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Abstract

For teaching Heat transfer, we currently apply COMSOL Multiphysics software and
its new application builder features. Main goals are to maximizing the efficiency of
the learning process, expanding the investigation techniques while keeping students
engaged. In Engineering based courses as Heat Transfer, simulation apps are helping
to strike such a balance by introducing students to complex concepts in a simplified
format. In any simulation study, there are complex theories and physics that must be
considered in order to obtain accurate, realistic results. Innovative ways that
university professors should utilize within the classroom are the use of simulation
apps as that they are able to incorporate these elements into the underlying model
while hiding such complexities behind a user-friendly interface. Within the university
setting, simulation apps are evolving as a powerful tool for introducing students to
challenging concepts and enhancing their modeling skills to further advance their
learning. We describe the fundamentals and give examples of exercises that include
several features of the modelling options. The user-friendly design of COMSOL
makes the software well-suited for use in the class-room for both the above-
mentioned purposes. The students benefit from the easy handling of model input,
which is completely performed within the graphical user interface.
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Introduction
1. Heat Transfer Principles

Temperature is considered a common property in physics science and is used to
define the hot and cold mediums and boundaries. In microphysics scale principle, the
temperature refers to molecular motion intensity [1]. As per Holman’s [2], energy
movements occur when there is temperature variance between mediums and
boundaries. To estimate the energy movements, applying heat transfer science
theories and laws is needed. This energy transfer always happens from the hotter
medium to the colder one.

Heat transfer has many applications in engineering fields such as chemical
engineering, mechanical engineering, civil engineering, biomedical engineering and
electronics engineering. The main objectives of heat transfer research are: 1) better
energy transfer by increasing heat transfer rate, 2) better insulation by decreasing heat
transfer, 3) maintaining the temperature value in specified range.

Heat transfer between mediums has three ways: conduction, convection and radiation.
Regards to the study of heat transfer; it is divided into these three parts in this study
as:

1.1 Conduction Heat Transfer

Conductive heat transfer is occurring in solid bodies such as metals and walls where
heat transfer energy moves from the higher temperature side to the less temperature
side. This can be demonstrated in molecular scale, where the higher energy atom due
high temperature value collides with the less energy neighboring atom and as a result
of this vibrated collision the heat energy will transfer from one side to another [3].

The simple governing equation for steady state conduction heat transfer which is
known as Fourier’s law of heat conduction is depending on temperature deference,
thickness, cross sectional area and material conductivity as follow:
g-—ka9L (1)
dx

Where:

q s the heat-transfer rate, Watt (W)

A is cross-sectional area, square meter (m”)

k is the thermal conductivity of the material, W/ (m.K)

dT/dx is the temperature gradient, (k/m)

Transient Heat Conduction

Conservation of energy and the Fourier’s law are playing an important role in
governing the transient heat conduction, where the heat energy balance can be
illustrated in this equation [3]:

[Energy conducted from outside of the medium] + [Heat generated within medium] =
[Energy conducted to outside of the medium] + [Change in internal energy within
medium]



This heat diffusion equation can be derived in Cartesian format as following.
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Where

r is density, kg/m’
C is the specific heat of material, J/kg. K
g is the heat generated per unit volume, W/m’

1.2 Convection Heat Transfer

Convective heat transfer is the second form of moving the energy from the hot region
to the colder region by the movement of a fluid such as liquids and gases [1].

The simple governing equation for convective heat transfer rate is based on the
Newton’s law of cooling [2]:
q = hAAT 3)
Where
q is heat-transfer rate, Watt (W)
h is convection heat transfer coefficient, W/ (m®. k)
A is area, m’
AT is temperature difference between fluid and surface, K

1.3 Radiation Heat Transfer

The Radiative heat transfer is occurring by the mean of electromagnetic waves where
the heat source is sending the heat energy away from the emitting source. The solar
energy is considered a clear example for the radiative heat transfer [3].

2. Using COMSOL in heat transfer course

Heat transfer has numerous applications in many engineering fields and with the aid
computerized tools, certain packages have been used to investigate, analyze and
optimize engineering designs. One of these useful numerical softwares is Comsol
Multiphysics which is produced by COMSOL group. This package defined as a finite
element analysis, solver and simulation software designed for many Multiphysics
fields of science and engineering such as electrical, mechanical, Civil, and chemical
applications.

The COMSOL is used in heat transfer course to build and deploy numerical
simulation APPS. These APPS are designed as a powerful teaching tool, which will
be maximizing the efficiency of the learning process and expand the learning horizons
for university students. In addition, COMSOL simulation apps will help students to
strike such a balance by introducing them to complex concepts in a simplified
visualized format.



To use COMSOL Heat Transfer APPS, a necessary step must be prepared first, which
is creating a COMSOL Model to simulate heat transfer domain and process though
arranged tasks as following:
a) Domain shape modeling in 1D, 2D, or 3D.
b) Meshing selection from coarse to fine.
¢) Subdomain and boundary physical properties settings, where each domain’s
material property, initial conditions are specified in subdomain settings
physics menu, and boundary conditions are specified in boundary settings
menu.
d) Selecting the COMSOL Multiphysics’s solver. There are two options for this
task by either selecting the default setting or choosing the problem designed
solver.

The COMSOL app builder in considered a new add-in feature added to the software
as an interactive visualized aid in classroom instruction. Once the teacher prepares the
problem model, he or she will be able to design an APP for the problem and allow
students to manipulate it and try different scenarios. In the next section, examples of
some developed APPS for some heat transfer case studies.

3. Sample of Heat Transfer APPS “Case Studies”

Figure (1) displays a snapshot for a COMSOL App. This simple App was created to
study the steady state conductive heat transfer where the total heat flux through a
brick wall is calculated based on the one dimensional conductive heat transfer
governing equation. The App is designed in a simple way to allow students navigate
the two section of the problem, where the first section is showing the theoretical
background and the second section is divided into multiple numerical analysis tabs
(Geometry, Meshing, Temperature profile...etc.). Detailed navigation steps are
illustrated in section 5.

APP1_CONDUCTION HEAT TRANSFER-STEADY STATE — X
ANALYTICAL WORK | NUMERICAL_WORK

o=

MAIN_MODEL COMPUTING REPORTING

COMPUTE & REPORT

RESET TO DEFAULTS: [ RESET MODEL DATA | ProblemStatement_1_62 | Multiphysics | Geometry | Mesh | TEMP. DISTRIB. | TEMP. Contour | TEMP. PROFILE | TOTAL HEAT FLUX
T_inner: 20[degC] K
Touter: 5[degC] K
Thickness: 30[cm] m
Length: 6[m] m
Width: 5[m] m
m

Problem Model Discription 1-62  The inner and outer surfaces of a 5-m X 6-m brick wall

of thickness 30 cm and thermal conductivity 0.69 W/m - °C are
Brick maintained at temperatures of 20°C and 5°C. respectively.
wall Determine the rate of heat transfer through the wall, in W.

S

20°C 5C

—30em—+

Figure 1: APP-1 snapshot - Solving Conduction Heat Transfer - Steady State case
study



APP-2 is presented in figure (2) where a different type of conductive heat transfer is
investigated. In this case, change over time “Transient approach” is considered to
calculate heat flux loss through a small building roof.

/APP_2 TRANSIENT HEAT CONDUCTION — X
ANALYTICAL_WORK | NUMERICAL_WORK

g = E"i]

MAIN_MODEL COMPUTING REPORTING

COMPUTE & REPORT

RESET TO DEFAULTS: RESET MODEL DATA ProblemStatement_Ex-1.5 | Multiphysics | Geometry | Mesh | TEMP. DISTRIB. | TEMP. Contour | TEMP. PROFILE | Stationary TH_Flux | Transien t TH_FLUX | Run Events.
T_inner: 15[degC] = m Init Time:  0[s] s

T.outer: |4[degC] | m Time_Step: (1051 | s
Thickness: |0.25[m] | m End_Time: [36000fs]| s
Length:  |6[m] m
Width:  8[m] m

o EXAMPLE 1-5 The Cost of Heat Loss through a Roof
Problem Model Discription:

The roof of an electrically heated home is 6 m long, 8 m wide, and 0.25 m
thick, and is made of a flat layer of concrete whose thermal conductivity is
k = 0.8 W/m - °C (Fig. 1-24). The temperatures of the inner and the outer sur-
faces of the roof one night are measured to be 15°C and 4°C, respectively, for a
period of 10 hours. Determine (a) the rate of heat loss through the roof that
night and (b) the cost of that heat loss to the home owner if the cost of elec-
tricity is $0.08/kWh.

Figure 2: APP-2 snapshot - Solving Conduction Heat Transfer — Transient heat
conduction case study

The third sample of using COMSOL Apps in heat transfer course is displayed in
figure (3). In this App, two types of heat transfer were covered.

The App is illustrating the combined conductive and convective heat transfer for a
case of insulating chamber. The flexibility of the input data section enable student to
try different scenarios to find the best way to reach the required insulation needs. In
section 6, a detailed investigation for the possible outcome scenarios is presented.

e APP-3 CHAMPER DESIGN PROBLEM - X
ANALYTICAL WORK | NUMERICAL_WORK

st -

a5 = [!

&) il r’i‘\

MAIN_MODEL COMPUTING REPORTING

COMPUTING & REPORTING

RESET TO DEFAULTS: Chamber Insulation Design Problem Statement | Problem Graph 1 | Chamber Design Work Requirements | Geometry | Mesh | COMSOL MODELING RESULTS
K Layer 1: A3W/(m*K)] W/mK) |30 Temperature | Isothermal Contour | 2D Temperature | Temperature Contour | Total heat flux magnitude | Normal total heat flux
K Layer 2: 0.065W/(m*K)] | W/(mK)
K Layer 3: TR | WK QaQRE LIyl xEB
Temp InsideChamber: | 100(deqC] ¢ Surface: Temperature ‘(K) o
Temp OutsideChamber: ' 10[degC] K | [ — A 324
h InsideChamber: 8[W/(m*2*deg()] W/(m*K) | ‘
h OutsideChamber: 16[W/(m"2*degO)] W/(m*K) N ‘
Temp Initial: 10[degC] K 320
Radius Inside 1: 8.5[cm] m I
Radius Inside 2: 10[cm] m \‘ 315
14[cm] m |
Radius Inside 4: 15[cm] m " =0
Chamber Wall - Steel inside, glass outside |
i 305
[
300
z 9!
g o o o 25
¥ 0
-0.1 V¥ 201

Figure 3: APP-3 snapshot - Solving Conduction/Convection Heat Transfer — Chamber
insulation design case study



An oven case study is presented in App 4 as shown in figure (4). The case study is
investigating the conductive and convective heat transfer nature.

o APP_4 CONVECTION HEAT TRANSFER -CHIMNEY CASE STUDY - X
ANALYTICAL_WORK: | NUMERICAL_WORK
8.5 T ES
@ = R
MAIN_MODEL COMPUTING REPORTING

COMPUTE & REPORT

OutsideLenght: 0.3(M] m Geometry | Mesh | SURFACE TEMPERATURE = Temperature | Contours | OneDPlot | TotalHeat_Flux
InsideLenght: 0.1[M) m _
QaR@-Lkiz=zEe
h_OutsideChimneyConvectiveH.T. |21 [W/(m"2"degC)] W/(m*K) Surface: Temperature (degC) Surface: Temperature (K) ()
h_InsideChimneyConvectiveH.T: |70 (W/(m"2"degC)] W/(miK) A 255
Temp_InsideChimney: 300 [degC] K
240
Temp_OutsideChimney: 20 [degC] K
220
y 200
180
160
140
30cmx30cm 120
L—>| hins Tin houe 100
5 80
wdox
10cmx10cm E 60
Vv 483

Figure 4: APP-4 snapshot - Solving Conduction/Convection Heat Transfer — Oven
heat transfer case study

Another example of using COMSOL Apps in teaching heat transfer is shown in figure
(5), where another case of wall insulation is solved based on conductive and
convective heat transfer principles.

] APP5_Insulation Oven Wall Problem -STEADY STATE = X
ANALYTICAL_WORK | NUMERICAL WORK
*g —
MAIN_MODEL COMPUTING REPORTING
COMPUTE & REPORT
RESET TO DEFAULTS: RESET MODEL DATA Insulation/Wall Oven Problem | Multiphysics | Geometry | Mesh = TEMP. DISTRIB. | TEMP. Contour | TemperatureDistr | Temp T3 Insul/Wall Boundary | TheH_Flux
T_inner: 95/deaCl | m
T outer: 25/deaCl| ™ Q QR
WallThickness: | 1/cml m Surface: Tempe-ature (K) o
Length: m
1iaml 0.012 F . . . r . . r . . . : 4 A 368
Width: 1leml m
. 0.011 F
InsulThickness: 3lem] m
Problem Model Discription 0.01 1 360
0.009
moovaz W 0.008 |-
T "% 350
| -
RN 0.007
e g 0.006 -
! 1 340
: s 0.005 -
7= 252 S _ 0.004 -
4= \\ 795 330
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Figure 5: APP-5 snapshot - Solving Conduction/Convection Heat Transfer — Wall
insulation case study

One of the main sections in the heat transfer course is studying the radiative heat
transfer which has wide range of applications. Figure (6) represents App 6 which was
created to study three emissive panels exposed to radiative heat source.



o APP-6 RADIATION CAVITY DESIGN PROBLEM - X
ANALYTICAL_WORK NUMERICAL_WORK
o\ =
8.5 [ o)
D) = [
MAIN_MODEL COMPUTING REPORTING
COMPUTING & REPORTING

RESET TO DEFAULTS: Radiatio Cavity Design Problem Statement | Problem Graphing | RadiationCavityDesignWorkRequirements | Geometry | Mesh  COMSOL MODELING RESULTS
Thermal K HorPlate 1: | 402IW/(m*K)

Thermal K VertPlate 2: |4021W/(m*K)
Thermal K InclPlate 3: | 402IW/(m*K)1

2D Temperature

LowerBoundary 5 T:  [3001K1 aafH
UpperBoundary 2 q0:  (1000NMImA2] Surface: Temperature (K) Arrow Line: Total heat #ux )
UpperBoundary 12 q0:  |20001W/m*21 45 F— . v v . . T T T T T ™ ASl4
DiffuseSur B3 Tamb:  [3001KI 4k
DiffuseSur B6 Tamb:  [3001KI 35t 1 500
DiffuseSur B9 Tamb:  [3001KI 3l g 480
Ebsilon Bound3: 08 25+ 1 460
Ebsilon Bounds: 0.4 2t 1 440
Ebsilon Bound9: 0.6 15t g 220
\ 1t 1 400
05 1 380
oF b 360
05 1 340
1F 1 320
151 300
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Figure 6: APP-6 snapshot - Solving Radiation Heat Transfer — Three plates case study
4. COMSOL APP Navigation example

To cover all the sides of the simple conductive heat transfer problem, The COMSOL
Apps were organized basically into two main dropdown ribbons as presented in the
following figures (7) to (19):

* Analytical background works ribbon

* Numerical steps and outcomes ribbon

The analytical work tabs as shown in figure (7) are illustrating the necessary steps that
students should preform before starting the numerical work. These steps are sorted as
shown in figures (7), (8) and (9).

C] APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - 8 X

I1- Click “ANALYTICAL_BACKGROUND?” tab to activate all three
forms starting with “ProblemStatement | _62”.

RN ANALYTICAL WORK NUMERICAL WORK

ANALYTICAL_BACKGROUND

2- “ProblemStatemenet |_62" shows the problem text and picture. ]

ProblemStatement 162 Solving Theory | Hand Calculation

1-62  The inner and outer surfaces of a 5-m X 6-m brick wall
of thickness 30 cm and thermal conductivity 0.69 W/m - °C are
maintained at temperatures of 20°C and 5°C. respectively.
Determine the rate of heat transfer through the wall, in W.

Brick

wall

20C ¢

f——30cm—

Figure 7: APP-1 navigation snapshot — Analytical background dropdown ribbon
components — detailed problem statement tab



a APP1_CONDUCTION HEAT TRANSFER-STEADY STATE

- =] X
IR <oiGLvoR | NUMERICAL WO

-

vy S Click‘“SolvingTheory” tab to see the 3-D governing equation
A / e,

ProblemStatement 1.62 | Solving Theory ' Hand Calculation

Fourier’s Law of Conduction

o Gives a relationship between heat transfer rate or heat flux and temperature:
G=tZ, Gkl ekl
cx o oy oz

Used in the formulation of the goverming equation for temperature distribution.

Figure 8: APP-1 navigation snapshot — Analytical background dropdown ribbon
components- Solving theory principles

o APP1_CONDUCTION HEAT TRANSFER-STEADY STATE =

X

=

ANAUMA‘;:“GROUN; / ( Click“Hand Calculation” tab to check the analytical solution

ProblemStatement 1.62 | Solving Theory Hand Calculation

Properties The thermal conductivity of the wall is given tc

Analysis Under steady conditions. the rate of heat transfer
AT . ,, (20-5)°C

— k2L - (0.60W/m-°C)(5+ 6m?) E22LE _ joasw
L 0.3m

0,

Zeond

Figure 9: APP-1 navigation snapshot — Analytical background dropdown ribbon
components — Formal analytical calculation

Figures (10) to (19) describe the numerical work tabs arrangement. To start the
numerical work steps, students should activate all the tabs “forms” associated with the
numerical work by clicking the “Main_Model” tab. As shown in figure (10), the first
tab on the list for the lift side is showing the repeated problem statement, where
students can refer to it easily while staying in the numerical interface. In addition, the

figure is displaying the input values section which is designed to be visible all the
time while navigating the numerical work tabs.

BEIEE AL TICALWORK | NUMERICAL WORK
o _ oG (l- In order to activate all forms associated with “NUMERICAL_WORK”
s o you have to click on “MAIN_MODEL” tab.
T 2- All original input values (T_inner ...Width) are sorted on the lift side

APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - [ X

RESET TO DEFAULTS: * RESET MODEL DATA ProblemStatement 162 Multiphysics | Geometry | Mesh | TEMP. DISTRIB. | TEMP. Contour | TEMP. PROFILE | TOTAL HEAT FLUX
T inner: 20[degC] K
T outer: 5[degC] K
Thickness: 30[ecm] m
Length: 6[m] m
Width: 5[m] m
Problem Model Discription m

1-62 The inner and outer surfaces of a 5-m X 6-m brick wall

of thickness 30 cm and the

mal conductivity 0.69 W/m - °C are

Brick
wall

maintained at tempers

s of 20°C and 5°C, respectively
Determine the rate of heat transfer through the wall. in W

= navigate easily to it while staying within the NUMERICAL_WORK

3- “ProblemStatement_|_62 is a repeatable for the problem text to
forms

20°C 5°C * You can always rest all input data back to the original values
30 cm —f when you finish investigating the changs affects.

Figure 10: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Activating and inserting problem values



The second tab from the left is displayed in figure (11). This tab is describing the
necessary numerical steps such as geometry configuration, meshing visualization...
etc.

2 APP1_CONDUCTION HEAT TRANSFER-STEADY STATE = =] X
ANALYTICAL WORK NUMERICAL_WORK
0 = . — " . .
= 25 A brief description for all necessary numerical steps is shown in
MAIN_MODEL COMPUTING REPORTING “Multiphysics" e
RESET TO DEFAULTS: RESET MODEL DATA ProblemStatement 1 62 Multiphysics Geometry | Mesh | TEMP. DISTRIE. | TEMP. Contour | TEMP. PROFILE | TOTAL HEAT FLUX
T.inner: 20[degC] K
T outer: 5[degC] K
Thicness 30lem] i The COMSOL Multiphysics simulation environment facilitates all the
Length: 6(m) m : . — .
steps in the modeling process — defining your geometry, meshing,
Width: 5(m} m . . . L
. specifying your physics, solving, and then visualizing your results. It
Problem Model Discription m S = e

also serves as a platform for the application specific modules.

Figure 11: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Multiphysics numerical steps overview

The figure (12) is visualizing the studied geometry in 2-D representation. Noting that
both dimensions can be changed from the main control panel.

o APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - a X
LEAN ANALYTICAL WORK NUMERICAL_WORK
© = =5 Geometry form shows the main dimensions (Length & Thickness)
MAIN_MODEL COMPUTING REPORTING

!

RESET TO DEFAULTS: RESET MODEL DATA ProblemStatement_1.62 | Multiphysics Geometry Mesh | TEMP. DISTRIB. | TEMP. Contour | TEMP. PROFILE | TOTAL HEAT FLUX
T_inner: 20[degC] K
T outer: 5[degC] K aQad
Thickness: 30[em] m 757 o
Length: 6[m] m 65
Width: 5[m] m 5
s s 557
Problem Model Discription m <
45
v 47
Brick 25
wall =
257
—E———) :
1.5
A
057
o
20°C e 0.5
A
30em— 15
[S , §
=0.0¢ 0 0.0 01 01 0 0,

Figure 12: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Geometry configuration and dimensions

Once the geometry is specified in the previous tab, the meshing will be displayed
based on the model pre-selection from the coarse meshing grade to the fine meshing
grade. The meshing visualization is shown in figure (13)



Cl APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - 8 X
IEEE AnA0TICALWORK | NUMERICAL WORK
RS = [ Clicking the Mesh tab will show the assigned mesh type in 2-
MAIN_MODEL COMPUTING REPORTING D(Length &Thickness)
COMPUTE & REPORT
RESET TO DEFAULTS: RESET MODEL DATA | ProblemStatement_1_62 | Multiphysics | Geometry Mesh | TEMP. DISTRIB. | TEMP. Contour | TEMP. PROFILE | TOTAL HEAT FLUX
T_inner: 20[degC] K
aaam@
T outer: 5(degC] K
757 o
Thickness: 30[em] m .
-
Length: 6[m] m 6571
Width: 5[m] m 6 —  ———  — ———
5.5
Problem Model Discription m 51
457
g
Brick 351
wall eyl
257
.
— 157
A
057 ——— ——
/ o7
4 o 057
20°C S%C 4
EY
l—30cm — 157
-0.05 0 0.05 01 Tas 0.2 0.25 03 0.35

Figure 13: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Meshing visualization tab

The temperature distribution across the geometry is visualized in figure (14) where

the gradient color is displaying the temperature values from T-inner value to T-outer
value.

o 4PP1_CONDUCTION HEAT TRANSFER-STEADY STATE - 8 X
ANALYTICAL_ WORK NUMERICAL_WORK
I = [ The “TEMP. DISTRIB” form shows the temperature gradient across
i
MAIN_MODEL COMPUTING REPORTING 2-D (Length &Thickness)
APUTE & REPORT
RESET TO DEFAULTS: RESET MODEL DATA | ProblemStatement_1_62 | Multiphysics | Geometry | Mesh | TEMP. DISTRIB. | TEMP. Contour | TEMP. PROFILE | TOTAL HEAT FLUX
T_inner: 20[degC]
T outer: 5idegC] el
Surface: Tempe-ature (K) o
Thickness: 30[em] m
s A 293
Length: 6[m] m [
6.5
Width: 5im] m sl 202
Problem Model Discription m 5.5
St 290
45k
Brick ar 288
wall 3st
3 286
25+
—— 2 280
15f
21 282
- 0.5
. . oF 1 280
20°C 5C 0.5 1
l—30cm — 1t . R . R . " . .
-0.05 0 0.05 01 015 0.2 0.25 0.3 035 V278

Figure 14: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Temperature distribution across the geometry

Another form of displaying the temperature is shown in figure (15), where the
temperature contours is visualized in 2-d (length and thickness).



e APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - 8 X
ANALYTICAL WORK MERI
B = =6 Temperature contour is shown in this form across 2-D
MAIN_MODEL COMPUTING REPORTING (Length &Thickness)
—
RESET TO DEFAULTS: RESET MODEL DATA | ProblemStatement 162 | Multiphysics | Geometry | Mesh | TEMP. DISTRIB.  TEMP. Contour | TEMP. PROFILE | TOTAL HEAT FLUX
T_inner: 20[degC] K
T outer: 5[degC] K QaR
Contour: Temperature (K)
Thickness: 30[em] m R . o
Length: 6iml m 7T ) ? k ’ ' ! ' 40
x
6.5} -
Width: 5[m] m [ 4293
sk 1 =292
Problem Model Discription m 5.5} =t g:i
bt 2.9
sk et 2.9
F 45+ 1 =~ 2.89
Brick al | = 288
wall 35t 4 dlEses
2.87
3t 2.86
25} S | 2.85
| e—— 2t ] 285
sl | 284
283
1F 1 282
" 05t { 2.82
\ 2.81
~ el oF 4
20°C N0 2.8
05t 1 554
30em— b, . . ) L L L3 Kdare
-0.05 o 0.05 01 015 0.2 0.25 0.3 035 W279

Figure 15: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Temperature contours across the geometry

TEMP. PROFILE tab is displayed in figure (16). This tab is describing the
temperature linear function across the wall thickness ranging from the inner
temperature in the left side of the graph to the outer temperature in the right side of
the graph.

o APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - =] X
e .. [ Temperature profile across the thickness is displayed in this form ]
RESET TO DEFAULTS: RESET MODEL DATA_| ProblemStatement_1_.62 | Multiphysics = Geometry Mesh | TEMP. DISTRIB. | TEMP. Contour TEMP.PROFILE  TOTAL HEAT FLUX
T_inner: 20[degC] K
T outer: S[degC] K QaR =

Temperature Distribution Temperature T (degC)
Thickness: 30[em] m e P 9 o
Length: 6[m] m 2 T H Y T i A
19 —=— Temparature Profile, across the thickness of Model Wall
Width: 5[m] m
18
Problem Model Discription m 17}
16
T 15
+ok o
Brick g 14
wall o 13
5
® 12
2
g 1
— < 10
9
o 8
7k
20°C 5C 6
sk " s . . L
30em— 0 0.05 0.1 0.15 0.2 0.25 0.3
Thickness, m (m)

Figure 16: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Temperature profile across the wall thickness

The last tab at the right end in figure (17) is showing the numerical value for the total
heat flux loss across the wall thickness. From this tab students, can compare their
analytical results with this value and their finding should be within the acceptable
value based on the numerical approximation and meshing scale.



I APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - 8 X
ANALYTICAL_WORK
i = 5 The total heat flux magnitude is displayed in this form “TOTAL

MAIN_MODEL COMPUTING REPORTING HEAT FLUX”
RESET TO DEFAULTS: RESET MODEL DATA ProblemStatement_1_62  Multiphysics = Geometry =Mesh | TEMP. DISTRIE. | TEMP. Contour | TEMP. PROFILE  TOTAL HEAT FLUX
T_inner: 20[degC] K
T outer: 5[degC] K Total heat flux magnitude: ~ 10.35W/m
Thickness: 30[em] m
Length: 6[m] m
Width: 5(m] m
Problem Model Discription m

Brick

wall

20°C §%C
l—30cem —f

Figure 17: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Total heat flux loss across the wall

Once students apply any changes to the input values they should perform the
computing process by clicking the “COMPUTING” tab as described in figure (18).
This step will run all the numerical models and give the finish signal “sound tone”.

a

|- - R
7

APP1_CONDUCTION HEAT TRANSFER-STEADY STATE -

=} X

/[ COMPUTING tab should be used when inserting new values for the]

ICAL WORK | NUMERICAL

— =g
MAINMODEL COMPUTING REPORTING input parameters .

RESET TO DEFAULTS: RESET MODEL DATA | ProblemStatement_1_62 | Multiphysics | Geometry = Mesh | TEMP. DISTRIB. | TEMP. Contour | TEMP. PROFILE  TOTAL HEAT FLUX
T inner: 20[degC] K
T outer: S[degCl X Total heat flux magnitude: 1035 W/m
Thickness: 30[em] m
Length: 6[m] m
Width: 5(m] m
m

Problem Model Discription

Brick
wall

Figure 18: APP-1 navigation snapshot — Numerical work dropdown ribbon
components — Numerical computing step

The APP is equipped with a very useful reporting feature as shown in figure (19). By
this step, students can extract an editable Microsoft Word file which has pre-arranged
report section as displayed in figure (20). The file can be saved later in the desired
directory. The produced technical report will have the main sections such as cover
page, table of contents, input list, charts and colored plots.



a

i = | Once you are done with the computing and browsing the output forms,
MAIN_MODEL COMPUTING REPORTING you can export your “WORD?” report file and save it in destination

APP1_CONDUCTION HEAT TRANSFER-STEADY STATE - 6 X

Width: Sim]

folder.

RESET TO DEFAULTS: RESET MODEL DATA | ProblemStatement_1_62 | Multiphysics | Geometry  Mesh | TEMP. DISTRIE. | TEMP. Contour | TEMP. PROFILE  TOTAL HEAT FLUX
T inner: 20[degC] K
T_outer: S[degC] K Total heat flux magnitude: 1035 W/m
Thickness: 30[em] m
Length: 6[m] m
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wall
Figure 19: APP-1 navigation snapshot — Numerical work dropdown ribbon

components — Extracting the final study report

COMSOL REPORT 1-62 [Compatibility Mode] - Word

Layout  References  Mailings

tables, graphs and charts) .You have the ability to add your discussion

{ The report file will have a formal design (cover page, table of contents,]
and notes to any section in the report.

Figure 20: APP-1 editable produced report

5. Results Overview for APP-3 “Chamber insulation design case study -
Comparison of case study six possible scenarios”

By implementing any change to the input values, students will be able to see the
results of that change. In this section, App-3 is dealing with a case study of finding the
best way of insulating a chamber. Therefore, the possible arrangements for the
chamber layers are described in the following table as displayed in figure (21).
Students can make the adjustments to the layer diameters with some pre-set
restrictions

* The inner and outer diameters for the whole set is constant
The thickness of each layer is kept at constant values
The inner and outer temperatures are kept at constant values
The inner and outer convective heat transfer coefficients are constant



Scenario Inner layer Mid layer Outer layer
S1 Steel Insulation Glass
S2 Insulation Steel Glass
S3 Glass Insulation Steel
S4 Glass Steel Insulation
S5 Steel Glass Insulation
S6 Insulation Glass Steel

Figure 21: APP-3 possible problem scenarios (layers arrangement)

The first scenario was arranged as the steel will be in the inner layer and the insulation
material in the mid layer and the glass for the outer layer as shown in figure (22)

CHAMBER INSULATION DESIGN PROBLEM

SCENARIO-|

K Layer 1: 43[W/(m*K)]

K Layer 2: 0.065[W/(m*K)]

K Layer 3: 0.7[W/(m*K)]
Temp InsideChamber:  100[degC]

Temp OutsideChamber: 10[degC]

h InsideChamber: 8[W/(m*2*deg()]
h OutsideChamber: 16[W/(m*2*deg()]

Temp Initial: 10[deg(]
Radius Inside 1: 8.5[cm]
Radius Inside 2: 10[cm]
Radius Inside 3: 14 i
lem] I Total Heat Flux Magnitude =29.07 W/m
Radius Inside 4: 15[cm]

Figure 22: APP-3 First scenario (inner-layer: steel, mid-layer: insulation,
outer layer: glass)

Figure (23) is illustrating the second scenario configuration, where the insulation
material is positioned in the inner layer and the steel in the mid layer and the glass for
the outer layer.



SCENARIO-2

K Layer 1:
K Layer 2:
K Layer 3:

Temp InsideChamber:

CHAMBER INSULATION DESIGN PROBLEM

0.065[W/(m*K)]
43[W/(m*K)]
0.7[W/(m*K)]
100[degC]

Temp OutsideChamber: 10[degC]

h_InsideChamber: 8[W/(m*2*deg()]

h_OutsideChamber: 16[W/(m*2*deg()]

Temp Initial: 10[deg(]

Radius Inside 1: 8.5[cm]

Radius Inside 2: 12.5[cm]

% 14[cm] | Total Heat Flux Magnitude =23.92 W/m

15[cm]

Figure 23: APP-3 Second scenario (inner-layer: steel, mid-layer: insulation,

outer layer: glass)
The third possible scenario as shown in figure (24) is organized as the glass is placed

in the inner layer and the insulation material in the mid layer and the steel for the
outer layer.

CHAMBER INSULATION DESIGN PROBLEM

SCENARIO-3
K Layer 1: 0.7[W/(m*K)]
K Layer 2: 0.065[W/(m*K)]
K Layer 3: 43[W/(m*K)]
Temp InsideChamber: | 100[deg(]
Temp OutsideChamber: 10[degC]
h _InsideChamber: 8[W/(m*"2*deg()]
h OutsideChamber: 16[W/(m*2*deg()]
Temp Initial: 10[deg(]
Radius Inside 1: 8.5[cm]
Radius Inside 2: 9.5[cm]
Radius Inside 3: 13.5[cm]
i focide 4 — | Total Heat Flux Magnitude =26.91W/m |

Figure 24: APP-3 Third scenario (inner-layer: steel, mid-layer: insulation,
outer layer: glass)

The arrangement for the whole set in fourth scenario as shown in figure (25) is
selected to be the glass layer in the inner position and the steel in mid layer and the
insulation material is covering the set as outer layer.



SCENARIO-4

K Layer 1:
K Layer 2:
K Layer 3:
Temp InsideChamber:

Temp OutsideChamber:
h _InsideChamber:

h OutsideChamber:
Temp Initial:

Radius Inside 1:
Radius Inside 2:
Radius Inside 3:
Radius Inside 4:

Figure 25:

CHAMBER INSULATION DESIGN PROBLEM

>

| Total Heat Flux Magnitude = 31.74W/m |

0.7[W/(m*K)]
43[W/(m*K)]
0.065[W/(m*K)]
100[degC]
10[degQ]
8[W/(m*2°degOQ)]
16[W/(m*2*deg()]
10[degC]

8.5[cm]

9.5[cm]

11[cm]

15[cm]

APP-3 Fourth scenario (inner-layer: steel, mid-layer: insulation,
outer layer: glass)

The fifth scenario was sorted as the steel will be in the inner layer and the glass in the
mid layer and the insulation for the outer layer as displayed in figure (26)

SCENARIO-5

K Layer 1:
K Layer 2:
K Layer 3:
Temp InsideChamber:

Temp OutsideChamber:

h_InsideChamber:
h OutsideChamber:
Radius Inside 1:
Radius Inside 2:
Radius Inside 3:
Radius Inside 4:

CHAMBER INSULATION DESIGN PROBLEM

P

| Total Heat Flux Magnitude =31.95W/m |

43[W/(m*K)]
0.7[W/(m*K)]
0.065[W/(m*K)]
100[degC]
10[degC]
8[W/(m*2*degQ)]
16[W/(m*2*deg()]
10[degC]

8.5[cm]

10[cm]

11[cm]

15[cm]

Figure 26: APP-3 Fifth scenario (inner-layer: steel, mid-layer: insulation,

outer layer: glass)

The sixth possible scenario as shown in figure (27) is arranged as the insulation
material is positioned in the inner layer and the glass in the mid layer and the steel is

covering the set

as an outer layer.



CHAMBER INSULATION DESIGN PROBLEM
SCENARIO-6

K Layer 1: 0.065[W/(m*K)]
K Layer 2: 0.7[W/(m*K)]
K Layer 3: 43[W/(m*K)]
Temp InsideChamber: | 100[degC]
Temp OutsideChamber: 10[degC]

h_InsideChamber: 8[W/(m*2*deg()]

h OutsideChamber: 16[W/(m*2*deg()]

Temp Initial: 10[deg(C]

Radius Inside 1: 8.5[cm]

Radius Inside 2: 12.5[cm]

Radius Inside 3: 13.5[cm]

S odius Inside 4: = Total Heat Flux Magnitude =23.88 W/m

Figure 27: APP-3 Sixth scenario (inner-layer: steel, mid-layer: insulation,
outer layer: glass)

By exporting the results of these scenarios to another data analysis software such as
MS excel students can compare the resulted values for the total heat flux loss across
the layers set and determine the optimum design selection based on the pre-set
assumptions. Figure (28) shows MS excel comparison chart for the six possible
scenarios as described in figure (21).
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Figure 28: APP-3 Scenarios comparison chart



Conclusion

The aim of this scientific work is to deepen and consolidate the students’ knowledge
in the fields of heat transfer which is considered one of the important courses at the
undergraduate studies level. Using simulation techniques and tools as an advanced
teaching aid was an introduction to building the course APPS. These APPS were
created by COMSOL Multiphysics by using the built-in APP builder feature.

Comsol Multiphysics deployed APPS are very useful instrument to reach this goal.
Even the problems linked to finite element calculations help students to understand
processes as well as solution methods. It has been noted that expanding knowledge is
gained through different problem boundary conditions. This work reveals that
visualized results in the APPS are changeable once the student control the input data
and because of their changes they can produce variety of scenarios based on their
physics assumptions. However, the future versions of these APPS can be improved by
designing POP_UP and hover navigations windows for students to self-guide them
while working on these APPS.
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