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ADVENTURE Project[1] :
, ADVENTURE_Thermal
1 ADVENTURE_Thermal , 2

1.1

ADVENTURE_Thermal
o /

e 4 1 /2

. (HDDM)[2,3,4]

. (BDD)[8,9]

[ )
1.2

UNIX, Linux
MPI
MPI [6] , MPICH[7] LAM/MPI
Linux
MPICH

http://www-unix.mcs.anl .gov/mpi/mpich/

LAM
http://www. lam-mpi .org/



1.3

1.3.1

ADVENTURE_Thermal ,C , MPI
: ADVENTURE_IO
ADVENTURE_Thermal ,

1)
% gunzip -c AdvThermal-1.0.tar.gz | tar xvf —
1 “%,’ 1

,AdvThermal-1.0
AdvThermal-1.0

hddmsrc ADVENTURE_Thermal

doc

tools

libfem

sample_data

) :

% cd AdvThermal-1.0
% ./configure

% make
configure , Makefile
.configure
4.1
o ——prefix=install_dir
install_dir
install_dir/bin . $HOME/ADVENTURE



e ——with-advio=directory

1.3.

1.4

ADVENTURE_IO prefix

2

% make install

% make install prefix=install_dir

, install_dir

configure

: install_dir

bin/advthermal-s
bin/advthermal-p
bin/advthermal-h

bin/mkbc4th
bin/makefem_thermal
bin/so2th
doc/AdvThermal/manual-jp.pdf
doc/AdvThermal/manual-eg.pdf
doc/AdvThermal /README .ecudP
doc/AdvThermal /README
doc/AdvThermal/copyright

ADVENTURE_Thermal ,

advthermal-p

, MPI ,

- FEA

advthermal-s,
advthermal-h

2.1
MPICH



. MPI ,

% advthermal-s [options] data_dir

( )

% mpirun [options for mpirun] advthermal-p [options] data_dir

( )

% mpirun [options for mpirun] advthermal-h [options] data_dir

, [options for mpirun] mpirun ,
MPICH

e -nNpn
MPI n
e —machinefile machine_file

, [options] ADVENTURE_Thermal :

% mpirun —np 2 advthermal-p ./sample_data/conv

, ADVENTURE_Metis (Part) 2
MPI 2



2

2.1
ADVENTURE_Thermal , [2, 3,4]
1 . “
”(Part) : “ ”(Subdomain)
ADVENTURE_Metis .
ADVENTURE_Thermal MPI[6] ,
( ) 1 (CPU)
1 L
, CPU . 1
L 3
@ ( :advthermal-s)
, . MPI
( 2)' il
1
HDDM
2 ( :advthermal-p)
3 1 1

, ADVENTURE_Metis

HDDM, BDD, BDD-DIAG, IBDD, IBDD-DIAG



®)

ADVENTURE

( :advthermal-h)

Metis

, CPU

HDDM, BDD, BDD-DIAG



Step 1 s
v _»
//:—//
g
(Part) é
A A
Step 2

(Subdomain) —]




0 1
0 4
1 5
2 6
3 7
CPU1
2 CPU _
0 1 2
0 - 2 <> 4
1 3 5
CPU1 CPU2 CPU3
3 4
6 8
7 9
CPU4 CPU5

3 CPU —




CPU2

CPU1

CPU5S

CPU4

CPU3

CPU




2.2

ADVENTURE_Thermal (CG)
: , [3]
, (HDDM)[4]
: 5 , CG
e HDDM
HDDM ,CG
1 , HDDM

, HDDM

:advthermal-s, advthermal -p, advthermal-h

e BDD
BDD , BDD [8] .BDD
Neumann-Neumann , CG
BDD , HDDM
, CG
15-25 . ,
, . , HDDM
BDD
BDD , Neumann ,

: advthermal-p, advthermal-h

10



e BDD-DIAG

BDD-DIAG , BDD Neumann-Neumann

BDD [10] .BDD ,
: .BDD
BDD-DIAG
. , BDD-DIAG BDD , 10
: advthermal-p, advtherrmal-h
e IBDD
IBDD , BDD BDD [10]
, BDD
. : BDD
, IBDD-DIAG
, IBDD-DIAG
:advthermal-p
e IBDD-DIAG
IBDD-DIAG , BDD-DIAG
BDD [10] : , BDD-DIAG
BDD-DIAG . , BDD,
BDD-DIAG, IBDD , IBDD
IBDD-DIAG , ,
:advthermal-p
2.3 (ADVENTURE_Metis)

ADVENTURE_Metis

. ADVENTURE_Thermal

11



ADVENTURE_Thermal :

V< “Part”?

““Domain”?

. 1
180-370 BDD BDD-DIAG
) 350-450
ADVENTURE_ME“S , Npart , 1 Nsubdomain
) Nelement ) 1
n= Nelement
N part X N subdomain

Nelemnt

Nsubdomain

Npart

( )

12



ADVENTURE_Thermal ,

3.1

ADVENTURE 5

1) (ADVENTURE_TetMesh)
ADVENTURE_TetMesh ,

(2 (ADVENTURE_BCtool)
ADVENTURE_BCtool msh2pch , bcGUI
. GUI ADVENTURE_BCtool
Appendix C.2
3 (makefem_thermal)
ADVENTURE_Thermal makefem_thermal , ,

ADVENTURE_IO ,

, ADVENTURE_Thermal
mkbc4th . Appendix

(Ver.0.5b ) , ADVENTURE_BCtool makefem
ADVENTURE_Thermal so2th

, Ver.1.0 makefem makefem_thermal
, S02th . , S02th
4) (ADVENTURE_Metis)
ADVENTURE_Metis ,
, -difn 1

13



% mpirun [options for mpirun] adventure_metis -difn 1 [options]
model_filename directory_name div_num

2 : 1
-difn 1 1
) 3 )
1 . ADVENTURE_Thermal
,—difn 1
(5) (ADVENTURE_Thermal)
ADVENTURE_Thermal :
(6) (ADVENTURE_Visual or ADVENTURE_Auto)
ADVENTURE_Visual : . :
ADVENTURE_Auto advauto_thermalview
Appendix C.4

14



[ ADVENTURE_BCtool ]

H ADVENTURE_ Metis JJ

T

= Py
G

ADVENTURE_Thermal
FEM

R
= %Iffffméﬁg’

.

P —
>

ASCII File
-

077

ADVENTURE

w

Single Module

Parallel Module

ADVENTURE._Visual ]J
- -
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3.2

CG [5].

&
«

3.3

ADVENTURE_Thermal 7 :
ADVENTURE , (Part)

ADVENTURE_Metis

16



, (1)CG -

A
//1/ RS %

Mlllfm
A A

/49

l

LOG

ADVENTURE_Thermal JJ

o

T
ﬂﬂ”ﬂ/ I////I// /& ’
P

CG restart File

A ’/”/
//1/ i 4’

e
A L ’4’

3.4

ADVENTURE_Thermal

3.5
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ADVENTURE_Thermal

3.6

ADVENTURE_Thermal

3.7

ADVENTURE_IO

18



4

4.1

ADVENTURE_Thermal ,C MPI
, ADVENTURE_IO
ADVENTURE_Thermal :

% ./configure
% make

, ADVENTURE_Thermal

configure : MakeFile
.configure

o ——prefix=install_dir

install_dir
install_dir/bin . $HOME/ADVENTURE
e ——with-advio=directory
ADVENTURE_IO prefix ( )

$HOME/ADVENTURE

e ——with-mpicc=command
MPI C : mpicc .MPI C
, ADVENTURE_Thermal

e ——with-mpi-cflags=CFLAGS
MPI C

, MPI :
—--with-mpi-cflags="-1/usr/local/include/mpi”’ - MPI

19



e ——with-mpi-1ibs=LIBS

—--with-mpi-libs="-L/usr/local/lib/mpi —Impi”’

e ——enable-optimize

--enable-optimize=CFLAGS
CFLAGS

configure
Makefile
.Makefile.sample

, MPI

- MPI

, Makefile.sample MakeFfile . , ADVENTURE_Thermal

, Mekefile.in.sample

Makefile.iIn

Makefile.iIn

ADVSYS DIR ADVENTURE
ADVIO_CONFIG ADVENTURE_I0O advsys-config
MPI_CC MPI C
MPI_LINKER MPI C
CC C
LINKER C
CFLAGS
Makefile.in , make
% make
, make , hddmsrc
libfem

20




4.2

% make install

configure
configure :

% make install prefix=install_dir

, install_dir
¢ bin/advthermal-s -
¢ bin/advthermal-p -
¢ bin/advthermal-h -
¢ bin/so2th -
¢ bin/mkbc4th - FEA
¢ bin/makefem_thermal -
¢ doc/AdvThermal/manual-jp.pdf -
¢ doc/AdvThermal/manual .pdf -
¢ doc/AdvThermal /README .ecuJdP -
¢ doc/AdvThermal /README -
¢ doc/AdvThermal/copyright -
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5

ADVENTURE_Thermal 3

% advthermal-s [options] data_dir
. (MPICH)

% mpirun [options for mpirun] advthermal-p [options] data_dir
. (MPICH)

% mpirun [options for mpirun] advthermal-h [options] data_dir

, [options for mpirun] mpirun
[options] ADVETURE_Thermal .
A 5.2 )

data_dir
5.1
5.1
. data_dir
, 3.1 ADVENTURE_Metis
directory_name :
(5.2.6)
e HDDM :
data_dir/model/advhddm_in_AP.adv
. ( ):
data_dir/result/advhddm_out_AP.adv
. ( ):
data_dir/result/advhddm_out_S P.adv
e CG

data_dir/cg-res/advhddm_in_P.adv

22



data_dir/result/advhddm_out_S P.adv

, P , S

5.2

5.2.1

e —solver hddm
HDDM .advthermal-s, advthermal-p
advthermal-h
e —solver bdd
BDD .advthermal-p, advthermal-h

e —solver bdd-diag
BDD-DIAG .advthermal-p, advthermal-h

e -solver bdd —iLU

IBDD .advthermal-p
e —solver bdd-diag —iLU
IBDD-DIAG .advthermal-p
5.2.2
e NS
-ns
e ——Cn
e ——step n
n 10

23



—--out-interval n

°
|
|
o
=
>

e ——use-resin n

5.2.3

e —tetlO-integ5
4 2 5

5.2.4

ADVENTURE_Thermal , CG

-cg-tol x

, CG

CG : 1.0><10°
-cgloop-max n
CG

1000

-use-cg-resin
CG '

-resout-cglast
CG CG

24



5.2.5 BDD

ADVENTURE_Thermal

IBDD , IBDD-DIAG

e —resout-bdd-cmat
LU
-use-bdd-cmat

LU

-bdd-dir dir

-bdd-cmat-file file

_P.aav (P
advhbdd_cmat
-ginv-alpha x

Neumann Neumann

10

5.2.6

, P
e —model-file file

_P.adv
e —model-dir dir

model
e —result-fFile file

. BDD

51

BDD
, BDD , BDD-DIAG
bdd
)
, IBDD
, S
file
advhddm_in
dir
file

25



_P.adv
_ S P.adv
-result-dir dir

result
e —ns-resin-file file

_ S P.adv
advhddm_out
e —ns-resin-dir dir

. result
e —cg-resin-Ffile file
CG
_P.adv
e —cg-resin-dir dir
CG
cg-res
e —cg-resout-file file
CG
_P.adv
e —cg-resout-dir dir
CG
cg-res

5.2.7

e —Tile-para
e —memlimit n

e —help | -h

e -help-ns

26

file

file

advhddm_out

file

advhddm_cgres

advhddm_cgres

n [MByte]
256 [MByte]

dir

dir

dir

dir



e -help-cg
CG

e -help-bdd
BDD

e —version | -v

27



Appendix

A



A

ADVENTURE_Themal ,4 1 2
4 1
4 2 3 2
Al 4 1
1)
4

3
2
1 : (Lo; L1; Lo; L3)
8 P
e Lo= 4 P123 = 4 0123 )
e Li= 4  P0O23 = 4 0123 @)
e L= 4 POI3 = 4 0123 3)
e Ls= 4  POL2 = 4 0123 )

29



Lo L1 L, L3
0 1/4 1/4 1/4 1/4

A2 4 2

@)
10 :

9 4 2
(2)
4 : (Lo; L1; L2; Ls)
. 9 P
e Lo= 4 P123 = 4 0123 )
e Li= 4  P023 = 4 0123 ©)
e L= 4 POL3 = 4 0123 )
e Lz= 4  POL2 = 4 0123 ®)

, 2
a =0:58541019662496845446
£ =0:13819660112501051518

30



A.3

M)

10

L3

L,

Ly

Lo

Tl H|©|A|O©|A|N| A ©
Al | dH|O©| AN | A |© | A|©
Tl | AN | |© | A |© | A|©
FlH| | d|O©|dH|© | A |© | AN

o — o~ ™ <

31



10 3 1
2
1 , (Lo; L1; L)
10 P
e Lo= 3 P12 = 3 o012 ©)
e L= 3 P02 = 3 o012 (10)
e Ly= 3 POl = 3 o012 (11)
4 3 1
Lo L L
1 1 1
0 - b <
3 3 3
A4 3 2
4 2 ,
2
1)
6

32



)

(Lo; L1; L)
012 (13)
012 (14)
012 (15)
Lo L
1 1
2 2
1
0 _
2
1
— 0
2

33
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B

ADVENTURE_Thermal
: ADVENTURE_IO
makefem_thermal mkbc4th ADVENTURE_IO

B.1

[Properties]

: content_type=FEGenericAttribute
I num_items=81

: fega_type=NodeVariable
label=Temperature

: format=i4f8

: Index_byte=4

[Data]

0 0 1.000000e+02

1 0 1.000000e+02

3 0 1.000000e+02

58 0 1.000000e+02

59 0 1.000000e+02

60 0 1.000000e+02

o U1 A WN PR

[Data] \ : )

34



B.2

[Properties]

1 content_type=FEGenericAttribute
I num_items=81

: fega_type=NodeVariable
label=HeatFlux

: format=i4f8
index_byte=4

[Data]

0 0 0.000000e+00

1 0 3.333333e+01

3 0 0.000000e+00

58 0 6.666666e+01

59 0 6.666666e+01

60 0 6.666666e+01

o U~ WDN PR

[Data] )
(
q
S 4 2
S
Po g, =0 Ps g, =0~
S
P Q= Ps ,=ax
P2 (-
S
P3 q3=qx§

35



B.3

[Properties]

o U1~ WDN PR

: content_type=FEGenericAttribute
: num_items=8

: Tega_type=ElementVariable

label=HeatConvection

- format=i1418f8

index_byte=4

[Data]

0
5

1 1.000000e+02 1.231002e+02
3 1.000000e+02 1.231002e+02

B.4

[Properties]

o U1 A WN P

: content_type=FEGenericAttribute
: num_items=8
: fega_type=ElementVariable

label=HeatRadiation

- format=i4f8f8f8

index_byte=4

[Data]
0 1 1.000000e+02 1.000000e+00 1.000000e+00
5 3 1.000000e+02 1.000000e+00 1.000000e+00

[Data]

36




B.5

. makefem_thermal

@
HeatConductivity 200
Density 10.0
SpecificHeat 100.0
StefanBoltzmanConstant 5.667e-8
InternalHeatGeneration 0.0
] 1 ( )’ ( )l
( ),
)

#materialInfo

materialN 2

propertyN 5

HeatConductivity 100

Density 5000

SpecificHeat 41.78
StefanBoltzmanConstant 5.667e-8
InternalHeatGeneration 0.0
HeatConductivity 50

Density 2500

SpecificHeat 20.0
StefanBoltzmanConstant 5.667e-8
InternalHeatGeneration 0.0
#volumelnfo

volumeN 2

1

0

37



C

ADVENTURE_Thermal :

C.1 so2th

so2th , ADVETURE_BCtool makefem

% so2th solid file

,solid _file ADVETURE BCtool makefem

, solid _file _thermal .adv
so2th . , ADVENTURE_BCtool
makefem ,B.5
, (Ver.0.5b ) ,
Ver.1.0 C.2 makefem thermal
C.2 makefem_thermal

makefem_thermal
, ADVENTURE_BCtool

,C.3 mkbc4th
, ADVENTURE_BCtool
makefem

% makefem_thermal mshFILE fgrFILE cndFILE matFILE aadvFILE

mshFILE - ( )

38



fgrFILE :
cndFILE :
matFILE -
aavFILE :

, FgrFILE mshFILE

ADVENTURE_BCtool

,cndFILE  ADVENTURE_BCtool

msh2pch

gravity 0 0-9.8 -
boundary 2 -
dispOnFaceGroup 00010 ~
loadOnFaceGroup 500100

10[ ]
100

, bcGUI
makefem_thermal
o dispOnFaceGroup
o dispOnVertex
¢ loadOnFaceGroup
, bcGUI ,

, bcGUI
, X

X, Y, Z, Normal( )

Y, Z

, Normal

, bcGUI
1)
2) BC

, Normal

3) Add Displacement

4) X ,

C.3

39

Add Load

mkbc4th




mkbc4th , ADVENTURE BCtool msh2pch

( fgr), ( cnd) ,
ADVENTURE_IO

cnd

boundary 2
convOnFaceGroup 1 100 123.1
convOnFaceGroup 3 100 123.1

cnd

boundary 2
radiOnFaceGroup 1 100 0.5 1
radiOnFaceGroup 3 1000 0.3 1

, bcGUI
, bcGUI , 100 , 200

loadOnFaceGroup 500 100
loadOnFaceGroup 7 0 0 200

% mkbcdath fgrFILE cndFILE advbcFILE

40



ADVENTURE_IO

advbcFILE

makefem_thermal , ADVENTURE_IO advcat

C4 advauto_thermalview

advauto_thermalview ADVENTURE_Auto-0.1b :

, ADVENTURE_Visual :
ADVENTURE_Auto .
advauto_thermalview , ADVENTURE_Thermal
, ADVENTURE_Solid

hddmmrg . ,

1)
% hddmmrg Temperature data_dir

ADVENTURE_Solid
data_dir . :
Temperature.dat
2)
% advauto_thermalview mshFILE fgrFILE

, mshFILE fgrFILE C.2 . ,
1) Temperature.dat

41



D.1 (
D.1.1
12 1[m] x 1[m] x 1[m]

Y
Z X
12
( )
{T 1 =100 [ ] on
T.=0 [ 1] on I,
=100 [W/mK]
6,511, 10,187
D.1.2
ADVENTURE_Thermal
1) (msh )

(2) msh2pch (ADVENTURE_BCtool)

42

(fgr,pch,pcg,trn

)



(3) bcGUI (ADVENTURE_BCtool) cnd )

(4)
(5) makefem_thermal (ADVENTURE_Thermal) (adv

(6) adventure_metis (ADVENTURE_Metis)

(adv )
; , Italic
[ ]
Step.1: CAD 1 1.0 [m] sample.igs
Step2: sample.ptn
sample.ptn
BaseDistance
0.1
Step3: ADVENTURE_TriPatch-1.8 3
sample.igs (IGES )
sample.ptn ( )

% ADVENTURE_Tripatch sample sample

sample._pcm ( )
sample._.pcg ( )
sample_c_mcp.wrl ( VRML )

43



Step4: ADVENTURE_TetMesh-0.9b 4
Step4-1:

sample.pcm (
sample.ptn ( )

% advtmesh9p sample -d

samplec.pcc (
samplec.ptn (

Step4-2: 4

samplec.pcc (
samplec.ptn (

% advtmesh9m samplec

samplec.msh (4 1

Step4-3: 2 4 2

samplec.msh (4 1

% advtmesh9s samplec

samplecs.msh (4 2

44



Step5: ADVENTURE_BCtool-1.02
Step5-1:

samplecs.msh ( )

% msh2pch samplecs.msh 3

samplecs_3.Tfgr
samplecs_3._pch
samplecs_3.pcg

e R N
~—

samplecs_3.trn
Step5-2: GUI
samplecs_3.pch ( )

samplecs_3.pcg ( )

% bcGUI samplecs 3.pch samplecs 3.pcg

samplecs.cnd ( )

sample.cnd

gravity 0 0 O

boundary 2
dispOnFaceGroup 0 O O 100
dispOnFaceGroup 5 0 0 O

Step6: ,C1 (D, @ : (*.dat)

45



sample.mat
HeatConductivity 100

Step7: ADVENTURE_Thermal-1.0

samplecs.msh ( )
samplecs_3.fgr ( )
sample.cnd ( )

sample.dat ( )
samplecs_3.trn ( )

% makefem_thermal samplecs.msh samplecs 3. fgr sample.cnd
sample.dat sample.adv

sample.adv ( )

Step8: ADVENTURE_Metis-1.0

, CPU 2 . 6,511
, 2.3
{Nelement: 6511
Npart = 2
, 1 180-370 ,
n= 200
N subdomain = Netement
n x Npart

B 6511
2 x 200
= 16.2775
= 16

, ADVENTURE_Metis

46



sample.adv ( )

% mpirun —np 2 adventure_metis —difn 1 sample.adv sample 16

sample/model/advhddm_in_0O.adv ( 0 )
sample/model/advhddm_in_1.adv ( 1 )

D.1.3
ADVENTURE_Thermal ,
sample/model/advhddm_in_0O.adv ( 0 )

sample/model/advhddm_in_1.adv ( 1 )

% mpirun —np 2 advthermal-p sample

sample/result/advhddm_out_O.adv ( 0 )
sample/result/advhddm _out_1.adv ( 1 )

ADVENTURE_Visual-1.0
ADVENTURE_Visual ADVENTURE_Visual

47



1.000e+02
§.750e+01
7.500e+01
6.250e+01
S.000e+01
3.750e+01
2.500e+01
1.250e+01
0.000e+00

13 (ADVENTURE_Visual)
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D.2 ( )

D.2.1
14
|Y A/ &
Z X
14 ( )
( )
{T:=1.0x104[ ] on T,

: A=8.854185> 10" [W/mK]
f=1.0<10°[W/m°] : :
937, 1,738

D.2.2
ADVENTURE_Thermal
1) (msh )
(2) msh2pch (fgr,pch,pcg,trn )
(3) bcGUI (cnd )
(4)
(5) makefem_thermal (adv )
(6) adventure_metis (adv )
D.1

49



Stepl: sphere. igs
Step2: sphere.pitn ( )
sphere.ptn

BaseDistance
0.1

Step3:

Step4:

Step5-1:

Step5-2: sphere.cnd

sphere.cnd

gravity 0 0 O
boundary 1
dispOnFaceGroup 4 0 O 10000

Step6: sphere.dat

sphere.mat

HeatConductivity 8.854185e-12
InternalHeatGeneration 1.000000e-05

Step7:
Step8:
D.2.3
ADVENTURE_Visual
4.329e+05
3.800e+05 ]
3.271e4ds 4
2.743e+05 4
2.214e+05 -.
1.686e+05 4
1.157e+05 4
6.256e+04 I
¥ 1.000e+04
Iy
)“’ % 15 (ADVENTURE Visual)

50



D.3 ( )

D.3.1
16
Y
Z X
16 ( )
( )
T, =1.0x104 [ ] onTI;
q, =1.0x102 W/(mm-K)]  onl,
A=5.0 [W/mK]
180,140, 255,140
D.3.2

ADVENTURE_Thermal

1) (msh )

51



(2) msh2pch (fgr,pch,pcg,trn
(3) bcGUI (cnd
(4)

(5) makefem_thermal (adv

(6) adventure_metis

D.1

Stepl: flux. igs
Step2: flux.ptn ( )

flux.ptn

)

)

)
(adv

)

BaseDistance
2.0

Step3:

Step4:

Step5-1:

Step5-2: flux.cnd

flux.cnd

gravity 0 0 O

boundary 2

dispOnFaceGroup 4 0 O 10
loadOnFaceGroup O 0 0 -100

Step6: Flux.dat

flux.mat

HeatConductivity 50

Step7:
Step8:

D.3.3

ADVENTURE_Visual

52




17

(ADVENTURE_Visual)

1.743e+03

1.526e+03

1.310e+03

1.093e+03

8.765e+02

6.598e+02

4.432e+02

2.266e+02

1.000e+1
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D.4 ( )

D4.1
18
Y
z X
18 ( )
I_l, |_2
on = 2.837233 x10 -3 [W /(mm 2K )] on I
o, =1.4186 x10-3 [W /(mm 2K)] on T,
T,=-1.777 x101 [ ] on T
T,=3.777 x101 [ ] on T,
A=8.854185>¢e™? [W/mmK]
180,140, 255,140
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D.

4.2

ADVENTURE_Thermal

M)
)
@)
(4)
(®)
(6)
()
(8)
9)

(msh )
msh2pch (fgr,pch,pcg,trn
(cnd )
makefem_thermal (adv
bcGUI (cnd )
mkbc4th (adv )
advcat

(10) adventure_metis

convection_none.cnd

, bcGUI

convection_none.cnd

)

(adv

)

)

(adv

)

gravity 0 0 O
boundary 0

bcGUI

convection.dat

convection.mat

HeatConductivity 50
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makefem_thermal convectionl.adv

% makefem_thermal convectioncs.msh convectioncs 3.fgr

convection_none.cnd convection.dat convectionl.adv

bcGUI convection2.cnd

convection2.cnd

grabity 0 0 O

boundary 2

loadOnFaceGroup 0 O 2 0.0014186
loadOnFaceGroup 4 0 2 0.00283723

convection2.cnd

convection2.cnd ( )

boundary 2
convOnFaceGroup 0 -17.77 0.0014186
convOnFaceGroup 4 37.77 0.00283723

: C.3 radiOnFaceGroup

mkbc4th convection2.adv

% mkbc4th convectioncs 3.fgr convection2.cnd convection2.adv

advcat convection.adv

% advcat convectionl.adv convection2.cnd convection.adv
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D.4.3

ADVENTURE_Visual

2.630e+1
2.223e+01
1.815e+1
1.408e+01
1.000e+01
5.925e+00
1.849e+00

-2.226e+00

-6.302e+00
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D.5

20 , 21
1,167,268

", % 20

(4

21
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1.000e+)3

9.625e+)2

9.250e+02

§.575e+02

&.500e+02

8.125e+02

1.750e+02

1.385eH)2

r.000e+H)2

1,893,340,
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