iy ) CFD-NHT-EHT
¥ :3*' )”i@){% CENTER

Numerical Heat Transfer

Chapter 13 Application examples of fluent for

basic flow and heat transfer problems

Instructor Wen-Quan Tao; Qinlong Ren; Li Chen

CFD-NHT-EHT Center
Key Laboratory of Thermo-Fluid Science & Engineering
Xi’an Jiaotong University
Xi’an, 2021-Dec.-28
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13.1 Conductive heat transfer in a heat sink

13.2 Unsteady cooling process of a steel ball

13.3 Flow and heat transfer in a micro-channel

13.5 Liquid cooling of photovoltaic panel

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”
(B2-F) zone is automatically created.
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There are three options for the temperature boundary
conditions of such “two-sided-wall”.

Thermal Conditions

_ B Heat flux
() Heat Flu 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.
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The original two side wall

Adjacent t% _ Adjacent to
fluid solid
Specify BC Specify BC

for the fluid for the solid
side side

Thermal Conditions
Thermal Conditions

(@) Heat Flux

(") Temperature () Heat Flux

™) Coupled G Temperature
() Coupled

Its shadow -<-:1'°e'eﬁ-:'ed by Fluent
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Pressure outlet boundary condition

Pressure Outlet i ||

Zone Mame

|nut

Momentum |Therma|| F‘.adiatiunl Speciesl DFM I Multiphasel DS I

Gauge Pressure (pascal) ||;] lmnsmnt "]

Backflow Direction Specification Method [Nnrmal to Boundary .,l

|:| Average Pressure Specification
[ Target Mass Flow Rate

Gauge Pressure (F8E)
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For pressure outlet boundary condition, Fluent asks
you to input a Backflow ([H#i) 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.

Pressure Outlet

3]

Zone Mame

|wa||

Backflow Total Temperature (k) | 300

Momentum Thermal lRadiaﬁnnl Spedes] DPM ] Mulﬁphasel uDs l

[::onsiﬁnt v]

Backflow Total Temperature

[ O ] [Cancel] [HE||:I ]
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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 (KSJE)

Gauge pressure (F€H): the difference between the true
pressure and the Atmospheric pressure.

Absolute pressure (BEL2ZH J7): the true pressure

= Atmospheric pressure + Gauge pressure

Operating pressure (Fp4EE 1) : the reference
pressure (ZFHEH))

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

Absolute pressure (BEL3EH 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 (Zj ) calculated by 0.5pU?
Is related to the velocity:.

Total pressure (B JE):

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

5 1AL B B A

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

M) andchip GBF) -
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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.
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m Chip-- a constant source term, 904055 W/m?3

m Front surface and back surface---symmetry

Y

Pressure
outlet /é\
\ x

/‘Symmetry z

h=1.5W/(m2K), T,=298K

Inlet:
Symmetry u=0.5m/s

T=298K
Board

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

Solution: au av ow
W G G
0u+ 0u+ du  10dp 5 62u+02u+62u
“ox 7 dy Yoz~ prOx pp\0x? 0dy? 0z
0v+ 6v+ v 1dp L azv+ 02v+62v
“ax TV % Yoz~ pr0y pp\0x? 0dy? 0z2

ow ow

+—+

dw
u + U +twW——=—

d0x dy 0z pr0z  ps

9(psCrrurTy) 9oL pf”fo) 0(pCopw,Ty) _

d0x?2

dy?

10p pp (0w 9°w 0*w
+
0z2

2 2 2
Py 0 Tf>

ox dy 0z 0x?  0dy?  0z?
0%T, . 0°T. . 02T, 0°%Tp . 0%Tp . 0°Ty
= + =
0=Ac (axz * 0y? L 622> S 0 kb(axz o 0y? o 0z?
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13.5.1 Start the Fluent software

- O X

Fluent Launcher

1. Choose 3-Dimension
[] Double Precisian
[] Meshing Mode .
i 2. Choose display
() Parallel .
options

3. Choose Serial

processing option
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1st step: Read and check the mesh

m The mesh is generated by pre-processing software
such as ICEM, GAMBIT and MESHING. The
document is with suffix (J5&4) “xx.msh”
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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 (m2): 1.119834e-089
maximum volume (m3): 7.845747e-09

total volume {(m3): 5.858386e-05

Face area statistics:
minimum face area (m2): 8.370037e-07
maximum face area (m2): 4.194885e-06

Checking mesh.......ccierieeeeenennnnns

Done.

0.000000e+88, max (m) 1.6510008e-81
A.0000080e+88, max (m) 2.794000e-82
-2.5400808e-087, max {(m) = 1.27080080e-82
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2st step: Scale the domain size

General->Scale

3st step: Choose the physicochemical model

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

The density of air is 1.29 kg/m= the inlet velocity is 0.5 m/s,
characteristic length is about 2 cm, and kinetic viscosity of air is
1.7894E-05. Re is 720 and thus flow is laminar.
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B Viscous Model oy
Models
Models MﬂdEl
Mulﬁﬁase - Off
Viscous - Laminar I:::I Irl'l.l'iECid
adiation - Off @ Laminar
Eeat Exchanger - Off
Spedes O __ () spalart-allmaras (1 eqn)
Soidifaton &Meling - Off () k-epsilon (2 egn)
Eulerian WECIE] Energy X |:::| k—ﬂmega {.2 Eqn}
Energy () Transition k4d-omega (3 egn)
] EnergyFaquation () Transition 55T {4 egn)
= leaa] T () Reynolds Stress (7 eqn)
ance elp
() Scale-Adaptive Simulation (SAS)
- () Detached Eddy Simulation (DES)
() Large Eddy Simulation (LES)
Help
K, 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.

e Iinmmpressjhle—ideal—gas TI 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


/
/

=l ) CFD-NHT-EHT
7 :3*' )”i@){% CENTER

Step 5: Define zone condition

Assign different regions with the corresponding
materials.

For the chip, there is a source term with value of

904055 W/m?
CECH

|n:nnt—sn::u|id-d'|i|:|
Energy sources E
-

Material Mame ’::hip o ~
LIMDEr o Ergy sources 1
[”] Frame Motion Source Terms source term =

["|Mesh Motion [ | Fixed Values 1. {w/m3) |904055 [mnsiﬁnt v] I

Reference Frame I Mesh Motion  Source Terg

Energy |lsnurr.:e |Edit... |

o
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Step 6: Define the boundary condition

Inlet: u and T are specified.

Buenne

Zone Name

|inlet

Momentum |Therma|| Radiaﬁonl Speciesl DPM | Mulﬁphasel DS I

Velodty Spedification Method [Magnimde, Normal to Boundary
u :O . 5 Reference Frame ’Absulute

Velocity Inlet

Zone Mame

|ir1|et

Momertum TthmE'lRadiaﬁnn' Species | DPM | Multiphase | uDS |

Temperature (k) [2g3 T=298 |::nf1513nt - |
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Step 6: Define the boundary condition

Outlet: pressure outlet, Gauge pressure as 0.

Zone Name
|nuﬂet

Mormentum IThermall I-'-'.adiaﬁnnl Spe::iesl DPM I Mulﬁphasel uDs I

Gauge Pressure (pascal) |U |::uns13nt - |

Badkflow Direction Spedification Method |Nnrrna| to Boundary

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

Lok | [cancel] [ el |
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Step 6: Define the boundary condition
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Top and bottom wall: convective boundary condition

,

Zone Mame

wall-board-bottom

Adjacent Cell Zone

cont-solid-board

Thermal Conditions

() Heat Flux

() Temperature

@ Convection

(") Radiation

7 Mixed

() wia System Coupling

Material Name

Momentum  Thermal | Radiation | Species | DPM | Multiphase| ups | wal Fim |

Heat Transfer Coeffident (w/m24) [1 ¢

[::onsmnt

Free Stream Temperature (k) [2g95

[::onsmnt

Wall Thickness (in) |U

Heat Generation Rate (w/m3) [

aluminurm

) )

[::onsmnt

[ shell Conduction

Lok | [cancel] | Hep |
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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” bOU ndarles In the Momentum Thermal l F'.adiaﬁnn] SpEEiEE]

domain, keep the default set |mhermal Conditions

.- () Heat Fl
up for thermal conditions, | - remperature

@ Coupled Heat Gq
namely  “Coupled”. For

] Material Mame
details of “Coupled” and |[auminum v | [Edt... ]

“uncoupled” conditions, refer

to Example 3 in Chapter 13.
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There are many two-sided-wall in this Example.

Y
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7st 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 th m : Si m p I e

Scheme
[smvpLE -|

. Gradient: Least Square Cell Based

Gradient
’Least Squares Cell Based - ]

— n Pressure: second order

’Second Order Upwind v]
Energy

—— 2 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

30/32


/
/

iy ) CFD-NHT-EHT
¥ :3*' ){@){% CENTER

Static Temperature(K) of back boundary

2.02e+02

Contours of Static Temperature (k)
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the other bank,
, where....
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