ISO 10077-2 validation of HEAT2 v7+v8, revised June 16, 2014

Thermal conductance LZD, thermal transmittance U’ and linear thermal transmittance W:

ISO 10077 | HEAT2 Nodes | CPU ISO 10077 | HEAT2
Case | L W/(m-K) | L*® W/(m-K) Diff | U'W/(m*K) | U W/(m>K) | Diff
D1 | 0,550+0,007 | 0,5499 47000 |17s | 0% |3,2240,06 | 3,218 0%
0,5511 524000 | 30min
D2 | 0,263+0,001 | 0,2643 62000 | 6s 0,5% | 1,44+0,03 | 1,457 1,2%
0,2644 1E6 30min
D3 | 0,42440,006 | 0,4264 37000 | 3s 0,6% | 2,07+0,06 | 2,096 1,2%
D4 | 0,346%0,001 | 0,3456 76000 | 3s 0% | 1,36%0,01 | 1,361 0%
D5 | 0,408+0,007 | 0,4042 85000 | 10s | 0,9% | 2,0840,08 | 2,047 -1,6%
D6 | 0,659+0,008 | 0,6588 61000 |37s | 0% | 4,670,090 | 4,673 0%
0,6599 460000 | 22min | 0.1%
D7 | 0,285+0,002 | 0,2830 85000 | 4s 0,7% | 1,31+0,03 | 1,270 -3,0%
D8 | 0,181+0,003 | 0,1805 83000 | 6s 0% | 1,03+0,02* | 1,020 0%
D9 | 0,207+0,001 | 0,2067 59000 | 2s 0% | 3,64+0,01** | 3,627 0%
ISO 10077 | HEAT2 Nodes | CPU ISO 10077 | HEAT2
Case | L W/(m-K) | L*® W/(m-K) Diff | W W/(m-K) | W W/(m-K) | Diff
D10 | 0,481+0,004 | 0,4854 76000 | 4s 0,9 | 0,084+0,004 | 0,0877 4,4
0,4858 624000 | 160s | % %

EN ISO 10077-2 states that the difference of L*° should not be more than 3%. HEAT2 gives a

maximum difference of 0,9% and complies to the standard.

The HEAT2 calculations actually use more nodes than needed (according to EN ISO 10211:2007) in
order to get higher accuracy. In fact, about 2000 nodes are sufficient for case D1 to comply with

the EN I1SO 10211-2 requirement for mesh sub-division (this will give 1*°= 0.540, i.e. about 2%

difference from 0.5511). Note that HEAT2 calculates each case within a few seconds even with a

large amount of nodes.
- “CPU” is the calculation time on a Intel Core 2 Duo 2,4 GHz.

- Values in blue are calculated using a special version of HEAT2 with 4 million nodes.
- (*) This value should probably be 1,0240,02 (because 0,181/0,177=1,023).

- (**) This value should probably be 3,63+0,02 (because 0,207/0,057=3,632).




Notes on sloping external boundaries:
We have a comment on how to treat sloping boundaries; see e.g. case D6 and D7.

There is a need to adjust the thermal resistance of a numerical cell lying at a boundary when a
sloping boundary is approximated by steps in order to simulate a boundary condition with a
temperature and a surface resistance, or a given heat flux, correctly. HEAT2 v8 is capable of
handling this automatically, see chapter 4.4 in
http://www.buildingphysics.com/manuals/HEAT2 8 update.pdf

Without this correction, the boundary resistances will be somewhat too low (leading to a somewhat
too high total heat flow. The surface temperatures will be too low on the cold side, and too high on
the warm side.

The difference for the total heat flow is only a few per-mille for the cases D6 and D7, so the
correction here is a bit academic. There could however be cases where the correction can lead to
many per cents difference of the total heat flow (and of course surface temperatures).

We have sent a note about this to the ISO committee.

See comments for cases D6 and D7 below.


http://www.buildingphysics.com/manuals/HEAT2_8_update.pdf

Case D1

Input given in pre-processor:

¢ Pre-processor IS0 D1-3.H2P
File Edit Lavers Wiew Materials Setbings Mesh =Update QK=

W, HR P T dims dimy

1:2.2

L

!
"li ] [[$|—|

[m]
Lock ®.p=[0.004, -0.031)
acrylic resin, no cap., CEM lx=0.2 ly=0.2 C=1

Frame cavities are drawn using the item “Frame cavity” in the material list. Note that coherent
“Frame cavity” rectangles will produce a final cavity, see e.g. the three rectangles marked in red
below (rectangle marked “4, 9, 10” in figure further down). Also note that two points to open

boundary segments is placed here (to be able to give different boundary conditions with R=0.13
and R=0.20):

¢ Pre-processor 1S010077_D1.H2P
File Edit Lavers Miew Materials Settings Mesh <CLICK TO UPDATE=

OR M X+ 0 B 20 T dms dmy

i (= | (N
-
[l | ¢ »

Lock #.p=[-007,0M2] d=0006 dp=0013 «: 003, 0074 v 0017, -0.004]
Frame cavity lu=1 Ip=1 C=1




Generated frame cavity numbers (1-11) and boundary segments (1-12):

©i! Post-processor 1S010077_D1.DAT HNx=496 Ny=-103

File Options Bounds TandQ Tools Settings Plot 30
11 7
1 i 6 5
121 1h 4
LTl 2 3
Mat| T | ¥ | Iso | Qar | Mesh | Tools | Small win e Restore

Boundary conditions (1-4) specified for boundary segments numbers (1-12):

i Boundary conditions (F6) [’._|[’E|E|
Mumber of types > 4 ;
h type Boundz functior | q[w/mt] | Temp R esiztance
['C] [ k7]

1 [=conszt Default 0.00000

2 T=const 1-3 0.00000 0040000

3 (Teconst 5811 Einingy 0.130000

4 T=conzt E7910 20.00000 0. 200000

e Update graphics ‘

Frame cavity options dialogue:

@ Frame cavity options
tethad for calculating equivalent thermal conductivity:
™ 1 Use CENASDO 10077-2 with current boundary air terperatures
(™ 2 Use CEMASO 10077-2 with Trin=5 and Tmax=15 degC
™ 3 Use Tmin and Tmax az given below and apply CENASDO comrelations

(+ 4 Calculate termperatures iteratively in each cavity and apply CENAS0 comrelations

Uze following temperatures [option 3);

Triit - deqlC Traa : degC

Iterations between update [option 4]:

0 %
b ain direction of heat flow in cavities:
i« Automatically determine
" Force in x-direction
" Force in y-direction
Ernizgivity:
& 030 oot -0.99)




Calculated temperatures and isotherms:

i Post-processor 145221 pixels drawn (607x282) -Temperatures
File Options Bounds TandQ Tools  Settings  Plok 30

MatIT B ||E Darr| tesh | Tools | Small win a Bestore

Calculated heat flow intensities and equivalent thermal conductivities for the cavities:

& Post-processor, 144096 pixels drawn (598x282) -Flows

File ©Options Bounds TandQ Tools Settings  Plak 30
g (W]
B 15574

(0.073) [ BEEFK

(0.1087) B 11758
' 1057 2
(0.1033) oD 4
) 40 48
1

. 78374

Qe 44

Mat| T IT |SD‘ Dan| Mesh | Tools | Small win e Bestore




Calculated heat flows:

Boundary heat flows (1

q length BC
[Wrm?] [Wrm] [m]
1 —-58.634 -£.4497 0.11 [Z2] T=0 E=0.04
2 —-62.1919 -0 622 001 [2] T=0 E=0.04
3 20 667 -3.9267 019 [2] T=0 E=0.04
5 20.75 3.4237 0,165 [3] T=20 RE=0.13
& 20.058 0.5014 0.025 [4] T=20 E=0.2
7 32.779 0.8195 0,025 [4] T=20 E=0.2
a 50.548 3.5384 0.07 [3] T=Z0 R=0.13
E| a4 .402 0.344 0.01 [4] T=Z0 R=0.2
10 42 199 0.422 0.01 [4] T=Z0 R=0.2
11 A4 985 1.9496 003 [3] T=20 R=0.13
Sum flows: 0.0002 Wem
Sum pos flows: 10.999 Wem
Heat flows for each BC:
g [Wm]
[2] —-10.998 (T=0 E=0.04}
[31] 8.9117 (T=20 E=0.13)
[4] 20869 (T=20 R=0.2}
Sum: 0.0002

The info log (F12) gives calculated equivalent thermal conductivity for the cavities:

i Info log (F12)

Cavity Tmax Tmin ha hr lambda Iter:l3L

1 11.837 EZ.E704 1_E333 E_E135% 0_.1691

z 1l.564 11.38E5 1.0417 3.Z2eli 0.1033

3 11.321 £.23758 1527 3.0856 0_10Z3

4 12 288 E2.Elle 1_&2E8 E.BEE 0.1124

5 13.431 11.451 0.2187 EZ.3345% 0_.1087

& Z2.6717 1.87EE  3F_1ZL Z.4277 0.0298  (=Z*lambda)

7 2.8747 Z.817 4.1e87 32828 0.0447

2 13 42 13 68 0.92E3 E_T77E3  0.0333

2 12,275 Z.873Z L1.€037 Z.E2Z3 0.02EC

in 13.4 £.5597 1.61l56 E_33ZF O0_.1263

11 12,444 132,389 1_&6687 ZF_E007 0.073 —
b’

<0 | ¥

The thermal conductance becomes using the heat flow through the external boundary (see above)
L*° = 10,998/20=0,5499 W/(mK)

and the thermal transmittance becomes
U' = (1%°-U,-b,)/bs= (0,5499-1,03093-0,19)/0,11=3,218 W/(m*-K)

where

U,=1/(0,13+0,04+0,028/0,035)=1,03093 W/(m?K)

To make this calculation please do as follows:
1. Open file 1ISO10077_D1.dat
2. Start the calculation (press F9)

3. Answer yes on the question “Cavity number 6 lies at a boundary. Do you want to use
twice the equivalent lambda?”. This is a slightly ventilated cavity, see standard.



Case D2

HEAT2 will recognize all 6 cavities, see numbers below. It is enough to draw two “Frame cavity”
rectangles in order to encapsulate cavity 1 and 2, respectively, see rectangles marked in red below.

&7 Pre-processor 1SO10077_D2.H2P

File Edit Lavers Wiew Materials Settings Mesh <CLICK TO UPDATE:=

« O® OR B MW X+ s B 2 T dimx dmy

1:1.5 ~
]

[rm] < | 3

Lock ®.y=[0.075, -0.033)

Frame cavity Ix=1 Jp=1 C=1

Post-processor 39035 polygons drawn -Materials
File Options Bounds TandQ Tools Setkings  Plokb 30

Frame ex. (d)

Frame ex. (a)

Frame ex. (h)

Mat T n| lza | Qarr Mesh Taools Small win e Restare




Note that for the aluminum part with cavities 4 and 6 it is enough to draw one aluminum rectangle
plus 4 “Frame cavity” rectangles (in total 5 drawn rectangles):

& Pre-processor  1SO10077_D2_SLASK.H2P
File Edt Layers Wiew Materials Settings Mesh <CLICK TO LUPDATE>

w 0@ 5@ o E @A X+ B 8 T dms dmy

106 ~

T
“
ml ¢ »
Lock =.w=[-0.014, 0.071] de=0.034 dp=0.031 x: (0051, -0.017): [0.034, 0.085)
Frame ex. [h) &luminium lx=160 lp=1E0 C=1

These five rectangles added gives:

& Pre-processor, 1SO10077_D2_SLASK.H2P

File Edit Lawers Wiew Materials Settings Mesh <CLICK TO UPDATE>
\D@ @ @@D X+ﬁe‘—0T dir & dimy
1:05 ~
—
-
ml ¢ 3
Lock #.p=[0078, O01) de=0017 dp=0.027 x: (0089, 007E] p: (0021, 0.008)
Frame cavity lx=1 Iw=1 C=1

Alternatively, this could have been made with six drawn aluminum rectangles:

& Pre-processor 15010077_D2_SLASK2.H2P
File Edit Layers Wiew Materials Settings Mesh <Update OK=

OB E M X+ s B £ T dmx dmy

—

]

Lock x.y=[0.054, 0.057] de=0.002 dp=0.017 =x: (0042, 0.044] y: [0.093. -0.076)
Frame ex. [h] Aluminiurn =160 ly=160 C=1




it Post-processor 105962 pixels drawn (590x273) -Temperatures

Options  Bounds TandQ Tools Settings  Plot 30

RN L

Mat| T M W Qar | tfesh | Tools | Small win e Restore

Bound aq q length BC
[Wrm?] [Urm] [m]
1 —16.484 -1 4836 0,09 [2] T=0 E=0.04
2 —-18 214 -0.51 o.o2a [2] T=0 E=0.04
3 —38.742 —0.774%8 0.02 [2] T=0 E=0.04
4 —39.181 -0 .5485 0.014 [2] T=0 RE=0.04
5 -10. 364 -1 9892 0.19 [2] T=0 E=0.04
7 11.432 1.9549 0.171 [3] T=20 R=0.13
a 14 527 0. 276 0.019 [4] T=Z0 R=0.2
| 12 875 0. 2446 0.019 [4] T=:20 R=0.2
10 18.933 1.1928 0.063 [3] T=20 R=0.13
11 16 . A5G 0. 3164 0.019 [4] T=Z0 R=0.2
12 24 572 0. 4669 0.o019 [4] T=:20 R=0.2
13 29,805 0.8345 0.028 [3] T=:20 R=0.13
Sum flows: 5. SE-6 Wom
Sum poz flows: 5. 2862 Wem

Heat flows for =sach BC:

BC g [Wrm]

[2] -5.2862 (T=0 R=0.04)

[3] 3.9823 (T=20 R=0.13)

[4] 1.304 (T=20 R=0.2)
Sum: 5. EE-&

The thermal conductance becomes

L*° = 5,2862/20=0,2643 W/(m-K)
and the thermal transmittance becomes

U' = (1%°-U,b,)/bs= (0,2643-0,54730-0,19)/0,11=1,457 W/(m’-K)
where

U,=1/(0,13+0,04+0,058/0,035)=0,54730 W/(m?K)

To make this calculation please do as follows:
1. Open file 1S010077_D2.dat
2. Start the calculation (press F9)

3. Answer no on the question “Cavity number 2 lies at a boundary. Do you want to use twice
the equivalent lambda?”



Case D3

HEAT2 will recognize all 12 cavities. It is enough to draw one “Frame cavity” in order to

encapsulate cavity 1, see red rectangle below (this rectangle could also have filled the cavity area).

&% Pre-processor 1S010077_D3.H2P M=

File Edit Layers Yiew Materials Settings Mesh <Update Ok>=
' —T  dmx dimy
-~
f—
L. -
gy ;
|
w
[m] ¢ S
Lock #.p=[0009, 0.074] d«=0003 dp=006 x: (0042, -0.045)p: [-0.074, -0.014]
Frame cawiby lu=1 Ip=1 C=1

i Post-processor 11897 polygons drawn -Materials

File ©Options Bounds TandQ Tools Settings  Plok 30
Ilaterial
5
12 Frame ex. (c)
4 T
]
[ Frame ex. (g)
o .
1
3 6 [ Frame ex. (d)
9 10 ‘
b | Frame ex. [a)
ra | - |
Mat T [ lzo | Gar | Mesh Toolz Small wir a Bestare




i Post-processor 36335 pixels drawn (454x234) -Temperatures |Z||E|rg|
File ©Options Bounds TandQ Tools Settings Plot 3D

Temp [*C]
10 ]

14

q length BC
[Wem ] [m]
.2807 0.068 [2] T=0 E=0.04
L3877 0.011 [2] T=0 E=0.04
L3945 0.042 [2] T=0 E=0.04
L5272 0.019 [2] T=0 E=0.04
L9573 0.1%9 [2] T=0 E=0.04
.4202 0.1e5 [3] T=20 R=0.13
L4658 0.025 [4] T=20 R=0.2
. 3952 0.025 [4] T=20 R=0.2
2.81 0.082 [3] T=20 R=0.13
L3472 0.017 [4] T=20 R=0.2
L5289 0.017 [4] T=20 R=0.2
L5601 0.011 [3] T=20 R=0.13
1E-6 Wem
L5274 Wem
Heat flows for =ach BC:

EBC aq [Wrm]

[2] -8.5274 (T=0 R=0.04)

[3] 6.7903 (T=20 R=0.13)

[4] 1.7371 (T=20 R=0.2)

| Sum:-5.7E-f

The thermal conductance becomes
1°° = 8,5274/20=0,4264 W/(m-K)
and the thermal transmittance becomes
U' = (1%°-U,-b,)/bs= (0,4264-1,03093-0,19)/0,11=2,096 W/(m’-K)
where
U,=1/(0,13+0,04+0,028/0,035)=1,03093 W/(m*K)
To make this calculation please do as follows:
1. Open file 1ISO10077_D3.dat

2. Start the calculation (press F9)



Case D4

Input:

Edit Layers Wiew Materiasls Settings Mesh <Update OK=
\D@ @::9—&' X+ﬁe0—0T dimx dimy
1:1.4 A
[]
[m] £ 1 >
Lock #.y=[-0053, 0.054]
Select object

Generated cavities:

File ©ptions Bounds Tand Q Tools Settings  Flot 3D

Dlaterial

8
9

11. 10 Frame ex. ()

7

6
Frame ax. ()
12 3
2 Frame ex. (a)
1

Mat T a lso | Gar | Mesh Tools Small win Bestore
[ a7 | 0| tso| Oar | ewn | | 5]

File Cptions Bounds Tand Tools Settings  Flob 30

Mat| T il IE Garrl Mesl_1| Tools | Small win e Restore




it Boundary heat flows (F11)

Bound q q length BC
[Wrm®] [Wrm] [m]
1 —24. 747 -2 7222 0.11 [2] T=0 R=0.04
2 -16.598 -0.2988 0.018 [2] T=0 R=0.04
3 -20.458 -3.8913 0.13 [2] T=0 R=0.04
|3 20.751 3.3z02 0.16 [3] T=20 R=0.13
3 19.412 0n.5824 0.03 [4] T=20 R=0.2
7 14 481 0.5358 0.037 [4] T=20 R=0.2
8 17 629 1.4808 0.084 [3] T=20 R=0.13
9 15.738 0.2675 0.017 [4] T=20 R=0.2
10 24 505 0.4166 0.017 [4] T=20 R=0.2
11 34326 0.3089 0.009 [3] T=20 R=0.13
Sun flows: -3 4E-5 Wrm
Sum pos flows: 6.9122 Wrm
Heat flows for esach BC:
BC q [Wm]
[2] —-6.9122 (T=0 R=0.04)
[3] 5.1099 (T=20 R=0.13)
[4] 1.8023 (T=20 R=0.2)
Sum: -3 4E-G

The thermal conductance becomes

L*° = 6,9122/20=0,3456 W/(m-K)
and the thermal transmittance becomes

U' = (1%°-U,b,)/bs= (0,3456-1,03093-0,19)/0,11=1,361 W/(mK)
where

U, =1/(0,13+0,04+0,028/0,035)=1,03093 W/(m’-K)

To make this calculation please do as follows:
1. Open file 1ISO10077_D4.dat
2. Start the calculation (press F9)

3. Answer yes on the question “Cavity number 2 lies at a boundary. Do you want to use
twice the equivalent lambda?”



Case D5

Input in pre-processor:

ii® Pre-processor, 15010077 _D5.H2P
File Edit Lawers Wiew Materials Setkings Mesh <Update Ok

x O® = S8 = oo B -

1:1.8

[rm] < 5
| Lock #.@=[-0.0017, -0.004 ]
Select object

Generated frame cavities:

i Post-processor 63376 polygons drawn -Materi. .. |:||E g|

File ©Options Bounds Tand Q) Tools Settings  Plok 30
Dlaterial

Frame ex. (b)

Frame ex. (h)

Frame ex. (d)

Frame ex. (a)

bat T B lza | Oar Mezh Tools Srmall win e




In this case we have a heat flow mainly in the x-direction for cavity 1, and a heat flow mainly in the

y-direction for cavities 2, 4, 5. Since HEAT2 assumes the same direction for all cavities we need to

make two different calculations. In the first one we state that the heat flow is mainly in the x-

direction. This will give the equivalent thermal conductivity of cavity 1.

To make this calculation please do as follows:

1. Open file 1ISO10077_D5.dat

2. Start the calculation (press F9)

®i Frame cavities

fe w-direction
" y-direction

3.

Check main direction af heat flows:

Frame cavities have been found but main direction of heat flows
could nat be establizhed from current baundary conditions.

4. Answer no on the question “Cavity number 1 lies at a boundary. Do you want to use twice

the equivalent lambda?” and yes for cavities 2 and 4.

The info log (press F12) shows that the calculated equivalent thermal conductivity of cavity 1 is
0.0691.

it Info log (F12)

Cawvity Tmax
1 7.4748
z 8.3E
e 14.7E7
4 1.63595
£ 10.378

|

Tmin

= O WO

6413
- 4462
LB
. 458
.lazs

. 003E
6118
L3333
kg4

5371
. 3158
QLT
. EEEd
. E933

lambds
0.0631
1528
L0371
. lzos
0435

L I

[(=]e3

Tter:Z0

[(=£*lambda)

(=z2*lambda)

|

~

||

After this we make a new material in the material list with lambda=0.0691 and replaces the area

for cavity 1 with the new material:



re-processor 1SO10077_D5_EQUIVALENTTC.H2P

File Edit Lavers View Materials Settings Mesh <Update OK =

ORI E M X+ s B2 T dims
115 ~

v
[m] < | 3
Lock x.w=[0.03, -0003] d=0.007 dp=0074 w: 0097, -0.09) y: (0147, -0.0

lambda 0.051 l+=0.051 Iy=0.051 C=1

This is available here:

1. Open file ISO10077_D5_equivalentTC.dat (this will use the material file
DEFAULT_ISO10077_D5.MTL. Make sure this file exists in the same folder as HEAT2.exe).

2. Start the calculation (press F9) with main direction of heat flow set to y-direction:

& Frame cavities

Frame cavities have been found but main direction of heat flows
could nat be establizhed from current baundary conditions.

Check main direction af heat flows:
" w-direction

.........................

l-_L Close

4. Answer yes on the question “Cavity number 1 lies at a boundary. Do you want to use
twice the equivalent lambda?” and for cavity 3 (new cavity numbers are assigned).

3.




File Options Bounds TandQ Tools Settings Plot 3D

4
S ——

e
Mat| T ﬂ W Qarr‘ Mesh ‘ Tooks | Small win e Bestore

Boundary heat flows (F1

EC
1 -13.113 -0.7081 2] T=0 R=0.04
2 —-13.656 —0.0819 0.006 2] T=0 R=0.04
3 —28.567 -0.6856 0.024 2] T=0 R=0.04
4 —29.852 -—0.0887 o.o0o3 2] T=0 R=0.04
5 —22.87 —4.3454 0.19 2] T=0 R=0.04
7 23.524 3.7639 0.16 3] T=20 R=0.13
g 23.58 0.7074 0.03 4] T=20 E=0.2
9 22.048 1.2347 0.056 4] T=20 E=0.2
10 16.03 0.1282 0.oo8 3] T=20 R=0.13
11 14 087 0.0985 0.007 4] T=20 E=0.2
12 13.543 0.0948 o0.o007 4] T=20 E=0.2
13 16.299 0.5053 0.031 4] T=20 E=0.2
14 19.934 0.1395 o0.o007 4] T=20 E=0.2
15 28.085 0.0843 0.003 4] T=20 E=0.2
16 15.382 0.8614 0.056 4] T=20 E=0.2
17 11 645 0.4658 0.04 3] T=20 R=0.13
21 —27.049 —0.3248 o0.o012 2] T=0 R=0.04
22 —27.147 -0.2986 0.011 2] T=0 R=0.04
23 —-17.795 —0.0356 o0.oo2 2] T=0 R=0.04
24 -16.252 -1.0238 0.063 2] T=0 R=0.04
25 —-15.632 -0.3128 o.o2 2] T=0 R=0.04
26 —-12.757 -0.1788 0.014 2] T=0 R=0.04
Sum flows: 0.0001 Wrm
Sum pos= flows: 8.0837 Wrm
Heat flows for esach BC:
g [Wom]
[2] —8.0836 (T=0 RE=0.04)
[3] 4.3579 (T=20 RE=0.13)
[4] 3.7258 (T=20 R=0.2)
| Sum: 0.0001

The thermal conductance becomes

1°° = 8,0836/20=0,4042 W/(m-K)
and the thermal transmittance becomes

U' = (1%°-U,b,)/bs= (0,4042-1,16861-0,19)/0,089=2,047 W/(m>K)
where

U, =1/(0,13+0,04+0,024/0,035)=1,16861 W/(m’-K)



Case D6

Input:

. .
B8 Pre-processor 15010077 D6H2P - [N ) e— ) = )

Eile Edit Layers View Materials Settings Mesh <.Update0K> Eile Edit Layers View Materials Settings Mesh <ClICKTO UPDATE>
OB B M X+ v B L T diny dn wODE -JFm® @ OB E @I X+ "B & 1 dns  dny

1:065 -

on : ‘!: i g I

[
m

= =

— | E—— i
Lol P —r— g ] P —— 5
Lock #.p=(-0.1023, 0.0065) Lock ®.p=[-01215, -0.034] dist0.1262 de=0.022  dy=0.04  x: (014, 00781 p: 00398, 0.0002)
Draw maternial iectangle Frame ex. (h) Aminium Ix=160 Ip=160 C=1

Left: HEAT2 7. Right: HEAT2 8 using polygons.

Generated frame cavities:

Post-processor 18895 polysons drawn -Materials

File Options Bounds TandQ Tools Settings  Plokb 3D
03 Ilaterial
88
—H— Framea ex. (h)
4
Frame ex. (k)
e
182
81 Frame ex. (1)
Framea ex. (1)
Frame ex. (d)
Frame ex. (a)
T —
Mat T | 8] | 0] | Garr | Meszh | Tools | Small win e Restore




Boundary conditions:
[HEAT2 Version 8): First, turn off “Do correction for sloped boundaries”):

Mumber of types > I 4 ;I

[~ Da conection for sloped boundaries

|[Bounds  |function |q[wsm#] | Temp ['T] |R ek |
e ]Detat 000000 | : :

----------- fPooooooossposooonnoaGRocossoasooPoooCocoasaY

File Options Bounds TandQ Tools Settings B

Mat} T il W Qarrl Meshl Tnn\sl Small win e Bestare

Sum pos flows: 13.172 Wem

Heat flows for sach BC:
g [Wrm]

-13.173

12.18

0.9924

Sum:-0.0003

length BC

q
[Wrm] [m]
-28.908 -0.202%4 0.007 [2] T=0 R=0.04

The thermal conductance becomes
1°° = 13,173/20=0,6587 W/(m-K)
and the thermal transmittance becomes
U' = (1%°-U,b,)/bs= (0,6587-1,13086-0,19)/0,095=4,673 W/(m>K)
where
U, =1/(0,13+0,04+0,025/0,035)=1,13086 W/(m*K)
To make this calculation please do as follows:
1. Open file 1IS010077_D6.dat

2. Start the calculation (press F9)



Notes on sloping external boundaries:

There is a need to adjust the thermal resistance of a numerical cell lying at a boundary when a
sloping boundary is approximated by steps in order to simulate a boundary condition with a
temperature and a surface resistance, or a given heat flux, correctly. HEAT2 v8 is capable of
handling this automatically, see chapter 4.4 in
http.//www.buildingphysics.com/manuals/HEAT2 8 update.pdf

With the correction below (“Do correction for sloped boundaries”) we get the results below.

Boundary conditions (F6) E|

Mumber of typez > ] j

Iv Do corection for sloped boundanes;

Bounds function q [w /e Temp ['C] | R [mEE )
1 Default 0.00000
2 1-143 0.00000 0.040000
3 T=canst 145148 153 20.00000  10.130000
4 T=canst 146147 149 20.00000  |0.200000
fL Close e Update araphics

The thermal conductance becomes

1°° = 13,126/20=0,6563 W/(m-K)  (0.4% off ISO 10077-2 value 0,659)
and the thermal transmittance becomes

U' = (L%°-U,b,)/bs= (0,6563-1,13086-0,19)/0,095=4,647 W/(m>K)

So we get a thermal transmittance of U=4,647 which compared to the ISO value 4,67 differs by
0.5 %.


http://www.buildingphysics.com/manuals/HEAT2_8_update.pdf

Case D7

Input:

B Pre-processar 15010077 DT.H2P [l e | (8B Pre-processor lsomlm__@lﬂg

File Edit Lsyers View Materials Settings Mesh <CLICK TO UPDATE> lﬁa‘ L“E,"_Y_“'"“’_Mategguég”?i Meh (:Pd’;; o E ]

s = 5 | W Tim L@ OB E + —T  dmx dimy
WO® J@5 OB M WA X- 2 B & —1 dnednf || o — = =
067 I —

i T

’>
’>

[ml |, [ i » L r
Lock =.y=[-0.0785, 0.05) M Lock x.y=(425, 95] dist10.407 =335 =35  x: (115,28  y: (325, 25)
1] select obiect || | Frame ex (ci1Pve =017 =017 c-1

Left: HEAT2 7. Right: HEAT2 8 using polygons.

Generated frame cavities:

Post-processor 28182 polygons d..

File Options Bounds TandQ Tools Setkings  Plob 30

E T | 2} | Iso| E!arrl Mesh | Tools | Srinal




Boundary conditions:
[HEAT2 Version 8): First, turn off “Do correction for sloped boundaries”):

Mumber of typez > I 4 ;I

[~ Da conection for sloped boundaries:
|Bounds  [function  [qwie] [ Temp ['T] |R [nekaw]

=const ‘¥ iDefat ! : : :
fPocoocasao [PecocEsEsoshooono0o00 [Pooosoooonog d

b
T=const - 1 | 1 0.00000 10040000
----------------- et e e e e L L
T=const (277 282 0 | 12000000 10130000
----------------- et e L LBl eSS i P I L

i 7
T=const | 278281 1 : 12000000 0200000

e Update graphics

a4
atl 7 0| s | gan | besh | Toos | smal

g [Wrm]
2 .
3

[
[
[

]
]
4]

Sum: 3. 8E-00&

The thermal conductance becomes

1*° = 5,66/20=0,2830 W/(m-K)
and the thermal transmittance becomes

U' = (1%°-U,-b,)/bs= (0,2830-1,16861-0,19)/0,048=1,270 W/(m>K)
where

U, =1/(0,13+0,04+0,024/0,035)=1,16861 W/(m’-K)

To make this calculation please do as follows:
1. Open file 1ISO10077_D7.dat

2. Start the calculation (press F9)



3. Answer yes on the question “Cavity number 1 lies at a boundary. Do you want to use
twice the equivalent lambda?”

The calculated equivalent thermal conductivities for each cavity are shown below:
Cavity Tmax Tmin ha hr lambda

1.7388 0.6173 3.125 2.2591 0.0861
8.1271 1.9951 1.3362 2.4042 0.1175
12.834 7.0669 1.4973 3.1444 0.0775
18.127 12.558 1.2939 3.0094 0.1154
6.6104 0.4316 1.3395 2.7467 0.1087
15.524 13.411 3.9657 3.2042 0.0452
13.562 3.2534 1.5888 2.2387 0.1148
17.749 13.651 1.3158 2.8785 0.0797

00 N O Ul WN R

The standard says that “when no other information is available, use Tm= 283 K”. If we change the
option from the default “4 Calculate temperatures iteratively in each cavity” to “2 Use Tmin=5 and
Tmax=15" we get Tm=283.

it | Frame cavity options
Method for calculating equivalent thermal conductivity [EM 1500 10077-2]:
" 1 Use curent boundary air temperatures
* 2 Use Tmin=5 and Trmax=15 degC
" 3 Use Tmin and Tmax as given below

" 4 Calculate temperatures iteratively in each cavity

Use following temperatures [option 3):

T mir: degC Tmax deglC

Iterations between update [option 4);

5
Main direction of heat flow in cavities:
v Autoratically determine
" Force in »-direction
" Force in y-direction

E mizzivity:

e 030 oo - 0.99)

Cavity Tmax Tmin ha hr lambda

1.7397 0.6177 3.125 2.4926 0.0899
8.1267 1.9959 1.57 2.5431 0.1292
12.833 7.0662 1.57 3.1566 0.0789
18.126 12.557 1.57 2.8548 0.1186
6.6098 0.4317 1.57 2.9542 0.1204
15.524 13.41 3.9657 3.0675 0.0443
13.561 3.2531 1.57 2.2846 0.1156
17.749 13.65 1.57 2.7205 0.0815

00 N O Ul B W N R

The thermal conductance becomes
1°° = 5,6864/20=0,2843 W/(m-K)
and the thermal transmittance becomes

U' = (L%°-U,b,)/bs= (0,2843-1,16861-0,19)/0,048=1,298 W/(m>K)



Notes on sloping external boundaries:

There is a need to adjust the thermal resistance of a numerical cell lying at a boundary when a
sloping boundary is approximated by steps in order to simulate a boundary condition with a
temperature and a surface resistance, or a given heat flux, correctly. HEAT2 v8 is capable of
handling this automatically, see chapter 4.4 in
http.//www.buildingphysics.com/manuals/HEAT2 8 update.pdf

We need to make this correction for boundaries 2-273, see picture below. In this case, we cannot
use the automatic option “Do correction for sloped boundaries”, since HEAT2 v8 will identify sloping
boundaries for number 2-273 (which is correct) but also for number 278-281 (which is not correct).
(The automatically identified boundaries for correction are by the way shown in the log, menu
option F12 in HEAT2 v8.)

Therefore, we will make this correction by hand for boundaries 2-273 as described below.

& Post-processor, 62719 pixels drawn (485x428) -Materials

File Options Bounds TandQ Tools 3Settings Plot 30

) 282
281
280

Tlaterial

Frame ex. (c) PVC

279

278

283
Frame ex. (a) Insula

i 274
Frame ex. (d) EPDM
’ 1 ‘

m T | B | Iso| Qan| Mesh ‘ Taolz | Small win e Ee;tore 1 BC num

The original boundary conditions are

Boundary conditions (F6) g|
MNumber of typez > 4 =
=

[~ Do comection for sloped boundaries

type Boundz function q [ ] Temp ['C] | R [méKA]
1 Q=const Default 0.00000
2 T=const 2 0.00000 0.040000
3 T=const 277 282 20.00000  10.130000
4 T=const 278-281 20.00000  0.200000

j-_L Cloze e Update graphics



http://www.buildingphysics.com/manuals/HEAT2_8_update.pdf

The new corrected boundary conditions should be (see file 1SO10077_D7_CorrectedBC.dat):

Boundary conditions (F6) El
Mumber of types > 5 =
=)

™ Do correction for sloped boundaries
pe Bounds function q [ Ame] Temp ['C] | R [ KA

1 (=const Default 0.00000

2 T=const 1274275 0.00000 0.040000

3 T=const 277 282 20.00000 0.130000

4 T=const 278-281 20.00000 | 0.200000

5 |T=const 2273 ooooon [T

j'L Close ‘ S Update graphics ‘

Here, we define a new BC type(5) and use the corrected boundary resistance which is calculated
using the total width (w=17 mm) and height (h=29 mm) of the steps 2-273. The correction factor is

(w+h) INw? + h? = 1,368. The corrected boundary resistance is then 1,368x0.04=0.055.
The calculated thermal conductance becomes then

1= 5,6535/20=0,2827 W/(mK) (0,8% off ISO 10077-2 value 0,285)
and the thermal transmittance becomes

U = (1?°-U,b,)/bs= (0,2827-1,16861-0,19)/0,048=1,263 W/(m’ K)

So we get a thermal transmittance of U=1.263 which compared to the I1SO value 1.31 differs by
3,6%.

Note: The difference for the heat flow using correction or not, is only about 0.1% (0,2830/0,2827) in
this case due to the low boundary resistance (0.04). However, if the thermal boundary resistance
increases, the difference will increase. If we e.g. would have change the external and internal
boundary conditions (using R=0.13 for the sloping boundaries), the difference of the heat flow
would have been 0.2-0.3% instead.



Case D8

Input:

Pre-processor 1S010077_D8.H2P
File Edit Layers Wiew Materials Settings Mesh <Update OK=

w O®@ @i O E M X+ B 2 T dmx dny

113

L] [ I I | I I | I
]
Lock ®.p=[0006, 0.093]) d2=0015 dp=0.003 x: [-0.089, -0.074)p: (-0.083, -0.08]
Frame cavity Ik=1 Iy=1 C=1

Generated frame cavities:

Post-processor 21068 polygons drawn -Materials

File Options Bounds TandQ Tools Settings Plot 30
H Ilaterial

pof 12 | 14 [ 16 J[18 [ 20 [ 22 | 24 |[ 26 | 28 |38

9 a7

8§ 36

L — Frame ex. (<]

7 35

3 34
6= —i4

11

5 33

4 a2

T : Frame ex_(a)

2 30

1] [ [ s 17 [ [ 21 [ 23 [ 25 [ 27 |2

1 2 3 ) -

Mat T | 0 | lso ‘ Qar | Mesh | Taals | Small win e Bestore




sor 1S010077_DB.DAT Hx=305 Hy=

Options Bounds TandQ Toolks Settings Plot 30

5

2 -Temperatures

ANt 4

Bestore

Boundary heat flows (F11)

[z]
[3]

g

Heat flows for each BC:
EC

[Wrm]

Bound a a length BC
[Wrm? ] [Wrm] [m]
1 —-28.002 -1.0921 0.039 [3] T=0 R=0
3 18.49 1.8308 0.099 [2] T=20 R=
4 10.059 1.7804 0.177 [2] T=20 R=
3 —-14.231 -2.5189 0.177 [3] T=0 R=0.
Sun flows: -4 BE-5 Wrm
Sum pos flows: 3.6109 Wem

3.6109
-3.611
Sum: -4 . 8E-5

{T=20 R=0.13)

(T=0 R=0.04)

The thermal conductance becomes

1’° = 3,6109/20=0,1805 W/(m-K)

and the thermal transmittance becomes

To make this calculation please do as follows:

U = 1*°/b, = 0,1805/0,177=1,020 W/(m>K)

1. Open file 1ISO10077_D8.dat

2. Start the calculation (press F9)

3. Answer yes on the question “Cavity number 1 lies at a boundary. Do you want to use

twice the equivalent lambda?”



Case D9

Input:

& Pre-processor 1S010077_D9.H2P
File Edit Layers Wiew Materials Setbings Mesh <Update QK=

OB E M X+ 5B J

dim® dim y

= I il

[rn]

Lock =, w=[-00175, 0.0105) d«=0.012 dy=0.005 =: [-0.02, -0.008) w: (00010, 0.006)
Frame cavity [4=1 Iy=1 C=1

Generated frame cavities:

i Post-processor 21769 polygons drawn -Materials

o=

File ©ptions Bounds TandQ Tools Settings  Flot 30

T=20 R=0.13

o I 1 I I

T=0R=0.04

Ivlaterial

Frame ex. (c)

Mat T [ leo | Qar | Mesh Tools Small win Bestore

0

Calculated heat flows:

i Post-processor 25648 pixels drawn (459x56) -Flows
File ©ptions Bounds TandQ Toaols Setkings  Plok 30

B

o [Wira']

iy
B 17354
13702
10059
| Fxhkyl
L PYRb

Sy |

&2

Mat | T Q lzo | Gar | Mesh Tools Small wir Resztore




i Boundary heat flows (F11)

Bound q q length BC
[Werm?] [Wem ] [m]
1 —-72.538 -4.1347 0.057 [3] T=0 R=0.04
3 72,539 4.1347 0.05% [2] T=20 R=0.13

Sum flows: 3. 9E-6 Wrm
Sum pos flows: 4.1347 Wem

Heat flows for =sach BC:

g [Wrm]
[2] 4.1347  (T=20 RE=0.13)
[3] -4 1347 (T=0 R=0.04)
Sum: 3.8E-6

The thermal conductance becomes
1= 4,1347/20=0,2067 W/(m-K)
and the thermal transmittance becomes

U =1%®/b=0,2067/0,057=3,627 W/(m>K)

To make this calculation please do as follows:
1. Open file 1IS010077_D9.dat

2. Start the calculation (press F9)



Case D10

Input:

0077_D10.H2P

Yiew  Materials

File Edit Layers

Settings Mesh  <Update Ok>

xOde@

b m M X+«

2T dimx diny

1:1.4

ml |g il |

¥

Lock #.p=(-005, 0.081]  de=0.005 dp=0.018 «: [0.0F1, 0.06E)y: [0.035, 0.017)

Frame cavity lx=1

ly=1 C=1

Generated frame cavities:

Elle ©ptions Bounds TandQ Tools 3Settings Plot 30

Material

Frame ex. (k)
’7 Frame ex. (d)
I Frame ex. (f)
I Frame ex. (zu)
’7 Frame ex. (k)
I Frame ex. (z)
[

Frame ex. (2]

e 1| 0| o] qan| mesh | Toos | Smatwn | £

Festare

File ©Options Bounds TandQ Tools Settings Plot 30

=5

O B L L B ) 60D

Jo.
®
=

Mat| T il W Qanl Mesbl Toolsl Small win

|
L

Restore




& Boundary heat flows (F11)

Bound q q length BC
[Wrm?] [Wrm] [m]
1 —-26.67 —-2.9337 0.11 [2] T=0 R=0.04
2 —47.364 -0.8525% 0.018 [2] T=0 R=0.04
3 —-31.166 -5.921%& 0.19 [2] T=0 R=0.04
g 28 .66 4 5856 0.16 [3] T=20 R=0.13
6 41.297 1.2389 0.03 [4] T=20 R=0.2
7 27.528 1.0185 0.037 [4] T=20 RE=0.2
8 21.796 1.8309 0.084 [3] T=20 E=0.13
9 16.727 0.2844 0.017 [4] T=20 RE=0.2
10 25.404 0.4319 0.017 [4] T=20 R=0.2
11 35.299 0.3177 0.009 [3] T=20 R=0.13
Sum flows: -3.7E=5 Wsm
Sum pos flows: 9.7078 Wrm
Heat flows for each BC:
BC g [Wm]
[2] —-9.7078 (T=0 R=0.04)
[3] 6.7341 (T=20 R=0.13)
[4] 2.9737  (T=20 R=0.2)
Sum:-3.7E-&

The thermal conductance becomes

Ly =9,7078/20=0,4854 W/(m-K)
and the linear thermal transmittance ¥ becomes

w=1L w2D — Ugbs— Ug-b, = 0,4854 - 1,361:0.11-1,3051.0,19=0,0877 W/(m-K)
where U is taken from case D4 and

U;=1/(0,13+0,04+0,020/0,033+2-0,004/1)=1,3051 W/(m*K)

To make this calculation please do as follows:
1. Open file ISO10077_D10.dat
2. Start the calculation (press F9)

3. Answer yes on the question “Cavity number 2 lies at a boundary. Do you want to use
twice the equivalent lambda?”



