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1. General information

1.1. Introduction

This document includes the empirical
specification on the IEA task of
evaluation building energy simulation
computer programs for the Double Skin
Facades (DSF) constructions. There are
two approaches involved into this
procedure, one is the comparative
approach and another is the empirical
one. In the comparative approach the
outcomes of different software tools are
compared, while in the empirical
approach the modeling results are
compared with the results of
experimental test cases.

Figure 1. The “Cube”, outdoor test facility at Aalborg University.

The DSF Test Facility Building at Aalborg University (the “Cube”) is the prototype for
the specified model and the place for conducting the empirical test-cases. Initially the
DSF Test Facility Building is calibrated for air tightness and wind profile, further on
these investigations will be followed with the heat transmission and time constants tests.

The empirical test cases cover three operational strategies of the DSF:

Case DSF100. All the openings are closed. There is no exchange of the zone air with the
external or internal environment. The zone air temperature results from the conduction,
convection and radiation heat exchange. The movement of the air in the DSF appears due
to convective flows in the DSF. The test case is focused on assessment of the resulting
cavity temperature in DSF and solar radiation transmitted through the DSF into zone.

Case DSF200. Openings are open to the outside. DSF function is to remove surplus solar
heat gains by means of natural cooling. Temperature conditions and air flow conditions in
the DSF are to be examined together with the magnitude of natural driving forces.

Case DSF400. The bottom opening is open to the outside and the top opening is open to
the inside. Such configuration of openings considers DSF with a supply (preheating)
option. The influence of the processes in the DSF on thermal conditions in the room is to
be revealed.
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Figure 2. Test Cases. DSF100, DSF200, DSF300, DSF400, DSF500.

Case DSF100 - all openings are closed

Case DSF200 - openings are open to the outside
Case DSF300 - openings are open to the inside
Case DSF400 - bottom opening is open to the outside and the top opening is open to the inside (preheating mode)

Case DSF500 - top opening is open to the outside and the bottom opening is open to the inside (chimney/exhaust mode)

Sl Driving force ] Openings area
Empirical test Corresponding comparative test shading & conditions pening
General test : :
case case Mechanical Combined natural Internal=const
case Yes No . . No control
force forces External=floating

DSF100 DSF100_e DSF100_2 X X
DSF200 DSF200_e DSF200_4 X X X X
DSF400 DSF400 e DSF400 3 X X X X

Table 1. Summary table of modelling cases.




1.2. Test case DSF200_e objectives

The main objective of this test case is to test the building simulation software on its
general ability to model the transmission of solar heat gains through the two layers of
fenestration combined with naturally driven airflow through the DSF cavity. This time,
the air movement exists only between the cavity and external, and the air temperatures in
the cavity are mainly influenced by external environmental temperatures and solar
radiation. The internal conditions remain constant; the Cooling/Heating system is
introduced to the model to keep internal temperature in the zone 2 constant.

Results of simulations will be compared with the experimental data from the outdoor test
facility.

2. Weather data description

2.1. General

The weather data is prepared for simulations in xlIs-file format as it is easy to transform
into any other format. There are two weather data files are provided to the participants.
The first data file is:

wDSF200_e10.xls - provides average data for every 10 minutes. If the testing software
tool is not able to perform calculation in this time interval, then 1-hour average data file
can be used:

wDSF200_e60.xls - this data provides average data for every 1 hour, which is obtained by
averaging 10 minutes-data.

It is assumed that parameters in the climate data are constant, for example:
from 00:00 until 00:10 — for 10 min average data
from 00:00 until 01:00 — for 1 hour average data.

Parameters in the weather data files:

» External air temperature, °C

* Global solar irradiation on horizontal surface

= Diffuse solar irradiation on horizontal surface

* The wind direction in the data sheet is given in degrees from the North, so East
corresponds to 90 degrees.

*  Wind speed, m/s, measured at 10 m above the ground

»  Air relative humidity, %

= Atmospheric pressure, Pa

Time plots of available weather data are given as:



360 ‘ 14
300 + \ A 1 12
8 Al N\ 1 10 &
Sz A I S Ve
E ) \ 3
2 | 18 3
e ATV :
5 I v T6 2
g ot LN ALY E
2 120+ 'A £
; ’L Y A AV V N y] A, WY T 4 ;
o WY LW A
| “ N v (v Y
0 [ R — “ — a 0
FTIFAFLLLLFLFLFLFLLF LSS LSS S
QQ)Q QQ’Q QQ)Q 0“’0 K QQ’Q QQ’Q QQ’Q QQ)Q ng Qbo ng QQ’Q 0@0 0‘°Q
PP TP PP P& |—wind direction
MR IR MR MR SR MR SR SR MR MR LR MBI MR SR
A SN G A A PN IR VAP SRR AN — Wind speed
AN G\ R SR U\ RPN SN AN N N P
Time
Figure 3. Wind direction and wind speed in weather data.
JW_\ 100
25 - i \ S
(@] -
S 2
S =
5 £
© 2
8 15 + 2
5 ‘\/v*"\/ 8
- [0)
@
5 e e —
O 9 & O O S L O OSSO OO
¥ 0"’0 0'\'6 0'9'0 Q'\’Q 0"’0 0"’0 0"}'0 0"/6 & 0'\;'0 0";'0 0"}'0 0"}’0 0"}’0
S S RS S S S S S S S s o
R R R R I R IR R O S SR SN SRS
RO IR SRS MR SIS SR SR AR MR MR MRS SR SR MR
SRS RASAR R SIS SIS
AR\ CHERNCAE\ A\ A\ S A\ N O VOB AEN R\
Time
—— Ambient temperature —— Relative humdity

Figure 4. Air temperature and relative humidity in weather data.

10



105000
104000

103000 pal o~

102000 —

-
101000 1 —_ /
100000 1 \ /\/

99000
98000 -
97000
96000 -
95000

30/09/20 02/10/20 04/10/20 06/10/20 08/10/20 10/10/20 12/10/20 14/10/20 16/10/20 18/10/20
06 00:00 06 00:00 06 00:00 06 00:00 06 00:00 06 00:00 06 00:00 06 00:00 06 00:00 06 00:00

Time

Atmospheric pressure, Pa

—— Atmospheric pressure

Figure 5. Atmospheric pressure in weather data.

500
450 - N
400 - '1
350 I
300 '
250 N
200
150 i |
100

0| | I\ | l_

0 : : : : ‘

30/09/200 02/10/200 04/10/200 06/10/200 08/10/200 10/10/200 12/10/200 14/10/200 16/10/200 18/10/200
600:00 600:00 600:00 600:00 600:00 60000 60000 600:00 600:00 600:00

Time

Solar irradiation, W/m2

—~—

—— Global solar irradiation — Diffuse solar irradiation

Figure 6. Global and diffuse solar irradiation on horizontal surface.

11



2.2. Ground temperature

The ground temperature under the foundation was measured during the experiments and
provided to the participants as an input parameter in the file:

Ground temperature_10.xls - provides average data for every 10 minutes.
Ground temperature_60.xls - provides average data for every 1 hour.

17
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Figure 7. Ground temperature under foundation.

If the information about ground temperature can not be used in the software tool being
tested, then the average ground temperature of 16 °C can be used instead. This has to be
noted in the modeler report.

2.3. Accompanying files for simulations

* Template for the output data

» Weather data files

= Data for ground temperature

» Temperature data for neighboring zones

= Spectral data for opaque and transparent surfaces

» Files with additional documentation (Drawing of window frames.pdf)

12



3. Rules for the modelling

3.1. Modelling methods

Various building simulation software includes different approaches and applications for
modelling of the physical processes involved. Initially, it is desired that all case-models
involve the same applications for the same parameters in every model and use the most
detailed level of modelling allowed by simulation program being tested.

Cases specified for modelling involve interaction of various processes, thus modelling
may require different combinations of software applications and their options. For this
reason the requirements for the modelling are untied. Design of the model can be
performed after the capability of the simulating software and user’s decision, but as close
as possible to the prescribed one in a physical and mathematical meaning and as close as
possible to the specification and other cases modelled by the same task participant. The
user is asked to notify whether and where differences exist. It is necessary to include the
detailed documentation of changes into the report on modelling results in order to
perform the overall comparison of the results.

3.2. Input parameters

In the specification for the test case modelling the input parameters are prescribed. These
are to be used whether it is needed in the simulation software or to be used for
approximate estimation of another parameter needed. When the specified parameter is
found to be inapplicable for the modelling the user may disregard that and continue the
modelling. The notification in modeler report is desirable.

3.3. Geometry parameters

In order to simplify the geometry input-parameters for all the building simulation
software involved into the Annex 43, the interior volume of the zone 1 and 2 are
specified. The definition of the zones and the geometrical details will be specified further
in the document.

For zone 1 (DSF) the location of windows is specified in the following figures, the
interior volume is counted from the glass-pane surfaces, which are not symmetrical to the
center-line of the window frame. If it is not possible to specify the location of the glass-
panes, please find a technique to keep the volume of zone 1, as close as possible to the
prescribed one.

3.4. Simulation

When the simulation software allows the initialization process, then begin the simulation
with the zone air conditions equal to the outdoor air conditions.

If the simulation software allows the iterative simulation of an initial time period until
temperature or fluxes, or both stabilize at initial value, then use this option.

The duration of the simulations for all the cases has to be complete, correspondingly to
the provided weather data. The outputs are prescribed in section 9.

13



3.5. Time convention

The standard local time is used (this is not the solar time!), specified in section 4. The full
day duration is 0:00-24:00. The duration of the first hour, for instance, is from 0:00 until
1:00. There is no daylight saving time to be considered.

3.6. Schedule/occupants

There are no occupants in the zones and no weekend or holiday schedules for the
systems. All simulated days are considered to be equal.

3.7. Thermal bridges

The calculation of heat transmission through thermal bridges has to be included into the
test cases.

Values for the overall heat transmission from the zones will be given based on
measurement results from calibration study on the Test Facility by the completion of
simulations of the empirical test cases.

3.8. Modifications of prescribed values

Some software may require modifications of values prescribed in this specification to be
able to run the simulation. These modifications are undesired, but still might be
necessary. The user has to make sure that the new values are obtained on the
mathematical and physical basis and that these steps are documented in the modelers
report.

3.9. Units

The specification is completed in Sl-units, if you require conversion of units use
conversions of ASHRAE.

3.10. Shading by outdoor constructions
There are no outdoor constructions that shade the model.

14



4. Geography, site location

The modelling building is located close to the main campus of Aalborg University,
Aalborg, Denmark. The following coordinates define the geographical location of the
model:

Time zone +1 hr MGT
Degrees of longitude 9°59'44.44"E
Degrees of latitude 57°0'41.30"N
Altitude 19 m

Table 2. Geographical and site parameters for the model.

The orientation of the test facility is illustrated in Figure 9. Geometry

5. Model geometry

The model-building is subdivided into 2 zones one of the zones represents the indoor
environment in the ordinary room behind the DSF, named zone 2. To be able to attain the
output results, it is necessary to identify DSF as a separate zone, named zone 1. It has
been suggested to prescribe the interior volume of the zones as the first priority, the wall
thickness may vary as long as the physical processes are correct (the user may need to
perform the recalculation of the wall-thickness together with thermal properties of the
wall). Zones and numbering of walls are defined in the Figure 9.

However, the actual Test Facility Building contains two supplementary rooms attached
behind the Northern facade of the zone 2 (Figure 8). These two rooms are not to be
modeled, but different heat transmission processes through the Wall 3 are necessary to
include into calculations. User shall build up the model with the Wall 3, divided into
three parts: one part faces external environment, and two others face the supplementary
rooms. Air temperature in the supplementary rooms is given in following data files for
every 10 minutes and 1 hour time intervals:

conditions 3_3_10.xls - provides average data for every 10 minutes.
conditions 3_2_10.xls- provides average data for every 10 minutes.

conditions 3_3_60.xls- provides average data for every 1 hour.

conditions 3_2_60.xls- provides average data for every 1 hour.

Wall 3.3 and Wall 3.2 face different zones, the depth of both of these zones is 3 m.

15
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The prescribed interior volumes are (these dimensions are also specified on the previous

figures):
ZONE 2

\
|
|
|
\
|
);77,,,77
/ /
ZONE 1 7 a o

R — 4
Ml /| e
i AN e
|| o/ | L
| e I
- ‘ P 7
I ]
=
y 5 4
Figure 10. Internal dimensions .
Zone number a, mm b, mm h, mm Volume*, m®
ZONE 1 3555 580 5450 11.24*
ZONE 2 5168 4959 5584 143.11*

*Volume of Zone 1 and Zone 2 is calculated to the glass surfaces of the windows and NOT to the window frame

Table 3. Internal dimensions.

454

e/l

e/l

454

T T ST T P e T e T
| 11s8s | 185 | 1185 |
| 3555 |

Figure 11. South facade. Dimensions of windows are inclusive frame.
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6. Windows geometry

It can be recognized six sections of windows V1-V6 (Figure 12), the top and bottom
sections of windows are operable and modeled as partly open in the test case DSF200 e.

Vi vl ovi va | va | va
ve | ve | ve vl vs [Nve

Figure 12. External window sections (left), Internal window section (center), photo of the DSF from

the outside (right).

The windows facing external environment are named as external windows and windows
facing internal environment - as the internal ones. The dimensions given in Figure 11 are
valid both for the internal and external windows. User must pay attention that the window

constructions in Figure 12 have different typology, see Table 11.

Dimensions of window sections V1-V6 with the frames are given on the Figure 13; the
frame of 54 mm width encloses the glass panes.

1185

OPERABLE
SMALL
SECTION

FRAME
BETWEEN
SECTIONS

FIXED
LARGE
SECTION

////'

450

ceo/

*¥FRAME WIDTH 54 MM

454

cc/l

FIXED/
OPERABLE
LARGE
SECTION

FRAME
BETWEEN
SECTIONS

OPERABLE
SMALL
SECTION

ceo/

450

cc/l

454,

Figure 13. Dimensions of window sections with the operable top-opening (left) and bottom-opening

(right).



The following table is combined as a summary for Figure 13:

Total area of visible Total frame area of Total area of window
Window section glazing of window (large  window (large and small (large and small
and small section), m* section), m? section), m?
V1-V6 2.693 0.536 3.229

Table 4. Glazing and frame areas for the window sections.

Detailed dimensions of the windows, including distances between the glass panes,
thickness of the glass and cavity-gap are depicted.

External Internal
window window
GLASS PANE % 124 GLASS PANES
EXTERNAL DSF INTERNAL
ENVIRONMENT ENVIRONMENT
/\/ /\/ /\/ /\/ /\/ /\/ /\/ /\/ /\/ /\/
13 8 103 472 5 4164 25
| |
g 580 4

720
Figure 14. Distances between windows’ surfaces in DSF (distances in mm).

As was explained before, the internal and external windows are of different type. The
above figure demonstrates that the external window partitions consist of single 8mm-
glazing, while the internal windows are double-glazed, filled with 90 %Argon.

In the file Drawing of window frames.pdf additional information about the window
frames’ construction is to be found if necessary. External part of window frame material
is Aluminum and the material of the internal one is wood.

In the empirical test case DSF200 e only the external top and bottom openings are open.
The definition of free opening area as well as a drawing of top and bottom windows open
is given below.

Figure 15. Direction of opening windows. Bottom window (left), top window (right).

20



_ /) - Free opening area

Figure 16. Free opening area.

Following is the free opening areas for the empirical test case DSF200 e.

Top opening Bottom opening
Free opening area of one 011 0.13
operable opening, m
Distance ‘ab’, m 0.09 0.110
Angle o, deg 11.5 14

Table 5. Free opening area.

It is expected that this information must be enough to complete the geometrical modelling
of the window partitions.
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7. Physical properties of the constructions

All constructions in the building are very well insulated. Constructions are subdivided
into groups, which are:

Wall 1- the South fagade wall, comprise of external and internal windows

Wall 2- the East and West facade walls, consist of the same materials.

Wall 3- facing the North is divided into the three zones, as defined in the chapter
5.Model geometry

Roof

Floor

This grouping of the constructions is also depicted in the Figure 9. The material
properties are prescribed in the following tables.

The data is given in separate tables for each of previously defined construction. The

physical properties of the constructions are prescribed; these are required to keep

unchanged.

The first layer in the table always denotes layer facing the internal environment of the

model.

7.1. Walls’ properties

Wall 1:
Material Layer Material Thermal Specific heat Thermal
layer Material thickness, density, conductivity, capacity, resistance,
number mm kg/m’ W/mK J/kgK m?K/W
1 Plywood 16 544 0.115 1213 0.139
Rockwool
2 M39 620 32 0.039 711 15.897
3 Isowand 100 142 0.025 500 4
Vario
Table 6. Wall 1. Material properties.
Wall 2:
Material Layer Material Thermal Specific heat Thermal
layer Material thickness, density, conductivity, capacity, resistance,
number mm kg/m? W/mK J/kgK m*K/W
1 Plywood 16 544 0.115 1213 0.139
Rockwool
2 M39 300 32 0.039 711 7.692
3 Isowand 5, 142 0.025 500 4
Vario

Table 7. Wall 2. Material properties.
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Wall 3:

Material Layer Material Thermal Specific heat Thermal
layer Material thickness, density, conductivity, capacity, resistance,
number mm kg/m? W/mK J/kgK mK/W
1 Plywood 16 544 0.115 1213 0.139
Rockwool
2 M39 300 32 0.039 711 7.692
3 Isowand 100 142 0.025 500 4
Vario
Table 8. Wall 3. Material properties.
Roof:
Material Layer Material Thermal Specific heat Thermal
layer Material thickness, density, conductivity, capacity, resistance,
number mm kg/m? W/mK J/kgK mK/W
1 Plywood 16 544 0.115 1213 0.139
Rockwool
2 M39 300 32 0.039 711 7.692
3 Isowand 142 0.025 500 4
Vario

Table 9. Roof. Material properties.

Floor:

According to the DS 418, the ground resistance to the heat transmission is 1.5 m*K/W.

Materi Layer Material Thermal Specific Thermal
aterial . . . L heat .
layer number Material thickness, densn%/, conductivity, capacity reS|Zstance,
mm kg/m W/mK ' m-K/W
J/kgK
Reinforced
concrete,
1 levelled 150 2400 1.800 1000 0.639
and
smoothed
2 Expanded =, 17 0.045 750 4.889
Polystyrene

Table 10. Floor. Material properties.
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7.2. Windows’ properties

Grouping of window partitions and their dimensions were specified in the geometry-part.
The physical properties of the windows are prescribed for the same groups.

. U-value of U-value of
. U-value of window .
Window W/m2K glazing frame
W/m?K W/m?K
V1,V2- External window partition 5.36 5.70 3.63
V3-V6 Internal window partition 1.60 1.20 3.63

Table 11. Windows. U-value.

7.3. Glazing

Windows V1-V6 consist of glazing, which has been tested and spectral properties are
available for every sample. Samples are defined in the table:

Window

Sample number

Glass layer facing outside | Glass layer facing inside

External window sections V1, V2

Clear glass

Sample 1
Glass with the coating
Internal window sections V3- V6, Clear glass attached to the front*
filled with Argon, 90 % Sample 2.1 surface.
Sample 2.2

*The definition of front and back is given below
Table 12. Definition of samples for the glazing spectral data.

Front side always turned towards exterior, while back is turned towards the

interior (zone 2).

The data from the spectral analyses for every sample is enclosed in file:

Glazing spectral data.xls

It includes following data in the wave length interval 250-2500 [nm]:

e Transmittance

e Reflectance (back and front)
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The emissivity of the glass surfaces is following,

Window Sample Front | Back
External window sections V1, V2 Sample 1 0.84
Sample 2.1 0.84

Internal window sections V3- V6, filled with Argon, 90 %

Sample 2.2 0.037 | 0.084

Table 13. Emissvity of glazing.

In case if the spectral data is inapplicable for the software tool, then the following data
can be used:

Total
Window solar heat Solar reflectance Direct solar radiation
transmittance, transmittance
g-value
External window
sections V1, V2 0.80 0.07 0. 76
Internal  window
sections V3-V6 0.63 0.24 0.52

Table 14. Glazing properties for normal incidence angle.

7.4. Surface finishes

A carpet of known reflectance property was placed in front of the test facility in order to
estimate solar radiation reflected from the ground. Spectral data of the carpet is given in
the file:

Ground carpet spectral data.xls

If spectral data for ground reflectance can not be used by the software tool being tested
then use ground reflectance 10%, this has to be documented in the report.

Ceiling and wall surface finishing in Zone 1 and in Zone 2 were tested as well and the
spectral data can be found in the following files:
Surface finish_zonel zone2_spectral data.xls

If spectral data for surface reflectance can not be used by the software tool being tested
then use surface reflectance, as following and note it I the report:

67% - for zone 2

65% - for zone 1

Properties of the floor surface in both of the zones and of the external surfaces can be
assumed the same as for walls in zone 1.

Longwave emissivity 0.88
Surface roughness, mm 0.03

Table 15. Surface finish properties.
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8. Other parameters and specifications

8.1. Infiltration

The overall tightness of the test facility was measured with the blower door test in
overpressure mode. The outer skin of the DSF was kept open during the test. Results of
the testing are given on the following figure and have to be included into the test case
simulation.

Air tightness
y = 475.17x11957

100

Overpressure, Pa

10 1

0.01 0.10 1.00
Air change rate, 1/h

O Experimental data —— Power (Experimental data)

* Air change rate is calculated in correspondence with the dimensions of zone 2
Figure 17. Overall air tightness characteristic of the “Cube”.

8.2. Discharge coefficient
Each opening is defined with the discharge coefficient of 0.65

8.3. Wind pressure coefficients

Wind pressure coefficients correspond to the wind velocity at the height of the roof of the
building (6 m).

0 — wind angle
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Wind angle

Location
0° 45° g5 ° 90° 135° 180° 225° 270° =+295° 315°

Top openings 058 022 -02 -071 -05 -036 -05 -0.71 -02 0.22

Bottom openings | 0.61 0.33 -0.06 -0.55 -0.5 -035 -0.5 -0.55 -0.06 0.33

* Interpolated data
Table 16. Wind pressure coefficients [Ref. 2.].

- . - 1
Cp-value distribution +=Top openings
Bottom openings

0.8

0.6 {

0.4

0.2

0
400

Cp-value

-0.2 4

-0.4 |

-0.6

-0.8

Angle, deg

Figure 18. Distribution of wind pressure coefficients.
If the testing software tool does not allow manual definition of the wind pressure

coefficients and values different from the above were used in the model, than the modeler
report has to include detailed information about the values used.
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8.4. Wind speed profile

Wind velocity profile is described by logarithmic low according to conducted
measurements of horizontal velocity profile.

10 ! T < \
: : Error bar
=== \easured value ||

o R ....................................... ...........

Height above the ground, m

1 |
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Dimensionless wind speed

Figure 19. Dimensionless wind velocity profile at the measuring site.

General expression for the logarithmical wind velocity profile (Allard F., 1998)

V (h) :Y(* h{hﬂj

V(h) — wind speed at height h

h — height above the ground
Vs« — friction velocity

K — von Karman’s constant
ho — roughness height

Constants for the wind velocity profile at the measuring site are defined for the wind
velocity provided in the weather data files.

Von Karman’s constant is approximately 0.4.
Roughness height is 0.31
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Friction velocity is the transient parameter and can be calculated from the experimental
data as following:

V. (h
V(h,) =~ fn 10
o) =54 n(oslj

Y (h,)-0.4
In &
0.31
V(hip) — wind speed at height 10 m
04 — von Karman’s constant

h1o — 10 m height above the ground
0.31 - roughness height

V.

8.5. Driving force

In the test case DSF200 e thermal buoyancy is combined with the wind influence and has
transient character.

8.6. Mixing in zone 2
Air in the zone 2 has been continuously mixed during the experiments.

8.7. Air temperature in zone 2

The air temperature in zone 2 is regarded to be uniform, with a fixed value of 21.8 °C. In
order to keep this temperature constant a control of cooling/heating system has to be
included, as explained below.

8.8. Systems in zone 2

The zone 2 is provided with a mechanical heating/cooling system to provide constant
zone air temperature. The energy has to be delivered to the zone air only by means of
convection. The controlling sensor has to be located in the same zone. The schedule of
the systems has to be always, during the simulation. System efficiency set to 100%. Do
not use Heat Recovery.

8.9. Operable openings control

There is no control of the openings. Area of the open openings is constant for the whole
test case.

8.10. Distribution of solar radiation in a zone

Whether the software being tested allows the solar incidence to be distributed
geometrically correct to surfaces (detailed analyses of the path of direct solar radiation
through a building, thus calculating shadowing by constructions, etc.) then this option has
to be used. When this is not possible, use the most accurate, physically correct option,
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able to handle solar radiation heat transmission. Approach for calculation of distribution
of transmitted solar radiation to the surfaces has to be documented in the report.

8.11. Longwave radiation with external

If the software being tested allows the calculation of the longwave radiation exchange
with the exterior, use this function, else note it in the report.

8.12. Longwave radiation with internal

If the software being tested allows the calculation of the longwave radiation exchange
with the interior, use this function, and note in the report the approach that has been used.

8.13. Surface heat transfer coefficients

The computations of surface heat transfer coefficients for the empirical test cases are not
prescribed. Every software tool should be able to present the best possible results of
simulations.

It is required to notify the techniques for computations of surface heat transfer
coefficients in the report.

8.14. Shading
No shading device defined for the empirical test cases.

8.15. Moisture transport
There is no moisture transport included into the simulations
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9. Output results

One of the main requirements for the modelling procedure is consistency: user is asked to
use the same applications for the same parameters in every model and use the most
detailed level of modelling allowed by simulation program being tested. Besides, user is
asked to follow carefully the test case specification definitions. However this is not
always possible and modelling report has to include documentation of all discrepancies
between model and test case specification. Moreover, report has to include
documentation of main principles for calculation of essential processes and any other
factors which user might find important.

The list of the output results is specified for every test case separately. It is expected that
the output results are compared to the experimental results and/or between the task
participants. However, the first simulation of the empirical test case is blind (participants
will receive empirical results only when submitted their results of modelling).

The template file for the output results is delivered in a separate file for each test case.
For example:

Output results DSF200_e10.xls - file for the output results for the comparative test case
DSF200 e with 10 min average data.

Output results DSF200_e60.xls - file for the output results for the comparative test case
DSF200 e with 1 hour average data.
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9.1. Output parameters for the test case DSF200_e

N Output Unit Description
1 | Direct solar irradiation on the window surface =~ W/m> Mean hourly value
2 | Diffuse solar irradiation on the window surface W/m® Mean hourly value
3 | Total solar irradiation on the window surface W/m®  Mean hourly value
4 | Total solar radiation received on the external kW  Mean hourly value
window glass surface
5 | Solar radiation transmitted from the outside kW  Mean hourly value
into zone 1
6 | Solar radiation transmitted from zone 1 into kW  Mean hourly value
zone?2 (first order of solar transmission)
7 | Energy used for cooling/heating in the zone 2 kW  Mean hourly value (with the ‘+’sign for
heating and ‘-’sign for cooling)
8 | Hour averaged surface temperature of external °C Mean hourly value
window surface facing external
9 | Hour averaged surface temperature of external °C Mean hourly value
window surface facing zonel
10 | Hour averaged surface temperature of internal °C Mean hourly value
window surface facing zonel,
11 | Hour averaged surface temperature of internal °C Mean hourly value
window surface facing zone2
12 | Hour averaged floor surface temperature in the °C Mean hourly value
zone 1
13 | Hour averaged ceiling surface temperature in °C Mean hourly value
the zone 1
14 | Hour averaged floor surface temperature in the °C Mean hourly value
zone 2
15 | Hour averaged ceiling surface temperature in °C Mean hourly value
the zone 2
16 | Hour averaged air temperature in the zone 1 °C Mean hourly value
17 | Air flow rate in the zone 1 m’/h  Mean hourly value

Table 17. Required output parameters for the test case DSF200 e



Depending on the software tool used for modelling and its accuracy the minimum
required outputs defined in the above table. Besides that a modeler is asked to report on
additional outputs, if this is possible:

e Solar radiation absorbed in the opaque surfaces in zone 1 and zone 2 (mean
hourly values)

e Convective/ radiative heat fluxes at the glass surfaces (mean hourly values)

e Vertical temperature distribution of the DSF-air, when provide this data, then
please provide data for vertical temperature distribution of all window glass
surfaces

e Direction of the airflow in the zone 1, the template file for this output is:
FlowDirectionDSF200 e10.xls or FlowDirectionDSF200 e60.xls which are
provided together with the test case specification.

The data has to have the same format as the Air flow rate in the zone 1, Table 17,
but placed in different columns for the upward and downward flow:

N Output Unit Description

- | Air flow rate in the zone 1 m’/h  Mean hourly value
Upward, Downward

e Anyone using CFD, please provide vector plots together with the data sheets

Modelers are asked to report on how the transmitted solar radiation is calculated and
distributed to the surfaces.
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