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1. Global Definitions

Date |Oct 14, 2018 9:11:24 PM
Global settings

Name | Exam2 Comsol.mph

Path -'F:\Exam2_C0msol.mph
ZCOMSOL version :COMSOL 5.1 (Build: 145)
?Unit system :SI

1.1. Parameters 1

Parameters
TNam'ef "E-xpreés.idn  Value Desc.ription-
i .5[m] 0.5m Inner Radius
o 6 [m] - -TO.6 m Outer Radius

g 10°5[W/m™3] 1B5W/m*  Heat Generation
hinf 1000 [W/m*2*C] 1000 kg-A/s> Convection Coefficient
Tinf [25[degC] 298.15K  Ambient Temperature
krw ;20 [W/m*C] 20 kg'm-A/s* :Waste Conduction



ka N 204 {W/m*C] 204 kg m- Als? Al Conductlon
gAn' 3 142 [111’\2] 3 142 m? Surfaee Area at i

Rro 00-013 [degC/W] 1 3E-4 K/'W Thexmal Resistance for Sphere

Rmf 0003 18 {degC/‘W] 3 18E—4 K/W Thermal Resistance for conv.

2. Component 1

2.2. Geometry 1

WX

z

Geometry 1

Units
Length unit m
1 Angular unlt ﬁdeg
Geometry stahstlcs
Descrlptlon ‘Value
Space dimension 13
Number of domains 2
INumber of boundaries | 16

Number of edges B 524



:Number of vertices 12
2.2.1. Sphere 1 (Sph1)

Position
?Description% Value
Position {0, 0, 0}

Axis |
Description'Value |
Axis type 'z - axis|
Layers B

Size
:Description”Value'
;Radius 5

2.2.2. Sphere 2 (Sph2)

Position
'Description ' Value
:Position | -:{0, 0, 0}

Axis
jDescription Value
Axis type z - axis
i.Layers | -

Size
-Description Value
Radius .6

2.2.3. Difference 1 (Difl)

Settings
Description  Value

‘-Ke'ep input objects On

2.3. Materials

2.3.1. Material 1



z

Material 1

E

Selection

Geometric entity level {Domam

{S—e:i‘e—ctlon tDomaml

Material parameters
E Name [Value! Unit
[’I‘herrnal conductivity i20 iW/(m*K)
Density 1 kgm'3
]Heat capacﬂy at constant pressure I1 ][I /(kg*K)

Basic Settings

. Descripon | Vae
EThermal conduct1v1ty i{{2{) 0 0} {0 20 0} {0 0 20}}
EDens.l‘cy {1- -

s ,
iHeat capacity at constant pressure i1

]




2.3.2. Material 2

ﬁ.x

z

Material 2

Selection 1

[Geometnc entity level [Domam

|Select10n Domain 21

Material parameters

. Name 'iif"éfﬁé; Unit
h"hermal conductivity ;204 iW/ (m*K)
iDensity h kg/m™3

Heat capacity at constant pressure | n LT/(kg*K)

Basic Settings

| Description ; " Value t
Thermal conductivity {204, 0, 0}, {0,204, 0}, {0, 0 ‘j@;;;;i
l’]‘)meﬁnﬁswiﬁt&_mﬁm_' S '“'!>1"— RN T 0 O -

L



2.4. Heat Transfer in Solids

ﬁx

4

Heat Transfer in Solids

Selection
fGeometric entity level iDomain
Selection Domains 1—2i
Equations

PCou VT +V - q=0Q+Qey

q=-kVT



2.4.1. Heat Transfer in Solids 1

W-X

z

Heat Transfer in Solids 1

Selection %
Geometnc entlty Ievel ‘Domam 1
fSelectlon lDomams 1—2
Equaﬁons
o VT +V - q=Q+ Qrey
q=-kVT

Settings

gr Description E Value
|Thermal conductwlty !EFrom material
[Densr[y From material

[Heat capacity at constant pressure > From material

Properties from material

E Property [Materlal [Praperty group:
r"[‘hernzlal conductwlty 'Materlal 1 iBas1c ;

]Materlal 1 ﬁ3a51c *

S— — SE—— e e AT TS M |




‘Heat capa(:lty at constant pressure ;Matenal 1 |Ba31c

EThermal conduct1v1ty - [Materlal 2 {Basw
Density 3wl’*«/Iaterl.‘:a.l 2 ,Bas.lc

|Hea1: capacity at constant pressure {Matenal 2 ’Basw

i

Variables

2.4.2. Initial Values 1

ﬁx

z

Initial Values 1

Selection

|
|
iGeometnc entlty level iDomam I

[Seieetlon ;Domajns 1-2

Settmgs_r E

IDescnptlon [ Value E
iTemperature |293 IS[K]‘|

Variables

I 'Name |Express1on {Umt IDescﬁptleli‘, Selection

|
|
|ht Tinit 1293.15[K] K Temperature Domains 1-2.




2.4.3. Thermal Insulation 1

z

Thermal Insulation 1

Selection

Eaeometric entitf “lwevel ’Bounaa_ry

{

i
—
|

i

:Selec‘uon ,[NC: Boﬁndéﬁes |
Equations
“n-q= (1]

2.4.4. Heat Source 1



Weak Expressions

EF Weak expression !Integratlon frame [Selectmn

|hths1.Q*test(T)*ht.d Material * Domain 2.

2.4.5. Heat Flux 1

H{-X

z

Heat Flux 1

Selection

5
iGeornetric entity level {Boundary !
ks i o |
|

o

[Selecnon - {Boundaﬁéé 1—4 91 ' 10“. .13~ 16
Equatlons
“n-q= qon
Settings - :
; Descrlptlon l Value L
!Heat flux [Convective heat flux

Heat transfer coefficient lUser deﬁned
EHeat transfer coefﬁc1ent ;1000

25 [degC] |

[Extemal temperature




Z

Heat Source 1

Selection

ASTET I AR

:Geometnc entlty 1evel IDomam

‘Select:[on d [Domam 2
Equatlons

0=

7 Sett:ings
|Descr1pt10n g Value

Heat source General souxce
Heat source lUser defined

[Heat source !g

Variables

Name iExpressmn[ Umt rw Descnptlon 4 sSelectlon

Iht Q lht.hsl .Q 1W/m"3 ]Heat source 1Domam 9
lht.Qtot !ﬁlt.hsl Q iW/m’\3 'Total heat source Domaln 2
hthsl.Q g IW/m"?a Heat source WDomam 2




Variables
Name

ht.q0
jht.hﬂ h
:ht.hfl Text
.ht.hﬂ .q0

ht.hfl.Tvar

Weak Expressions

2.5. Mesh 1

ht. Tu _K

Mesh statistics

Description

Value |

Minimum element quality 0.191

Average element quality 0.7718

Tetrahedral elements 1115595
Triangular elements 33504
Edge elements 876

Vertex elements

12

|Description | Selection |

Expression Unit
hthfl.q0 W/mA2 Inward heat
flux
| Heat
1000 ‘W/(m"2*K) transfer
i coefficient
External
Shiegc] K temperature
.Boundary
ht.hfl.h*(ht.hfl. Text-ht.hfl.Tvar) W/m"2 convective
| heat flux

?Boundaries :
14, 9-10,
13,16
Boundaries
14, 9-10,
13,16
‘Boundaries
1-4, 9-10,
13,16
‘Boundaries
1-4, 9-10,

13,16

'Boundaries

Temperature 1-4, 9-10,

13,16



z
Mesh 1
2.5.1. Size (Size)

Settings _
| Description . Value
Maximum element size 0.024
Minimum element size 2.4E-4
Curvature factor 0.2

Maximum element growth rate 13
Predefined size Extremely fine

2.5.2. Free Tetrahedral 1 (Ftetl)

Selection
Geometric entity level Remaining

3. Study 1

7 Computation information
‘Computation time 1 min 27 s



ICPU Intel(R) Xeon(R) CPU E5-2670 0 @ 2.60GHz, 3 cores
Operating system Windows 7

3.2.1. Solution 1

Compile Equations: Stationary (Stl)

Study and step
Description Value
;'Use study jS‘fudy 1
Use study step Stationary

Dependent Variables 1 (V1)

General
. Description Value
jDeﬁned by study step.fStationary
Tnitial values of variables solved for |
| Description " Value
Solution .:Zero
Values of variables not solved for
" l)escripﬁon . Value

Solution Zero

Fully Coupled 1 (Fcl)

General
Description | Value

Linear solver Iterative 1

Method and termination

| Descripﬁon Value
Initial damping factor 0.01
Minimum damping factor 1.0E-6

‘Maximum number of iterations 50

Postsmoother (Po)

SOR Line 1 (SH)



Main
Description  Value

Relaxation factor :0.2 .

Secondary
& Description Value
Number of secondary iterations 2
Relaxation factor 0.5
Coarse Solver (Cs)
Direct 1 (D1)

General

Description  Value
Solver PARDISO
Information 1 (Probl)

‘Warnings 1 (Warningl)

Log

There was a warning message from the linear solver.
I1l-conditioned preconditioner. Increase factor in error estimate.

4. Results

4.1. Data Sets

4.1.1. Study 1/Solution 1

Solut_ion
Description Value
Solution Solution 1

Component Save Point Geometry 1|



WX

Z
Data set: Study 1/Solution 1

4.1.2. Cut Line 3D 1

) Data ;
;!Descrlptmn ‘ Value §
*Data set |Study 1/Solut1on 1

Lme data
i Value
Lme entry method =TWO pomts

[Points %{{0 0,0}, {.6,0, 0}}

T

Advanc_ed [
| . Description |Va1ue 1

; Descrlptmn
a

iSPace Vanable lclnlx }




Z

Data set: Cut Line 3D 1
4.2. Tables
4.2.1. Evaluation 3D
Interactive 3D values
7 7 7Evaluation 3D
X Yy |z
-0.42485 0.12728 0.40392 309.71

| ‘TValue

4.3. Plot Groups

4.3.1. Temperature (Ht)

— £ ‘_-“-—-——.,....:’



Surface: Temperature (K) Slice: Temperature (K)

1 370
1 360

4 350

-1 340

- 330
320

310

-,
Surface: Temperature (K) Slice: Temperature (K)

4.3.2. Isothermal Contours (Ht)

Isosurface: Temperature (K)

I
L1 |

Fq 395

1
}m_\

o - 4 386
-4 377
-4 368
-4 359

=4 350

N 341
\

‘ 332
\__—%, 323

05755 314

Isosurface: Temperature (K)



4.3.3. 1D Plot Group 3

Line Graph: Temperature (K)

400 fF T T T T T
395 = o @) -
390 O -
385 -
380 O -
375 -
370 O -
365 -
360 -
355+ -
350 o
345+ -
340} ~
335} -
330} O -
325+ =
320 -
315
310 & 1 1 1 | 1

+
0 0.1 0.2 0.4 0.5 0.6

0.3
Arc length

Line Graph: Temperature (K) Line Graph: -(ro*g"2/6 *krw)*(1-
("2+z"2)/ro))+((ro*g*Ari*(Rro+Rinf))/3)+Tinf

Results:

| was not able to get my temperature profile equation to work in Comsol so | was not able to compare
the numerical and analytical results. | do not know where the issue is, it must be either in my equation
itself or the way it was being entered into Comsol.

By the looks of the graph created by Comsol, the temperature gradually decreased from the center of
the sphere to the edge of the radioactive waste. From that point, through the aluminum to the outside
fluid, the temperature decreased much more rapidly. This makes sense since the thermal conductivity of
the aluminum is 10 times the thermal conductivity of the waste and the smaller the thermal
conductivity, the larger the thermal resistance.



