Unsteady-State Diffusion in a Slab by Robert P. Hesketh 3 October 2006

Unsteady-State Diffusion in a Slab

This simple example is based on Cutlip and Shacham Problem 7.13: Unsteady-State Mass
Transfer inaSlab. We will start with asimple problem in which the slab has no A present at the
start of the problem. Then we will move on to solve the Geankoplis/Cutlip and Shacham
problem and compare the solutions between Comsol and Polymath. See the text for an
explanation of the problem and the governing equations.

PROBLEM DEFINITION

We start with the following PDE to solve:
0C, o°C,
e

with aslight modification of the boundary and initial conditions from problem C& S7.13:
t=0 C, =0forall x

C, = 4x107° kmol/m® x=0
oc,
dx

Wallisinsulated( :Ojatx:0.004m
x=0.004m

Later we will examine the initial condition in which there is a concentration profile in the slab.
We are now ready to model our system in COMSOL.

The analytical solution to the above equation is given by an infinite Fourier seriesin which the
slab thicknessis x=h. This problem isreferred to in texts as transient diffusion in afinite-
dimensional medium.



Model Library Chemica_Engineering/Energy_Transport/slab

SOLVINGTHE PROBLEM USING THE GRAPHICAL USER INTERFACE

Select the 1D application mode M ass
Balance, Transient analysis, in

% Model Navigator,

Car t@ an coor dl nates from the Mew | Model Libraty | User Models | Open | Settings
Chemical Engineering Module. Then space dimension: 1D v
select OK 4 Application Modes

(-] COMSOL Mulkiphysics
= _ 4 Chemical Engineering Module
(¥ Energy balance
(=4 Mass balance

. = Diffusion

------ # Steady-state analysis
PP T ansient analysis
# Convection and Diffusion
- @ Maxwell-Stefan Diffusion and Convection

Description:
- @ Nernst-Planck Diffusion with fickive layer flux, insulation,
-4 Mernst-Planck without Electroneutrality and concentration boundary conditions,
i - # Electrokingtic Flow
[ Pseudn 20 Transient analysis in 10,
(-] Heat Transfer Madule
Dependent variables:  [c |
Application mode name: [chdi |
Element: |Lagrange - Quadratic w | [ Multiphysics ]
- [ (0] 4 ] [ Cancel ] [ Help ]
Geometry Modeling
Select Line from the Specify objects menu item in the Line X
Draw menu. —

Specify 0 and 0.004 as Start and Stop and set the name slab. toordinates
Typedab in the Name edit field. w |00.004 |

Click OK. Styte |F'n:nl':.fline = | Cancel

Click the Zoom Extents buttone

Mame: |Stab | [ Apply ]

% FEMLAB - Geom/1/Chemical Engineering Module - Diffusion (di) : [Untitled]

File Edit Options Draw Physics Mesh Solve Postprocessing Multiphysics Help
NEHS iRk Al 24=2 0/ 2ppdveaes® T
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Boundary Conditions

1. Select Boundary Settings from the Physics menu.
2. Select boundary 1 and specify the concentration as 4 mol/m? and the second boundary
condition as Insulation/symmetry.

3. Click OK.

Boundary Settings - Diffusion (chdi)

E‘ Boundary Settings - Diffusion (chdi)

Eguation

Eguation
£=5 nN=0;N=-D¥Vc
Boundaries | Groups © Boundaries | Groups ©

Boundary selection

1

Bioundary conditions Boundary selection Bioundary conditions

>

Boundary condition: 1 L’ Boundary condition:
¢ Quantity Yalue /Expression Unit Description Quantity Yalue /Expression Unit Description
) moljm®  Concentration =) I:l moljm®  Concentration
Mg ] molf(m®es) Inward Flux My ] maljm®s) Inward flux
k. I:l mis Mass transfer coefficiant k. I:l mis Mass transfer coefficiant
X Y I:l moljm? Bulk concentration — % I:l molfm? Bulk concentration

[ Select by group [ Select by group

[ Interior baundaries [ Interior baundaries

[ [a]4 ]I Cancel ][ Apply ][ Help l [ [a]4 ]I Cancel ][ Apply ][ Help

Subdomain Settings

=

Select Subdomain Settings from the Physics menu.

Select subdomain 1 and enter the Diffusion coefficient of 1X10° m%s. The default
settings for the Initial conditions are set to zero concentration. The reaction rate is set to
zero and we are not using any time scaling so the time-scaling coefficient is set to 1.

Subdomain Settings - Diffusion (chdi)

Equation

6t56c,|'6t + 7{-D%c) =R, c = concentration

SubdnmainslGrnups C | Init | Elemnent

Subdornain selection Species 1
£ Library material: | A | [ Load...
Quantity Yalue/Expression Unit Description
i Cl Time-scaling coefficient
D me)s Diffusion coefficient
- R Cl malifm? .51 Reaction rate Subdomain Settings - Diffusion (chdi) 3

Equation

[] 5elect by group

Elsacfat + ¥ {-D¥c) =R, c = concentration

Subdomains | Graups ﬁ Init. | Element

Initial walue

Subdamain selection

Active in this domain

-~ Variable Initial value
c(to)

Unit  Description

mul,im3 Concentration, ©

oK

H Cancel H Apply ][:

-

Eroup:

[] Select by group

Active in this domain

H Cancel H Apply ” Help




Mesh Generation _Subl:_lcumain Mesh Zalve Subdomain Mesh  Solve Paost M
AlAIA|BI= T Als| 4|8 =| 2|4

Initialize the mesh

Refine the mesh once.
Computing the Solution

1. Select Solver Parametersin the Solve menu.

2. Type0:10:2500 in the Times edit field in the General page. This standsfor how you
would like the output reported. Thiswill report results starting at time t=0, stepping at
intervals of 10 sand ending at 2500 s.

3. Click OK.

4. Click the Solve button in the Main toolbar

x]

Solver Parameters

Analysis: General| Time Stepping | Advanced
|Transient b
Tirne skepping
| Ak select solver
Tirnes: [0:1m:2500 |
Solver: Relative tolerance: 0.01 |
Stationary linear A Absalube tolerance: [0.0010 |

Stationary nonlinear

[] Allaws comples: numbers

Tirme dependent

Eigenwvalue
Parametric linear Lingar syskem solver

Parametric nonfinear Linear syskem solver: |Direct (LUMFPACE) W |

Settings. ..

Matrix symmekry: MNonsymekric b |

(0] 4 ][ Cancel ][ Apply H Help




% comsoL Multiphysics - Geom1/Chemical Engineering Module - Diffusion (chdi) : [Untitled]

File Edit Options Craw Physics Mesh Solve Postprocessing  Multiphysics  Help
DEE&S & 2k ALB4=2@ LR+ 1P ?
Time=2500 Line: Concentration, c [mol,l'm3]
[« 2l
4 -~
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“
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Refined mesh consists of 30 elements. A
Mumber of degrees of freedom solwed for: 61
Solution time: 0.27 s A
(1.77e-3, 0.0777) [ [ e[ [ [Memary: (40 75) |

5. Now compare thisto a polymath solution: Go to the course home page and click on the
link POLYMATH CD (Rowan Students Only). Pull up problem 7.13a and change the
initial conditions to be zero. Y ou may also want to change theinitial concentrations to
have units of mol/m?® instead of kmol/m®. Thisis not necessary but will aid in making a
comparison plot.

6. And then make a plot as shown in the following page.

POLYMATH Report 7.13 modified Unsteady-state Mass Transfer in a Slab (zero initial concentration)
Ordinary Differential Equations 29-Sep-2005

Calculated values of DEQ variables
Variable Initial value Minimal value Maximal value Final value

1t 0 0 2500. 2500.

2 |CA2 0 0 0.0032935 0.0032935
3 |CA3 0 0 0.0026235 0.0026235
4 |CA4 0 0 0.0020219 0.0020219
5 CA5 0 0 0.0015126 0.0015126
6 CA6 0 0 0.0011105 0.0011105
7 CA7 0 0 0.0008223 0.0008223
8 CA8 0 0 0.0006498 0.0006498
9 DAB 1.0E-09 1.0E-09 1.0E-09 1.0E-09
10 deltax 0.0005 0.0005 0.0005 0.0005



11 CA9 0 -8.627E-07
12 |CAO 0.006 0.006

13 K 15 15

14 CA1 0 0

Differential equations

0.0005922 0.0005922
0.006 0.006

15 15

0.004 0.004

1 d(CA2)/d(t) = DAB * (CA3 - 2 * CA2 + CAL) / deltax ™ 2
2 d(CA3)/d(t) = DAB * (CA4 - 2 * CA3 + CA2) / deltax ™ 2
3 d(CA4)/d(t) = DAB * (CA5 - 2 * CA4 + CA3) / deltax ™ 2
4 d(CA5)/d(t) = DAB * (CA6 - 2 * CA5 + CA4) / deltax ~ 2
5 d(CAB)/d(t) = DAB * (CA7 - 2 * CA6 + CAS5) / deltax ™ 2
6 d(CA7)/d(t) = DAB * (CA8 - 2 * CA7 + CA6) / deltax ™ 2
7 d(CA8)/d(t) = DAB * (CA9 - 2 * CA8 + CA7) / deltax ™ 2

Explicit equations
1 DAB = 1.0e-9
2 deltax = 0.0005

3 CA9 = If (t == 0) Then (0) Else ((4 * CA8 - CA7) / 3)

4 CAO = 6.0e-3
5K=15
6 CAl = If (t == 0) Then (0) Else (CAO0 / K)
General
Total number of equations 13
Number of differential equations 7
Number of explicit equations 6
Elapsed time 0.000 sec
Solution method RKF_45
Step size guess. h 0.000001 —
Truncation error tolerance. eps |0.000001 ©
£
©
Save your polymath E
solution in a word <
document to be submitted at 3
the end of the tutorial. c
=
o
O

0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.0005

Revised Cutlip and Shacham 7.13 Polymath
Concentration profile at t=2500s
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Post Mode

Select Domain Plot Parameter s from the Postprocessing menu.
Select the General tab and select the Line/extrusion plot check box under Plot type.

Select the following time-steps, 0, 50, 100, 200, 400, 800, 1500, 2000, 2500 from the
Solutionsto uselist by holding down the Ctrl key.

Click OK.

Add atitle to the graph by pressing the Title/Axis button
Request alegend by choosing the Line/Extrusion tab and select the Line Settings button.

Select OK

Y ou should now have a plot with atitle as shown on the next page.

Domain Plot Parameters

| General | Line/Extruzion | Paint
Plot type
(*) Line/Extrusion plot ) Pairt plot

Solutions to use .
Solution st angle (phase):

Select via  |Stored output times v l:l degress

2420 29

2430
2440
2450
2460
2470
24580
2430
=
L ]

Eletient refinement.  [+] Auto |:|

X

n Plot Paramete

Add atitleto
the graph

Genera|| LinesExtrusion | paint

(%) LineExtrusion plat
Plot type

(*) Ling plot

O Extrusion plot

y-axis data

FECDE Line Settings

Line color: - |Cycle v
b

Line style: | Solid line

Legend

Ezpressi

Subdoma

[ OK l ’ Cancel

Line Settings...

Stroath

[ Cancel H Apply ]

O l[ Cancel ][ Apply




% Figure 1 - COMSOL

X

CEEGE I Y
utlip and Shachan Problem 7,13 modified For zero concentration initial condition
4
. —0
i I""i-\ Edit Plot -
3.5 e N N —— 100
—— 200
Copy Plot ——4m0
...................................................... BDD
3 Data — 1500
—— 2000
75 I - . ........ ................................ —— 2500
ﬂg : : - Copy Plot
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8
1 L T e
as L. SN LN UTTTR e U URRUPN U v L RS
or U
05 : : . . .
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B 102
9. Change the x-axis description of this - T
plot by selecting the painters pad to SHE | (elen
edit the plot. Change the x-axis *Line (0) »
description to be Distance (m). -
10. Paste a copy of this plot into your s B : Dlteaese
: v limits:  [v] Aot | | [ | [Log scale

word document by using the copy

button. (Seethe location of this button

in the figure on the previous page.)

[ s equal

Title

Title

|Cutlip and Shacham Problem 7.13 modified For zera concentr

x label [Distance {m) |
v label [Concentration, ¢ [molm <sup »3</sup>] |
Font

Font: |Tah0ma v | Sizet
[Bald [ Iealic .

o4

][ Cancel ][ Apply




Cullip and Shacham Problem 7.13 modified For zero concentration initid conditic
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11. Comparethisplot to a polymath plot. (Tq produce this Paste Special PIX
polymath plot you will need to use the Edit Paste Special -
Transpose command. o Pl
12. Make an additional plot in excel comparing the two O Formulas O al except borders
solutions. Inthisfigure you will plot data from Polymath O values O cColumn widths
and Comsol on the same fi gure. () Formats (O Formulas and number Formats
13. Exporting the Current COMSOL Plot to a File HE S it
There are several methods to export the data to atext file Cperation _
that can be imported into a spreadsheet. | recommend g”g”e Sy
. . Add ) Divide
using the short cut button. The short cut button is |ocated O Sablract
on the Figure 1 plot of Comsol. Select the ASCII button on B
your plot (Figure 1), which is shown in the previous page. [Jskpblanks  [fiTranspose;
Savethis data as atext file and then import it into a [ o ][ o
spreadsheset.




14. Open the text file. The datawill bein the following form: X,y coordinates for each time that
isgiven in the legend of the Comsol Figure 1 plot. You will need to open this data with an
excel spreadsheet. Make sure you are searching for a*.txt file in the Files of type: line.

Look in: ) lecture | @ - O | Q A O [Ed v Toals -
-1 Mame Size | Type D:
‘—\ﬁ [Z] slab7-13figuredata 2006 from buttan.txt 113KE  Text Document 10/
E“;CE;;?_I'EZ [Z] slab7-13figuredata 2006 bxt 14 KB  Text Document 10
[Z] cass.4d. bt 15KE  Text Document 1/z2
7 @] Falling Filrm. Exk 1SKE Text Document 12/
t,% E] annular newtanian, txt 15 KE Text Document 11/
Desktop [Z] laminar Flow velocity profile. bxt: 15KE  Text Document 11/
E‘] fullydeveloped parallel plate. bxt 1SKE Text Document 11/
Y [Z] slab7-13figuredata.txt 262 KB Text Document 92
_,.-/ @] slah7-13dataoutput. bxt 6 KB  Text Document a2
My Doacuments || (2] figurecasmodified, bt 118KE Text Document afz
E‘] 6-13 wood diff . bxt 10KE Text Document 11/
:;‘-l)-g [Z] 6-13a wood. bzt 3KE  Text Document 11/
. @] 6-13 55316 enqg method. kxt 3KB  Text Document 11/
My ComPUESY || 17 ¢ 13 s5316.00t 10KE Text Document 1>
‘} < >
" File name: * bt w Cpen |~
Iy Mebwork,
Places Files of Eype: | Text Files (* prn; *.bxt; *.cov] ~

15. Next a Text Import Wizard will open. Select fixed width and then Next. Check to see that
the datais being imported in two columns by scrolling down with the scroll bar and then
press Finish.

Text Import Wizard - 5tep 1 of 3

The Text \Wizard has determined that wour data is Delimited.
If this is correct, choose Mext, or choose the data type that best describes your data,

Criginal data type
Choose the file type that best describes your data:

) Delimited - Characters such as commas or tabs separate each Ffield,
(%) Fixed width - Fields are aligned in columns with spaces between each Ffield,
Stark import at row: 1 - File origin: 437 + OEM United Skates w

Presiew of file CDocuments and Settings',. . \slab?-13figuredata 2006 from button, txt,

|11 Coordinates 2
|z 0.0 4.0

|2 F. EEEEZZZE-E E.EEEZEEZ

|4 4.4444445E-F 0.3888885

|5 F.GEEEE7E-E o.o o

Cancel

| Einish

10



16. Y ou should now have 2 columns of datain the
spreadsheet. The datain the column A isthe
distance coordinate in meters and the datain

Microsoft Excel - slab¥... g@§|

(2] Fle Edit Wiew Insert  Format

column B is the concentration in mol/m3. Each f Iools Data Mindow Hep - & X
data set corresponds to the time parameter of the Y | Gl 100 - B -p
lot in Comsol Figure 1. - , —
P g B Waat Tt [R5 7 TELY N |
Al - B %
A B A E | Coordinate
Distance (m) Concentration 1_[% Coordinates 5
(mol/m®) 2 0 4
2 The first data set 3 | 22UE05 220N
corresponds to the time 4 | 4.44E-05 0.808559
t=0s 5 | BBYE-O5 0
183 | The second data set ? ?'??E:gi :g'jjjjj
ci)rresponds to thetime a | 133604 0
=50s_ a | 1.56E-04 0
364 The third data set _ 101 1 78E-04 0
corresponds to the time 11 | 2.00E-04 0
t=100s 12| 2.22E-04 0
13 | 2.44E-04 0
14 | 2.67E-04 0
1450 | Thelast data set 15| 2.89E-04 L
corresponds to the time [y 3.11E-04 L
225008 17 | 3.33E-04 I
- " - 18 | 3.56E-04 0
17. Notice that in the B column thedataax=0mis 19| 3. 78E-04 0
aways set at the initial condition of 50| 4.00E-04 0
C, =4mol/m®, 21| 4.22E-04 0
18. To quickly find the start of each data set you can 22| 4.44E-04 0
utilize the edit find feature of excel. First format 23| 4b7E-04 0
column B to bein scientific notation format. Then 24 | 4.89E-04 0
you can search for 4.00E00 and this will give you gg g;;g'gj g
the start of each set of data. Youwill needtosave J—=- - EEE:D 4 0
the file as an excel spread sheet and use the 25| £ 7REN4 fl v
advanced search Options as shown below: M4 » b slab7-13fi | € >

Find and Replace

Find Replace
Find what: v| L Preview _| [ Format.. -
within: | Sheet w | [ Match case
[]Match entire cell contents
Search: |By Columns %
Look in:  |Walues L

Find &l ][Eindmext | [ Clase

]

E]@ futoshapes - S [ & | o -
MLIM

11



19. Submit all 3 of the above plots at the end of the period or as specified by the instructor.

)

™

Concentration (kmol/m

Revised Cutlip and Shacham 7.13 Femlab and

Polymath Concentration profiles

0 0.001 0.002 0.003 0.004 0.005

Distance (m)

—time =0
—time = 54s
— Femlab 50
time = 102 s
— Femlab 100
time = 206 s
— Femlab 200
—time = 818 s
—— Femlab 800
—time = 1518 s
Femlab 1500
time = 2500 s
— Femlab 2500
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20. Getting Numerical Results
Directly The postprocessing
mode in 2D can display the
numerical value of the
current surface or contour
plot. Get this value by
clicking anywhere in the
model domain. The message
log shows the value of the
plotted property. In 1D, click
in the plot areato display the
value of the currently plotted
expression. If snapping is
active, the selected points
snap to the grid points.

21. Use the Data Display dialog
box to evaluate an expression
at acertain coordinate. If
applicable select the solution
to use and then select one of
the predefined quantities or
enter an arbitrary expression
containing COM SOL
variables. If you want to
evaluate the expression at
several coordinates you can
enter them separated by

File_ Edit Options Draw Physics Mesh Solve  Postprocessing Multiph_ysEs- Help 5

DEE& sBak At 22=2 @ PLPRit dradk 2|

Titne=0 Line: Concentration, o

z107 [¢ 2|

Ead

Data Display

Soltion to use

35
Soltion i fime: 2500 I~

Solution at angle (phaze): _.q degrees

Expression to evaluste

Predefined guantities: ;Concer‘dra-tion, =] v

Expression: i
15 Coordinates —
% 0.004
4l |:| Display resutlt in full precizion

I Qe H Cancel ][ Apply l

05

Ca=4.90x10"* kmol/m®
at t=2500< and 0.004m

Walue: 0.004, Expressi
Walue: 0.004, Expre

# c, Pozition: (0} A
on: c, Pozition: (0}

Walue: 5.90204Ze-4, Expression: o, Position: (0.004) W
(3.58-3, 4e-3) [ [ T [Memary: (237 134.7) |
T TGS T LT L

spacesin the edit fields in the Coor dinates frame.

22. Click Apply or OK to display the value of the expression in the message log at the bottom of
the COMSOL user interface. Select the Display result in full precision check box to get the
value with as many significant digits as possible. To control the setting of this check box for
new models, use the corresponding check box on the Postprocessing tab in the Prefer ences

dialog box.

13



X

Createa Movie Plot Parameters

General || Line Max.l'Minl Animate|

23. Select Plot Parameters

. Movie settings Solutions to use
from the Postprocessing _ o :
menu File type: A hd 21=11=Te ANTE R Stored output times
' . Width (in pizels) 540
24 Go to the Animate Tab N
25. Select the times you want Frames per -
to show in the animation by '
clicki ng on the numbers Static f Eigenfunction animstion
while holding down the Cycle type:
animate key. (don't select Murnber of frames:

too many or your will have
avery long movie)

26. We can now view how the |
Concentration variesin _
time by selecting Animate
in the Plot Parameters
menul.

|:| Reverse direction

O, H Cancel H Apply ]

Cutlip and Shacham Problem 7.13a

27. Now we will solve the original problem 7.13a (Given originally as Geankoplis Example
7.7C) Go to theinitial condition specifications of the slab and change them to have alinear
variation from 1x10° to 2x10" kmol/m?® over the distance of 0.004 m. Thisis done by
entering the following equation in the Physics, Subdomain Settings,

Subdomain Settings - Diffusion (di)

Equation
ﬁtsﬂc.fat + Ve(-DVc] =R, c = concentration

Subdomain selection '3| It | Elamant
Initial walue
Variable Initial value Description
&lty) [0.25%+1e-3 | Concentration, ¢

[] =elect by group

Active in this domain

Ok H Cancel ][ Apply

14



28. Make sure that you are solving from the initial

conditions and not restarting the problem.

Chose Solver, Solver Manager and select Initial

value expression.

29. Now you will obtain the following result after
specifying the times to be plotted and request a
legend (choose the Line/Extrusion tab and select

the Line Settings button).

30. Notice that the below plot did not use the

refined mesh.

Cutlip and Shacham 7.13a

Solver Manager

| Intial Yalue ‘ Solve For || Output | Script

Initial value

O Initial value expression evalusted using current solution
() Currert solution
O Initial value expression evaluated using stored solution

O Stared solution

X

|

3 =
4 General | LineExtrusion | paint

3.5

2
(=) in L

Concentration (kmolim*3)

—
o

0.5

2 2
Distance {m)

@ Line/Extrusion plot
Plot type
@) Lirve plot O Extrusion plot
~y-axis data
EEEa Line Settings X |
Exprezsic 1 Smooth
L Line color:  |Cycle | .
Subciorma| T —
Lire style: |So||d line: _\L!
_ Line marker: |Mone ::
= ~|
[ ox | [ cancer | [ apoy
—1
— 40
—— 200
—— 400
—— &an
1000
— 1500
— 2000
— 2400
103
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Other typesof plots

Cross-Section Plot Parameters rzl
31. Cross-Section Plot —thisis the default plot General|
produced by POLYMATH. You can plot the DS i
concentration as a function of time at specific e e I“"*”'a“m- i "I
distances. In this mode once again select the = :
desired times and then specify the distances you s T |
would like ploted as parameters. In the following : ————
plot | have selected 0, 0.001, 0.002, 0.003 and
0.004 m. Also go into line settings option of the
Cross-Section Plot Parameters and request a
legend.
l [ Cancel ] [ Apply

Line colar:

Legend

Line style:  |=olid line b

. [ ox

l

[0],9 l [ Cancel

% Figure 3 - FEMLAB B=1E3
HEhsv 284
Concentration, o
><1I:|I'3 I | | * [—ao
g | 1e-3
2e-3
Je-3
4e-3

348

25

Concentration, ¢

1.5

Titne

|.6




Culip & Shacham 7.13e— Flux boundary condition

32. In this part of the problem you need to use the flux boundary condition with a mass transfer
coefficient. The boundary conditionisgiven as

N, = kc(CAO —Cy ) = kc(CAO - KCA|X:0)

33. To modify thisfor the COMSOL boundary conditions

C
N, = kc(CAO - KCA|X=0)= Kk{% - CA|x=o)

34. Produce plots similar to the last two given below.

% Figure 3 - FEMLAB =3 % Figure 2 - FEMLAB
HEET 254 FEEEEEE S

Cutiip and Shacham 7.1 3e Flux BC - Cross Section Plot Solution Cutlip & Shacham 7.13e flux boundary condition

—0
——a0
—100
— 200
— 400
&00
— 1500
—— 2000
— 2500

Concentration fkmalim*3)
Concentration tkmaolim”3)

Time (=) Distance (m) 3
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Submit after completing this Tutorial in a word document containing the following. This
should be emailed to Hesketh@r owan.edu.
1. Modified 7.13 (Initial condition of zero concentration of A in slab)
a. Polymath solution
b. Plot of concentration as afunction of distance with the parameter of time.
i. Polymath
ii. COMSOL
iii. Both COMSOL and Polymath results on same plot
c. Comment on the comparison between COM SOL and Polymath results
2. Cutlip & Shacham Problem 7.13a
a. Polymath Solution
b. COMSOL Plot of concentration as afunction of distance with the parameter of
time
c. COMSOL Cross Section plot similar to the output from Polymath (See Figure 3-
COMSOL above)
d. Comment on the difference between the initial conditions of the solid
(subdomain) as zero concentration and linear concentration.
3. Cutlip & Shacham Problem 7.13e
a. COMSOL Plot of concentration as afunction of distance with the parameter of
time
b. COMSOL Cross Section plot similar to the output from Polymath (See Figure 3-
COMSOL above
c. Comment on the difference between a constant surface boundary condition and a
flux boundary condition.
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