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Numerical Heat Transfer

Chapter 13 Application examples of fluent for

basic flow and heat transfer problem
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13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer

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

13.6 Phase change material melting with fins
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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”
(B82F) zone is automatically created.

5/32
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There are three options for the temperature boundary
conditions of such “two-sided-wall”.

Thermal Conditions

) B Heat flux
) Heat Flux B Temperature
Temperature B Coupled

@ Coupled

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. 62
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iginal 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 2120
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Pressure outlet boundary condition

Pressure Outlet et e

Zone Mame

||::|ut

Mormentum |Therma|| F'.adiaﬁunl Speciesl DPM I Mulﬁphasel DS I

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

Badkflow Direction Spedification Method |I"-.Inrma| to Boundary

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

Gauge Pressure ()
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For pressure outlet boundary condition, Fluent asks you
to input a Backflow ([ #) Total Temperature.
However, it will play a role only if there is backflow.

There I1s no information provided by Fluent Help File
about what Is the actual boundary condition for heat

transfer.

" — 5
EY Pressure Outlet @

Zone Mame

|wall

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

Backflow Total Temperature (k) | 300 | constant - |

Backflow Total Temperature

[ 2K, ] [Cancel] [HEIp ]

] 9/32
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The problem has been asked by many users.

Someone Indicate online that the actual value of
temperature is calculated using the value of last time
step, or by interpolating methods from values of
neighboring nodes.

1

Interpolating
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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 ($2fEH /1) : the reference
pressure (B2EEH)

In our teaching code, a reference pressure point is
defined. 11/32
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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 (J&H):

= Static pressure + dynamic pressure 12/32
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13.5 Flow and heat transfer in chip cooling

oY e bikiE S )

Focus: compared with previous examples, this
example is a relatively realistic problem. The domain
of this Example contains fluid, board (Eg&#k) and

chip GBR) .
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13.5 Flow and heat transfer in chip cooling

Known: Steady laminar flow and convective heat
transfer around a board on top of which is a chip with
source term. The domain and size is shown In Fig. 1.
The boundary conditions are as follows:

m Inlet: u---0.5m/s (constant)

T---298K
m Pressure outlet: Gauge pressure (FH) :0 Pa.

m Top and bottom boundary: 3" boundary condition

Heat transfer coefficient: H=1.5 W/(m?K);
Free stream temperature: T,=298K. 14/32
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m Chip-- a constant source term, 904055 W/m?

m Front surface and back surface---symmetry

Pressure
outlet /2,1\
\ X

,Symmetry Z

h=15W/(m2K), T,=298K

Inlet:
u=0.5m/s

T=298K
Board

Fig.1 Computational domain 15/32
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Find: Temperature distribution in the domain.

Solution: au v
0x ax

”&J“”@:_pfaf’pf 6x2+6y2

ou Ju 1 dp uf<62u 62u>

“ox TUay T Tpray o \ax2 T oy

0(prCrortsTy) |, 0(PfLyVfTy) oy 0°T,  9°T;
ox 0y 0x?  0y?

ov  0v 1 dp ,uf(azv 62v>

2 2
0= (B2 4 255
dx dy 16/32



CFD-NHT-EHT
CENTER

- | pod

Fluent Launcher

1. Choose 3-Dimension

Options

[] Double Precizion

e 2. Choose display options

O Paralel 3. Choose Serial

processing option
Default Cancel Help = :
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1st step: Read and check the mesh

m The mesh Is generated by pre-processing software
such as ICEM and GAMBIT. The document is with

suffix Jg&4) “xx.msh”

18/32
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1st step: 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)
Z-coordinate: min (m)

Uolume statistics:
minimum volume (m3): 1.119834e-089
maximum volume (m3): 7.84574Fe-09

total volume {(m3): 5 .85838BGe-05

Face area statistics:
minimum face area (m2): 8.3700837e-87
maximum face area (m2): 4.194088%e-86

Checking mesh...... ..o eieiiennnnnnnnn

Done.

0_800000e+00, max (m) 1.651888e-081
0_.880000e+0808, max (m) 2_.79480808e-82
-2.54880808e-87, max (m}) = 1.27000808e-82
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2st step: Scale the domain size

General->Scale

3st step: Choose the physicochemical model

Re number i1s calculated to determine the fluid state
(laminar or turbulent)

Re= 'O_UI

u

The density of air is 1.29Kg/m=? the inlet velocity is 0.5m/s,
characteristic length is about 2cm, and Kinetic viscosity of air is

1.7894E-05. Re i1s 720 and thus flow is laminar.
20/32
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& Viscous Model »

Models

Models MﬂdEI
‘MUIH$EEE - Off
Vi | I:::l Inviscid
iscous - Laminar
Radiation - Qff .
Heat Exchanger - Off g Lamllnar_ml
Spedes - Off
Discrete Phase - Off SI:IE art Maras {1 ECIFI}
Solidification & Melting - Off |:::| I‘i‘El:lE-llﬂﬂ {E Equ:!

Acoustics -

Fulerian Wal| &2 Energy X |:::| I‘F}.—IEIITIEQE {E Equ}

() Transition k-4l-omega (3 egn)
() Transition SST (4 egn)

() Reynolds Stress (7 eqn)

() Scale-Adaptive Simulation (SAS)
() Detached Eddy Simulation (DES)
() Large Eddy Simulation {LES)

Energy
< | EnergEEquaﬁnn

(04 Cancel Help

QK Cancel Help
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Step 4: Define the material properties
If you calculate the density using the ideal gas law, the
solver will compute the density according to ideal gas

state equation.

Density (/m:) [inmmpressjhle—ideal—gas 'r] Edit...
I
Define a new material as Chip:
density 1000 kg/m3, Cp 500 J/(kg K) and thermal conductivity

1 W/(mK)
Define a new material as Board:
density 2000 kg/m3, Cp 600 J/(kg K) and thermal conductivity

0.1 W/(mK) 22/32
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Step 5: Define zone condition

Assign different regions with the corresponding
materials.

For the chip, there I1s a source term with value of
904055 W/m3

Zone Mame
||:|::nt—5|::||iu:.|—|:|'|i|:u

Energy sources

Material Name ||::hi|:|

SO u rce te rm Mumber of Energy sources |4 [a]

|:| Frame Motion source Terms (=]

["|Mesh Mation [ | Fixed Values 1. (w/m3) |'5II] 4055 |mn51ﬁnt 1r| )

Reference Frame l Mesh Motion Source Term

Energy |15nur::e |E|:|it... |

-~
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Step 6: Define the boundary condition

Inlet: u and T are specified.

Zone Mame

inlet

Mornentum |Therma|| F‘.adiaﬁnnl Spe::iesl DPM I Mulﬁp-hasel LIDS I

Velodity Spedfication Method |I"-"lagn.i1L|::|E, Normal to Boundary
u :O ] 5 Reference Frame | .

Velocity Inlet

Zone Name

‘inlet

Momentum Thermal |F‘.adiatinr1| Spe::iesl DPM IMuItiphaseI uDs I

Temperature (k) ‘EF.IE T=208 lmmnt - ]

24/32
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Step 6: Define the boundary condition

Outlet: pressure outlet, Gauge pressure as 0.

Pressure Outlet ‘ u

Zone Name
|nuﬂet

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

Gauge Pressure (pascal) |D Imnmﬁnt "r‘

Backflow Direction Spedfication Method [Nnrmal to Boundary 'r]

|| Radial Equilibrium Pressure Distribution
|:| Average Pressure Specification
|| Target Mass Flow Rate

[ QK ] [Eancel] [Help l

29132
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Step 6: Define the boundary condition

Top and bottom wall: convective boundary condition

F
Wall

Zone Mame
wall-board-bottom

e ___ 2

Adjacent Cell Zone
cont-solid-board

Momentum Thermal | Radiation | Species| DPM | Multiphase | DS | wall Fim |
Thermal Conditions

® Heat Fux Heat Transfer Coeffident (w/m2+) [ ¢ |::un513nt - |
() Temperature
@ Convection Free Stream Temperature (k) [2g5 |::un513nt - |
(") Radiation
() Mixed wall Thickness (in) |D
(7 via System Coupling [E]
Heat Generation Rate {(w/m3,
Material Mame (w/m3) |':I |::un513nt i |
aluminum 1r| |E|::|it... | || shell Conduction Define. ..

ok | [Cancel| [ e |
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Step 6: Define the boundary condition

For the front and back boundaries, keep the default

set up of Symmetry.

For all the other “two-side-
walls” boundaries In the
domain, keep the default set
up for thermal conditions,
namely  “Coupled”.  For
details of “Coupled” and
“uncoupled” conditions, refer
to Example 4 in Chapter 13.

Momentum  Thermal l F‘.adiaﬁnnl Speciesl

Thermal Conditions

(") Heat Flux

(") Temperature
@ Coupled Heat Gg

Material Mame

[aluminum - ] | Edit... |
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There are many two-sided-wall in this Example.

Y
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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

Algorithm: simple

|SIMPLE -

. Gradient: Least Square Cell Based
ILeast Squares Cell Based "J

—_— - Pressure: second order

ISemnd Crder Upwind vJ _
— . Momentum: second order upwind

Energy: second order Upwind

Mon-Iterative Time Advancement
Frozen Flux Formulation

29/32
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/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
30/32
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Static Temperature(K) of back boundary

2.83etH

447 et
4.0+
4.3 3eH
4.25e+

0z
02
0z
0z

0z

Contours of Static Temperature (k)
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13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer

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

13.6 Phase change material melting with fins
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Example 2

Patching (f&%p) Values in Selected Cells
Domain

Sub-region need to Patch

1. Define the sub-region

2. Use Patch to specify
related variables.

5/13
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time stepping method, time step size, the max iteration

per time step

Max Iteration per time step

Inner iteration times
Time step size
Outer Iteration

Time stepping method
Fixed
Adaptive method

Teaching code

O yTER=1 . A}, snes does not change
U | NT=1
T |\
E ! ‘ Two line iterations
R : in x direction
ITER= 1< N":l"=i — — - {4 Twoline iterations

'II‘ ITER+1 : in y direction
E I Two block corrections
R | \_NTIMES(NF) i xy direction
A |
T 1
I : Number of
O | TIME=TLAST; specified iteration
N VITER=LAST ' |cycles

\ . —— ——

h

Quter Iteration

Inner Iteration

6/13
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For fully implicit scheme, At does not affect stability,
but will affect the accuracy of the simulation results.

The following way Is recommended by Fluent to set
At:

1. At each time step, the ideal iteration number is 5-
10.

2. If Fluent needs more inner iteration step (>10) for
convergence at each time step, At Is too large.

3. If Fluent needs only a few iteration steps, At Is too

small.
7/13
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13.6 Phase change material melting with fins

iy

ACHHZE AR 15 R ]

—

Focus: compared with previous examples, the focus

of this example is solid-liquid phase change heat

transfer.
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13.6 Phase change material melting with fins

Known: Paraffin RT50 Is used as the phase change
material, and internal copper fins are used to enhance
the solid-liquid phase change inside the 3D square cavity.

Property Copper RT50
p [kg/m3] 8954 880
Cp [//kg - K] 383 2000
k[W/m-K] 400 0.2
BIK™] 1.67 x 1075 1x 1073
u[Pa-s] — 0.0275
L[kJ]/kg] — 168
T, [K] — 322

Assumption: (1) laminar flow, (2) incompressible
fluid, (3) constant fluid properties except the density p |,
(4) negligible radiation heat transfer 9/13
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10 Adiabatic

Initial temperature
T; =321.9K

0.5

S
Adiabatic
Fig.1 Computational domain (mm)
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Find: Temperature distribution and liquid fraction

b

D ‘5 %

distribution in the domain.
Governing equations:
Continuity equation:

aui
axi

Momentum equations:

D (u;) op 0%u;
Pt = — ot p

11/13
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Energy equation for PCM:

d(ph) d(uipc,T;) <02Tf>
+ _kf 2
0x;

ot axi
Where h is the enthalpy, T Is the PCM

temperature, c, I1s PCM specific heat and k; Is fluid
thermal conductivity.

Energy equation for the fins:

0T, y <62T5)
PsCps o =
STPS g~ 75\ 9x?

where T, Is fin temperature and k. Is fin thermal

conductivity 12/13
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