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B 20°C Analytical solution at grid nodes {C)
+ o+ o+ 97 134 147 151
+ o+ 4 53 88 103 108
ool o 32 58 70 75
0°c + b+ 2,0 36 47 50
+ o+ 13 23 3,0 3,2
+ o+ o+ 07 14 18 19
+ + + 0,3 0,6 08 0.9
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0°c
BC =2 x AB
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Temp at po... @

Coordinates:

W= | 1.0000
w= | 1.0000

T=0.3419°C

&bz (1=0.0363 *»/mrf
(=-0.0647 W At
Cly=-0.072 W /rif
i=25 j=26

File Options Bounds TandQ Tools Settings Plob 30
Terp °C]

a8 4
Mat| T ﬂ lso Qalr‘ Mash| Tnnls| Smal
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% Post-3D 17026 polygons -T CBEIx
Fle Detsils EBC:s Tand@ Tools Settings

fi7 Temp at po... E'

Coordinates

%= 1.00004

w= 1.0000
z= 0.5000

A ezults

T=0.342 °C

g = -0.0625 "W /e
qv = -0.073 "wine
gz =0 W/

Mat [ T q|ec| Mesn| Teos ¥ Bestors
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¢ Pre-processor, CASE 2.H2P
File Edit Lavers Wiew Makerials 3Settings Mesh <Update OK=

® o8 B 1 dmy dmy

[m]

Lock #.y=[02195, 0.037)
Pre-processar is locked. Press "Lock' to unlock.

I & & ++ = $% && $ &>

 Post-processor 154812 pixels drawn (583x267) -Temperatures
File Options Bounds TandQ Tools Settings Plot 30

Boundary heat flows (F11)

Bound =} q length BC
[Wrm?] [Trm] [m]
1 18.981 9.4305 0.5 [2] T=20 R=0.11
K] —-18.981 -9.4903 0.5 [3] T=0 RE=0.08&
Sun flows: 0.0002 Wrm

Sun pos flows: 9.4905 Wem

Heat flows for e=ach BC:
g [Wm]
9.4905 (T=20 RE=0.11)
—9.4903 (T=0 R=0.06)
Sum: 0.0002

[2]
[31]

Mat| T ﬂm an | Mesh | Took | smalwin | £ Restoe




%

12

&& 2

Temp at po... r5_<|

Coordinates:
(.000
0.047

"=

_|r|=

i

T=7.0643°C

&bz O=117.97 "w/rf
(x=0.2663 "W mré
Qy=117.97 "W/

i=1 =147

2@)3

%

Temp at po... [5_<|

Coordinates:
H =

¥

ia

0.0475

T=0.¥615"C

&bz (=12 633 W /nf
[w=-7 1E-B W rE
Cy=12.688 W /e
i=239 j=147
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Coordinates:

0.00a0
0.0415

T=7.8351"C

&bz (=201.43 " /e
(Jx=0.1008 "W /e
Cy=201.43 "W /e

i=1 =130
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Temp at po... [‘5_<|

Coordinates:
0015
0.041
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_Irl=

i

T=6.2703°C

A L=27424' /e
[x=219.74 W/
Cy=164.08 ' /e
i=83 =130

Temp at po... [‘5__<

Coordinates;

| 0.
| 0.0415

T=0.8275 "C

&bz O=12E93 "W me
[(x=-2.5E-B "w'/mf
Qy=12.63 W e
i=2399 =130
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Temp at po... rz|

Coordinates:

0.0000
00364

T=16.404 *C

&b (=209.72 W /me
[Jx=3.5225 "W /nf
[y=209.69 ' /e

i=1 j=102
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Temp at po... [‘5_<|

Coordinates: —
0.01
0.0365

:
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_Irl=

T=16.33
&b (=260 75 W /me
[Jx=116.04 "W /rrf
Cyp=23351 Wime

=
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Temp at po
Coordinates;

T=16.765 "C

&bz (=61.703 W e
[x=-26.371 W/nif
Cy=55.783 W, md

Temp at po... @

Coordinates:

0.5000
o

T=18.334"C

&b (=15026 " /me
[x=-0.1226 %/
Cy=15.026 W /e
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& Automatic mesh - 320

Editor  Options

Start calc | Reset | Max diff |0.01% ~ |Mesh factor |2 -

Start mmber for max cells: [5]

Level 1: iter=23615, N=&0 (10,6) [&]

EC q [Wim] d [5] OGuessed g% [W/m]
2 9.3583 59,314
3 -9.3583 110.69

sum: -5.53E-6 max:110.69 CPU:0.075s (total:0.078s)

Level 2: iter=23997, N=180 (20,9) [10]

BC q [M/m] d [%] OGuessed g* [W/u]
29,4491 0.9612 9.58332
3 -9.4492 0.9619 -9.5333

sum: -5.3E-5 max:0.961% CPU:0.094s (total:0.172s)

Lewel 3: iter=24589, N=7a0 (40,19) [20]

BC q [Wim] d [%] Guessed g* [W/u]
29,4753 0.2764 9.4915
3 -9.4752 0.2744 -9.4913

sum: 0.0001 max:0,.2764 CPU:0,109s (total:0.281s)

Level 4: iter=26333, N=3002 (79,38) [40]

EC q [Wim] d [5] OGuessed g% [W/m]
2 89,4855 0.108 9.49z23
3 -9.4855 0.109 -9.49z24

sum: 1.3E-6 max:0.109 CPU:0.252 (total:ls)

Level 5: iter=29375, N=12561 (159,79) [80]

BC o [im] d [5] OGuessed g¥ [W/n]
2 9.4878 0.0238 9.4592
3 -9.4878 0.0237 -9.4592

sum: -5.9E-6 max:0.0237 CPU:1s (total:Zs)

Lewel 6: iter=49434, N=5040Z (319,158) [l60]

BC q [Wim] d [%] Guessed g* [W/u]
29,4905 0.0293 9.4924
3 -9.4903 0.0273 -9.492

sum: 0.0002 max:0,0293 CPU:21ls (total:23s)

& & * $ % &

M7 Flows and temperatures for sets |... E"E”gl
Copy to clipboard

Set W] qfWim?] Twin  Tmax
1 -9.4888 -18.978  0.7436 7.06
z 9.4886 18.977  16.765 18.333

Heat flow through surfaces of BC tcype:
Z: 9.48588 W 2: T=Z2Z0°C, E=0.11 w®-E/U
3: -9.4888 W 3: T=0°"C, R=0.06 w®-E/T

Net heat flow through sets = -0.0002 W

) +.)>
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Coordinates

W= 0.000d

= 0.0475
z= 0.5000

Results

T=706 C

Qe = 0 Wwne

qv = 11767 W/
qz = 37E-6 wine

Coordinates

W= 0.5000

= 0.0475
z= 0.5000

Results
T=07613 °C

Qe = 0 Wwne

qy = 12688 W/

gz = 0 Wt

Coordinates

W= 0.0000
p= 0.04149
z= 0.5000

Rezults
T=7.8926 ‘C

qe =0 Wt

qy = 201,48 Wi
0z = 0 "Wme

1>

Coordinates

W= 0.0150

p= 0.0415
z= 0.5000

Rezults
T=62943 *C

g« = 16.95 “w/nf
Qv = 258383 WwWint
0z = 0 "Wme

Coordinates

W= 0.5000

p= 0.0415
z= 0.5000

Rezults
T=08275 *C
qe =0 Wt

Qv = 12.69 “/nf
0z = 0 "Wme

Coordinates

W= 0.0000

p= 0.0365
z= 0.5000

Rezults

T=164 °C

qe =0 Wt

qy = 20613 Wi
qz = 0.0017 e dmé

9>

Coordinates

W= 0.0150

p= 0.0365
z= 0.5000

Rezults
T=16325 *C

e = 120,58 wiimé
qy = 410,04 i
qz = 0.0017 e dmé

Coordinates

W= 0.0000
p= 0.0000

z= 0. 5000

Rezults
T=16765 *C

qe =0 Wt

Qv = 29412 Wi
gz = 00016 i

Coordinates

W= 0.5000
y= |
[

z= 0.5000

Rezults

T=18333 *C

g = -0.000F "W
Qv = 15151 Wwiint
gz = 0.0002 af dmé
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Thermal coupling watrix L3D [W/E]:

3
-1.7777
3.8697
-Z.092

4
-1.6217
-Z.08z2
3.7137

B Z
3.3994
-1.7777

-1.6216

[

2:
3
4:

[W/E] (estimated better walues):
4

-1.6238

-2.0931

3.7168

Z
3.404z
-1.7804
-1.6238

3
-1.7804
3.8736
-2.0931

Heat flow (Q[n] through boundaries with EC[n]:
Q[2]=T[2]*L3D[2,2]4T[2]*L3D[2,3]4T[2]*L3D[2, 4]
A[3]1=T[3]*L3D[3,2]4T[3]1*L3D[3,3]4T[3]*L3D[3, 4]
Q[4]=T[4]*L3D[4,2]4T[4]*L3D[4,3]4T[4]*L3D[4, 4]

Example. Assume the following temperatures:
EC T
- 1]
kH 20
q: 15

°C
°C
°C

The heat flows becomes using L3D(*):
Q[2]=0%3. 4042+20%-1.7804+15*%-1. A2358=-59.965 W
Q[3]=0%-1.780M20%3. 8736+15%-2.0931=46.074 W
Q[4]=0%-1.62535+20%-2.09314+15%35, 7169=153. 891 W

L3D
-59.879
46.014
13.865

L3D(*)
-59, 965
48,074
13.891

Heat flows using:
aLzl=
aLsl=
QL41=

*0
+9:3"

I"#

& 1

& I"#

& 3

3
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2) T=1 D) T=0 2) T=0
' ; 2R $R3 "
I"# %
21 #2106 | #6
#6 12 2@)3
+ % $% %
E 3 J2E# E)E 3

" & & && = ,

Mt | T q | Bo| Mesh | Took | M

Restare

S 2T $R3
S2E # E)
2 & 1 +9:3
VAN N fi7 Temp at po... @
B Coordinates
oo o liﬂ 2000
0.8 :
oS w= 0.5000
- 0.2 = 2000
s
0.7 Results
063 T=02146 °C
0.6 e = 01746 wi/ne
0.35 qy =-0.4012 WimE
0.3 gz = 1.6739 W/ me
0.45
0.4 =
L nas RE Temp at po... g|
— 0.3 Coordinates
0.25
o w= 0.3000
o = 0.3000
0.1 —
= 1
B oo : |
0
Results
T=04003 "C
D, 41 | e =099 Wi

gy =-1.5998 W/né
gz = 4.0564 W/t
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2n); T=0 D). T=1 3): T=0 & ?1 #7D " #6
" ; 2R $13 " S 2T 313
AN W A7 Temp at po.. §|
m Coordinates
o W= 0.2000
B oo y= 0.9000
s  S——
0g z= 1.2
ogs
1% Resultz
0.65 T=04545 °C
g aqw = 0.728 W/n?
e v = 0.9999 Wit
0 oz = -2.8778 W/
045
04 o
035 ® Temp at po.. &l
I Coordinates
B o 25 g 0.3000
C IP : :
oo y= 0.9000
— 01 7= 1.0000
0.05
.o Results
T=0222)
Q)@ 44 | gu=09123 Wint
qy = 01383 "W/né
Mat |_T | BC | Mesh | Took | £¥ Restare qz = -1.9729 Wit
n & &
2): T=0 D): T=0 2): T=1 &  ?! #?9IGG! #6
. : R $ 8" S 2T $ ®B
Tewp CC1| MRy Temp at po.. E|
BEE . Coordinates
= 0.95 w= 0.3000
0
B oss P 0.3000
08 z= 2000
s
07 Results
0.5 T=03311"°C
04 qu = 07278 W/né
0.55 qu =1.1526 "W /né
0.5 qz = 0.9045 Wi
045
04 =
035 fiF| Temp at po... K
= 03 Coordinates
0.5
o2 %= 0.3000
o p= 0.5000
[ 2= 1.0000
oo
]
- Resuls
T=0377 °C
QO 4 | ge-0588 wir
[GE | T | BC | Mesh | Tonls e Bestore g‘I'ZJ::I-I'%SDB-Fz wm:a
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Three-dimensional thermal bridee Steadv-state heat conduction
iron bar penetrating an insulated laver
Adizbatic cot off planes Top e
Top | / \
I ;
i Exterior Imerior
+ =0 T=1
e +
L] ! L3 Tj 0l mt |
m i
T (03 m
=50 WimK
L -
=01 WimkK (h2m 4 m
Surface ressstances for all surfoces: 0.1 mP KW, All four cut off planes ore adinbatic with a leneth of | m

i Pre-processor

A Pre-processor

File Edt Layers Materisls Setbings Mesh  <Update Ok File Edit Layers Materials Settings Mesh <Update OK>
w[Jec @ @:: 88E CaceT B LS %[ e @ =i ORE KL B oY
[x.2] 4]
obj = - abi
113 : : 1:20
I
[m] [m]
“lLlock ®.2=[078, 067) ®lLock #.p=(111,1.1]
Pre-processor is locked Pre-processor is locked
" &% & ,+ . & 1 +9:
n '
& *#)+ & , 2 %  $%
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