh

[ Microsoft Office Excel
€5 Performance Map
& Resuls

(B svstem Coupling
€5 Turbo Sstup

M vista aFD

M vista CD

R vista CPD

W

A - B
Gmmvm_/ﬂﬂsew v 4
@ resh S 3 | @ souton v

Mesh 3| @ Resuls
cFx

T View All [ Customize. .. |

® starting SpaceClaim...

5) Wylacz widoczno$¢ plaszezyzny tnacej z Cwiczenia nr 1



Click an object. Double-clit

M@ Soiid

To Activate or Suppress for Physics

Hiding and showing will not affect an object’s inclusion in the physics
simulationT S ob) e s simutation
click on it with the right se button 2 - D'.r'Supplcs\ for

Physics or Activate for Physocs n the context menu.

B Do not show this message again

Workbench Detail Sheet Metal

lri! Select Pull Move Fil 8 Combine
Mode Edit Ini
“—| Sketch Mode (K) —
1o s g2 Work on the sketch grid in 20. blid

® Press F1for more help. or F3 for a video.

7) Jako plaszczyzng rysowania wskaz LPM powierzchni¢ czotowa rury

s
. B
8) Ustaw widok rownolegle do ekranu (Shift + v lub |—J)



9) Wybierz ikone rysowania prostokata, zbliz kursor do $rodka uktadu
wspolrzednych i nacisnij klawisz Shift

O UYIXN H  spli % o8
E X k <g ﬁfm &] @ @:.:M _ g @’z:;

g N e NP @

2 Select Pull M Fil Combi N coo
OOV I I 'ec e ' 8 emhine & Project N k 255 ({1 Mirror
Sketch Mode Edit Intersect Create
Q
W4
4l
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ZaEmn:
A A\
I: { jI\
SEEEE
| T t
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g !
n ‘\ ',
Y
RN
10,74mm
=R
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10) Po nacis$nieciu Shift pojawig si¢ dwa pola edycji wymiaru. Ustaw wymiar
poziomy jako 50 mm a pionowy jako 0 mm. W celu przetaczania migdzy
wymiarami uzyj klawisza Tab. Zatwierdz Enter.
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11) Ustaw wymiar poziomy jako 100 mm a pionowy jako 120 mm. W celu
przefaczania migdzy wymiarami uzyj klawisza Tab: Zatwierdz Enter.
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12) Wro¢ do widoku 3D



0 Activate the Pull tool in 3D
mode.

® Press F1for more help.

13) Przesuwajac wcisniety przycisk Scroll myszy obroc widok tak jak ponizej

14) Po lewej stronie ekranu LPM wybierz No merge



|Structure] Layers Selection Groups Views

£ General
4 500 = G @ Nomeze
DAl o —
3’&@@ Control whether the Pull result is
merged with interfering solids.
Properties
Press F1 for more help.

15) Nastepnie ustaw kursor, aby pokazaty si¢ zolte strzatki




16) Przesun kursor przy wcisnigtym LPM i nadaj wartos¢ 100 mm, a nastgpnie
zatwierdz Enter.

z

17) Nacisnij Esc w celu wyjscia z polecenia Pull i wskaz LPM powierzchni¢
wlotowa do rury



L l

18) Nacisnij klawisz Delete w celu usunigcia pomaranczowej powierzchni
i zamknij Spaceclaim.
19) Zapisz projekt w Workbench (Ctrl + s).

2.2. PRZYGOTOWANIE SIATKI NUMERYCZNEJ

1) Kiliknij dwukrotnie Mesh i wybierz Yes

ANSYS Workbench

Upstream data needs to be re-read. Would you like to read
the upstream data?

I fes I No

2) Wybierz filtr wyboru krawedzi

Edge (Ctrl+ E)

3) PPM wskaz Mesh i wybierz Insert->Sizing



4

| @ 2 &

...... o n

E‘;:.!\ Coor

----- 5] Materials

el 2

EI i Geometry

5Y5-1\Sold
SY5-1\5okd

dinate Systems

E‘,ﬂﬁ Connections

r _}; Generate Mesh

=l| Display

Display Style

[=| Defaults

Physics Preferen
Solver Preferenc
Element Order

Preview
Show
=} Create Pinch Controls

| Clear Generated Data
gk Rename (F2)

21ZIng

¥, Contact Sizing
‘ Refinement

Face Meshin
, 9

Element Size

(] Group All Similar Children

% Mesh Copy
@ Match Control

@ Pinch

A% Inflation

[+|| Sizing
[+ Cruality
[+ Inflation

Start Recording

Advanced

[+]| Statistics

Contact Match Group
@ Contact Match

Mode Merge Group
@ Node Merge

ﬁ.‘ Mode Mowve

4) LPM wybierz krawedz prostopadioscianu wzdhuiz kierunku rury, a nastepnie

zatwierdz Apply

Outline

2

| Filter:  Name -

IRERA R~ R
& A Geometry
----- @ 5Y5-1\5olid
----- @ 5Y5-1\5olid
----- %] Materials
[ 2k Coordinate Systems
(-, Connections
-9t Mesh
. Edge sizing
L Edge Sizing 2
AZ MultiZone

2L, sizing
Details of "Sizing” - Sizing

| Scope

Scoping Methad
Apply

| | Cancel

[=| Definition

Suppressed No

Type Element Size

Element Size Default (9,2736e-00:

3 mj

I=|| Advanced

Defeature Size |Default (4,6368e-00!

5 mj

Behavior Soft

Growth Rate | Default (1,2)

Capture Curvature | No

Capture Proximity |No

5) W polu Details zastosuj nastepujace ustawienia




Details of "Edge Sizing 3" - Sizing a
[<I| Scope
Scoping Method Geometry Selection
Geometry 1 Edge
[=1| Definition
Suppressed |Nc|
_Number of Di\risionsl -
Mumber of Divisions |1
[=| Advanced
Behavior Soft
Growth Rate Default (1,2)
Capture Curvature Mo
Capture Proximity Mo
Bias Type Mo Bias

6) Kiliknij Generate Mesh i zobacz jak wyglada siatka numeryczna.

7) KIikni'I PPM na Mesh i wybierz Insert->Method

| Filter:  Name -
B at-=28 8
ey @ SYS-1\Sold .
s @ SYS-1\Solid
- A5 materials
B s>+ Coordinate Systems
3 Connections
0@
A T
] */ Update @, Sizing
Contact Sizi
-} Generate Mesh , ontact Sizing
‘. Refinement
i = u Preview [3
— . Face Meshing
1| Display Show 3
- 4 : ?@ Mesh Copy
Display Style =# Create Pinch Controls
=/ Defaults & Match Control
Clear G ted Dat :
Physics Preferend ) o o Generated Data i Pinch
Solver Preference db Rename (F2) Ay |nflation
Element Order | (™ Group All Similar Children Contact Match Group
Element Size
[+| Sizing Start Recording W Contact Match
[+| Quality Mode Merge Group
/| Inflation @ Node Merge
Advanced G, Node Move

8) LPM wskaz prostopadtoscian i zatwierdz Apply.



QOutline

JF\\tar Name =
B gt E e il
-y 1 SY5-1\50ld
o 8 5YS5-1\Solid

8] Materials
i}, Coordinate Systems
/B Cannections
El-9t Mesh

-8, Edge Sizing

B, Edge Sizing 2
- MultiZone

. Edge Sizing 3
- Automatic Method

Details of "Automatic Method" - Method

= Scope

|=I| Definition

Scoping Method | Geometry Selection

T 1|

Cancel

Suppressed

No

Method

Automatic

Element Order

Use Global Setting

9) W polu Details zastosuj ponizsze ustawienia
Details of "MultiZone 2" - Method

[<I| Scope
Scoping Method Geometry Selection
Geometry 1 Body

[=I| Definition
Suppressed Mo

ethod MultiZone |
Mapped Mesh Type Hexa
Surface Mesh Method Program Controlled
Free Mesh Type Mot Allowed
Element Order Use Global Setting
SrofTrg Selection Automatic
Source Scoping Method | Program Controlled
Source Program Controlled
Sweep Size Behavior Sweep Element Size
Sweep Element 5ize | Default

[=I| Advanced
Preserve Boundaries Protected
Mesh Based Defeaturing | Off
Minimum Edge Length 5,0265e-002 m
Write ICEM CFD Files Ma

10) Kliknij Generate Mesh i zobacz jak wyglada siatka numeryczna.




11) Zmien filtr na wybor ciat

ool LR
= }ﬁﬁluse‘fﬂﬁ@

12) PPM wskaz Mesh i wybierz I_r-lsert->8i2ing



J Filter Mame -

B aae
i oy B SYS-

A5 Materials

zl

1\Solid

B s Coordinate Systems
&8 Connections

=} Generate Mesh

B @ p
Details of “Mesh" S
[=l| Display

review

how

:}' Create Pinch Controls

Display Style
[=]| Defaults

Physics Preferen db R

/| Clear Generated Data

ename (F2)

Element Order

salver Preferenc ™) Group All Similar Children

Element Size

Start Recording

[+| Sizing
[+ Cuality
[+| Inflation

=5 Mesk

g |
¥, Contact Sizing
‘ Refinement

b Bl Face Meshing

?‘ Mesh Copy
figd Match Control
) Pinch

Ay Inflation

Contact Match Group
@ Contact Match

Node Merge Group
@ Node Merge

. Node Move

13) Wskaz proétopadioécian i zatwierdz Apply.

14) Zastosuj ponizsze ustawienia.

Details of "Body Sizing" - Sizing a
[=]| Scope
Scoping Method | Geometry Selection
Geometry 1 Body
[=1| Definition
Suppressed Mo
Type Element Size
Element Size | 2,e-003m |
[=| Advanced
Defeature Size |Default [4,63682-005 m)
Behavior | Hard |
Capture Curvature | Mo
Capture Proximity | Mo

15) Kliknij Generat Mesh i sprawdz jak wyglada siatka numeryczna.




16) PPM kliknij w drzewku Geometry na geometri¢ ru

| Filter:  Name -

IBat+-=@ g
Pt_'nject ~
[ &) Model (C3)
£ /@ Geometry
— e
-y I 5YS-1\Soly </ Update
%] Materials
+— s Coordinate Syst
@ Connections Preview &
B Mesh
i /B, Edge Sizing Export. »
- ﬁ-‘ Edae Sizint v
. . 493 Hide Body (
Details of "SYS-1\Solid" T -
‘%] Graphics Properties Q Hide All Other Bodies (Ctrl+ F3)
+/| Graphics Prope:

[=)| Definition @ Suppress Body
Suppressed Mo | [[E) Suppress All Other Bodies
Coordinate System | Default

-} Generate Mesh

Behavior None Update Selected Parts >
B :::::E Frame | Lagrant o ¢reste Named Selection
Assignment ] Clear Generated Data
Fluid/Solid Definec &lb Rename (F2)
¥ Bounding Box |-
Properties ] Group (Ctr+ G)
Statistics
= CAD Attributes

Color143,175,143

PartTolerance: ‘o,oooooool

17) PPM kliknij na Mesh i wybierz Insert->Inflation



21 kgl
=] Project A
= (@] Model (C3)
=P Geometry
- & SY5-1\Sold
E x @ 5Y5-1\S0kd

‘/E Materials
El ‘/.;.g,; Coordinate Systems

Fl- 3 Connections

SR

........ $ Updae @, Sizing
Details of "Mesh" =} Generate Mesh ¥, Contact Sizing
- - ENg| (=
[=I| Display A#, Refinement
Display Style Preview |
=/ Defaults Show , | B Face Meshing
Physics Prefereny ®. Mesh Co
= ! =} Create Pinch Controls L. i
Solver Preferenc ﬁ Match Control
Element Order ':;:' Show All Bodies (Shift+ F3) B Pinch
T g Wiaion
[+]| Sizing -
[+ Quality ] Clear Generated Data @] Contact Match Group
[#| Inflation gt Rename (F2) @ Contact Match
Advanced
- ("] Group All Similar Children bt s e
Statistics @ Node Merge
Start Recording . Node Move

18) LPM wskaz brylte prostopadtoscianu i zatwierdz Appl

JFiIten Name =
Badtme g
,@ Materials ~

[ J}‘.‘. Coordinate Systems
G-, 81 Connections
[—]7% Mesh
ﬁ,‘ Edge Sizing
b M Edge Sizing 2
‘,% MultiZone
/. Edge Sizing 3
‘,% MultZone 2
oo A, Body Sizing
: ?A Inflation v

Details of "Inflation” - Inflation L
[=l| Scope

Scoping Method
Geometry

Cancel

Suppressed No

Boundary Scoping Method | Geometry Selection

Boundary Mo Selection

Inflation Option Smooth Transition
Transition Ratio Default (0,77)
Maximum Layers 5
Growth Rate 1,2

Inflation Algarithm Pre

19) Zmien filtr na wybor powierzchni



Aratinn -

kliknij w z6lte pole, a nastgpnie Apply
Ba+=@g

Materials

- ‘(;!‘ Coordinate Systems

[, A8 Connections

-3 Mesh

,,@.. Edge Sizing

- M8, Edge Sizing 2

,/m MultiZone
/e Edge Sizing 3

- A MultiZone 2

1. Body Sizing

?A Inflation v
Details of "Inflation” - Inflation 2
[=I| Scope
Scoping Method |Geometry Selection
Geometry |1 Body
[=I| Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary Mo Selection
Inflation Cption Smoath Transition
Transition Ratio Default (0,77}
Maximum Layers 5
Growth Rate 1,2
Inflation Algaorithm Pre

20) LPM wskaz powierzchni¢ cylindryczng w bryle prostopadtoscianu i LPM

5

21) W polu Details zastosuj nastgpujace ustawienia

Details of "Inflation” - Inflation a
[<I| Scope

Scoping Method Geometry Selection

Geometry 1 Body
[=1| Definition

Suppressed Mo

Boundary Scoping Method

Geometry Selection

Boundary 1 Face

Inflation Cption

First Layer Thickness |

First Layer Height 1,e-004 m

Maximum Layers 12 |

Growth Rate 12
Inflation Algorithm Pre

22) Wiacz widoczno$¢ rury




Filterr Name v
Badtue s
‘=] Project
(= | Model (C3)

= ,,@ Geometry

x @ SYS-1\S0 7

/58] Materials -/ Generate Mesh
B Coordinate Sys
* /8 Connections Preview »
= /4 Mesh
,,@K Edge Sizit Export... »
3, Edge Sizi
— . 94 Show Body (F9)
et S o Q Show All Bodies (Shift+ F9) 18

[+| Graphics Properties

|| Definition

| | Suppressed  |No | [[) Suppress Body
Coordinate System | Defau Suppress All Other Bodies

@ Invert Visibility

Behavior |None
Reference Frame | Lagrar Update Selected Parts B
E=l| Material <%0 Create Named Selection
Assignment —
Fluid/Solid Define ] Clear Generated Data
+/ Bounding Box alb Rename (F2)
[+ Properties ==
¥ | Statistics __| Group (Ctrl+ G)

23) Kliknij Generate Mesh i zobacz jak wyglada siatka

24) Zmien filtr na wybor ciat

® & E[EE s

s Close Vertices | 1,9e-

25) LPM wskaz bryte prostopadlioscianu, a nastepnie PPM wybierz Create Named
Selection



Insert
Go To 3

‘-j Repair Overlapping Named Selections
Export... k

@’ Hide Body (F9)
':;:' Hide All Other Bodies (Ctrl+ F3)

Q Filter Tree Based On Visible Bodies

Suppress Body
Suppress All Other Bodies

@ Isometric View

I=0

o Set

*3_ Restore Default (H)
@) Zoom To Fit (F7)

@l ZLoom To Selection (£)

a, |
@28 Image To Clipboard (Ctrl+ C) E
Cursor Mode r |

View L

79 Look At |_

|.Assu
The latest requests were answered after ~ [:\Ko|

,‘%;. Create Coordinate System

= Create Mamed 5election (M)...
5 Select All (Ctrl+ A)
%) Select Mesh by ID (M)...

26) Nazwij bryte Fluid_domain



Selection Mame

Fluid_domain|

@  Apply selected geometry

[] size
Type
Location X
Location Y

Location £

Apply To Corresponding Mesh Modes

s | Cancel |

27) Zmien filtr na wybor powierzchni

@@ &
5 J;'ﬁ’CIDse Vertices 1,
28) Wybierz z Ctrl dwie powierzchnie czotowe w prostopadtoscianie




Insert
Go To

¢ Hide Body (F9)
& Hide All Other Bodies (Ctrl+ F9)
¢ Filter Tree Based On Visible Bodies

@ Suppress Body
(S Suppress All Other Bodies

@ Hide Face(s) (F8)

& Isometric View
3 Set

3. Restore Default (H) —
®) Zoom To Fit (F7) 0075

-

®), Zoom To Selection (2)

&3 Image To Clipboard (Ctrl+ C)

Cursor Mode L] ITlmE
:sponse. The latest requests were answe View » PRZEDMIOTY\WZP Mon
P Look At

A Create Coordinate System

Create Named 5election (N]...
& Select All (Ctrl+ A)
§R) Select Mesh by ID (M)...

29) Nazwij je side_fluid



Selection Mame >

|side_fluid] X

(®  Apply selected geometry
O Apply geometry items of same:

D Size
|:| Type
|:| Location X

Location Y

L]
|:| Lacation £
L]

Apply To Corresponding Mesh Modes

k. I Cancel

30) Podobnie wybierz cztery pozostate Sciany prostopadtoscianu i nazwij je walls




Insert
Go To »

Q Hide Body (F9)
Q@ Hide All Other Bodies (Ctrl+ F9)
Q Filter Tree Based On Visible Bodies

Suppress Body
Suppress All Other Bodies

Q Hide Face(s) (F8)

& Isometric View
:ISO Set

|

f 3: Restore Default (H)
E @) Zoom To Fit (F7)
0'000- (@) Zoom To Selection (Z)

| @® Image To Clipboard (Ctrl+ C)

| Cursor Mode v [
{ View 3 \.
| Association 99 Look At

nse. The latest requests were answered after * :\KompPraca_202!

A Create Coordinate System

QI Create Named Selection (N)...

@& Select All (Ctrl+ A)
&%) Select Mesh by ID (M)...

31) Zamknij program Ansys Meshing i zapisz projekt w Workbench.

2.3. SYMULACJA NUMERYCZNA

1) PPM wskaz CFX z Cwiczenia nr 1 i wybierz Duplicate



v A v B

. -

o o fres

2 Geometry v/ ‘—/-C 2 e Setup %] Refresh
=1 4 - 7 "
3 6 Mesh v 4 3 % Solutio i

Mesh 4 P Resultsli-iha Dupicate

CFX Replace With
Clear Generated Data
X Delete

= = Hlsl Rename
W Mesh Properties
2 Geometry v Add Note
3 o Mesh / 4

Cw2

2) W okienku, ktore si¢ pojawi wybierz No
I\ ANSYS Workbench X

i Should upstream connections from the rest of the project
] . be kept for created systems?

Yes Mo
| |

3) Zmien nazwg¢ na RadiationConvection



v A - e

2 . Geometry v /. a Setup V'
3 @ Mesh 3 @ Sdutin v/

Mesh 4 9 Results /
CFX
- C
. "
2 Geometry ' a Setup J Refresh
3 @ Mesh P a 3 @ soution
Cw2 4 9 Resuls |23 puplicate
of CF
Oy Replace With >
Clear Generated Data

oe: Wl
A [E_ERename

Properties

Type

Add Note

Uwaga: jeslli nie widzisz komorki D uzyj Scroll w celu oddalenia widoku w
Project Schematic. Nastepnie mozesz przesungé komorke D za pomocg LPM.

4) LPM Kliknij na Mesh w Cwz2 i przeciagnij na Setup do pojawienia si¢ Transfer
C3, a nast¢pnie zwolnij LPM.

Project Schematic

A L 4 B

w

: S ‘

2 Bl Geometry .f’}_ﬁ}fﬂ.--i.{’
3 ﬁ Mesh ¢ 3 @ Solution "

| F

Mezh 4 @ Results v
CFX

- D
2 Geometry " 4 2%
3|‘ Mesh 7 J 3 @ soluton 7

4 @ Results 7 d

RadiationCaonvedion

5) PPM myszy kliknij na Mesh w Cwz2 i wybierz Update



Project Schematic

v A v B
2 Geometry v/ /—02 a Setup Vv 4
3 e Mesh v’ 4 3'e Solution v/ 4
Mesh 4—9 Results \/;

CFX

v C v D
- D -

& .

2 | Bl Geometry v /—02 @ setup
3|3Mesh 7 Lalubian.

Cw2

A

(P Edit..

=3 Duplicate
Transfer Data From New
Transfer Data To New

Update

Type

Update Upstream Components
Clear Generated Data

Refrash

Reset

Rename

Properties

Quick Help
Add Note

6) Kiliknij dwa razy LPM na Setup w celu edycji modelu numerycznego z nowg

siatkg numeryczng



Project Schematic

- A

1

2

3 |
Mesh

- C

i | Mesh

2 Geometry v

3 @@ Mesh v 4
Cw2

7) KIliknij dwukrotnie LPM na Default Domain

- B

. B

Bl Geometry ‘—’/—.2 @ setp v
@ Mesh v 3 @3 Soluton v

4 @ Resuts +
CFX

2

3 @) soluton
4 9 Results &

Al

RadiationConvedion

A [EI Mesh
> |8 sys-11.cmdb
> @ Connectivity
~ @] Simulation
~ [ Flow Analysis 1
G Analysis Type

hd Default Domain
it Default Domain Default
ii inner
it outer
BE sym
'HJ Initialization
ﬂ Interfaces
hd Solver
2" solution Units
hﬁ Solver Control
Output Control

i .=
8) Zastosuj ponizsze ustawienia.



Cutline Domain: Default Domain
Details of Default Domain in Flow Analysis 1

Basic Settings Solid Models Initialization Solver Caontrol

Location and Type

Location Solid_domain]| V| III
S——
Domain Type |Solid Domain - |
Coordinate Frame |Eoor|::| 0 - |
Solid Definitions. .. =
Solid 1
Solid 1 =
Option |Maten'al Library - |
Material | SteellinearThermCond V| IZI
Marphology =
Option | Continuous Solid - |
Domain Models
Domain Mation =
Ciption |513ﬁunar'5r - |
Mesh Deformation =
Oiption |None

9) Utworz domenge ptynu i nazwij ja Fluid_domain
£ o[l arasmi. b

Insert Domain ? >

e Lt
o) [N

Viewl «

Name | Fluid_domain| |

[ o ] | concd

10) Zastosuj ponizsze ustawienia



Cutline Diomain: Fluid_domain
Details of Fluid_domain in Flow Analysis 1

Basic Settings Fluid Models Initialization

Location and Type

Location I FIuid_dDmainl w
Domain Type Fluid Domain -
Coordinate Frame Coord 0 -

Fluid and Particle Definitions. .. =
Fluid 1
[l
Fluid 1 B
Option Material Library
Material |aratzsc |
Maorphalagy =
Option Continuous Fluid
[ ] Minimum Volume Fraction
Domain Models
Pressure =
Reference Pressure | 1 [atm]
Buoyancy Model =
Gravity ¥ Dirn. ID [m 5~-2] I |
Gravity ¥ Dirn. |-5.81[ms~-7 |
Gravity Z Dirn. ID [m 5~-2] I |
Buoy. Ref. Temp. IZEI [C] I |
Ref. Location =
Oiption Automatic
Domain Motion =
Option Stationary
Mesh Deformation =

Option Mone



Cutline Domain: Fluid_domain
Details of Fluid_domain in Flow Analysis 1

Basic Settings Fluid Models Initialization

Heat Transfer =
Option IThermaI Energy I -
[] tnclude Pressure Transient Term

[] Ind. viscous Dissipation

Turbulence =
Option INonE {Laminar) I - | IZ'
Combustion =
Option |None - |
Thermal Radiation =
Option Monte Carlo - |
Mumber of Histaries | 10000 | [l
Transfer Mode |Parti::ipatir1g Media - |
Spectral Model =
Option |Era1,r - |
Scattering Model =
Option |Nonv.=_ - |
] Electromagnetic Model
11) Zatwierdz OK.

12) Utworz warunek brzegowy w domenie ptynu

ON~| ﬂ'#'ﬁ'ﬂiﬂ k

*[:3 ety in Default Domain Modified
LA
-

13) Nadaj nazwe walls

Insert Bound... 7 >

Mame | walls| |

[ o | | concd

14) Nadaj nastgpujace ustawienia i zatwierdz OK.




Outline Boundary: walls x|
Details of walls in Fluid_domain in Flow Analysis 1

Basic Settings Boundary Details Sources Plot Options

Boundary Type Wall -
Location walls w |

[] Coordinate Frame
Outline Boundary: walls B

Details of walls in Fluid_domain in Flow Anabysis 1

Basic Settings I Boundary Details I Sources  Plot Options

Mass And Momentum =
Option Mo Slip Wall -

[] wall velocity
[ ] Turbulent Wall Functions (Beta)
Wall Roughness =

Option Smooth Wall -
Heat Transfer =

Fixed Temperature 20 [C]

[ ] Turbulent Wall Functions (Beta)
Thermal F.adiation =
Option Opague -
Emissivity 1. |
Diffuse Fraction | 1. |

15) Utworz warunek brzegowy w domenie ptynu

ON~| ﬂ"#'ﬁ'ﬂim k

*[% — .t in Default Domain Modified
el

A
1~ in Fluid_domain

16) Nadaj nazwe sym_fluid i zastosuj nastepujace ustawienia i zatwierdz OK.

Outline Boundary: sym_fluid 3¢ |
Details of sym_fluid in Fluid_domain in Flow Anabysis 1
Basic Settings
Boundary Type Symmetry -
Location side_fluid| W

17) Kliknij dwukrotnie ikong¢ warunkéw poczatkowych



Cutline

A [—\E-I Mesh
8] sys-11.cmdb
G Connectivity
hd EI Simulation
v [ Flow Analysis 1
@ Analysis Type
hd (& Default Domain Modified
't inner
PE outer
P+ sym
v [«] & Fluid_demain
't Fluid_domain Default
€ sym_fluid
MIPE walls
@ Interfaces
A . Solver
2" Solution Units
t’f‘s, Solver Control
CQutput Control

i -
18) Zastosuj nastepujace ustawienia i zatwierdz OK.



Outline Initizlization
Jetails of Global Initialization in Flow Analysis 1

Global Settings

[] Coordinate Frame
Initial Conditions

Velocity Type Cartesian
Cartesian Velodty Components
COption Automatic with Value

U 0 [ms™-1]

W I 0 [ms"-1] I

W I 0 [ms™-1] I

Static Pressure

COption Automatic with Value
Relative Pressure 0 [Pa]

Temperature

COption Automatic with Value
Temperature |2I3I [C]

Turbulence

COption Medium (Intensity = 5%%)

Radiation Intensity

Option Automatic

19) Usun warunek brzegowy outer



Qutline

v @] Mesh
> @ sys-11.cmdb
> @ Connectivity
v @ Simulation
v @ Flow Analysis 1
@ Analysis Type
v [A @ Default Domain Modified
MPE inner
outer
MBE sym Edit
v [V Fluid_domain
M P& Fluid_domain €

8] Mesh Statistics

MPE sym_fiid s
Mt wals
b,.; Initialization : e
A\l
3 Interfaces Ziv  Hide
v &l solv
@ K e ) ) Edit in Command Editor
&% Solution Units
I Solver Control [y Copy
P Output Control
3¢ Duplicate

A Coordinate Frames
j] User Locations
§] Transformations

> (8] Materials

= X
E

II Reactions
v %] Expressions, Functions and Variables

2n .

20) Usun domyslne ustawienia Interface




v [ Default Domain Modified
9% Default Fiuid Soiid Interface Side 12
FPE inner
HPE sym

v A& Fhid_domain
1 P% Default Fiid Solid Interface Side 1 1
MPE sym_fuid
M PE wals

D, initiskzation
v 2 Interfaces

| Default Fiuid Sobid Interfa
v (84 Solver Edt
& Solution Units -
P~ solver Contral K Neh et
5H Output Control Render 3
,.-L Coordinate Frames Show
] user Locations E—
# Transformations +H
> (8] materials B2 Edtin Command Editor
La_] Reactions
w @Eprusmmncunmandum I Copy
| Additional Variables 0 puplicate
hd Expressions ..:1
& b X Delete
el |ambda db  Rename
& lamda0 T

21) Utworz nowy potaczenie obszaru ptynu i ciata statego

22) Zastosuj nastepujace ustawienia



Dutline Domain Interface: Default Fluid Saolid Interface
Details of Default Fluid Solid Interface in Flow Analysis 1

Basic Settings

Interface Type
Interface Side 1
Domain (Filter)
Region List
Interface Side 2
Domain (Filter)
Region List
Interface Models

Option

Additional Interface Models

Mesh Connection

Fluid Solid -
Fluid_domain W |
F54.49 V|
Default Domain Madified o |

I l:uuter| I w |

General Connection

Frame Change Mixing Model

Option
Pitch Change

Option

Mone

Maone

Qutline Domain Interface: Default Fluid Solid Interface
Details of Default Fluid Solid Interface in Flow Analysis 1

Basic Settings Additional Interface Models

Heat Transfer

Option
Interface Model

Option

23) Zatwierdz OK.

Mesh Connection

Conservative Interface Flux

Maone

24) Zamknij Progam Ansys CFX i zapisz projekt w Workbench.

25) Edytuj Solution.



Project Schematic

- A b B
T
2 QU Geometry " 2 @ setp v
3 @ Mesh v 3 @ soluton v
Mesh 4 @ Resuts v

CFX

- - D
2 Geometry ‘—/—.2 @ sep v,
3@ Mesh v 3 m — ||
Cw2 4 @ Results
¥-) Display Monitors
RadiationConveg
53  Duplicate
Transfer Data From New *
Transfer Data To New v |
A
1| Type g - |
Continue Calculation
Update Upstream Components
Clear Generated Data
4] Refresh
Clear Old Solution Data *
Clear Cached Solution Data »
Clear Execution Control
Reset
Byl Rename
Properties
Quick Help
Add Note

26) Nacisnij Start run



&3 Define Run ? x

Salver Input File “w1\Cw1_files\dpO\CFX-1\CFX\CFX.def | [

Global Run Settings
Run Definition Initial Values Partitioner Solver Inter 41 »
Run Settings
Type of Run Full

Double Predsion
[ ] Large Problem

Parallel Environment =

Fun Mode Serial -

Host Name

desktop-1erkcpo

Show Advanced Controls

Start Run Save Settings Cancel

27) Poczekaj az program skonczy liczy¢.
28) Po zakonczeniu obliczen zamknij program Ansys CFX Solver Manager.




3. WIZUALIZACJA WYNIKOW

1) KIliknij dwukrotnie LPM na Results.

| B Analysis Systems: ] ()
¥d Design Assessment
Eigenvalue Buckling
Electric
Explicit Dynamics
Fluid Flow (CFX)
Fluid Flow [Fluent)
Harmanic Acoustic
Harmanic Response
IC Engine (Fluent)
Magnetostatic
Maodal
Medal Acoustic
Random Vibration
Response Spectrum
Rigid Dynamics
Static Acoustics
Static Structural
Steady-State Thermal
Thermal-Electric
) Topelogy Optimization
ﬁ Transient Structural
> E Transient Thermal

&) Turbomachinery FluidFlaw

Ec:.mpnnentafsm ]
&y AcCP (Post)

iz ACP (Pre)

ﬁ BladeGen

[@ X

¥ Enaineering Data
External Data

@ Ecternal Model

n Fluent

Fluent (with Fluent Meshing)
@ Geometry

B cemcro

e Material Designer
I\ Mechanical APDL
@ Mechanical Modd
@ Mesh

[x Microsoft OfficeBxcel
€5 Performance Map
& Results

] System Coupling

€5 Turbo Setup

W vistaaFD

B vistaCCD

B victacPD

ECEEHECECEEHKREREREER®

L

| T View All [ Customize. .,

® starting CFD-Post..

Project Schematic

- A

2 | Bl Geometry JJ—/—czﬁsEt.p v .,
3ﬁﬂeﬂ1 v 4 3%Su|u’dm~/

4
Mesh ] 9 Results " 4

- c

2 B Geometry v"‘——/—.lﬁ,&m v .,
3@ Meh v, 3 @8 souton v
Cw2 ‘Im

RadiationConvedion




2) Kliknij LPM 0§ X w prawym dolnym rogu ekranu.
3) Wiacz kontury utworzone w Cwiczeniu nr I i obserwuj rozktady temperatury
w plaszczyznie wzdtuznej dla roznych czaséw (ikona Timestep Selector)
C1PE inner
% sym
v @ Fluid_domain
174 Default Fluid Solid Interface Side 1 1
CPE sym_fluid
] lt walls
> [& Mesh Regions
v & User Locations and Plots
Dq Default Transform
[~ E? Default Legend View 1
[/ Line1
(] Plane 1
[« & wireframe

b ﬂ Report
BP0 x@ekRa|OpL g0 R

n S HAA® g 076

Viewl ¥

@ Timestep Selector

RadiationCanvection

Loaded Timestep: 40 - Final

= Step SohverStep Tme[s] Type ~
® B B 14 Ful o
R 145 Full =
313 3 15 Full x
2 3 o3 1.55 Ful
EERE R ) 16 Full m
EXRE ) 165 Full
353 34 17 Ful
EE 175 Full
3.091e+02 7 % 3% 18 Full
EINE A 185 Ful
3.011e+02 B B 3B 18 Full
0 B B 1.95 Full
4 0 0 2 Full - Final
2.932e+02 v

4) Wylacz kontury i zamknij Timestep Selector
v 8] User Locations and Plots

B [ Contour 1

I}q Default Transform
[} Default Legend View 1
[«1# Line1

F1e Aleen 4
5) Obro¢ model do widoku jak ponizej



6) Utworz plaszczyzng poprzeczng za pomoca Location->Plane



ion  Insert Took Help
9 SEEST sl
KPressions + Paoint
o %% Point Cloud | Al
1 /A Line
n
Plane
awlt Fluid Solic @ o
i_fid O volume
Is ¥ Isosurface
ions v lsoClp
nd Plots T vortex Core Region
E:' Surface of Revolution
‘m
snd View 1 A Polyline
User Surface
Gl surface Group
:;':5. Turbo Surface v|
’"/ Turbo Line

Render View

7) Zastosuj ustawienia jak ponizej
Details of Plane 2

Geometry

Damains

Definition

Method

z

Plane Bounds

Type

Flane Type

(® Slice

Color Render View
All Domains -
-
|43'-U5 [rn] |
MNone -

(") sample

8) Wylacz widocznos¢ ptaszezyzny, ktl()_rli przed chwilg utworzytes

9) Nacisnij 0§ Z

+ walls
@ Mesh Regions
v |8 User Locations and Plots
(i contour 1
EF' Default Transform
E? Default Legend View 1
Z Line 1
CI§8 Plane 1

-
M % Plane 2

& wireframe



10) Utworz kolejne kontury

Turbo

& Insert Contour 7 x

11

U Fontour 2 |

[ oc | [ cmad |

11) Zastosuj nastepujace ustawienia

Details of Contour 2

Geometry Labels Render View
Domains |ﬁ|Dﬂ'ﬂii"5 v | IZI
Locations IFIEI'IEI ~ | D
Variable Temperature 3 |1|
Range lLocal v
i 293.15 [K]
M 373.15 K]
# of Contours [ 11 i

Advanced Properties

12) Uzywajac Timestep Selector obserwuj rozktady temperatur w ré6znych czasach



r 3.491e+02
r 3.411e+02
r 3.331e+02
r 3.251e+02
r3.171e+02

3.091e+02
I 3.011e+02

2.931e+02

[K]

13) Nastepnie edytuj Contour 2
Details of Contour 2

Geometry Labels Render

Domains All Domains
Locations Flane 2
Variable Pressure
Range Local
Min
Max

View

-

unknown

unknown

# of Contours | 11

Advanced Properties

14) Uzywajac Timestep Selector obserwuj rozktady ci$nienia w roznych czasach



15) Wylacz widocznos¢ Contour 2
LI P4 S¥IN

w [ Fluid_domain
[ ]PE Domain Interface 1Side 1
] lt sym_fluid
] '$ walls
> Mesh Regions
v User Locations and Plots

E Contour 1
Default Transform

[}
[ E,g Default Legend View 1
E A Lline1
] ﬁ Flane 1
] “ Plane 2
[«] & wireframe
16) Utworz wektory pr?'d}méci
elp
we[3leazg el
tore  Turbo | & Insert Vector ? x

17) Zastosuj nastgpujace ustawienia i zatwierdz Apply.



Details of Vector 1
Geometry Color Symbaol Render View

Domains All Domains g D
Definition

locations | Plane 2 | - E
Samping  Vertex v
Reduction | Reduction Factor -
Factor |10 |
Varisble | Velocity -] []
Boundary Data (®) Hybrid () Conservative

Projection | None 7

18) Uzywajac Timestep Selector obserwuj rozktady wektorow predkosci w réznych
czasach

19) Zadanie do samodzielnego wykonania: skopiuj RadiationConvection i Kkopii
nadaj nazwe onlyConvection. Edytuj Setup w onlyConvection wytaczajac



W domenie ptynu promieniowanie cieplne. Wlacz ponownie obliczenia
I porownaj wyniki z RadiationConvection.
Outline Domain: Fluid_domain 3¢ |
Details of Fluid_domain in Flow Analysis 1

Basic Settings Fluid Models Initialization

Heat Transfer =
Cption Thermal Energy -
[ ] indude Pressure Transient Term

[] Ind. viscous Dissipation

Turbulence =
Option Mone (Laminar) -
Combustion =
Option Mone -
Thermal Radiation =
Option Mone -
[ ] Electromagnetic Maodel

20) Zadanie do samodzielnego wykonania: podobnie jak w Cwiczeniu nr 1 oblicz
strumienie ciepta na powierzchni rury dla czasu t = 2 s. Wykorzystaj
nastepujace expression:

=arealnt(Wall Heat Flux Y@Domain Interface 1 Side 1

Wyniki jakie nalezy umiesci¢ w raporcie:

I.  Kontury rozkladéw temperatury W plaszczyZnie prostopadlej do osi rury
z uwzglednieniem tylko konwekcji 1z uwzglednieniem konwekcji

i promieniowania dla czasow: 0; 0,1; 0,2; 0,3; 0,4; 0,5; 1,0; 2,0 s
Il. Kontury rozkladow ci$nienia W plaszczyznie prostopadiej do osi rury
z uwzglednieniem tylko konwekcji 1z uwzglednieniem konwekcji

I promieniowania dla czasow: 0; 0,1; 0,2; 0,3; 0,4; 0,5, 1,0; 2,0 s
I1l.  Rozktadéw wektorow predkosci w ptaszczyznie prostopadtej do osi rury
z uwzglednieniem tylko konwekcji 1z uwzglednieniem konwekcji

i promieniowania dla czasow: 0; 0,1; 0,2; 0,3; 0,4; 0,5; 1,0; 2,0 s
IV. Rozkltadéw linii pradu w plaszczyznie prostopadiej do osi rury
z uwzglednieniem tylko konwekcji 1z uwzglednieniem konwekcji

I promieniowania dla czasow: 0; 0,1; 0,2; 0,3; 0,4; 0,5; 1,0; 2,0 s
V. W tabeli przedstawi¢ strumienie ciepta dla wszystkich obliczanych przypadkéw

Zadania nieobowiazkowe:

1) Za pomoca expression oblicz numerycznie liczbe¢ Grashofa Gr dlat =2 s. Czy
model laminarny zostal uzyty poprawnie? Odpowiedz uzasadnij.

2) Za pomoca expression oblicz numerycznie S$redni na powierzchni rury
wspotczynnik wnikania ciepta a. Wykonaj wykres zaleznos$ci wspotczynnika
whnikania ciepta w funkcji czasu.

3) Wykonaj obliczenia dla pozostatych modeli promieniowania cieplnego
I pordwnaj w tabeli uzyskane strumienie ciepta dla czasut =2 s.



