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PHYSICAL CAVITY OF A DOUBLE-SKIN FACADE —
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Summary

Double-skin transparent facade of the Slovak Nali@ank building in Bratislava. Natural
physical cavity and quantification of its paramstéry method of experiment in-situ.
Measuring technology. Example of processing of aterdependent results of the
experiment. Documentation of partial results fradme experiment from critical summer
period.

Keywords: Double-skin transparent facade, natural physicaltgaexperiment in-situ,
climate-dependent process — problem

1 Introduction

Building of the Slovak National Bank in Bratislavaas built in 1997-2002. Sustainable
development program of European building industtynd response in its design and
implementation to ecological and energy efficiemthéectural-technical solution of
intelligent buildings. Double-skin transparent fdeaepresents closer symbiosis between
creation of artificial — architectural environmeartd nature expressed by unconventional
idea of its climatic and energy concept (for exammbssibility of natural ventilation from
cavity of the facade etc.). In terms of design wetalking about double-skin transparent
facade with corridor type of cavity, with year-ralapen circuit and effective height equal
to height of one floor. Outer skin of the facadglszed with single safety glazing system
(Fig. 1).

2 Subject, goal and methodology of this paper
Subject of this paper is natural physical cavityn@mics of air flow — flow rate is based
on natural convection and wind effect) of doublexskansparent facade with corridor-

type cavity (width = 600 mm), with interlaced fuimet (inlet — outlet) of air distribution
channelsKig. 1).
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Goal of this paper is quantification of thermalraynamic and energy regime of
natural physical cavity of the double-skin trangpérfacade.

Methodology of this paper is experiment in-situ.alfihmeans under load of real
conditions of the exterior climate on building.

Al A2
Alin? — 72
| -
o 05 013 0ai ; Qai T 814
kf:) l‘% 6@@5 @€
Vx Vs 0 Vs 2
63 94
8 -ﬁ7 e
V1 - // a7
Ou, 0 St ] el
@ ﬁ@g % // R y
=] Uq A —
B
o
B

Fig. 1 Examined physical parameters of the double-skimsprarent facade
Al — vertical section — inlet module, A2 — vertisaiction — outlet module,
B — horizontal section through inlet and outlet mied

3 Experiment in-situ. Basic data, physical parametersmeasuring
technology

Experiment was carried out on "L 7loor, 56.3 m above terrain. Orientation of the

experimentally examined part of the cavity was SX0P). Duration of the experiment
was 18 months (6 months test series, 12 monthsurexasnt).
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We monitored the following physical parametershia éxperimentKig. 1) :

A. Temperature

Oae air temperature of exterior climate (°E)d. 3),

0ai air temperature of interior climate (°@iq. 3),

01 =0, ner  temperature of air at inlet to facade (°C),

02 =04 0uTLET temperature of air at outlet from facade (°C),

03=0amq1  air temperature in lower part of the cavity — imedule (°C),

04=0amd2  air temperature in lower part of the cavity — etithodule (°C),

05 =0.ms1  air temperature in central part of the cavity detinmodule (°C)
(Fig. 4),

06 =0ams2  air temperature in central part of the cavity Hetumodule (°C),

07 =0amn1  air temperature in upper part of the cavity —tin@dule (°C),

0s =0amn2  air temperature in upper part of the cavity —etuthodule (°C),

09 = Osim ouT,1 temperature on internal surface of the cavityosten of the double-
skin facade — inlet module (°Cyi¢. 5),

010 = Osim,inT,1 temMperature on internal surface of the cavityinsien of the double-
skin facade — inlet module (°C),

011 = Osim,ouT 2temperature on internal surface of the cavityosten of the double-
skin facade — outlet module (°C),

012 = Osim,inT,2 temperature on internal surface of the cavityinsien of the double-
skin facade — outlet module (°C),

013 = 0si1 temperature on internal surface of the double-t&gade inlet
module (°C) Fig. 5),

014 = 0si 2 temperature on internal surface of the double-t&gade outlet

module (°C),
B. Relative humidity
Qae relative humidity of external climate air (%8)ig. 3),
Qai relative humidity of internal climate air (%dfig. 3),
C. Air flow

V1= Vmd1 air flow in lower part of the cavity — inlet mdeL(m.Sl),

Vo=Vmsi2  air flow in central part of the cavity on boungdretween inlet and
outlet module (m:$ (Fig. 6),

V3= Vi h2 air flow in upper part of the cavity — outlet moel (m.s"),

D. Solar radiation

Imv.sw gIobaI2 solar radiation falling on vertical plangth a SW aspect
(W.m™),
[m,v.p global solar radiation falling on vertical plangth a SW aspect
transmitted through outer transparent skin (V).(fig. 7),
E. wind
Vi velocity (m.§") and wind drection (N, NE, E, SE, S, SW, W, NW)

In the experiment in-situ, the above mentioned patars Fig.1) were scanned and
recorded:

air temperature é, 05, 03, 04, 0s, G5, 07, Os, O, O by shielded sensors Pt 100 from
HAYASHI DENKO Co., Ltd., Tokyo, Japan

surface temperaturéy, 010, 611, 012, bh3, 614 : by sensors Pt 100 from HAYASHI
DENKO Co., Ltd., Tokyo, Japan
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= relative air humiditypae ¢ai : by converters MWPA 12-3321423 from SENZORIKA
s.r.o., Prague, Czech Republic

= velocity of air flow :vy, vy, vz : by converter&€E61-VC5 from E+E Elektronik, Austria

= global solar radiationli v, Imn: by pyranometers CM11 from KIPP&ZONEN B.V.,
the Netherlands

= wind — velocity and direction: v, (N, NE, E, SE,SV, W, NW): by automatic mobile
weather station IMS AMS 111 from MicroStep - MI3o@&k Republic

Continuous record of scanned physical parameters pvacessed by data acquisition
switch unitAGILENT 34970A from AGILENT TECHNOLOGIES, CA, USA.

Fig. 2 Data acquisition switch Fig. 3 Temperature and Fig. 4 Sheltered probe for air
unit humidity convertor temperature measurement

Fig. 5 Probes for surface Fig. 6 Probes for air flow Fig. 7 Solarimeter
temperature measurement velocity measurement

4 Results of the experiment

From this extensive and long-term experimentalaedeof physical regime of the cavity
of double-skin transparent facade we picked ondydfitical summer period (with highest
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energy efficiency) for this paper and we chose réodeof typical nice summer weather in
it (Fig. 8).

From sequence of measured values of examined @thysicameters we can observe:

Interaction between air temperature of exterianalied,e (°C) and thermal comfort
temperaturd,; (°C) for office work in light to medium dress cesponds with designed
climatic and energy concept of the building. ForX5 (°C) < 32 the temperature of
interior climate is in range 226, (°C)< 27.

In the cavity of double-skin transparent facaddlaw through the cavity occurs under
any climatic load of building throughout the whetear (also in windless weather). This
fact is a basic assumption of correct physical fimmcof double-skin transparent facade
and indicates that its cavity is correctly aerodyitally dimensioned (total
aerodynamic resistance).

In windless weathewg < 0,5 m.&") air flow from convection is vertically rising ife
natural cavity of the double-skin transparent facdtb velocity is 0, v, (m.s?) < 0,3
depending on temperature of exterior climatg°C) and the effect of global solar
radiation on external (vertical) transparent wathepecific aspedtn.v.sw (W.m?).

When velocity of wind is4, > 0,5 m.& there is air flow from convection and wind
effect in the natural cavity of the double-skimparent facade. Its velocity is G;3n
(m.s) < 1,5. Its direction depends on distribution ifthy variable aerodynamic
coefficient of external pressu@y. (-) on building.
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Fig. 8 Course of measured physical quantities in the gesfdypical nice summer weather
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= in the period of nice windless summer weather witdximal temperature of exterior
climate maxf,e~ 30 °C and the effect of global solar radiatioroater transparent skin
of the double-skin facade mé&x, sw~ 600 W.n¥ is the maximal temperature rise in
the experimentally examined natural physical caoftthe double-skin transparent
facade max\@,m~ 25 K.

5 Conclusions

Extensive long-term experimental research offexsndbnce of new pieces of knowledge
about thermal, aerodynamic and energy regime afralaphysical cavities of double-skin
transparent facades.
This experimental research represents equallylacepble standard for fine-tuning
of dynamic simulation software for numerical caftidn experiments of this climate-
dependent problem.

This work was supported by the Slovak Researchklopment Agency under the
contract No. APVV-20-044405 and by the Scientifran® Agency of the Ministry of
Education of Slovak Republic and Slovak AcademySaé&nces in project VEGA
1/3319/06.
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