
Department of Chemical Engineering, IIT Bombay
Instruction Manual for Heat Transfer problem using OpenFOAM

CFD Lab, Semester-I, Year 2017-18
Heat Transfer in a Solid Rod having Heat Generation

Objective
to carry out CFD simulation using OpenFOAM, to obtain the axial temperature
profile in a solid rod having constant temperature at both the ends and heat source.
The wall of the rod is maintained at adiabatic condition. The source causes uniform
generation of heat in the rod.

To create the geometry of a pipe in blockMesh, mesh it and simulate heat transfer
over it using OpenFoam.

Geometry and Conditions
Straight horizontal pipe

Radius of the rod (r) = 1 cm

Length of the rod (L) = 30 cm

Rod is aligned along the x-axis

Material of the rod : Copper.

Temperature at x=0 : 310+(10 * Group Number) K

Temperature at x=L : 310 K

Wall is kept at constant heat loss of 400 Watts.

Volumetric rate of heat generation (q) = 1 ∗ 107W/m3

Step-1
1. Press ctrl+ Alt+T to open the terminal

2. Type the following command to connect to the server.

For Division-1 (For groups 01-30)

ssh te s t<GroupNumber>@10 . 1 0 2 . 1 . 1 2 1 −X ( f o r groups 01−30)
Password : t e s t<GroupNumber>

For example
Group-06

ssh test06@10 . 1 0 2 . 1 . 1 2 1 −X
Password : t e s t 06
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Group-16

ssh test16@10 . 1 0 2 . 1 . 1 2 1 −X
Password : t e s t 16

For Division-2(For groups 31-60)

ssh te s t<GroupNumber−30>@10 . 1 0 2 . 1 . 1 2 2 −X ( f o r groups 31−60)
Password : t e s t<GroupNumber−30>

For example
Group-31

ssh test01@10 . 1 0 2 . 1 . 1 2 2 −X
Password : t e s t 01

Group-46

ssh test16@10 . 1 0 2 . 1 . 1 2 2 −X
Password : t e s t 16

3. Now you are in the home directory of your user.

4. To create the our case folder type the following

For Groups 1−30
mkdir hea t t r an s f e r <GN>_div1

For Groups 31−60
mkdir hea t t r an s f e r <GN>_div2

For example

mkdir heat t rans f e r03_div1 ( For Group−3)
mkdir heat t rans f e r38_div2 ( For Group−38)

5. Before starting to problem we need to select our solver according to the flow con-
ditions.

6. For this case since we are dealing with heat conduction over a rod we can choose
laplacianFoam or scalarTransportFoam solver.

7. We choose scalarTransportFoam solver.

8. To create the case directory of our problem, we make use of the tutorial case for
scalarTransportFoam solver, which is opened by typing the following command
in the terminal

cd $FOAM_TUTORIALS
cd ba s i c / scalarTransportFoam/ p i t zDa i l y

9. Now type ls command in the terminal to display the contents inside the folder.

10. To copy the files 0, constant and system folders to our case folder heattransfer
type the following command.
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For Group Number(GN) 01−30
cp −r 0 constant system /home/ te s t<GN>/hea t t r an s f e r <GN>_div1

For Group Number(GN) 31−60
cp −r 0 constant system /home/ te s t<GN−30>/hea t t r an s f e r <GN>_div2

For example,

Group03
cp −r 0 constant system /home/ t e s t 03 / heat t rans f e r03_div1
Group39
cp −r 0 constant system /home/ t e s t 09 / heat t rans f e r39_div2

Adding Heat Source
1. There are couple of ways to add the heat generation term which is specified in

problem statement, one is using fvOptions and other is adding the source term in
the equation in the solver.

2. In this tutorial we do the second one, which is modifying the solver by adding the
source term in to the equation.

3. For this simulation, the scalarTransportFoam is used. In this section it is ex-
plained how to modify the scalarTransportFoam to add the heat source.

4. In general scalarTransportFoam is used to solve the Convection-Diffusion
equation, but it can be made to solve Conduction problems by defining velocity
field as zero.

Step-1
1. Open the solver in the source directory. For this typing the following command in

the terminal.

cd . .
cd . .
cd opt/openfoam5/ app l i c a t i o n s / s o l v e r s / ba s i c

2. Copy the scalarTransportFoam folder and paste it in the directory where you
kept the case folder heattransfer.

cp −r scalarTransportFoam/ /home/ te s t<GN>/hea t t r an s f e r <GN>_div<No>

cd
cd hea t t r an s f e r <GN>_div<No>

3. Rename the folder as htFoam

mv scalarTransportFoam htFoam
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4. The general Convection Diffusion equation is given by

∂T

∂t
−∇.(α∇T ) +∇.(~uT ) = Q (1)

5. The equation is solved in the scalarTransportFoam.C file.

6. Open the folder, and open the scalarTransportFoam.C file using the any editor
of your choice.

cd
cd hea t t r an s f e r <GN>_div<No>/htFoam
ged i t scalarTransportFoam .

7. To add the source term Q, which we defined, by adding the term Q in the equation
as shown below.

fvSca la rMatr ix TEqn
(

fvm : : ddt (T)
+ fvm : : div ( phi , T)
− fvm : : l a p l a c i a n (DT, T)
− Q

==
fvOptions (T)

) ;

8. The term fvOptions(T) is given to add the source term. Since we are explicitly
adding the heat source directly, we can ignore it, since it won’t be taken in to
account while solving.

9. The term fvm indicates that the derivatives are solved implicitly.

10. The term ddt indicates the derivative with respect to time, div indicates diver-
gence.

11. DT is the thermal diffusivity co-efficient.

12. The unit of Q should match it with other terms.The units of other terms in the
equation are in K/sec. Hence the specified value of Q which is 1 ∗ 107W/m3 is
divided with the density and specific heat capacity values of copper and we get
value of Q as 2.8617 K/sec

Density of Copper = 8960kg/m3

Specific Heat Capacity of Copper = 0.39 ∗ 103

13. Add the following lines in the file below the line #include”CourantNo.H”

dimens ionedSca lar Q
(
"Q" ,
dimensionSet (0 ,0 , −1 ,1 ,0 ,0 ,0 ) ,
2 .8617
) ;
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14. The complete file is shown below.

Figure 1: Edited .C file

15. Save the file and close it.

16. Now go back one step backward in the folder, where you will find Make folder.
Open it and open the file named as files

cd
cd hea t t r an s f e r <GN>_div<No>/htFoam
l s
cd Make
ged i t f i l e s

17. Replace the lines as shown below.

scalarTransportFoam .C
EXE = $ (FOAM_USER_APPBIN)/htFoam

18. Type the following in the terminal, to compile our new solver named htFoam.

cd
cd hea t t r an s f e r <GN>_div<No>/htFoam
wclean
wmake
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19. The modified solver named htFoam will be compiled.

20. This solver can be used to run the case by typing htFoam in the terminal.

Step-2
1. Now we need to make changes in the case folder.

2. Since we renamed the 0 folder as 0.orig, we need to rename back as 0

cd
cd hea t t r an s f e r <GN>_div<No>
mv 0 . o r i g 0

3. It consists of three files, which are 0,constant and system.

4. We need to make changes in files of the 0 folder to setup initial boundary conditions
for our case.

5. Open the case folder and open the 0 folder, which contains two files which are U
and T.

cd
cd hea t t r an s f e r <GN>_div<No>
l s

Step-3
1. Since we have three boundary patches in our mesh :- front, back and walls, we need

to enter these three face types in these two files as well.

2. Open the T file using editor of your choice.

cd
cd hea t t r an s f e r <GN>_div<No>/0
ged i t T

3. The first line shows dimensions. These dimensions set consists of 7 basic units such
as [Mass Length Time Temperature Quantity Current Luminosity].

4. keep the dimensions for the file as default. In the T file it will be

dimensions [ 0 0 0 1 0 0 0 ] ;

5. In our case we need to define boundary conditions for three patches namely front,back
and walls.

6. Delete the two other patches namely lowerWall and frontAndBack.

7. Rename the patch name upperWall as walls.
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8. The temperature at front face and back face are fixed. Therefore we need use type
as fixedValue for both the front and back patches

f r on t
{

type f ixedValue ;
va lue uniform <310+ (10∗Actual GN)>;

}

back
{

type f ixedValue ;
va lue uniform 310 ;

}

9. For the wall patch, constant heat flux boundary condition is to be specified.

10. As given in problem statement, we need to give 400 W constant heat loss around
the pipe.

11. The heat flux due to conduction is given by

q
′′
= −k∇T (2)

12. Since external heat loss is gives as 400 W, the heat flux is calculated by dividing
the external heat source by surface area of the pipe.

A = πDL (3)

13. Now substitute the heat flux value in the formula given and calculate the corre-
sponding temperature gradient. Where the thermal conductivity of copper is given
as 401 W

mK
.

14. The calculated gradient is given as boundary condition for walls patch as shown
below

wa l l s
{

type f ixedGrad i ent ;
g rad i en t uniform −<ca l cu l a t ed value >;

}

15. The initial data for the overall domain can be initialized as 0 by the following line
defined after dimensions

i n t e r n a l F i e l d uniform 0 ;

16. Save this file and close it.
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Step-4
1. Now open the U.

cd
cd hea t t r an s f e r <GN>_div<No>/0
ged i t U

2. Since this case is heat conduction problem we should define the velocity as 0.

3. The first line shows dimensions. These dimensions set consists of 7 basic units such
as [Mass Length Time Temperature Quantity Current Luminosity].

4. keep the dimensions for the file as default. In the U (m/s) file it will be

dimensions [ 0 1 −1 0 0 0 0 ] ;

5. Since velocity is vector we need to define three components for it.

6. The boundary patches are edited as shown below.

f r on t
{

type f ixedValue ;
va lue uniform (0 0 0 ) ;

}

back
{

type f ixedValue ;
va lue uniform (0 0 0 ) ;

}
wa l l s

{
type f ixedValue ;
va lue uniform (0 0 0 ) ;

}

7. The initial data for the overall domain can be initialized as 0 by the following line
defined after dimensions

i n t e r n a l F i e l d uniform (0 0 0 ) ;

8. We have entered boundary conditions for all the files. Once again check
the files for spelling mistakes and semicolons and space, since Open-
FOAM is case sensitive and might throw back an error in case of these
issues.
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Step-5

1. The thermal diffusivity of copper is 0.00011m2

s

2. Open the constant folder to edit the thermal diffusivity value.

cd
cd hea t t r an s f e r <GN>_div<No>/constant
g ed i t t r an spo r tP rope r t i e s

3. Change the value as 0.00011.

DT DT [0 2 −1 0 0 0 0 ] 0 .00011

4. Save the file and close it.

Step-6
1. We will make changes to controlDict file of the system folder.

2. Go inside the system folder and open the controlDict file.

cd
cd hea t t r an s f e r <GN>_div<No>/system
ged i t c on t r o lD i c t

3. Change the endTime as 1000.

4. Change the deltaT as 1.

5. Save this and close the file.

6. This completes the setup of our heattransfer case. Let us begin to solve it.

Step-7
1. The first step here is to mesh the geometry.

2. To do this open the case file heattransfer in the terminal and type blockMesh
(Note that M is capital) and press enter.

cd
cd hea t t r an s f e r <GN>_div<No>
blockMesh

3. Your terminal window will display your geometry parameters and also the total
number of cells in the geometry.

4. Then type checkMesh command.

checkMesh

5. It will display whether the mesh is OK of it has any errors. In case of any error
have a better look at the error in the terminal and make changes accordingly.
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Step-8
1. We need to solve our case now. The solver for this case is htFoam, which we created.

2. Open the case folder by following command

cd
( For D iv i s i on 1)
cd hea t t r an s f e r <GN>_div1
( For D iv i s i on 2)
cd hea t t r an s f e r <GN>_div2

3. In your terminal window, type htFoam and press enter.

htFoam

4. The iterations running will be seen in your terminal window.

5. Wait till the iterations are over..

Step-9
1. Open the case folder.

cd
( For D iv i s i on 1)
cd hea t t r an s f e r <GN>_div1
( For D iv i s i on 2)
cd hea t t r an s f e r <GN>_div2

2. To view the results in again open paraview from your terminal using the command
paraFoam.

paraFoam

3. This will Open up the paraview window as shown in the figure.

Figure 2: Paraview window
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4. In the pipeline browser check the T and uncheck the U.

5. Click Apply to view the geometry

6. Now from the Drop down menu in the top menu bar select T.

Step-10
1. Now to see the temperature contour click on the play button on the top menu bar

as shown in figure below.

Figure 3: Paraview window

2. Now click on the button adjacent to the temperature drop down menu which says
(Rescale to data range) when you move the cursor over it.

3. The temperature contour is shown below.

Figure 4: Temperature Contour
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Step-11
1. Now we need to plot the axial variation of temperature (along the length of the

pipe).

2. To do so, on the left most top of the paraview window go to Filters → Recent →
Plot Over Line

3. Click on the X-Axis on the Pipeline Browser and then click Apply.

4. You will see the temperature profile along the length of the pipe as shown below.

Figure 5: Axial Variation of Temperature

Step-12
1. Save this file by clicking on the top left menu bar of paraview.

2. Go to File → Save Screenshot and give names according to your group id.

3. This brings us to the end of the first tutorial.
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