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Abstract

The use of air solar collector realised on the north facade of a new hospital building in Rome is hereby de-
scribed. The integration of solar and structural element has been studied during the design phase; the devel-
opment of air gaps integrated within enclosures is related to the possibility to activate both natural (ejecting
indoor air outside) and forced (preheating outside air incoming to the air handling units) ventilation. The

energy gained by the solar elements has been evaluated.

CHARACTERISATION OF A NORTH-FACING
FACADE OF A HOSPITAL BUILDING

The air gaps obtained within an external wall may have the
effect of controlling incoming heat flows and of activating
air motion from indoors; it occurs by means of the stack
effect which, as it is well known, increases with the height of
the wall, the air inlets and outlets, the vertical temperature
gradient, [1]. The paper deals with the characterisation of a
north facing ventilated wall able to recover energy from
solar radiation both to preheat incoming air for air handling
units and to activate air motion from ejected stuffy air.
Several models of facade air solar collectors have been used
on the south wall of the buildings; here a ventilated wall
placed in the north-facing facade of an hospital building in
Rome has been presented. The air flows both in natural and
forced way through a space 300 mm wide coming from the
80 m long slots realised along the wall perimeter. The wall
stands 3 m on the top of the building in order to be exposed,
facing south, to the solar radiation, the upper part of the wall
being insulated outward and treated with metal oxides
inward in order to realise a selective absorbing plate (see
Figure 1,2). A 4 mm covering glass encloses the space
allowing the air motion upward through appropriate
adjusting dampers.

The air flows because of the vertical temperature gradient
obtained between the outside air temperature and the inside
air temperature heated in the solar collector. Four fans are
also installed to convey the air toward the seven air handling
units located on the roof. Fans in the stacks operate if
passive ventilation is turned off.

The cover glass, facing south, is tilted 45°.

The cover glasses may be opened to allow:

® cleaning the glass in the inner side

e adjusting the position of the damper

e realising the air solar collector in connection with the
other essential parts of a typical flat-plate collector (the
black absorber plate which transfers the absorbed energy

to the air and the thermal insulation which limits back
losses).
e The heat fluxes written for the components of the solar
collector are the following, see [2].
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where the left hand term of the equation represents the
sum of received energy per unit time and per unit surface
(from the sun being I the radiation and g the trasmittance
of the glass; from the intemal air at Ty; from the ab-
sorbing plate with subscript p) and the right hand term
represents the sum of heat losses per unit time and per
unit surface (to the sky at T,; and to the outside air at
Text)-
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where the left hand term of the equation represents the
energy per unit time and per unit surface received from
the sun, being o, the absorptance of the plate, and the
right hand term represents the sum of heat losses per unit
time and per unit surface (to the internal air, to the cover

glass and to the outside air).
e internal air
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o where the left hand term of the equation represents the
energy per unit time and per unit surface received from
the absorber plate and the right hand term represents the
sum of heat losses per unit time and per unit surface (to
the cover glass, to the flowing air m, (kg/s) which allow
an increase of temperature from the inlet temperature T;,
to the actual temperature Tj;).
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e The previous three equations lead to calculate Ty, Ty, Ty
by means of the subdivision in element of the path of the
air. The knowledge of m, is imposed in the case of forced
ventilation and it can be made in an iterative way when
natural ventilation occurs, see [3]:

m, =024/ £22]

m

e where A is the inlet air surface, g the acceleration due to
gravity, H the height of the wall, AT the temperature
difference between inlet and outlet air, T, the mean
temperature of the air. In SI units ma is expressed in
(m*/s). The outlet temperature of the considered element
will become the inlet temperature of the incoming ele-
ment up to the final part of the wall.

e Calculations for the monthly mean day, (8 am - 6 pm),
have been carried out. Corrections for the monthly per-
centages of actual solar radiation have been considered.
In Figure 3, Tew, Tair, Tp and T, respectively outside air,
the air leaving the wall after its heating, absorber plate
and cover glass temperatures, are reported as a function
of the time, for the month of January.

e Table 1 shows the monthly energy (= 160.000 kWh per
year) recovered from the sun, which represents a saving
of 20% pre-heated energy in air handling units (50.000
m’/h air flow rate, 300 m” solar collector area).

Table 1 - Collected solar energy

month O (kWh per month)
January 11200
February 11300
March 12400
April 12500
May 14300
June 15000
July 17100
August 16800
September 14900
October 13600
November 11000
December 10200

NUMERICAL SIMULATION OF AIRFLOW IN
A DIFFERENTIALLY HEATED VERTICAL
WALLS

The numerical prediction of the air distribution in the gap
with differentially heated vertical walls has been carried out.
Time averaged equations of continuity, momentum, and
energy are numerically solved by a finite volume method; in
order to simulate turbulent natural convection, the standard
k-€ model is employed.

Low Reynolds number effects and thermal radiation are
found to have important impacts on the flow pattern and the
temperature distribution [4].

The computational fluid dynamics CFD solves conservation
equations. The turbulent natural convection (when fans
don’t work) is inherently time-dependent and three-dimen-
sional; in the considered case, the flow is assumed to be

two-dimensional since the height is remarkable, so that the
end effect can be neglected.
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Figure 1. Section of the north facing facade.
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Figure 2. Section through the ventitated wall and the air solar
collector.
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Figure 3. Temperature distributions as a function of time.
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The flow can be further assumec to be steady in order to
investigate the actual value of m, i1: natural ventilation, and
finally the assumption for buoyancy that treats density as a
constant and considers buoyancy effects in momentum
equation is used [5]. :

Based on the above analysis, the absorber plate being at
25°C, the interior wall at 20°C (winter conditions), the
outside air at 4°C, the pattern observed in the experiments is
shown in Figure 4. The inlet velocity is 0.4 m/s to reach in
the hotter zones 0.85 m/s. The value of m, is confirmed to
be in good accordance with [3]. The stagnant zone is limited
in the central part of the air solar collector (0.1 m/s).

Figure 5 shows the thermal field. The inlet air at 4°C is
heated along the interior wall to 5.2°C when it is entering in
the solar collector area, hence the air reaches 5.9°C at the
exit, the hotter zone being beneath the cover glass (6.3°C).

Further developments of this study will regard the task of
room air distribution, including its flow and temperature
characteristics, in order to define the behaviour of the heat
wall as regard the natural ventilation effect of ejected indoor
air.
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Figure 4. CFD velocity vectors in the ventilated wall (natural Figure 5. CFD thermal field in the ventilated wall (natural
ventilation). ventilation).



