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Numerical Heat Transfer

Chapter 13 Application examples of fluent for

basic flow and heat transfer problems
] ) i ,
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Instructor Wen-Quan Tao; anlong Ren; Li Chen

CFD-NHT-EHT Center
Key Laboratory of Thermo-Fluid Science & Engineering
Xi’an Jiaotong University
Xi’an, 2020-Dec.-22
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Heat transfer with source term

Unsteady cooling process of a steel ball
Lid-driven flow and heat transfer

Flow and heat transfer in a micro-channel
Flow and heat transfer in chip cooling

Phase change material melting with fins
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1: Using slides to explain the general 10 steps for Fluent
simulation in detail ! (PPTiHfi%)

1. Read mesh 2. Scale domain

3. Choose model 4. Define material

5. Define zone condition 6. Define boundary condition
7. Solution 8. Initialization

9. Run the simulation. 10. Post-processing
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13.4 Flow and heat transfer in a micro-channel

PYE IE N P R ]

Focus: compared with previous examples, the focus
of this example Is about pressure-out boundary
condition and ‘two-side-wall” boundary condition.
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13.1 Single-phase fluid flow and heat transfer in micro
channel with rectangular ribs (MC-RR)

Known: Cold water at T,=20°C flows into the inlet
of a MC-RR with velocity u=0.1m/s. The side wall of
MC-RR is heated with a uniform heat flux g = 30W/cm?,

Assumption: (1) steady state, (2) laminar flow, (3)
Incompressible fluid, (4) constant fluid properties, (5)

negligible radioactive and natural convective heat
transfer from the micro channel heat sink.
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Fig.1 Computational domain

Table .1 Geometrical parameters of MC-RR

Geometrical
Parameters Lrr Wr Lr L
Value/mm 0.5 0.7 0.1 0.3 3
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Find: Temperature distribution and pressure
distribution in the domain.
Governing equations:

Continuity equation: 371 dv
0x ay

=0

Momentum equations:

U— T V== — + T

ou Ju 10p upf0°u 0%u
0x 0y prOx  pr\0x? 0dy?

U— TV = T =

ov  ov 10p pur(d°v 0%v
0x 0y pf(?y pr \0x* 0dy?
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Energy equation:

0(pseortsTy) | OppyVTy) _ (07T 07T,
0x dy I\ ox2 = 0Oy?

where T: IS the coolant’s temperature, ¢ IS fluid
specific heat and k; iIs fluid thermal conductivity.
Energy equation for the solid region:

0T, 04T,
0 =k, ozt 572

where T, Is solid temperature and K, Is solid thermal

conductivity 10/36
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Boundary condition:

1. channel inlet x=0

u=u,

For fluid T, =T,,=293.15K
2. Channel outlet x=3mm

P. =P, =1atm

_ oT,
For fluid -k, (W):O

3. fluid/solid surface
u=v=0
ol oT;
_ks(a—ns :_kf(ﬁ)
Where (n) is the coordinate
normal to the wall
4. At side wall

K, (%) _ g =30W/cm? -
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Start the Fluent software

B Fluent Launcher — O >
Fluent Launcher . .
. 1. Choose 2-Dimension
|:|I:I Double Precision ] .

2. Choose display options
 Erbd 3. Choose Serial processing
| “Waorkbench Color #cherne
[ Show bore Options Option

Dot o i~ —

Note: Double precision or Single precision
For most cases the single precision version of Fluent is sufficient.

For example, for heat transfer problem, if the thermal
conductivity between different components are high, it is

recommended to use Double Precision \ersion. 12/36
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Step 1: Read and check the mesh
The mesh Is generated by pre-processing software

such as ICEM and GAMBIT. The document Is with

suffix JG&4%) “xx.msh”

> Reading "C:\Users\lichennht‘\Desktop\ansys\i4fluent_
Done. 411 2D wall faces, zone 23, binary.
14348 quadrilateral cells, zone 15, binary. 24 2D Symmetry faces. zone 2?4 hinary
L) L) -

2124 quadrilateral cells, zone 16, binary. . .
28278 2D interior faces, zone 17, binary. 321 shadow face pairs, binary.

3987 2D interior faces, zone 18, bhinary. 17129 nodes, binary.
44 2D velocity-inlet faces, zone 19, binary. 17129 node flags, binary.
44 2D pressure-outlet faces, zone 28, binary.
177 2D wall faces, zone 21, binary.
321 2D wall faces, zone 22, binary.
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Step 1: Read and check the mesh
Mesh->Check

m Check the quality and topological information of the mesh
Mesh Check

Domain Extents:
®x—coordinate: min (m)
y-coordinate: min (m)

Uolume statistics:
minimum volume (m3): 9.997533e-13
maximum volume {m3): S.455531e-18

total volume {(m3): 1.50008080e-0856

Face area statistics:
minimum face area (m2): 9.997748e-07
maximum face area (m2): 2.495907p-A5

Checking mesh. ... ... ... . ... ... ccaoaa.-.

Done.

3.25080808e-83
L .888888e-84

Z2.5000080e-84, max {(m)
B.8000008e+088, max {(m)
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Step 2: Scale the domain size

General->Scale

General

Scale Mesh [
Diomain Extents Scaling
Chedk R it l _
= ” Eport Ol ] Xmin (m) (5 oooz2s Xmax (M) [q po32s (@ Convert Linits
(") Spedfy Scaling Factors
Solver Ymin (m) [q Ymax (M) (5 ooos Mesh Was Created In
Type Velodity Formulation mm i
(@) Pressure-Based @) Absolute . .
(7 Density-Based (71 Relative View Length Unit In
- v 0.001
Time 2D Space
@ Steady (@) Planar
() Transient (71 Axisymmetric 0.001
() Axisymmetric Swirl
Scale ] [ Unscale ]
Flaaty
[Clnse ] [ Help ]
Y

The mesh is generated in Fluent using unit of mm. Fluent

Import it as unit of m. Thus, “Convert units” Is used. s/
15/36


/
/
/
/

CFD-NHT-EHT
CENTER

Step 3: Choose the physicochemical model
Based on the governing equations you are going to solve, select

the related model in Fluent.

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Maonitors

Solution Initialization
Calculation Activities
Run Calculation

Results

Models

Models

Radiation - Off

Heat Exchanger - Off
Species - Off
Discrete Phase - Off

Solidification & Melting - Off
Arcoustics - Off

Edit...

Example 4 1s about
single-phase laminar
flow and heat transfer,
so Energy model should

be activated.

16/36


/
/
/
/

CFD-NHT-EHT
CENTER

Step 4: Define the material properties

Define the properties required for modeling! For pure
heat conduction problem studied here, p, Cp and A should

be d@ﬁ ned . Materials
Materials
I - Fwia ]
Solution Setup->Materials ot i

COpper
aluminum

In Fluent, the default fluid is
alr and the default solid 1s Al.

Click the Create/Edit button
to add Water and Copper.
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Step 5: Define zone condition

Solution Setup->Cell Zone Condition

Choose water for Fluid zone Choose copper for Solid zone

& Fluid I

Zone Name
fluid

Material Mame: water-iquid

+| |Edit...

D Frame Motion D Source Terms
[ IMesh Motion [ ]Fixed Values
D Porous Zone

Reference Frame I Mesh Mntionl Porous Zone | Embedded LES] Reacﬁnn] Source Terms | Fixed Values Mulh’phase]

Zone Mame

X &2 solid ‘

Zone Mame

||5-:|Ii|:|

Material Namel copper vl Edit...

[ 1Frame Mation [ Source Terms
[ ImMesh Motion [ ] Fixed Values

Reference Frame l Mesh Motion ] Source Terms ] Fixed Values ]

Dirigir

constant e

fluid

Material Mame

water-iquid

constant o

18/36
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Step 6: Define the boundary condition
B velocity Inlet o

In]. et Zone Name
|in -
Velocity
Momentum | Thermal I Radiation I Speces I DPM I Multiphase I uDs I |

Velodity Spedification Method |Magni1udn.=-_ and Direction I - |

Reference Frame ’Absclute vl

Velodty Magnitude (m/s) [ 1 [mnsiﬁnt 'rl

Supersonic/Initial Gauge Pressure {pascal) [ [mnsmnt 'rl
¥-Component of Flow Direction [ [mnsmnt - l
Y-Component of Flow Direction [ [mnsmnt - l

[ K, ] [Cancel ] [ Help ]

Zone Marme

B Temperature

Momentum  Thermal |Radiaﬁun| Species | DPM | Mulphase | UDS |

Temperature (k) |gg3, 15 |::nr1513r1t - | 19/36
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Outlet: pressure outlet

Pressure Outlet et S

Zone Mame

|uut

Momentum |Therma|| F‘.adiaﬁnnl Sp-e::iesl DPM I Mulﬁphasel LIDS I

Gauge Pressure (pascal) |ﬂ |::ur1513r1t - |

Backflow Direction Spedification Method |Nnrmal to Boundary

|:| Average Pressure Spedfication
|| Target Mass Flow Rate

Gauge Pressure (FRH)
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Pressure in Fluent

Atmospheric pressure (KK H)

Gauge pressure (F8H): the difference between the true
pressure and the Atmospheric pressure.

Absolute pressure (E3ZH J7): the true pressure

= Atmospheric pressure + Gauge pressure

Operating pressure (F4EH 1) : the reference
pressure (Z2FET)

In our teaching code, a reference pressure point is
defined.

21/36
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Pressure in Fluent

Absolute pressure (BE3ZH J7): the true pressure

= Reference Pressure + Relative Pressure

Static pressure (§#H): the difference between true
pressure and operating pressure.
The same as relative pressure.

Dynamic pressure (g &): calculated by 0.5pU?
Is related to the velocity.

Total pressure (ZhH):

= Static pressure + dynamic pressure

22/36


/
/
/
/

‘.%L\. PR CFD-NHT-EHT
% SR ;‘% CENTER

Wall It =
q = 30W / cm? ‘v_@?_m_m_

L
| |
g N =

Zone Mame

fluid_wall

Adjacent Cell Zone
fluid

I Marmentum TthmE"lF‘.adiaﬁnnl Speciesl DPM | I"-"Iultiphasel uDs | wall Filml

Thermal Conditions

@ Heat Flux Heat Flux (w/m2) |3nnnnn |constant v
") Temperature

() Convection wall Thickness (m) |U

(") Radiation 7

() Mixed Heat Generation Rate (w/m3) ||:, |cgn5_13nt
via System Coupling

Material Mame

Copper v||E::ht|
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Wall ‘ ¢ Wg ) %';RF%

qg = 30W/cm? " % Lz zz

L
F -
e S ==

Zone Mame

fluid_wall

Adjacent Cell Zone
fluid

| Marmentum TthmE"lF‘.adiaﬁnnl Speciesl DPM | I"-"Iultiphasel uDs | wall Filml

Thermal Conditions

@ Heat Flux Heat Flux (w/m2) |3nnnnn | constant -|

") Temperature

|:::| Convecton Wall Thickness {ITI} ||:|

) Radiation E]

) Mined Heat Generation Rate (w/m3) |I:I |cc-n513nt = |
via System Coupling

Material Mame

Copper v||E::ht|
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This wall type has fluid zone and solid zone on each
side. This wall is called a “two-sided-wall”.

When such kind wall is read into Fluent, a “shadow”
(2F) zone is automatically created.

25/36
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There are three options for the temperature boundary
conditions of such “two-sided-wall”.

IR LT NN REE )| R s I 1l i

Thermal Conditions B Heat flux
() Heat Flux B Temperature
Temperature
@ Coupled ® Coupled

Matarial Mames

If you choose “Coupled”, no additional information Is
required. The solver will calculate heat transfer directly
from the solution of adjacent cells. Such wall is not a

boundary.
26/36


/
/
/
/

CFD-NHT-EHT
CENTER

You also can uncouple the sides of the wall and give
different boundary condition for different sides of the

wall.

O

Zone Name
fluid_solid_inter

Adjacent Cell Zone
fluid

Adjacent Cell Zone
fluid

Shadow Face Zone
fluid_solid_inter-shadaw

Momentum  Thermal | Radiation | Species| DPM | Multiphase | uDs | wall Fiim |

Thermal Conditions

@ Heat Flux Heat Flux {w/m2) |D | constant - |
") Temperature
) Coupled Wall Thickness (m) |D a

The adjacent cell zone of this wall is fluid!
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Wall

Zone Mame

fluid_solid_inter-shadow ﬁld_llal::ent I::E" EEIHE

Adjacent Cell Zone

solid Eﬂlld

Shadow Face Zone
fluid_solid_inter

|"-"|ﬂ|'|'IEFItL.II'I1] Thermall Radiatinn] Spe::iesl DPM l Multiphasel uD

This page is not applicable under current settings.

The adjacent cell zone of this shadow wall is solid!

You can find the wall and its shadow created
automatically by Fluent are adjacent to fluid and solid,
respectively. So you can specify different BC for

different walls.
27/36
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The original two side wall

Adjacent tg Adjacent to
fluid -Tr solid
Specify BC Specify BC

for the fluid for the solid
side side

Thermal Conditions
Thermal Conditions

@ Heat Flux

() Coupled

Its shadow created by Fluent
28/36
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/st step: Define the solution

For algorithm and schemes, keep it as default. For more

details of this step, one can refer to Example 1 of Chapter
13.

Solution Methods

Pressure-Velocity Coupling AI g O r i t h m : S i m p I e

Scheme
|SIMPLE -

. Gradient: Least Square Cell Based

Gradient
[Least Squares Cell Based v]

= . Pressure: second order

Momentum
’Semnd Crder Upwind v]

— . Momentum: second order upwind

Energy: second order Upwind

Mon-Iterative Time Advancement
Frozen Flux Formulation

30/36


/
/
/
/

CFD-NHT-EHT
CENTER

/st step: Define the solution

For under-relaxation factor, keep it default. For more
details, refer to Example 1.

8st step: Initialization

Use the standard initialization, for more details of
Hybrid initialization, refer to Example 1.

Step 9: Run the simulation

Step 10: Post-processing results
31/36
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Scaled Residuals

Residuals
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100 200 300

lterations

700

w0 1o

Dec 23, 2017
ANSYS Fluent 15.0 (2d, pbnsg, lam)
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2: Contours of Static Pressur v

1.05e+01
6.16e+00
1.87e+00
-2.43e+00
-6.72e+00

Contours of Static Pressure {(pascal)

Contours of static pressure (Pa)
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Dec 23, 2017
ANSYS Fluent 15.0 (2d, phns, lam)
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2.43e-02
1.62e-02
5.09e-03
0.00e-+10

Velocity magnitude
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3.10e+02
3.07e+02
3.03e+)2
3.00e+)2
2.96e+)2
2.93e+)2

Temperature (K)
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Temperature (K) of velocity as 0.01

3.18e+02
3.10e+12

3.01e+12
7 Q3417
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People in the same
boat help each
other to cross to the

fﬁcither bank, where....
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