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ABSTRACT

The paper addresses a modeling approach to redeacgyeuse for conditioning a double-skin facadeitganf an
existing large pharmaceutical production faciligafuring 10 structural levels. Upon an examinatibthe limits of
available building energy software a decision waslentowards developing a new computation prograhichw
offers dynamic resolution of the building physiecsvalved while also taking into account the intendsuohtrol
strategy of the fan-supported cavity ventilatiom dbtain the full picture of the fagade performamicging the
operation time (24 * 7), simulations were carriad for 10 main representative cases. On the bddisecoverall
analysis of the simulation results, a facade peréorce control strategy was found which allows feieesive
energy savings during most parts of the year, afhpas requested by building operator, the praposeasures do
not involve any significant retrofitting of the mhaction facility.

1. INTRODUCTION

Even though double-skin fagcades may use much nme than conventional building structures, theysidely
employed in all kinds of buildings, including pration facilities. The recent resurgence of effitibnilding design
has led to government policies constantly pushamgrfore energy efficient buildings and Green BuigdCouncils
rewarding points for reduction in energy consumptis. a base case. This has caused a strong nantiahong
building operators to look for a strategy to optiemenergy performance of the existing buildings.

2. DESCRIPTION OF FACILITY

The building to be optimised (Figure 1) is a teoray structure with double skin glass facade ermpipefp ca.
18000 m2 of clean-room pharmaceutical producticgaahe production and administration rooms angatet
between the central supply core and the fagadebtiitding’s facade is partly shaded by neighbouboddings.

Several air-conditioning systems ensure that tdean air conditions are met as required dependm¢he use of
the rooms. The return-air concept of ventilating lfank of windows provides for pre-cooling in sumiaied serves
as a kind of buffer in winter, preventing that thélding cools down. It is a circumferential aioft design concept
which ensures that the air blown into the doubiea gkass facade area is conveyed from the Souflagade to the
East, North, and West, and eventually back to thetlSside from where it is returned to the air hiwgdunit
(Figure 2). To prevent short circuiting, the supphyd exhaust air flows are separated by a glazdidingade the
facade that fills the whole cross section.
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Figure 1: Production building analyzed
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Figure 2: Air conditioning system
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3. INFLUENCING FACTORS AND BASIC CONDITIONS

The most important points are, in the first plaites facade exhaust air temperature resulting fronditioning

together with the pertaining facade supply air woduand related air conditions and, secondly, thelomn and

indoor temperatures. Special attention was givethéahermal comfort criteria since, highly sensitproducts are
produced and the highest degree of concentratimyisred from the staff.

A particular aspect of the simulation is the mastlistic representation of the solar radiation dios for the
building. Hence, orientation and shading of thedtrre by neighbouring buildings play a significaole. Another
important factor is the procedure applied to asstignradiation conditions to bright and dull daye.determine the
exact conditions at the object the data mater@hfivDl 2078 (VDI cooling load regulations) has besgplied.
Representing the surrounding buildings true toes@@gure 3) allowed measuring of the solar alétachd azimuth
angles that might occur during the whole year aitbdimvone day for each fagade. Thereupon, theimtemh periods
were determined for each facade under due consioleraf the relevant shading aspects. That medues tdtal
radiation values from VDI 2078 are applied onlycases where irradiation actually occurs.
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Figure 3: Surrounding buildings true to scale

4. DEVELOPMENT OF A COMPUTATION PROGRAM

Upon an examination of the limits of available Hirilg energy software a decision was made towardslaleing a
new computation program (using the VBA-Code), whifers dynamic resolution of the building physiegolved
while also taking into account the intended congtoitegy of the fan-supported cavity ventilation.

The objective of the development first step waprpare an excel-based simulation software progoashape the
“ventilated double skin glass facade” part to thtual conditions considering the measured datardecoby STZ
EURO. In order to find an appropriate depictiorttef complex processes associated with solar ifieo]athading,
cavity divisions, vertical temperature gradient.epreliminary calculation results were verifiegaast various
measurement data collected in advance. Furtherraorextensive sensitivity analysis was conductedrder to

simplify the calculation routine for the “insens@’ facade sections. This allowed to keep the dalmn time

reasonable and still obtain an accurate prediatfdhe facade performance.

In a second step, the program was used to vargytsiem parameters in order to achieve operatingitons for
the related air-conditioning system that offer &etnergy saving opportunities. Part of this sitiofawas an
assessment of the impacts on the fagade exhausingierature and on the temperature stratificatiche double
skin glass facade. Contrary to conventional dynasmulation programs, such as TRNSYS, the impaztlii@g
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from adjustments to the circumferential ventilatiparameters was in the focus here. Additionally $hading
impact caused by neighbouring buildings was andlyseprecisely as possible for the object. Agdia,mheasured
data served to check the simulation quality.

5. COMPARISON OF SIMULATION RESULTS WITH ACTUAL CON DITIONS

After completion of the software programme’s dragtsion a comparison with the actual conditionshenbasis of
the measured data is performed. In this connedtismoted that the simulation data feature a titeky when
compared with the actually measured data. Sucly édelzaused by the neglected storage effect (Figurafter
inclusion of a value for the constantly identidaidé delay into the programme there are hardly awadions
between simulated and actual conditions in theegntation of the facade exhaust air temperatratfisation
(Figure 5).
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Figure 4: Deviation caused by neglected thermal storageteffe
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Figure 5: Satisfactory data correlation
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As already mentioned before, thermal comfort datare also playing a significant role. Figure 6wk examples
of temperature stratification inside the fagaddifiérent times in summer and winter, respectivélnder the given
ventilation conditions, the thermal comfort limas category 1 are exceeded at the Eastern facasienimer from
10:00 to 14:00 hours. In winter, the temperaturdightly below the thermal comfort limits, howeyat times when
it is uncritical. Such state is deemed an acceptaerence in the simulation.
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Figure 6: Temperature stratification inside the facade
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6. SIMULATION OF VARIOUS OPERATION MODES AND ANALYS IS OF FINDINGS

To illustrate the opportunities offered by the siation programme an overview is given in Table stitig the
simulations performed for my bachelor thesis. Theuations mainly cover variations of the facademy air

volume and options for a switched-off return aisteyn.

The daily temperature gradient diagrams shown guiie 7 clearly demonstrate the impact of air volustuctions
according to simulation options 1 to 7. As expecseth reductions have a greater impact in sumnen@re care
should be dedicated to their implementation in semiiman in winter.

Table 1: Simulation Options - Overview

- Flow Rate, Solar Radiation
No Description m/h included

Options 1 —3 | Reference year Actual condition (total year) 4.060 Yes
Option 4 Actual condition reduced by 25 % (totahg)e 3.045 Yes
Option 5 Actual condition reduced by 50 % (totahr)e 2.030 Yes
Option 6 Actual condition reduced by 75 % (totahr)e 1.015 Yes
Option 7 Return air system off (total year) 100 Yes
Option 8 Return air system off (Sep. to 15 March), otheesm 100/4.060 Yes

— the same as reference
Option 9 Return air system off (total year) 100 No

During the day — the same as reference / at niggiet-
Option 10 — return air system off (simulated for time from 15 4.060/100 Yes

March to 31 May)

To achieve energy savings while simultaneously taaimg the thermal comfort limit it is therefore\asable to
adjust the air volume according to the season.o@@idemonstrates the impact of solar radiationredseoptions 8
and 10 already include initial suggestions for mggation: summer/winter mode and day/night modechSu
operation modes offer considerable saving potentigthout having any adverse effect on thermal cotnf

An overview on all simulation options is given iigére 8.

As a result of the simulation options the followistgtements can be made:

¢ None of the air volume reduction options has areichen the minimum fagade exhaust air temperature o
the temperature inside the fagade.

¢ The lower the air volume the higher the numberafrk beyond the thermal comfort level inside the
facade.

« With the system being completely switched off imsuoer, the facade exhaust air temperature will be
approx. 46 °C and the temperature inside the fagadtieeach approx. 48 °C.

« Option 8 mostly meets the reference values, iis.uhproblematic.

*  When considering night-times only (option 9), ipsssible to switch off the return air system caetydy.

* Once adjusted, the simulation represents the astatd in a satisfactorily exact way.

¢ The temperature increase beyond the thermal cotiffats inside the fagade in summer is the more
critical case. Thus, the winter case is unproblamat

¢ The air volume during the night can be reduced twvemwhole year.

e The air volume during the day can be reduced ineri(September to March).

* The thermal comfort conditions of the actual statemet in both cases of air volume reduction.

e If the return air system is completely switchediofivinter (4.704 h) and during the nights in summe
(1.521 h) savings of 6.225 hours of fan operatiound be achieved in total (corresponding to 71 %hef
fan operation hours during one year).
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Comparison of fagade exhaust air temperature wat@us option:
for a dull dayin wintel
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Figure 7: Daily temperature gradient diagrams
a) Coldest day of the year, down to -8.9°C (wimiEse)
b) Day with max. solar radiation (summer case)
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Comparison of critical temperatures and limit viwas for
various options during one year
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Figure 8: Simulation options overview
® - Number of hours per year when the temperatul@aisr
@ - Minimum facade exhaust air temperature durirgytbar
® - Minimum temperature in the facade during theryea
@ - Number of hours per year when the temperatunéiser
® - Maximum facade exhaust air temperature duriegytar
® - Maximum temperature in the fagade during the yea

7. CONCLUSION

The overall analysis showed that extensive sa\angsttainable for most parts of the year, eveanghpas
requested by building operator, the proposed measio not involve any significant retrofitting dit production
facility.
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