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Abstract: CFD — Computational Fluid Dynamics Method is the modern scientific
method, for prediction of fluid flow, heat and mass transfer and other related phenomena,
by numerical solving the mathematical equations governing those phenomena, such as
the law of mass, momentum and energy conservation. CFD method is very useful when it
comes to conceptual studies for new model of buildings, detailed development of certain
parts of a building, useful for solving problems that appear during construction or
exploitation of a particular system that is part of a building etc. CFD analysis
complements the numerical modeling and experimental modeling, reducing the effort and
cost for experiment and data acquisition systems. This paper presents a few results for
heat transfer and fluid flow, made on a box double-skin facade, in Brasov, Romania, as a
part of a PhD thesis.
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1. Introduction

This article presents a few results for heat transfer and fluid flow obtained from a box
window double-skin fagade (DSF) model, made after a real model developed in situ, on
the ground floor of the Civil Engineering Faculty in Brasov, part of Transylvania
University from Brasov, on the south fagade of the building. The real model serve as a
basis for all the measurements made with the goal of modeling and then validate
processes within the system and ultimately determine the impact of such facade on a
building placed in Brasov, Romania. The experimental model is part of a PhD thesis and
consists of a so-called ”box window”-type double-skin fagade connected with the
experimental room by an indoor air curtain; it is manually controlled, having a forced air
circulation in summer. The venetian blinds shading system is placed inside the cavity, in
the median area (see Figure 1).
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Fig. 1. Box double-skin fagade experimental model (left). Simulation model in 3D (right)

The energy performance of a double-skin fagade in general is influenced by the
convective heat transfer coefficients, inside the cavity, which may vary depending on the
strategy chosen for the ventilation (natural or mechanic) and depending also whether or
not the solar radiation is present. The article is mainly focused on fluid flow and heat
transfer, considering forced convection inside the cavity, during the summer, when
venting superheated air is required, in order to maintain a good climate in the
experimental room. The study highlights also the influence of the angle of the slats from
the shading system on air flow, inside the cavity, by constructing 5 distinct cases:
without the shading device and with shading device having the slats positioned at 0°, 25
°,45° and 65 °. All the simulations are made in ANSYS 15 — Fluid Flow (CFX) Module
and Steady State Heat Transfer Module.

2. General characteristics of experimental model

The experimental model to be presented in this study was built on the ground floor of the
Civil Engineering Faculty in Brasov, on the south facade of the building. The model has
an outer envelope consisting of a 10 mm secure glass in direct contact with exterior,
placed at a distance of 1 m from an insulating double-glazed window 4-16-4 mm, which
is the inner envelope. The outside air flows between the two glazing: during the winter
the free convection transfers the solar heat gain to the interior space and during the
summer through forced convection the superheated air is evacuated. Because of the
greenhouse effect inside the cavity mechanical ventilation was required in order to
extract the solar heat and evaluate this hot air flow that can be used for other purposes.
The mechanical ventilation is provided by a duct fan VENTS TT150, common to the
two input fresh air circuits, in the cavity, one in front of the shading system and the other
behind it, as can be seen in Figures 1 and 2.

Box window double-skin fagade and experimental room dimensions are presented in
Table 1:
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Table 1.

Box window double-skin facade and experimental room dimensions
Len i i
Area gth Width Height
[mm] [mm] [mm]

Box DSF 1500 1000 2500
Experimental room 3600 2000 3000

To control daylight and solar radiation that enters the experimental room and improve
working conditions for occupants, inside the cavity was installed in the middle area, a
venetian horizontal blinds system, having shaped sides roll, made of special aluminum
alloy enamel, 80 mm wide, UV resistant and weatherproof. The system is operated by
means of a 220/240 V electric motor, 50 Hz, placed on the top of the shutter. The system
has fully retractable blinds allowing maximum natural light in low light conditions and
easy access for cleaning windows inside facade.

3. Fluid flow simulations

The fluid flow simulations presented in this paper concern only forced air circulation in
the facade cavity, during the summer season. The purpose of fluid flow simulations is to
determinate the medium cavity air velocity. As main input condition for simulations was
used the measured air velocity in supply duct of the facade mechanical ventilation
system, which was 4,5 m/s.
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Fig. 2. Velocity contours inside cavity in case of shading system fully rose
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Fig. 4. Velocity contours inside cavity in case of shading slats positioned at 45° (a) and at 65° (b)

Figures above show a mid-section plane with velocity contours, first in case of shading
system fully raised (Figure 2) and then with shading slats positioned at 4 different angles
0°, 25°, 45° and 65° (Figures 3 and 4). If it’s taken into consideration only the wide
cavity area the medium velocities are those presented in table 2.

Table 2.
Medium velocities obtained

Case || 0° 25° 45° 65°
\Velocity [m/s] 026 0,52 0,71 0,54 0,62\

As expected the smallest velocity is in the first case and all others are higher but all of
them are less than 1 m/s.

More simulation work has still to be done in order to check the validity of models with
respect of achieving more than 100 iterations and other operating conditions, i.e.
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different outside/inside air temperatures as well as different values for solar radiation,
this work being in progress.

4. Heat transfer simulations

The heat transfer simulations presented in this paper have been performed in steady state
conditions, having as input conditions extreme climatic data for winter and summer.
Boundary conditions for the two cases are presented below, in Figures 5 and 6.
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Fig. 6. Boundary conditions for the summer season

The results for heat transfer simulations are presented as temperatures and total heat
fluxes for both cases winter and summer.
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Fig. 7. Temperature distribution for winter season
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Fig. 8. Total heat flux for winter season
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Fig. 9. Temperature distribution for summer season
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Fig. 10. Total heat flux for summer season
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If it is to compare these results for heat transfer with those for a double pane window
system (4 mm glass — 16 mm argon — 4 mm glass) keeping the same other conditions the
results would be like those in Figures 11 and 12.

Fig. 11. Heat transfer simulation results for temperatures (left) and total heat flux (right), winter season
in case of double pane window

Fig. 12. Heat transfer simulation results for temperatures (left) and total heat flux (right), summer
season in case of double pane window

If all figures above are analyzed we can say that in case of winter season the surface
temperature inside experimental room is with 3,6°C higher in case of double-skin fagade,
comparing to the double pane window, this leading to a lower heat flux in case of
double-skin fagade. In this case the decrease in heat flux is about 31%.

In case of summer season the surface temperature inside experimental room is with
0,24°C higher in case if double pane window, comparing to the double-skin facade. In
this case the decrease in heat flux is about 19%.

5. Conclusions

The complexity of the double skin fagcade considering elements which may vary from
case to case depending on the location of the building, the local climate conditions, etc.,
the problem that arises in heat transfer is to evaluate the heat flux through the entire
system, according to its geometric configuration, and the way the air flows through the
cavity for different elements bounding the cavity i.e. their thermophysical properties.

These simulations are intended to be a starting point for modelling the same
phenomenon with the entire double skin facade system, in transient condition and
considering solar radiation. Such simulations should be run on a workstation in order to
achieve over 600 iterations in a shorter period of time with more accurate results.
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