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Numerical Heat Transfer

Chapter 13 Application examples of fluent for
flow and heat transfer problem
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5 13 E KRB ARAIF | uentEX B B HE 41

13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer (Homework of Chapter 1)
13.4 Flow and heat transfer in a micro-channel (s-19)
13.5 Flow and heat transfer in chip cooling (-19)

13.6 Flow and heat transfer in porous media

13.7 Flow and heat transfer in air film cooling
3/76
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Example 2

Patching (1&%}) Values in Selected Cells
Domain

Sub-region need to Patch

1. Define the sub-region

2. Use Patch to specify
related variables.

5/76
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For transient problem you have to define

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 I 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

6/76
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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”
(82%) zone is automatically created.

7176
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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. 8176
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Uncoupled 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 ﬂ Temperature
() Coupled

Its shadow created by Fluent 076
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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 ()

10/76
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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 i1s 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 ]

| 11/76
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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

12/76
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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 (ZH KT )

In our teaching code, a reference pressure point is
defined. 13/76
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Pressure in Fluent

Absolute pressure (E3ZH 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 (B H):

= Static pressure + dynamic pressure L4176


/
/

CFD-NHT-EHT
CENTER

13.5 Flow and heat transfer in chip cooling (-19)

oY e ki kS AL

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

chip B F) -

Note: for steps similar to previous examples, you can

refer to previous slides for details.
15/76
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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. 16/76
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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:

Symmetry u=0.5m/s

T=298K
Board

Fig.1 Computational domain 1776
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Find: Temperature distribution in the domain.

Solution: au ov _
ox ax

”&J“”@:_pfaf’pf 6x2+6y2

ou Ju 1 dp uf<62u 62u>

“ox TUay T Tproy o \ax2 T oy

0(prCrortsTy) |, 0(PfCyVfTy) oy 0°T;  9°Ty
ox dy 0x?  0y?

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

2 2
0= (22 4+ Z2)1s
dx dy 18/76
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- | 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 = :

19/76
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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”

20/76
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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

21/76
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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
7,

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 1s 720 and thus flow is laminar.
22/76
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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

23/76
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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) 24/76
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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... |

-~

25/76
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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 - ]

26/76
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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

2117
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For pressure outlet boundary condition, Fluent asks you

to input a Backflow ([ml{i) Total Temperature.

" B
Pressure Dutle’;“ ﬁ

Zone Name

|wall

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

Backflow Total Temperature (k) |3DD |::nr1513r1t

Backflow Total Temperature

| K | |Ear1::e|| |HE||:I |

28/76
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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 |

29/76
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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... |

30/76
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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

32/76
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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
33/76
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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)

34/76
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13.6 Flow and heat transfer in porous media

% LI R SR RS

Focus: In Example 6, the background of porous
media is introduced, and fluid flow and heat transfer
In porous media Is discussed in detail.

35/76
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13.6 Flow and heat transfer in porous media

Known: Steady state fluid flow and heat transfer of
air in a channel filled with porous medium made of
Aluminum (#8). The porosity (FLFRZ) of the porous
medium is 0.8. The permeability (Bi&EZ) of the
porous medium is 7.11E-8 m? The computational
domain is shown in Fig. 1. The boundary condition is as
follows.

m Inlet: u---5m/s ; T---300K

m Pressure outlet: Gauge pressure (FH) : 0 Pa.

m Top and bottom boundary: 2" boundary condition

Heat flux: q=100000 W/m? 36/76
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| 990" o~ .."’. et

A
. .........
.. o -.- . Porous media

Inlet: Outlet:

u=5m/s Pressure

T=300K outlet
*

g=100000 W/m?

Fig.1 Computational domain
37/76
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Find: Temperature and velocity distribution in the domain

Solution:

Continuity, momentum and energy equation for

POrous media?

77077

The governing equations for porous media are quite

different from t
study together

ne original equation. Thus, we will
packground information of porous

media and then derive the governing equations.

38/76
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Porous media

A porous medium is a material that contains plenty of
pores (E‘L) between solid skeleton (‘HZ2) .

' .. .. o o.-"': ®  Biack: solid
....
.O'o ':':': ..o I ..

Two necessary elements In a porous medium:

White: pores

Skeleton : maintaining the shape of a porous medium

Pores: providing pathway for fluid transport.
39/76
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Metal foam Catalyst 40/76


/
/

Porosity

CFD-NHT-EHT
CENTER

The volume ratio between pore volume and total volume

V

ore
g =D

Vtotal
In the range of 0~1.

Pore size

The size of pores. Use pore
size distribution to character

(F#4iE) size of pores of a
porous medium.

25

20

—
()}

Frequency (%)
=

20

40 60

Diameter (nm)

S Zife
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Two velocity definition in a porous medium:

.
Vsuperficial = gvphysical '/..
Vphysical .
Porosity . & .‘

Vonysicat:  the actual flow velocity in the pores.

Vuperficial  (RMIEBE): the averaged velocity in the
entire domain.

V <V

superficial physical

Fluent uses superficial velocity as the default velocity.
42/76
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Original continuity and momentum equation

op
—+V-(pu)=0
p (pu)

d(pu)
ot

+(Uu-V)(pu)=-Vp+nVu

Continuity equation for porous media:

d(ep)
ot

As the total mass of fluid Is pV; = p&V, ., = peAXAyAz

+V- (gpu physical) =0

Fluent uses superficial velocity as the default velocity.

d(ep)
ot

+V-(pu,, ...)=0
(IO superf|C|aI) 43/76
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Momentum equation for porous media:

physical ) (

d(epu ,
+ uphysical | V)(EIOU physical) — —EV( p) + 775V uphysical + F

‘8t /

. Total force due to porous media

o(pu,, . o U, e u. ..
(/0 superf|C|aI) +( superficial ‘V)(,Ousuperﬁcia|) _ —EV(p)-l-E?]VZ( superf|0|al)+ F

ot P Py

For incompressible steady state problem:

=0

superficial ~—

V-u

usuperficial 1 2
( < ) V)(usuperficial) - ; EV( p) + 77V (usuperficial) +F

44]76
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The fluid-solid interaction Is strong In porous media.

Porous media are modeled by adding a momentum
source term:

F:-ﬂu-gFg

k — Jk

The first term is the viscous loss term (F4}EI) or the
Darcy term.

The second term is inertial loss term (#§1k¥i) or the
Forchheimer term.

jufu

k is the permeability (2#&3X) of a porous media, one

of the most important parameter of a porous media
45/76
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ability (BiEX)

In 1856, Darcy ((AEI$EIM) noted that for laminar
flow through porous media, the flow rate <u> is linearly
proportional to the applied pressure gradient Ap, thus

he introduced permeability to describe the conductivity
of the porous media. The Darcy’ law Is as follows

Perme

A

K Ap
< U >=
1| He
K is permeability with unit of _ .
m? Ap
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In Fluent, this force source term Is expressed as

1
F:-fu-C2§p|u|u

k: permeability; C,: inertial resistance factor

Rl

Viscous Resistance

Direction-1 (1/m2) [4 .mns'lﬁnt =

Direction-2 (1/m2) [4 [ =

Here, viscous resistance is 1/k! Permeability is a
transport property of a porous medium, and there are

database of k for different porous materials. 47176
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u 1s small, thus u*u i1s smaller.

Otherwise, this term should be considered.

There have been lots of experiments in the literature to

determine the relationship between pressure drop and

velocity of different kinds of porous media, and thus to

determine permeability. 48/76
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Ergun equation is one of the most adopted empirical

equations (24 /AR,) for packed bed porous media.

AP 1504 (1-&)  1.75p (1-¢)
| D & o D g
P

p

Diameter of solid particle

1
F:—fu-C2§p|u|u
Comparing the two equations, you can obtain C..
b & _35(1-¢)

K

C:2

_150 (1—5)2 Dp 6‘3

49/76
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Original energy equation:

o(pC,T)
ot

+(U-V)(pC,T)=AV'T+S

For porous media:

Heat transfer in fluid phase as well as in solid phase.

There are two models for heat transfer:
Equilibrium thermal model

Non-Equilibrium thermal model
50/76
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Equilibrium thermal model

Assume solid phase and fluid phase are in thermal

equilibrium. At the fluid-solid phase, temperature and
heat flux are continuous.

Original O(pC,T)
ot

For the first term:

+(U-V)(pC,T)= AV?T +5

PC. TV =(1— &V (PC,)siia Teoia + €Y (2C ) uia Truic
N [(1_ £)(PC ) )sotia T €(PC )i ]VT

pC.T = [(1— £)(PC )soia T €(PC ) tia ]T 51/76
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For the second term:
(U-V)(goC,T)

As convective term is only for fluid phase!

For the diffusion term:
AVATV =V (- &)A VT, +Vel VT,
=|V(@-&)A +Ver, [V7T

AVIT =|(1-&)A +&A, |V°T
For the source term

SV =(1-&)VS, +&VS,
52/76
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0( (1 £)(PC,)eais + €(PC ) | T)

= +(u-V)(gpC,T)

=| (1-£)4, +&A, |V?T +| (1-£)S, +£S, |
(5C,)er =[ A= &)(0C,)saia +£(OC, i |
Ao =(1—8)A +€k, S, =(1—¢)S, +&S,
The final energy equation for porous media

O((PCy)es T)
ap - +( superficial
t

V)(PC,T)= V2T +S,

53/76
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No equilibrium thermal model

Solid phase and fluid phase are not in thermal
equilibrium. The energy equation are solved for fluid
and solid region respectively. At the fluid-solid phase,
they are coupled by convective boundary condition.

Fluid region

a([g(PCp )suid :|Tf )
ot
=| &, |V?T, +| S, |+hA(T, -T,)

+(u-V)(gpC,T;)

54/76
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Solid region

o (1-2)(PC,)gia |T)
ot

=[(L-&)A]V?T +[(L-&)S, |+ hA(T, -T.)

Two equations are solved separately, and 3" boundary

condition is adopted to couple the two equations.

55/76
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- | pod

Fluent Launcher

1. Choose 2-Dimension

Options

[] Double Precizion

e 2. Choose display options

O Paralel 3. Choose Serial

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

Read the mesh and check the quality and topological
Information of the mesh.

Done.

Preparing mesh for display...
Done.

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

) i i 1 Uolume statistics:

1.080088088e+82
1.808080e+@1

B.000080e+08, max (m)
A.000000e+0808, max (m)

minimum volume (m3): 2.08241640-082

maximum volume (m3): 2.024260e-082

total volume {m3): 1.88000808e+83

Face area statistics:

minimum face area {(m2): 1.810094e-81

maximum face area (m2): 2.884813e-81

Checking mesh... ... e meimimannnnnns
Done.

57176
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Step 2: Scale the domain size

CFD-NHT-EHT
CENTER

Domain Extents

Scaling

¥min {m)

Ymin {m)

0

0

Xmax (m)

Ymax {m)

100

@ Convert Units
) 9pedify Scaling Factors

Megh Was Created In

-

View Length Unit In

mi

Slaling Fackars

&

i

0.001

0,001

Scale H Lnscale

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

Import it as unit of m. Thus, “Convert units” iIs used.

58/76
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Step 3: Choose the physicochemical model

Active fluid flow and energy model in Fluent.

Meshing Models

Mesh Generation Maodels
Solution Setup

General

I Radiation - Off

Materials Heat Exchanger - Off
Phases Spedies - Off

Cell Zone Conditions Discrete Phase - Off
Boundary Conditions Solidification & Melting - Off
Mesh Interfaces Acoustics - Off

Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization [ DI{ ] [EEHCE'] [ HElI:I ]
Calculation Activities

Run Calculation Edit...

Results 59/76
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Step 4: Define the material

Define the materials and their properties required for
modeling!

In Fluent, the default fluid is air and the default solid
IS Al. They are the materials we will use in Example 6.

Properties

Materials Density (ka/m3) [ onstant
|z:-'19
Materials
: |a?1
all
Sl:llllj Thermal Conductivity (w/m-k) |mn513nt
alurminum 223
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Step 5: Define zone condition

There are two options in Type ]
Fluent for zone condition: fiid v
Fluid Solid 5 soli

Porous media is treated as Fluid in Fluent.

Fluid T .

—

Here you can click “Porous zone”

Zone MName

||:u:|rn:|us

Material Mame [air vl | Edit...

[|Frame Motion [ Source Terms
[ Mesh Motion [ Fixed Values

m==z= Porouszone — Then you can define related

Reference Frame ] Mesh Motion | Porous Zone | Embeddec

to define the porous media.

Rotation-Axis Origin po rOS i ty a.n d tran S po rt

X(mj (g ’mnsiﬁnt v]

Y (m) o | constant - | prOpertieS 61/76
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| Relative Velodty Resistance Formulation

T Viscous resistance
Direction-1 {1/m2) [5 constant =
Direction-2 (1/m2) [ constant =
1 u 1
— @F=-=u-C,=pluju = C
k k °2 2

Inertial Resistance

Alternative Formulation lnerti
Direction-1 (1/m) [4

_mnsEnt =

Direction-2 (1/m) [ constant N
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KC equation is adopted, another equation obtained

from experiments
AP _180u (1-¢)’

Dpzlmm £=0.8

k=7.11E-8, 1/k=1.4E7 C,=0 63176
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Porosity

Fluid Porosity

Porosity ‘U.E constant B

k=7.11E-8, 1/k=1.4E7

o | Relative Velodty Resistance Formulation

Viscous Resistance

Direction-1 (1/m2) [{ 4o 107 — =

Direction-2 (1/m2) [{ a-1n7 — =

64/76


/
/

=iy \ CFD-NHT-EHT
¥ :&"' ){@){% CENTER

Step 6: Define the boundary condition

I n IEt Zone Name
in
Momentum |Therma|| Radiatinnl Spe::iesl DPM | Multiphasel UDSs |
Velacity Specification Method | Magnitude, Normal to Boundary M |
VeIOCity Reference Frame | apeolute 1....|
Velodty Magnitude (m/s) [ |mn513nt 1r|
Supersonic/Initial Gauge Pressure (pascal) [ |mn513n1: --|
| ok | [cancel| | Help | |
Zone Mame -
= Temperature

Momentum Thermal | Radiation | Species| DPM | Multiphase | UDs |

Temperature (k) | 293,15 | constant i | 65/76
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Outlet: pressure outlet

Preszure Outlet =

Zone Mame

||::|ut

Mormnentum |Therma|| F'.adiatinnl Spe::iesl DPM I Multiphasel UDS |

Gauge Pressure (pascal) |D |::|::n513r1t A |

Backflow Direction Spedification Method |r'-.lnrmal to Boundary

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

Gauge Pressure ()
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For pressure outlet boundary condition, Fluent asks you
to input the Backflow Total Temperature. However, it
will play a role only if there Is backflow. There Is no

Information provided by Fluent Help File about what is

the actual boundary condition for heat transfer.
FE Pressure Dutlet‘_ —— léql

Zone MName

|wall

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

Backflow Total Temperature (k) | 300 | constant -

Backflow Total Temperature

| oK | |Cance|| |HE||:I |
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Wall: heat flux
aea . ==

Fone Mame

wall

Adjacent Cell Zone ‘
porous

Momentum  Thermal | Radiation | Species| DPM | Multiphase | UDs | wall Fim |

Thermal Conditions

(?} Heat Flux h e at fl u X Heat Flux (w/m2) | 100000 | constant - |

() Temperature

() Convection Wall Thickness (m) ||:|

() Radiation A
F . |

) Mixed Heat Generation Rate {w/m3) |U | tant
via Systemn Coupling

Material Mame

aluminum - | [Edit...
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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
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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
70/76
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1/k=1.4E7
C,=0
Porosity=0.8

u=>5

2 41e+00
2142400
1 87e+00
1.61e+00
1.2de+00
1.07e+00
20301
5 3fie-01

7 BRa Il

5.50e+01
4.81e+01
4.12e+01
3.44e+01
2.75e+01
2.06e+01
1.37e+01
6.87e+00
0.00e+00

3.16e+02
2 MNean?

CFD-NHT-EHT
CENTER

Maxpa=137/Pa

MaxT=628K

71/76


/
/

CFD-NHT-EHT
CENTER

2: Operating the Fluent software to simulate the
example and post-process the results. ( IZTTEREF )
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wJa —IXTEML

20174F-2018%4F
“BUEARE” RIEHEHTAE

2017-2018

Evaluation of “Numerical Heat Transfer”

)

14 problems, less than 5 minutes to complete.
Your suggestions are highly required.

All Chinese students must complete.
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2017 ©E-2018 4 “FUHERE” BEHFE M AE
G E IR [F S S48 S T8l 'S T AR 13

Hl “#EfEAs” MEFESR=5857: (1 EaEif; (2) T4l &R B EA
ig: (3) FEEBAF Fluent. EVONZEFEMHEBZEGIE?
e ( ), AEGHE ( )y IEIE ( )s

=

2. BRI =&9rt i KEGE: (1) ZEEEE5 40; (2) FFIEAR 8; (3) Fluent 12. I8
WHEREEIE?
BEdE ¢ ), BESE ( )y AEIE ( )i
RAEE, BV oM ), W5 nlEsl ( )e

3. HilEalE45% 34499 % (Ch1-Ch 7, Ch10, Chll) B\ A& ESr i A&
HSH ( )y BEEEHE ( ) AEHE ( Js
INBEAEGE, M—TEMMEE? ( ), WE—FAILAREAL T ( )e

4. AR AR A 2 T IRACED, B AT IR AR R B B iR Y R e AR
AR, ZHFAEHREGE?
WBEE O ), BEEE ( ), AEIE ( )e
InRAGE, ERRUE

5. HHl Fluent BIEZF 0 BAE 7, (1) BAMATERMMEAERM (2) RHEZER. L
NEFRIEF2EGE?
WEdE ), HEESE ( )y AEIE ( )s
InR/AGE, EREUE
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238034
B.

10.

11.

12.

13.

14,

Fluent P &850 # o B U1 75 6 V0, VR & EE?
wiE 0 ), AEE ( );
IR A G EM—E o Mg IE a7 );

ETErFE SR ENMEH Fluent HI2ERE, T IREFIUE Fluent BIESE I A REEIEE

EigmHE (A% T 60 N) Ffly, ENEESR?
wiE 0 ), AEE ( e

SRR EUR AR, vIniE AR R S IR, N L B R A

FEERE UGB RN AE, B R EaE?
iE ( ) AR ( ).

B B R L S S AR
= ( ) W )
X T e B AR Ry G2

EVCR R MR ER 415 Fluent 143 5043 A fr 2 75 i 7
iz ( ), AL ( ), AR ( )

b B A S

8N Fluent UHFRT P &L 7 T2 it 7
= ( )y A )

ICEM 5 Fluent FIEF=RHRE M B SEHS AL, ERAHTENSRERSGE
ZIMaE EER?

ICEM 5. a] ( ) | J: Fluent ${5: A ) &« )
mEAZEREUE

)
Fluent 5100 7 18 52 3% Bl R Dl i it C )3 e 4 S L R A )7

MRS TR R RE S AN R E R E R
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ST P 2 i
Happy New Year

= [ AFEE R 1 |

AN People in the same boat
help each other to cross
to the other bank,

B — N
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Thanks!

50'? @ XL
PRER , 3%, 1BS
RRHESTITENEPRERXNE , ARREXREFE

MB#S :
MAER:

7] e il 3-4fniE+

A

JFTAFFEGF R fF !

People in the same boat help each other to
cross to the other bank, where....
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