ISO 10211:2007 validation of HEAT2 7.0/HEAT3 5.0

Results for test case 1 (HEAT2+HEAT3)

ISO 10211 states that the difference between the temperatures may not exceed 0,1 °C. HEAT2 and
HEAT3 give the same results as the standard. See results further down.

Results for test case 2 (HEAT2+HEAT3)

1SO 10211 | HEAT2 HEAT3
Case | Q W/m Q W/m Q W/m
2 9,5 9,490 9,489
44 000 nodes | 25000 nodes

Temp(°C) | A B c D E F G H I
IS0 10211 | 7,1 0,8 7,9 6,3 0,8 16,4 | 16,3 16,8 | 183

HEAT2 706 |076 |79 |[627 [083 16,40 | 16,33 | 16,77 | 18,33
HEAT3 706 |076 |78 [629 [083 16,40 | 16,33 | 16,77 | 18,33

EN ISO 10211 states that the difference of heat flow should not be more than 0,1 W/m. The
temperature difference may not exceed 0,1 °C. HEAT2 and HEAT3 give the same results as the
standard.

Results for test case 3 (HEAT3)

ISO 10211 states that the difference between the heat flows may not exceed 1%. HEAT3 gives a
maximum difference of 0,03%. ISO 10211 states that the difference between the temperatures
should not exceed 0,1 °C. HEAT3 gives a maximum difference of 0,02 °C. See results further down.

Results for test case 4 (HEAT3)

1SO 10211 HEAT3 Nodes CPU 1ISO 10211 | HEAT3
Case | QW Qw Diff T °C T °C Diff
4 0,540 0,5394 840000 6min 0,1% 0,805 0,8047 0%
(0,5398) (guessed) (8min) (0%)
0,5398 15 million 4,5h 0%
(0,5399) (guessed) (7h) (0%)

EN ISO 10211 states that the difference of heat flow should not be more than 1%. The temperature
difference may not exceed 0,005 °C. HEAT2 gives a maximum difference of 0,1% for the heat flow
and 0,0003 °C for the temperature.

- “CPU” is the calculation time on a Intel Core 2 Duo 2,4 GHz.
- Values within parenthesis are estimated values based on results from different meshes.
- Values in blue are calculated using a special version of HEAT3 with 50 million nodes.

A short description of the input with some comments is given below.



Test case 1 (HEAT2)

The heat transfer through half a square column, with known surface temperatures, can be
calculated analytically, see figure below. The analytical solution at 28 points of an equidistant grid
is given in the same figure. The difference between the temperatures calculated by the method
being validated and the temperatures listed, shall not exceed 0,1 °C.
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To make these calculations do as follows:
1. Start HEAT2 standard version

2. Open 1ISO10211_CASE1.dat

3. Press Start Steady-state calculation (F9)

A calculation with 20 000 nodes takes a second on an Intel Core 2 Duo 2,4 GHz. Results for
temperatures are as follows (Open menu item Output/Temp at point):

9,66 | 13,38 | 14,73 | 15,09
5,25 | 8,64 | 10,32 | 10,81
3,19 | 561 | 7,01 | 747
2,01 | 3,64 | 4,66 | 5,00
1,26 | 2,31 | 2,99 | 3,22
0,74 | 1,36 | 1,77 | 191
034|063 |082 |0,89
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Test case 1 (HEAT3)

To make these calculations do as follows:
1. Start HEAT3 standard version

2. Open I1SO10211 CASE1.h3p

3. Press Start Steady-state calculation (F9)

A calculation with 20 000 nodes takes a second on an Intel Core 2 Duo 2,4 GHz. Results for
temperatures are as follows (see menu item Output/Temp at point):

9,66 | 13,38 | 14,73 | 15,09
5,25 | 8,64 | 10,31 | 10,81
3,19 | 561 |7,01 | 746
2,01 | 3,64 | 4,66 | 5,00
1,26 | 2,31 | 2,98 | 3,22
0,74 | 1,36 |1,77 | 191
0,34 {063 |082 |0,89
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Test case 2 (HEAT2)

This is an example of two-dimensional heat transfer, see figure below.

1 i
A b :
i D 1 A
A 4
1 2 ]
F e———G :
1K o :
' i
1
i 3 I
! 1
| I
]
| i
1 I
1 ]
| l
! "
4 i
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(mm) W/(m-K)
AB =500 1:1,15 AB: 0 °C with R, = 0,06 m%-K/W
AC=6 2:0,12 HI: 20 °C with R = 0,11 m2-K/W
CDh =15 3:0,029
CF=5 4:230
EM =40
GJ=1,5
IM=1,5
FG-KJ=1,5

Input in pre-processor:
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A calculation with 44 000 nodes takes about 12 seconds and gives the following result:
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To make these calculations do as follows:
1. Start HEAT2 standard version
2. Open I1SO10211_CASE2.dat
3. Press Start Steady-state calculation (F9)

Temperatures are as follows (Open menu item Output/Temp at point):

Temp at po... r$__<| Temp at po... [g| Temp at po... [‘5_<|

Coordinates: Coordinates: Coordinates:
M= | [.0000 = oA = 0.0000
p= | 0.0474 Y= 0.0475 Y= 00415
T=7.0643°C T=0.7615"C T=7.8951°C
Abs O=117.97 Wiime Abs O=12.688 W /mf Abs Q=201.43W/mf
[1x=0 2668 W/ mf Aw=-F1E-B "W/ [Ax=0.1006 ‘W /ref
[y=117.97 Wwiim? Q=12 688 W /mf Qy=2071.43 % /mf
i=1 =147 =299 =147 i=1 =130
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Cly=233.51 W' imé Clp=55733 W /né Cly=15 026 ' /mé
=39 =102 i=1 j=1 =299 j=1

G H: I

We can also use the automatic mesh feature and combine results for different meshes in order to
guess a more exact heat flow. This will give g=9,492 W/m and take about 23 seconds in total. To

make these calculations do as follows:
1. Start HEAT2 standard version
2. Open 1SO010211_CASE2.dat

3. Go to menu Solve/Automatic mesh and L2D window



5. Set the drop down list box Max diff: to All Levels
6. Press Start Calc

Result window:

& 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)

Test case 2 (HEAT3)

A calculation with 25 000 nodes gives a heat flow of 9,489:

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




To make these calculations do as follows:

1. Start HEAT3 standard version

2. Open 1S010211_CASE2.h3p

3. Press Start Steady-state calculation (F9)

fif Temp at po... @

ii# Temp at po... [X]

Temperatures are as follows (Open menu item Output/Temp at point):
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Test case 3 (HEAT3)

There are two walls that meet in a corner, and a floor element, see figures below.

Label Boundary condition

o T=20 °C, R=0.2 m2-K/W
B T=15 2C, R=0.2 m2-K/W
% T=0 °C, R=0.05 m2-K/W
b Q=0 (adiabatic)

Thermal coupling coefficients
Thermal coupling coefficients (W/K) according to ISO 10211:

1SO 10211 Y a B
Y = 1,781 1,624
a 1,781 = 2,094
B 1,624 2,094 =

Thermal coupling coefficients (W/K) according to HEAT3, number of nodes N = 370000:

HEAT3 Y a B
Y - 1,7804 1,6238
a 1,7804 - 2,0931
B 1,6238 2,0931 -




The maximum difference between the results for HEAT3 and ISO 10211 is less than 0.05%. HEAT3
automatically calculates all the above values within 60 seconds (Intel Core 2 Duo 2,4 GHz). To make
these calculations do as follows:

Copy the material file DEFAULT_ISO_TESTCASES.MTL to the same folder where HEAT3.exe is.

1. Start HEAT3 standard version

2. Open 1ISO10211_CASE3.H3P

3. Go to menu Solve/Automatic mesh and L3D window
4. Check item Options/Calculate L3D (see figure below)
5. Set the drop down list box Max diff: to All Levels

6. Press Start Calc

Result window:

ff Automatic mesh, - 130

o] v -aleulat
Get current BC temperatures and caloulate Flows

Thermal coupling watrix L3D [W/E]:
EC z 3 4
2z 3.3994 -1.7777 -1l.6217
0 -1.7777 3.8697 -2.092
4: -1.6Z168 -2.082 3.7137

[W/E] (estimated better walues):

Z 3 4
3.404z2 -1.7804 -1.6238
-1.7804 3.8736 -2.0931
-l.6238 -2.0931 3.7168

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
2: 0 °c
kH Z0 °C
q: 15 °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

Heat flowsz using: L3D L3D(*)
QLz]= -52.879 -E59.965
aral]= 46,014 46.074
ar4]= 13.865 13.891




Assume the following temperatures:

BC T
22 0°C (p
3: 20°C (o)
4: 15°C  (B)

The heat flows becomes using L3D(*), see result window above:

Q[2]=0*3.4042+20%*-1.7804+15*-1.6238=-59.965 W
Q[3]=0%*-1.7804+20*3.8736+15*-2.0931=46.074 W
Q[4]=0*-1.6238+20*-2.0931+15*3.7169=13.891 W

Heat flow between pairs of environment:

(B) and (Y) : 1.6238%(15-0)=24.357 W
(B) and (cr) : 2.0931%(20-15)=10.467 W
(o) and (y) : 1.7804*(20-0)=35.608 W

[ISO 10211: 24.36]
[ISO 10211: 10.47]
[ISO 10211: 35.62]

Heat flow from internal to external environment:

59,965 W [ISO 10211: 59.98]

diff: 0.0%
diff: 0.0%
diff: <0.03%

diff <0.03%

ISO 10211 states that the difference between the heat flows should not exceed 1%. OK!

Surface temperature factors

Surface temperature factors according to I1ISO 10211:

1SO 10211 gy ga gB
gy 1,000 0,000 0,000
ga 0,378 0,399 0,223
gB 0,331 0,214 0,455

Surface temperature factors according to HEAT3 standard version, number of nodes (N)=1100000:

HEAT3 gy ga gB
Y 1,000 0,000 0,000
o 0,3770 0,4003 0,2221
B 0,3311 0,2146 0,4545




We need to make three calculations. The first one is for the boundary conditions

() T=1 () T=0 (v T=0

The temperature at point V is the factor (a, ga). The temperature at point Y is the factor (B, ga).
1. Start HEAT3 standard version
2. Open I1SO10211_CASE3_ALPHA.H3P
3. Press Start Steady-state calculation (F9)

4. Open menu item Output/Temp at point and read the temperatures at point Y (x=0.3, y=0.9,
z=1.2), and point V (x=0.3, y=0.9, z=1.0).

This calculation with 1,1 million nodes takes about 80 seconds (Intel Core 2 Duo 2,4 GHz).

Temp CCI| B Temp at po... @

. B Coordinates
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0.1 Results
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0.4 Fie —
035 RE Temp at po... g|
= 0.3 Coordinates
— 15 = 0.3000
oS = 0.9000
0.1 T
= 1
B oo 2 |
1]
Results
T =0.4003 C

A4 | oe=03383 wenr

=-1.5998 \W/nE
GE | T q | BC | Mezh | Toolz e Restare 3§=4_0554 " AiE




The second calculations is made for

(or): T=0 (B): T=1 (y): T=0

See file 1ISO10211_CASE3_BETA.H3P

The temperature at point V is the factor (a, gB). The temperature at point Y is the factor (j3, gB).
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The third calculations is made for

(or): T=0 (B): T=0 (m): T=1

fi7 Temp at po... &l
Coordinates —
x= | 03000
v=| 0d000
2= [ 1z

Results

T=04545 °C

g = -0.728 Wwné
qu = -0.9999 w/n?
qz = -2.8778 w/nt

it Temp at po... &l
Coordinates —
x= | 03000
v= [ 03000

2= 1.0000

Results

T=02221 °C

qu = 09123 Wiind
qy = 01983 “wiin?
gz =-1.9729 w/nf

See file 1ISO10211_CASE3_GAMMA.H3P

The temperature at point V is the factor (o, gy). The temperature at point Y is the factor (B, gY).
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it Temp at po... PY|
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Results
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Fiesults
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Assume the following temperatures:

BC T
22 0°C (p
3: 20°C (o)
4: 15°C  (B)

Lowest surface temperatures:
(o) : 0.4003%x20+0.2221x15=11.337 [1ISO 10211: 11.32] diff: 0.02 °C

(B) : 0.2146x20+0.4545x15=11.110 [1SO 10211:11.11] diff: 0.0 °C

ISO 10211 states that the difference between the temperatures should not exceed 0,1 °C. OK!



Test case 4 (HEAT3)

Case 4 is a three-dimensional thermal bridge consisting of an iron bar penetrating an insulation
layer, see figure below.

Three-dimensional thermal bridee Steadv-state heat conduction
iron bar penetrating an insulated laver

Adlgbatic cuf off planes

Top view
Tap | / \
i

: Exterior Iterior
A H T=0 T=1

L-[:;F‘_ L3 [‘j IR ] m: |

T (03 m

=50 Wk

- pg——————————————— P
=01 Wimk 2 m n4m

Surface ressstances for all surfoces: 0.1 mP KW, All four cut off planes ore adinbatic with a leneth of | m

Input in pre-processor:

i Pre-processor 0 Pre-processor

File Edt Layers Materisls Setbings Mesh  <Update Ok File Edit Layers Materials Settings Mesh <Update OK>
x ez |Iw B g
[x.2] 4]
obj obj
113 1:20
T
[m] [m]
“lLlock ®.2=[078, 067) ®lLock #.p=(111,1.1]
Pre-processor is locked Pre-processor is locked

The time to solve this problem with 840 000 nodes is about 6 min on a Intel Core 2 Duo 2,4 GHz.
The heat flow is 0.5394 W and the lowest temperature is 0,8047 °C (see menu item Output/Temp
at point):



#&| Flows and temperatures for sets. ... E|E|E|

Copy to clipboard [ ]

fif Temp at po... @

t QLW o[Wim*] Tmin Tmax

e
1 -0.5394 -0.5394  0.0455 0.8047 Coordinates
6 0.4425 0.4448 0.8747 0.9657
7 0.0314 0.7845 0.8746 0.9438 v = |:|_5|:||:|[|
& 0.0314 0.7845 0.8746 0.9438 ———
g 0.0157 0.7832 0.8748 0.9438 y= 0.5000
10 0.0157 0.7832 0.8748 0.9438 e
1z 0.0028 0.5628  0.9436 0.944 Z= 0.0000
Heat flow through surfaces of EC type:
2t 0.5394 W 2: T=1°C, R=0,1 m*-E/W R esults
31 -0.5394 ¥ 3: T=0°C, R=0.1 w®-E/W T=08047 °C
Net heat flow th hozet 3.9E-5 qx =-0.9 Wit
e 2a anr Lo setes = . -

¥ qy = -0.0007 e

gz = -3.0465 ‘Wi

Numerical mesh:

1i7 Post-3D 49774 polygons -Mat
File Deksils BC:s TandQ Tools Settings

i
@
)

Ma T | q8e| Mesh| Took £ RBeswor

To make these calculations do as follows:

Copy the material file DEFAULT_ISO_TESTCASES.MTL to the same folder where HEAT3.exe is.

1. Start HEAT3 standard version
2. Open 1ISO10211_CASE4.H3P
3. Press Start Steady-state calculation (F9)

We can also use the automatic mesh feature and combine results for different meshes in order to
guess a more exact heat flow. This will give g=0,5398 W and take about 8 minutes in total:

1. Start HEAT3 standard version

2. Open 1SO10211_CASE4.H3P

3. Go to menu Solve/Automatic mesh and L3D window
4. Check item Options/Calculate L3D (see figure below)
5. Set the drop down list box Max diff: to All Levels

6. Press Start Calc



fif Automatic mesh - 130

Editor  Options

Start calc Reset | Max diff: |5

esh factar:

Lewel 7: iter=2429, N=34032 (44,44,26) [48] ~
EC 0[] d [%] Guessed 0% [I]
2 0.5373 0. 4546 0.5388
3 -0.5373 0. 4556 -0.5388

sum: 1.5E-6 max:0.4556 CPU:3s (total:4s)

Level §: iter=3604, N=124644 (68,68,38) [72]

EC 0[] d [%] Guessed 0% [1T]
2 0.5385 0.2266 0.5394
3 -0.5385 0.2254 -0.5394

sum: 7.8E-6 max:0.2266 CPU:15s (total:l9s)

Level 9: iter=5149, N=436682 (104,104,58) [108]

BC 0 [W] d [%] Guessed 0F [W]
2 0.5392 0.1235 0.5397
3 -0.5392 0.1233 -0.5397

sum: S.6E-6 max:0.1235 CPU:lwmAs [(total:lm2ds)

Lewel 9: iter=9904, N=841120 (128,128,69) [130]

EC 1 [W] d [5] Guessed 0% [W]
2 0.5394 0.0425 0.5398
3 -0.5394 0.0422 -0.5398

Sum: 1E-5 max:0.0425 CPU:6nlds (total:7mdZs)

Finished last lewel!
Max diff. between solutions d=0.04253%.

With the special version of HEAT3 (50 million nodes) a calculation takes about 4,5 hours using 15
million nodes and gives a heat flow of 0.5398 and a guessed heat flow of 0.5399:

fr Automatic mesh - 370 EWEWE

Editor  Options

Start calc | FReset | Mawdiff: Jalllevels «| Meshfactor (1B -

Level &: iter=3558, N=124644 (68,68,38) [72] s
EBC 0[] d [%¥] OGuessed Q% [W]
Z 0.5385 0.2z66 0.5394
3 -0.5385 0.2z54 -0.5394

sum: 7.8E-6 max:0.2266 CPU:14s (total:17s)

Level 9: iter=5094, N=436682 (104,104,58) [l0&]

EBC 0[] d [%¥] OGuessed Q% [W]
Z 0.5392 0.1z34 0.5397
3 -0.5392 0.1233 -0.5397

sum: 8.2E-6 max:0.1234 CPU:58s (total:lmlS5s)

Level 10: iter=9299, N=1503708 (158,158,86) [162]

EC 0 [w] d [%¥] CGuesszed 0F [W]
Z 0.5396 0.0699 0.5399
3 -0.5396 0.0696 -0.5395

Sum: 1E-5 max:0.0699 CPU:&wn3ds (total:S9m50s)

Level 11: iter=28094, N=5476100 (240,240,128) [243]

EC 0 [W] d [%¥] Guessed Q¥ [W]
Z 0.5398 0.0379 0.5399
3 -0.5395 0.0375 -0.5399

sum: 1.1E-5 max:0.0379 CPU:Zhl7wd2s (total:ZhiTm3ls)

Level 12: iter=41419, N-14692280 [360,360,198) [364]

EBC 0[] d [%¥] OGuessed Q% [W]
Z 0.5398 0.0057 0.5399
3 -0.5395 0.0055 -0.5399

Sum: 1E-5 max:0.0088 CPU:4h36n23zs (total:7hinbds)




