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Abstract

The paper presents the efficiency analysis of the passive shield which is opaque lightweight steel shell made of perforated
panels arranged on the outer side of the building. The simplified calculation methodology is given. It is shown that the
use of the shield lowers the outer temperature of the wall by several degrees which results in limiting heat gains in the

summer, correspondingly.
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1. Introduction

Due to the growing global climate changes there
are great efforts to reduce human impact on the
environment. It must be done by reducing the
consumption of non-renewable energy as the limited
resources are available and additionally those fuels
cause significant environmental pollution. In case of
the building sector nearly forty percent of the primary
energy is consumed [1]. The today’s buildings are
expected to be environmental and energy efficient in
design. The most desirable are the passive techniques,
which are understood as improvements to building
envelope elements. Such technical solutions do not
require additional external energy which is their main
advantage.

The first solar shield was used twenty years ago
in order to gain sunlight access by adjusting its
development within the limits set on the basis of
relative movement of the sun. The size, shape and
color of the cover affect the year-round access to
the sun and the amount of energy and quality of life
[2, 3, 4], which is why they are still currently being
improved in order to improve their effectiveness. To
sunglasses coats include, among others: trombe walls,
ventilated walls and glass walls [5], as well as green
facade, where the average temperature is 5°C during

142

the day, which significantly affects the cooling load
and improve the energy efficiency of the building [6].
Due to distinguishing the color of the coating painted
on the basis of NIR-transmitting black perylene and
dioxazine violet dye, addition of chromium may be
titanium yellow to black pigmented coating dioxazine
violet. Studies carried out in China, Shanghai showed
that with the use of these coatings in relation to the
white coatings surface temperatures and annual
saving of cooling energy are reduced [7].

Research in San Mauro Pascoli (Italy) argues that
reducing the heat flow is strongly correlated with the
outside end of the screen of rain. Additionally, the
thermal efficiency of the rain screen ventilated walls
depends on the maximum value of the measured
temperature in the mouth during the day [8]. At
the same time research in Quebec showed that the
boundary conditions applied to the surfaces ofthe walls
were found to have great impact on the results (when
the room temperature and the outside temperature is
close to get the benefits of the use of shields). It has
been found also that in cold climates screening may
be active in the summer but not in winter [9]. Finally,
studies carried out for the glass glazing have shown
that for the variation of the incident solar radiation
spectra of the building shell, and the variation of
external and internal air temperature variations, it
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is necessary to control the tuning glazed depending
on the wavelength of solar radiation with a view to
optimize sunlight and the needs of the people (their
health and comfort) and energy (minimizing thermal
and electrical load) [10, 11].

For the design of facades a computer model
SustArc can be used [1]. It allows for the production
of the shape of the building in such a way that
the facades are shaded in the time specified by
the designer, which allows the project to achieve
energy savings. However, in order to determine the
effectiveness of the thermal shield of the outer wall
(e.g., an envelope construction) comprising a layer
of PCM numerical model is used. The model is used
to perform a parametric study to assess the impact
of the position and the melting temperature of one
layer of PCM [9, 12].

2. Building characteristics

In order to consider the application of passive
shield for the reduction of the profit after irradiation,
the calculations have been done for a barrier multi-
layer structure and dimensions as shown in Figure 1.

Fig. 1. Baffle construction

The wall is composed of a carrier part d,, which is a
reinforced concrete slab having a thickness of 250 mm
and an insulation layer made of mineral wool with a
thickness of 150 mm. At a distance d, = 750 mm there
is alight opaque coat steel structures of small thickness

which is perforated. The reason of such approach is
to reduce heat gain in the summer of irradiation and,
correspondingly, reducing the operating costs of air
conditioning systems. As illustrated in Figure 2 the
outer jacket contains openings, which — in addition
to their decorative function — causes intentional
ventilation air layer.

Fig. 2. Passive shield photo

This solution was used for a large shopping center
in Kielce (Poland) (latitude, longitude 20.65°E
50.89°N): 4 floors above ground of 22 m total height,
total area 92.976 m? and capacity 229.626 m>.

3. Methodology

The aim of the paper is to analyze an effective
work of the applied solution due to the restriction of
unwanted radiation heat gains in the summer months.
For this purpose, it is assumed that the outer wall/
shield surface is heated by the radiation of /. intensity
that is the sum of direct and diffusive radiation. The
shield is firstly preheated up to T, temperature and then
it radiates energy to the environment of /,, intensity.
At the same time, the low temperature of sky radiation
of /_intensity has fallen on the shield. Heat transfer by
radiation is also observed between the inner surfaces,
i.e. between surface of the shield at a T, temperature
and an outer plaster layer at a T, temperature.

Considered shield is perforated by large holes,
through which high temperature and diffuse radiation
passes. It causes additional heat gains through the
outer baffle surface.

The size of solar irradiation is subjected to seasonal
and even hourly changes. Moreover, the angle of
solar incidence changes over time. It causes that
heating portion of the baffle surface is not constant.
In this case the temperature of the whole outer surface
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T, is assumed as constant and it is the temperature of
finishing layer (the plaster). What is more, emissivity
- absorbing surface properties are known: ¢, €,, ¢, are
emissivities of the outer and inner shield surfaces, and
of the plaster surface respectively; o, a, are overall
radiation absorption coefficients of I for shield outer
surface and for the construction, respectively.

In the case, the baffle is in contact with the
atmosphere, the heat balance should also include
convective heat transfer between the shield and the
environment, the shield and the inner layer of air
in the gap and between the plaster layer and the air
inside the gap. It is assumed that all the necessary
heat transfer coefficients h are given.

For the shield and given assumptions the following
heat transfer equation has been written:

a,l; _310-(1114 _Tn4)_he (7; _];):
n+nj (1)
2

=4,,0(T'-T,)+h, (Tl -

Emission factor ¢, is calculated as for the parallel

surfaces:
1 1 1
=—+ﬁf—4] )
€y & &3

where f is the area fraction of the protective layer
surface without holes.

Left hand side of the equation represents the heat
exchange on the shield outer side. Right hand side of
the equation is the heat exchanged on the shield inner
side. The sides are equal under equilibrium conditions.
In addition, due to the small shield thickness, the
temperature on both sides has been taken as constant.

The sky temperature can be determined from the
following relationship:

T, =T,40.526+0.065/p 3)

Where T, is the absolute outside air temperature, p —
partial pressure of water vapor, which for the above
formula must be insert in hPa [13].

Similarly, the heat balance for the wall can be written:

(l_fl)a3IT +fl£230(7;4 _T34)_
~(1-f)eo (T} =T))+ fh; (T,-Ty) - @
T,-T

T
_(1_ fl)h13 (Ts _Te3): :
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Left hand side of the (4) equation is the sum of the
heat transferred (by radiation) between shield and baffle
surfaces and the heat gains from direct and diffuse
irradiation that fall on the outer surface of the baffle
through the holes of the shell, and the heat transfered
by convection between the air circulates behind the
layer and the baffle. Right hand side of the balance
represents the heat conducted through the baffle with a
thickness of d ,» for which the resistance R, is known. T,
is the temperature maintained inside the room.

To calculate the convective heat fluxes between air
and shield and air and plaster layer the average air
temperature should be determined. It requires to solve
fluid motion equations under convection conditions,
which greatly complicates the issue. It is therefore
proposed to take the air temperature T , as equal to the
arithmetic mean of the shield and plaster temperature
for one part and, respectively, in the outdoor area:

Ty =Ty =05(T,+ T, +(1-)T,) (5

In such a case (3) equation can be written as
following:

(l_fl)a3[T +f15230-(7;4 _T34)_
~(1-f)eo (T -T))+ (6)
+%(T3 —-fn-a- fl)Te) = T3R_Ti

4

Heat balance (1) and (4) have been written for the
stationary conditions. It is a two equations set of
fourth degree that is note due to the searched external
surface shield and baffle temperatures of T, and T,
respectively. The set can be solved by successive
approximation in such a way that the linear elements
are grouped on one side of the equation, and on the
other side nonlinear ones. As a result, for the proposed
method, we get:

aT, +aT,, = f (T

1j-1)7

4
T3(./—1) )

(7
b, +b,T,; = 1 (TI?,-,I),T;E_,-,D)
where j index is a ‘new’ value of the wanted ratio,
and ‘j-1’ is appropriate from the previous iteration.
Calculations are finished for the sufficient low
difference between successive values.

Such simulation results should be compared with
that for the baffle where the shield has not been
installed, i.e. when f = 0. For such a case the heat
balance is:
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ol — &0 (T =T ) -

n
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where T is external wall temperature.

4. Results

The calculation results are shown in figures 3 and
4. According to given methodology, the calculations
of the outer shield surface temperature distribution
have been made in function of the area fraction of the
shield without holes. The same have been estimated
for the baffle. The results have been set to the same
temperature distribution for the case when the passive
shield has not been provided.

Calculations have been made for the August. In
this month the radiation intensity is the highest
and is equal to 582 W/m?. The external and indoor
temperatures have been taken as equal to 36°C and
25°C, respectively. The sky temperature has been
calculated from (3) formula and is equal to 290.42 K.
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Fig. 3. The outer shield and baffle surface temperature
distribution in the function of area fraction of the shield
without holes
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Fig. 4. Percentage fraction of the heat flux versus area
fraction

5. Conclusions

High summer ambient temperatures cause the
building exterior walls heating. To maintain a
constant rooms microclimate, it is necessary to use
high energy consuming air conditioning systems.

Thanks to use the passive shield, the temperature of
the baffle in the Kielce shopping center (see Fig. 3)
can be reduced by several degrees. At the same time,
for the protective layer of the surface fraction of 60%
a 25% reduction in the thermal loads in relation to the
same wall but without a shield is observed.
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Zastosowanie ostony pasywnej do redukcji zyskow
od napromieniowania

1. Wprowadzenie

W zwigzku z rosngcymi globalnymi zmianami
klimatu czynione sg ogromne wysitki zmierzajace
do zmniejszenia wptywu cztowieka na Srodowisko.
Ze wzgledu na ograniczone zasoby naturalne nalezy
tego dokona¢ poprzez zmniejszenie, np. w budow-
nictwie zuzycia energii niecodnawialnej. Najbardziej
pozadane sa pasywne techniki, rozumiane jako ulep-
szenia poprzez budowania elementow ostonowych
zapobiegajace zyskom z nadmiaru promieniowania
w okresie letnim.

2. Charakterystyka obiektu

Do rozwazan przyjeto przegrode sktadajaca sie
z czesci nosnej, na ktora od strony ostony natozono
cienka warstwe izolacyjnego tynku. Rozwiazanie ta-
kie zastosowano w duzej galerii handlowej w Kiel-
cach. W pewnej odlegtosci zamontowano nieprze-
zroczysta lekka konstrukcje ptaszcza o niewielkiej
grubosci. W zewnetrznym ptaszczu wykonano otwo-
ry, ktore — oprocz funkcji dekoracyjnej — powoduja
zamierzong wentylacje warstwy powietrzne;j.

3. Metodyka

Zadaniem niniejszej pracy jest analiza skutecznosci
pracy zastosowanego rozwigzania ze wzgledu na ogra-
niczenie niepozadanych zyskow ciepta od napromie-
niowania w miesigcach letnich. W tym celu zaktada
si¢ nagrzewanie powierzchni zewngtrznej promienio-
waniem o natezeniu, ktore jest suma promieniowania
bezposredniego i dyfuzyjnego. Wymiang ciepta przez
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promieniowanie obserwuje sie rowniez pomiedzy po-
wierzchniami wewnetrznymi, tj. powierzchnig ostony
oraz zewngtrzng warstwa tynku. Rozpatrywana ostona
jest przegroda perforowana duzymi otworami, przez
ktére dociera promieniowanie wysokotemperaturowe
1 rozproszone, co powoduje dodatkowe zyski ciepta.
Wielko$¢ napromieniowania stonecznego podlega
zmianom sezonowym i godzinowym, ale tez zmienia
si¢ kat padania w czasie, co powoduje, ze fragment
nagrzewanej powierzchni przegrody nie jest staly
w czasie. Na tej podstawie przyjeto jednakowa na ca-
fej powierzchni temperature zewngtrznej powierzch-
ni, ktora jest temperatura warstwy wykanczajacej
(tynku). Nadto przyjmuje si¢ za znane wlasnosci emi-
syjno-absorpcyjne powierzchni.

Poniewaz przegroda jest w kontakcie z atmosfe-
r3, to w bilansie ciepla nalezy rowniez uwzglednic
konwekcyjng wymiane ciepta pomiedzy ostong
a otoczeniem, oslong a warstwa wewngtrzng powie-
trza w szczelinie oraz warstwa tynku a powietrzem
wewnatrz szczeliny.

Do obliczenia konwekeyjnych strumieni ciepta po-
miedzy powietrzem a ostong oraz powietrzem a war-
stwa tynku, nalezy okresli¢ srednig temperature po-
wietrza. Jest to zadanie, ktore wymaga wprowadzenia
odpowiednich rownan opisujacych ruch ptynu w wa-
runkach konwekcji swobodnej, co bardzo komplikuje
rozwazany problem. Dlatego tez proponuje si¢ przy-
ja¢ temperature powietrza réwng Sredniej arytme-
tycznej z temperatury ostony i tynku dla jednej czesci
oraz odpowiednio w obszarze odkrytym.
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Bilanse ciepta napisane dla warunkow stacjonarnych
stanowig uktad dwoch rownan czwartego stopnia ze
wzgledu na poszukiwane wartosci zewnetrznych tem-
peratur powierzchni ptaszcza i przegrody. Rozwigzaé
go mozna metoda kolejnych przyblizen w ten sposob,
ze cztony liniowe grupujemy po jednej stronie rowna-
nia, a nieliniowe po drugiej. Wskaznikiem j oznaczo-
no ,,nowa” warto$¢ poszukiwanej wielkosci, zas ,,j-1"
jest odpowiednia z poprzedniej iteracji. Obliczenia
konczymy wtedy, kiedy réznica pomi¢dzy kolejnymi
wartosciami jest wystarczajgco mata.

4. Wyniki

Przeprowadzono obliczenia rozktadu temperatury
zewngtrznej powierzchni plaszcza oraz przegrody
w funkcji powierzchniowego udziatu warstwy osta-
niajacej bez otworow. Wyniki zestawiono z analo-
gicznym rozktadem temperatury dla przypadku, gdy
dla przegrody nie zostala przewidziana pasywna
ostona przeciwstoneczna.

Obliczenia prowadzono dla miesigca sierpnia,
w ktorym nat¢zenie promieniowania jest najwicksze
1 wynosi 582 W/m?. Przyjeto obliczeniowa tempera-
ture zewnetrzng 36°C, wewnetrzng 25°C, za$ tempe-
ratura niebosktonu rownata si¢ 290,42 K.

5. Wnioski

Wysoka temperatura zewnetrzna latem powoduje
nagrzewanie si¢ Scian zewngtrznych budynku. Dla
utrzymania stalego mikroklimatu pomieszczen ko-
nieczne jest stosowanie energochtonnych urzadzen
klimatyzacyjnych.

Dzigki zastosowaniu ostony pasywnej budynku ga-
lerii handlowej w Kielcach mozna zmniejszy¢ o kil-
kanascie stopni temperature przegrody. Jednoczesnie
dla warstwy ostaniajacej o udziale powierzchniowym
60% otrzymuje si¢ 25% ograniczenie zyskow ciepta
w stosunku do takiej samej Sciany, ale bez ostony.
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