Tutorial 11. Use of User-Defined Scalars and User-Defined
Memories for Modeling Ohmic Heating

Introduction

The purpose of this tutorial is to illustrate the use of user-defined scalars (UDS) and user
defined memories (UDM) for modeling the electric resistance heating of fluids.

Ohmic heating is an advanced food processing method used to heat liquid foods, where
electricity is passed through the liquid food itself. Through this process, the electrical
energy is converted to heat energy. Conventional food processing heating methods can
damage food quality due to the relatively slow energy transfer rate and significant tem-
perature gradients associated with conduction and convection driven heat transfer. In
comparison, Ohmic heating uniformly heats the entire mass, ensuring a product of better
quality.

In this tutorial you will learn how to:

e Use the UDS for modeling the electrical current continuity equation.
e Use the UDM for storing the data at each cell center.

e Use the source terms to model the volumetric heating.

e Setup the solver and perform iterations.

e Check the convergence.

e Examine the results.

e Perform postprocessing of UDS and UDM.

Prerequisites

This tutorial assumes that you have little experience with FLUENT but are familiar with
the interface.
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Problem Description

Consider a 2D ohmic heater with water as a working fluid. The fluid passes through the
serpentine duct as shown in Figure 11.1. The opposite walls of the duct are maintained
at different electrical potential. The electrical current continuity equation (solved using
the UDS) is given in terms of the electric potential (¢) as follows:

V. (0V$) =0

where, o is electrical conductivity.

The current density vector (J) is related to the electric potential distribution as follows:
J=—-0V¢

Heat generated due to the dissipation of electric energy is calculated using Ohm’s law
and stored in User Memory 0. The volumetric rate of heat generation (q) is calculated as:

Insulated Walls

Anode

Cathode

Inlet Insulated Walls Exit

All walls are thermally insulated

Figure 11.1: Problem Schematic
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Preparation

1. Copy the mesh file, ohmic_heater.msh, and the directory, 1ibudf, to your working
directory.

2. Start the 2D double precision solver of FLUENT.

Setup and Solution
Step 1: Grid

1. Read the mesh file, ohmic_heater.msh.

| File|—| Read |— Case...

FLUENT will read the mesh file and report the progress in the console.
2. Check the grid.

—>Check

This procedure checks the integrity of the mesh. Make sure the reported minimum
volume 1is a positive number.

3. Check the scale of the grid.

—>Sca|e...

Check the domain extents to see if they correspond to the actual physical dimensions.
If they do not, then the grid has to be scaled with proper units. In this case, there
15 no need to scale the grid.

Scale Grid X]

Scale Factors Unit Conversion

4 Grid Was Created In |, -
Y|4 Change Length Units ‘

Domain Extents
¥min [m] [g Xmax [m] (a_19225
Ymin (m) —g_g15 Ymax (m) g, 255

Scale ‘ Unscale‘ Close | Help |
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4. Display the grid (Figure 11.2).

Display|—Grid...

Grid Display

Options Edge Type Surfaces =] =
[ MNodes o« All anode-wall
V¥ Edges " Feature -::athude_—wal!
[~ Faces ~ Outline dt:l_‘ault—lntt:rmr
[ Partitions exit
a inlet

insulated-walls

Shrink Factor

o |
Surface Name Pattern Surface Types E| =
axis -
M clip-surf —
exhaust-fan

fan hat
|

Qutline ‘ Interior

Display | Colors... Close ‘ Help ‘

(a) Click Colors....
The Grid Colors panel opens.

x|

Grid Colors

Options

|
|

Reset Colors | Close ‘ Help

i. Under Options, enable Color by ID.
ii. Close the panel.

(b) In the Grid Display panel, click Display.
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Grid Apr 28, 2006
FLUENT 6.2 (2d, dp, segregated, lam)

Figure 11.2: Grid Display

Step 2: Models

1. Retain the default solver settings.

| Define |—| Models |—Solver...

Solver ['5__<|
Solver Formulation

+ Segregated & Implicit

" Coupled .

Space Time

= 2D * Steady

T Axisymmetric " Unsteady

T Axisymmetric Swirl

~

Velocity Formulation

+ Absolute

" Relative

Gradient Option Porous Formulation

* Cell-Based  Superficial Velocity
" Node-Based " Physical Yelocity

oK | Can-::el| Help‘

The problem is to be solved in steady state with 2D laminar conditions.
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2. Enable heat transfer by activating the energy equation.

‘ Define ‘—>‘ Models ‘—>Energy...

Energy

v Energy Equation

0K | Cancel‘ Help|

Step 3: UDF Library
1. Load the UDF library.

‘ Define ‘—>‘ User-Defined ‘—>‘ Functions ‘—>Com piled...

()

Compiled UDFs

Source Files E| =| | Header Files =

Add... \ Delete \ Add... | Delete |

Library Name |lihudF

Load | Cancel| Help ‘

(a) Click Load to load the UDF library.

The heat generated due to ohmic heating is calculated in this UDF. A compiled
UDF library named libudf is created for this purpose.

Step 4: Define UDS

1. Include UDS in the case setup.

‘ Define ‘—>‘ User-Defined ‘—>Sca|ars...

User-Defined Scalars

Number of User-Defined Scalars |4 il

Flux Function |nune j

OK | Cancel| Help‘
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(a) Increase Number of User-Defined Scalars to 1.
(b) Keep the default selection of none in the Flux Function drop-down list.

Flux Function defines the convection fluz for UDS transport. In this case, it is
assumed that current convection is negligible, therefore, no need to specify any
function.

(c) Click OK in the User Defined Scalars panel.

An information dialog box pops up with the message Available material proper-
ties or methods have changed. Please confirm the property values before contin-
uing.

(d) Click OK to close the dialog box.

Since the UDS is enabled, UDS diffusivity will be required. You will set it in
Step 6.

By enabling this feature, FLUENT solves the transport equation for an arbitrary
UDS. The UDS equation is solved in the same way as FLUENT solves transport
equation for any other scalar (e.g., temperature, species mass fraction).

Step 5: Define UDM

1. Specify appropriate UDM.

| Define |—| User-Defined |— Memory...

User-Defined Memory E|
Mumber of User-Defined Memory Locations |4 i‘

oK | Cancel‘ Ht:I|J|

(a) Increase Number of User-Defined Memory Locations to 1.

UDMs can store the variables at each cell center and face. These stored values
can be used for postprocessing or by other UDFs. In this tutorial, the dissipated
electric energy s stored in UDM. The UDM is used for postprocessing the
distribution of the volumetric heat source and also for defining a source for
the energy equation.

(b) Click OK.
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Step 6: Materials

1. Add liquid water to the list of fluid materials by copying it from the materials

database.

—>Materia|s...

3

Order Materials By

Materials
Name Material Type
[air ‘iluid

Chemical Formula Fluent Fluid Materials

j * Name

" Chemical Formula

‘ ‘air

j Fluent Database... ‘

Properties
Density (kg/m3) |constant | .|
‘1 .225
Viscosity [kgfm-s] |cunstant j 4
‘1.?89he—35

UDS Ditfusivity [kg/m-s) |uds j Edit...
|

Delete Close

Change/Create |

User-Defined Database... ‘

Help

(a) Click Fluent Database....

Fluent Database Materials panel opens.

11-8
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Fluent Database Materials PZ|
Fluent Fluid Materials =| =| Material Type
vinyl-trichlorosilane [sicl3ch2ch] ~ ‘ﬂuid j

vinylidene-chloride [ch2cclZ .
water-liquid [h20<I> Order Materials By

water-vapor [hZ2o]

I * Mame
wood-volatiles [wood_vol] “ Chemical Formula
W
4 ¥

Properties

Density [kg/m3) |cunstant jJ
’ﬁ.z

Cp [itkg-k] |cnnstant jJ
’Hz

Thermal Conductivity [wfm-k] |cnnstant j 4
’E

Viscosity [kgfm-s) |cunstant j 4
’ﬁm ge3

| ‘ | l3'J|13-"| Cluse‘ He|p|

i. Select water-liquid (h20 < [ >) from the Fluent Fluid Materials list.
Hint: Scroll-down to view water-liquid (h20 <1 >).
ii. Click Copy and close the panel.
(b) Define the diffusion coefficient for current density equation i.e., UDS-0.

i. In the Materials panel, select water-liquid (h20 < [ >) from the Fluent Fluid
Materials drop-down list.

ii. Under Properties, click Edit... to the right of UDS Diffusivity.
The UDS Diffusion Coefficients panel opens.
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UDS Diffusion Coefficients

User-Defined Scalar Di
wds0___________________ B3
uds-1 ]
uds-2
uds-3
uds-4
uds-5
uds-b
uds-7 bt

Coefficient

|cunstanl j

|u.m]123?|

oK | Cancel‘ Ht:lp|

A. Select uds-0 in the User-Defined Scalar Di list.

B. Keep the default selection of constant option under Coefficient drop-
down list and set the value to 0.001237.

C. Click OK to close the panel.
(c) Click Change/Create and close the Materials panel.

Step 7: Boundary Conditions

1. Set the boundary condition for ohm-heater.

—>Boundary Conditions...

Boundary Conditions

Zone Type
anode-wall | [T RN
cathode-wall solid
default-interior
exit
inlet
insulated-walls
1D
|2
Set... | Cupy...| Cluse| Help |

11-10
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(a) Under Zone, select ohm-heater.
The Type will be reported as fluid.
(b) Click Set....

The Fluid panel opens.

Fluid

X

Zone Name

‘uhm—heater

Material Name |water—|iquid j Edit...

v Source Terms
[ Fixed ¥alues
[ Porous Zone

Motion Source Terms l Fixed Values ] Porous Zone l Reaction l

Mass [kgfm3-5] ‘g

* Momentum [nfm3] ‘l] |
Y Momentum [nfm3] ‘l] |

-l
-l
none j
Energy [w/m3) ‘Iﬂ |udf Energy_Suurce::Ij <

oK | Can-::el| Help‘

(c)
(d)
(e)
(f)

In the Material Name drop-down list, select water-liquid.

Enable Source Terms and click the Source Terms tab.

e
f

Select udf Energy_Source::libudf in the Energy drop-down list.
Click OK to close the panel.

2. Set the boundary conditions for anode-wall.

(a) Under Zone, select anode-wall.

The Type will be reported as wall.

© Fluent Inc. August 22, 2006 11'11



Use of User-Defined Scalars and User-Defined Memories for Modeling Ohmic Heating

(b) Click Set....
The Wall panel opens.

Wall

Zone Name

|annde—wa11

Adjacent Cell Zone

|uhm—heater

Thermal] DPM I Momentum Speciesl Radiation UDS \Granular]

User Defined Scalar Boundary Condition User Defined Scalar Boundary Yalue

X

J J User Scalar 0 ‘ggq

User Scalar 0 ‘Specified Value - constant

[]

0K ‘ Cant:t:l| Ht:lp|

1.
il.
ii.
iv.

V.

Keep the default conditions under Thermal and Momentum tabs.
Click the UDS tab.
Select Specified Value in the User Scalar 0 drop-down list.

Under User Defined Scalar Boundary Value, set User Scalar 0 to 200.
Click OK to close the panel.

3. Set the boundary conditions for cathode-wall.

(a) Under Zone, select cathode-wall.

The Type will be reported as wall.

11-12
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(b) Click Set....
The Wall panel opens.

Wall

Zone Name

|cathude—wall

Adjacent Cell Zone

|uhm—heater

Thermal] DPM I Momentum Speciesl Radiation UDS \Granular]

User Defined Scalar Boundary Condition User Defined Scalar Boundary Yalue

X

User Scalar 0 ‘Specified Value

constant

J J User Scalar 0 ‘q

[]

jJ

0K ‘ Cant:t:l| Ht:lp|

1.
il.
ii.
iv.

V.

Keep the default conditions under Thermal and Momentum tabs.
Click the UDS tab.

Select Specified Value in the User Scalar 0 drop-down list.

Under User Defined Scalar Boundary Value, keep 0 for User Scalar 0.

Click OK to close the panel.

4. Set the boundary conditions for inlet.

(a) Under Zone, select inlet.

The Type will be reported as velocity-inlet.
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(b) Click Set....
The Velocity Inlet panel opens.

]

Velocity Inlet

Zone Name
|inlet

Velocity Specification Method ‘Magnilude, Normal to Boundary

Reference Frame ‘Ahsg|ute

EN KRR RN

Yelocity Magnitude [m/s] |g_ ao1| |cnnstant
Temperature (K [300 |cnnstant
User Defined Scalar Boundary Condition
User Scalar 0 [specified Flux -] A
[

User Defined Scalar Boundary Value
User Scalar 0 [g |cunslanl j

oK ‘ Cancel| HE||J|

i. Set Velocity Magnitude to 0.001.

ii. Set Temperature to 300.
iii. Keep the default boundary conditions for UDS.
iv. Click OK to close the panel.

5. Keep the default boundary condition for exit.

© Fluent Inc. August 22, 2006
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Qutflow

Zone Name

3

|exit

Flow Rate YWeighting |1

User Defined Scalar Boundary Condition

oK | Cancel‘

User Scalar 0 |Specified Flux j
User Defined Scalar Boundary Yalue
User Scalar D [g |cunstant j -

Help |

6. Close the Boundary Conditions panel.

Step 8: Solution

1. Keep the default solution settings.

| Solve |—| Controls |—Solution...

Solution Controls

Equations

_=| Under-Relaxation Factors

Pressure-Yelocity Coupling Discretization

Flow

ey Pressure [g_13

User Scalar ) Density |17

Body Forces |4
Momentum [g_7

-

SIMPLE j

Pressure ‘Slandard

Momentum ‘First Order Upwind

Energy ‘First Order Upwind

User Scalar 0 ‘First Order Upwind

oK | Default| Cancel‘ Help |

LelLeflefle]

X

© Fluent Inc. August 22, 2006
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2. Initialize the flow.

| Solve |—| Initialize |—Initialize...

Solution Initialization

Compute From

-

Initial Yalues

Reference Frame

+ Relative to Cell Zone
" Absolute

Gauge Pressure [pascal] ||,]

X Velocity [m{s] ||,]

Y Velocity [mfs] ||,]

Temperature [k] |3 a8

Init ‘ Reset| Apply|

L

Cluse‘ Help |

(a) Click Init and close the panel.

3. Enable the plotting of residuals during the calculation.

| Solve |—| Monitors |—Residuals. .

Residual Monitors

&

Window Ia_ il
Iterations IW il

Axes... ‘ Cuwes...|

Options Storage Plotting
[+ Print Iterations |1@@8 =
v Plot El
Mormalization
I Mormalize ¥ Scale
Check Convergence J
Residual Monitor Convergence Criterion
continuity ¥ v a.8e1
¥-velocity ¥ v a.8e1
y-velocity ¥ v a.8e1
energy v v 1e-86
uds-8 v v a.am J
oK ‘ Plot | Flennrm| Cancel |

Help |

(a) Under Options, enable Plot.

11-16
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(b) Click OK to accept the settings and close the panel.

4. Save the case file (ohmic-heater.cas.gz).

By default, all variables will be monitored and checked to determine the con-

vergence of the solution.

| File]

lWrite }

Case...

Retain the default Write Binary Files option so that you can write a binary file. The

. gz option will save compressed files on both Windows and UNIX platforms.

My Recent
Documents

fdy Metwork,
Flaces

v “Write Binary Files

Loak ir: | 5 Ohmic-heater ﬂ £ Ef-
Ilibud
Ohmic-heater.cas
Ohic-heater-quick. cas
Case File | ok |
Files aof type: |Ease Files ﬂ Cancel

5. Start the calculation by requesting 100 iterations.

—>|terate...

© Fluent Inc. August 22, 2006

lterate

Iteration

Numbher of lterations |1 pg i‘

3

Reporting Interval |17 i‘

UDF Profile Update Interval |4 i‘

Iterate| Apply‘ Clnse| Help |
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(a) Set Number of Iterations to 100.
(b) Click lterate.

The solution converges in about 33 iterations with default convergence crite-
ria. The number of iterations required for convergence varies according to the
platform used. Also, the residual values are different for different computers,

therefore, the residual plot that you will get may not be exactly the same as
Figure 11.3.

Residuals
fcontinu;tty
—x-velocity -
y-velocity 1e+02
——energy
uds-| 1e+00 =
1e-02 4
1e-04 3 \
1e-06 \
1e-08 3
1e-10 3
te-12 =
1e-14 T T T T T T .
0 5 10 15 20 25 30 35
Iterations
Scaled Residuals Apr 28, 2006
FLUENT 6.2 (2d, dp, segregated, lam)

Figure 11.3: Scaled Residuals

11-18
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Step 9: Check for Convergence

There are no universal metrics for judging convergence. The unconverged results may
be very misleading. The residual definitions that are useful for one class of problem are
sometimes not suitable for other classes of problems. Therefore, it is a good idea to
judge convergence not only by examining residual levels, but also by monitoring relevant
integrated quantities and checking for mass and energy balances.

There are three methods to check the convergence:

e Monitoring the residuals.

Convergence occurs when the convergence criterion for each wvariable is reached.
The default criterion is that each residual will be reduced to a value less than 1e-3,
except the energy residual, for which the default criterion is 1e-6. These criteria
are useful for a wide range of problems, but at times, it may be required to tighten
these criteria, based on the validity of other convergence checks.

e Overall mass, momentum, energy and scalar balances are obtained.

Check the overall mass, momentum, energy and scalar balances in the Flux Reports
panel.  The net imbalance should be less than 0.2% of the net fluz through the
domain.

e When the solution no longer changes with iterations.

Sometimes the residuals may not fall below the convergence criteria set in the case
setup. However, monitoring the representative flow variables through iterations may
show that the residuals have stagnated and do not change with further iterations.
This could also be considered a convergence check.

1. Check global mass balance.

—>Fluxes...
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Flux Reports E|
Options Boundaries =/ =| Results
* Mass Flow Rate anode-wall
" Total Heat Transfer Rate Ea;hmlite.-v:al!
~ - efault-interior
Radiation Heat Transfer Rate it _0.014973001
Boundary Types g = inlet 0.014973001
- =1 |insulated-walls
axis ~
exhaust-fan
fan
inlet~ent bt
Boundary Name Pattern

Match
kgls

Cumpute| Close | Help |

(a) Under Options, keep the default selection of Mass Flow Rate.
(b) In the Boundaries list, select exit and inlet.

(c) Click Compute.

For the specified convergence criterion, the mass imbalance is 0 kg/s. Now you will
check the energy balance.

2. Check the energy balance.

Flux Reports E|
Options Bnundariesﬂi Results
" Mass Flow Rate anode-wall
* Total Heat Transfer Rate Ei}gzﬂei:'::::m
I:"‘- . - |
Radiation Heat Transfer Rate it _3370.1652
Boundary Types =) inlet 115.84162
= =1 (insulated-walls
axis »~
exhaustfan
fan
inletvent hd

Boundary Name Pattern

I— Match ”

|—325u.323

Cnmpute| Close | Help |

(a) Under Options, enable Total Heat Transfer Rate.
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(b) In the Boundaries list, select exit and inlet.

(c) Click Compute.
For the energy equation the imbalance is -3254.323 W. This imbalance is due
to the volumetric heating of the fluid. For energy conservation, this value

must balance with the energy source. Now, integrate the energy source over
the entire volume.

3. Check the volume integral.

—>Vo|ume Integrals...

Volume Integrals E|
Report Type Field VYariable Cell Znnesﬂi
© Yolume ‘User Defined Memory... j ohm-heater
" Sum
* Volume Integral ‘Ust:r Memory 0 j
" VYolume-Average | Total Yolume Integral [m3]
(f: Mass Integral |325u_353

Mass-Average

Cumpute| Close | Help |

(a) Under Report Type, enable Volume Integral.

(b) Select User Defined Memory... and User Memory 0 in the Field Variable drop-
down lists.

Heat generated due to the dissipation of electric energy is calculated by Ohms
law and is stored in User Memory 0.

(c) In the Cell Zones list, select ohm-heater.

(d) Click Compute.

This is the total heat generated due to ohmic heating. This value is close to
the change in the enthalpy of the fluid while passing through the heater. The
net imbalance is 1.075e-5% which is well below the desired limit. In some
cases, first order schemes and default convergence criteria may not provide
the desired mass, momentum, enerqy, and scalar balances. In such cases, a
better match can be obtained by selecting higher order schemes.

© Fluent Inc. August 22, 2006 11'21



Use of User-Defined Scalars and User-Defined Memories for Modeling Ohmic Heating

4. Select the higher order schemes.

| Solve |—| Controls |—Solution...

Solution Controls

X

Equations

_=| Under-Relaxation Factors

Flow -

Ermy Pressure [g_13

User Scalar ) .
Density ||

Body Forces |4

Momentum [g_7

Pressure-Yelocity Coupling Discretization ~
SIMPLE ~| Pressure Standard B e
Momentum ‘QL”CK j
Energy [quick -]
User Scalar 0 ‘QUICK j .|

oK | Default| Cancel‘ Help |

(a) Under Discretization, select QUICK in the Momentum, Energy, and User Scalar
0 drop-down lists.

(b) Click OK.
The QUICK discretization scheme applies to quad/hex and hybrid meshes (not
applied to tri mesh). It is useful for rotating/swirling flows and is 3rd-order
accurate when used with a uniform mesh. In general, however, a second-

order scheme should be sufficient and the QUICK scheme will not provide any
significant improvement in comparison.

5. Save the case file (ohmic-heater-quick.cas.gz).
| File|—| Write |—Case...
Keep the Write Binary Files (default) option on so that a binary file will be written.

11-22
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6. Start the calculation by requesting 100 iterations.

—>Iterate. .
lterate g|

Iteration

Numbher of lterations |1gp i‘
Reporting Interval |4 i‘
UDF Profile Update Interval |4 i‘

Iterate| Apply‘ Clnse| Help |

The solution converges after approximately 57 iterations.

7. Check the energy balance again.

%Fluxes...

Flux Reports E|
Options Boundaries E| =| Results

" Mass Flow Rate anode-wall

 Total Heat Transfer Rate cathode-wall

" Radiation Heat Transfer Rate defaultinterior

exit -3370.2152
Boundary Types ﬂ= inlet 1156.84162
- = insulated-walls
axis ~
exhaustfan
fan
inlet-vent v

Boundary Name Pattern

I— Match ”

|—325u.3?u

Cnmpute| Close | Help |

(a) Under Options, enable Total Heat Transfer Rate.
(b) In the Boundaries list, select exit and inlet.
(c) Click Compute.

Now, integrate the energy source over the entire volume.

8. Check the volume integral.

—>Vo|ume Integrals...
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Volume Integrals E|
Report Type Field Yariable Cell Zones =/ =|

 Volume ‘User Defined Memory... j ohm-heater

" Sum

* Volume Integral ‘USE' Memory 0 j

" VYolume-Average | Total Volume Integral [m3)

" Mass Inteqral |3251;_353

" Mass-Average

Compute | Close | Help |

(a) Under Report Type, enable Volume Integral.

(b) Select User Defined Memory... and User Memory 0 in the Field Variable drop-
down lists.

(c) In the Cell Zones list, select ohm-heater.
(d) Click Compute.
The net imbalance has changed from 1.075e-5% to 4.9e-6%.

Step 10: Postprocessing

1. Display contours of velocity magnitude (Figure 11.4).

Display |—Contours...

Contours g|

Options Contours of
¥ Filled ‘Velucity... j
¥ Mode Values - -
¥ Global Range ‘Velumty Magnitude j
¥ Auto Range
B
[~ Draw Profiles | ‘
" Draw Grid surfaces El=)
Levels S anode-wall ~
evels Setup cathode-wall
20 il 1 i‘ default-interior
exit
Surface Name Pattern |jplet w
| Surface Types = =
axis -
Match | clip-surf
exhaust-fan
fan e
Display | Cumpute| Close Help
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(a) Select Velocity... and Velocity Magnitude in the Contours of drop-down lists.
(b) Select Filled under Options.
(c) Click Display.

1.58e-03
1.50e-03
1.42e-03
1.34e-03

1.26e-03
1.18e-03
1.10e-03
1.02e-03
9.46e-04
8.67e-04

7.88e-04
. 7.09e-04
6.30e-04

5.52e-04
4.73e-04
3.94e-04
3.15e-04
2.36e-04
1.58e-04
7.88e-05
0.00e+00

Contours of Velocity Magnitude (m/s) Apr 28, 2006
FLUENT 6.2 (2d, dp, segregated, lam)

Figure 11.4: Velocity Distribution

Right-click on a point in the domain to display the value of the corresponding
contour in the console.
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2. Display filled contours of temperature (Figure 11.5).
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(a) Select Temperature... and Static Temperature in the Contours of drop-down
lists.

(b) Click Display.
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Figure 11.5: Contours of Static Temperature
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3. Display filled contours of electric potential (Figure 11.6).

(a) Select User Defined Scalars... and User Scalar 0 in the Contours of drop-down

lists.

(b) Click Display.
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Figure 11.6: Contours of Electric Potential
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4. Display filled contours of energy source (Figure 11.7).

(a) Select User Defined Memory... and User Memory 0 in the Contours of drop-down
lists.

(b) Click Display.
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Figure 11.7: Contours of Energy Source Distribution

Summary

FLUENT UDS and UDM capabilities are illustrated for predicting the electric potential
field. UDF is used for calculating the dissipation of electric energy into heat energy.

References

FLUENT 6.2 User’s Guide:
http://www.fluentusers.com/fluent /doc/ori/html/ug/main_pre.htm

Exercises/Discussions

1. What will be the effect on exit temperature and maximum temperature in each of
following situations:

(a) Electrical conductivity is defined as a function of temperature.

(b) Thermal conductivity is defined as a function of temperature.
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2. What will be the effect on the pumping power requirement in each of following
situations:

(a) Thermal conductivity is defined as a function of temperature.
(b) Electrical conductivity is defined as a function of temperature.

(c) Viscosity is defined as a function of temperature.

Links for Further Reading

http://www.fsid.cvut.cz/ zitny/zitny/ohmic.htm
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