'O:> SIMULATING VENTILATED DOUBLE FACADES USING
physibel THE PROGRAM BISCO OR TRISCO

1. Introduction

This document describes how to model a ventilated double facade under steady-state
conditions using BISCO and TRISCO with the RADCON module. Unlike the dynamic
simulation tools BISTRA and VOLTRA, BISCO and TRISCO do not include dedicated
functions for modelling ventilation flows. However, the heat tfransfer associated with
ventilation can be represented by an equivalent convective heat flow around a pipe. As
demonstrated in this document, this approach makes it possible to simulate the thermal
effects of ventilation flows in BISCO and TRISCO. The final section includes a comparison
with VOLTRA, demonstrating the validity of this simplified modelling approach.

2. Example 1

Bisco data: double facade ventilated 2D steady state.bsc
Trisco data: double facade ventilated 2D steady state trisco.trc
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Figure 1 - 3D geometry Figure 2 - Horizontal section with added square elements

A double facade in winter time (0 °C / 20 °C) with external double-glazing and internal
single glazing is considered (Figure 1). The representative width and height are both T m.
In example 2 a more realistic facade height of 3 m will be considered. A ventilation from
boftom to top with an air velocity of 0.1 m/s is considered. The ventilated cavity section is
0.920 mx0.15 m.

On the horizontal section of the facade, three square elements A, B and C are added in
the ventilated cavity D (Figure 2):

- A a simplified boundary condition (type BC_SIMPL) with a temperature of the inlet air
temperature (20 °C) and with a very high surface heat transfer coefficient (100000
W/mK). In this way the temperature of element B will be equal to the inlet air
temperature.

-B o material (type MATERIAL) with a very high thermal conductivity (10000 W/mK) to
force an isothermal temperature (equal to the inlet air temperature). By defining an
emissivity of 0 the object will have a negligible effect on the infrared radiation
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double_facade_ventilated_2D_steady_state.bsc
double_facade_ventilated_2D_steady_state_trisco.trc

through the ventilated cavity.

perimeter P is 0.04 m.

The size of the tube B is 0.0l m x 0.01 m, so its

-C a free boundary condition (type BC_FREE) with a convective heat transfer that is
equivalent to the ventilation flow (he = 416.1 W/m2K). Because of the contact with
the free boundary condition D of the cavity, the zones C and D have the same
(unknown) temperature.

The convective heat flow Qc [W] between the zone C to the square pipe B equals

Qc =hc P H AQci

temperature

Qc
he
P

H
ABci

convective heat flow (W]
convective heat transfer coefficient [W/m]
perimeter of the square tube [m]
height of the ventilated facade [m]

the difference between the mean cavity

and the pipe surface temperature (K]

The ventilation heat flow Qv [W] equals

Qv = Qm Pa Ca ABci
Qm = Sc Va

and the

Qm
Sc
Va
Pa
Ca
ADci

volume flow [m3/s]
the section of the cavity (L to flow direction) [m2]
the air velocity (L to the section) [m/s]
the air density [kg/m3]
the air specific heat [J/kgK]

the difference between the air inlet temperature

and the air outlet temperature K]

The thermal effect of the convective heat flow will be the same as the one of the
ventilation heat flow because the pipe surface temperature equals the inlet temperature.
Equalling both heat flow expressions above allows deriving the value of the (artificial)
convective heat fransfer coefficient he.

he = (Qm Pa Co) / (P H)

he = (0.920 mx0.15m x 0.1 m/s x 1.2 kg/m3 x 1005 J/kgK') / (0.04 m x 1 m)
he = 416.1 W/m2K

Figure 3

Figure 3 shows the isotherms (colour increment 1 °C, line increment 5 °C) and the heat
flow lines (increment 0.5 W/m).
corresponds to the outlet temperature. BISCO reports a fransmission heat loss of 14.2 W/m
at the internal surface and of 30.3 W/m at the external surface. The ventilation heat loss is
16.1 W/m, the difference between both transmission heat losses.

The ventilated cavity air temperature is 19.0 °C. This
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3. Example 2

Bisco data: double facade ventilated 2D steady state 3 parts.bsc

The same facade as in example 1 is considered, but now a facade height of 3 m is
assumed. As a 2D BISCO simulation holds for a 1 m long section, 3 sections are considered
in the bitmap of the BISCO data file: see Figure 4. An alternative and maybe easier
solution is to perform 3 consecutive BISCO simulations.

In the lower section the temperature in the pipe (colour 134) is the inside temperature
(colour 174).
In the central section the temperature in the pipe (colour 138) is the outlet temperature of
the lower section (colour 193), known after a Tst simulation: 19.0 °C.

In the upper section the temperature in the pipe (colour 141) is the outlet temperature of
the central section (colour 195), known after a 2nd simulation: 18.2 °C.

The outlet temperature of the upper section (colour 197) is obtained by a 3 simulation:
17.6 °C.
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Figure 4. Bitmap (left) and isotherms (right)

These results are validated using the program VOLTRA in which the ventilation can be
defined explicitly. The data double facade ventilated VOLTRA.vir were created starting
from the TRISCO data double facade ventilated 2D steady state trisco.trc (cf. example
1). The ventilated cavity was divided in 6 parts. The outlet temperatures of each part are:
19.4°C > 19.0°C > 185°C > 182°C > 178°C > 17.5°C. The values in bold
correspond well with the results obtained by the 2D simulation.
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double_facade_ventilated_2D_steady_state_3_parts.bsc
double_facade_ventilated_VOLTRA.vtr
double_facade_ventilated_2D_steady_state_trisco.trc
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Figure 5. Isotherms (internal view) obtained by 3D simulation with explicit ventilation.
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