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Abstract

This paper shows three solutions for integration of ventilation systems with heat
recovery in historic buildings with special focus on school buildings. With respect to
the cultural heritage, systems with minimal impact (maximum reversibility) for the
architecture and structure of the building are needed. In case of decentralized
systems, the ductwork can be minimized by wall integrated heat recovery units,
whereas for central systems, a horizontal air distribution in the attic combined with
vertical ducts was found to be the minimal invasive solution best suited for listed
buildings.

A new ventilation system was designed and tested for a listed school building in
Innsbruck (Austria), which is one of 8 case study buildings within the EU-project
3ENCULT. In order to minimize the ductwork within the building, an active
overflow system takes the air from the corridor to the class room and vents the
extract air back to it. A central heat recovery system ventilates the staircase and the
corridors with preheated fresh air. The prototype of the active overflow system as
well asthe control strategy and simulation results are presented.

Keywords — ventilation; wall integration; active exflow; air quality; control
strategy; heat recover; efficiency

1. Introduction

Historic buildings require special considerationl dmoughtful solutions
when considering the implementation of modern Vatidin systems in them.
Mechanical ventilation with heat recovery can h@pprotect the building
construction from a building physics point of viewd it enhances air quality
and thermal comfort for the users. On the othedhdre intervention should
be as reversible and minimal invasive as possible.

In case of standard ventilation systems for nevWdimgs, ductwork is
applied to guide the air to the occupied spacesdlticts are installed in
vertical shafts or behind the suspended ceilinge Tonstruction of new
shafts and suspended ceilings is not possible ist mases for historic
buildings. This paper shows several solutions hmavioid ducts, shafts and
suspended ceilings as far as possible. This work peaformed within the



EU-project BENCULT, where a wide range of enerdicieint solutions for
cultural heritage are investigated and developéé. fdllowing strategies for
implementation of heat recovery were found to beeelly adapted for
historic buildings:

= decentralized wall integrated systems

= central system with direct vertical supply air duct

= central system with active overflow principle

The pros and cons of central and decentralizecesigstare described

hereunder. The active overflow system was impleetaind tested in two
class rooms in the 3ENCULT case study CS5 (schoitdibg in Hotting,
Innsbruck, Austria).

2. Centralized Versus Decentralized Systems

The most important decision in terms of the chaéehe ventilation
system is, whether a central unit or decentralizggtems is the most
appropriate solution for the individual historicilding.

The pros and cons oEntral systemsan be summarized as follows:

The central heat exchanger needs a plant roonpémesin the attic). If
the ambient air intake and the exhaust air ouleplaced at the roof or
conducted underground, no openings in the facadenacessary. This is
very important for architectural reasons. Howevére planning and
installation costs are relatively high. Especially historic buildings,
individual solutions have to be found in any caghe-system is tailor-made
for the building, respecting the architectural amidtoric value of the
monument. The horizontal as well as the verticaltsluneed space in the
building. Sometimes unused chimneys can be usetthéovertical ducts, but
also horizontal distribution is necessary. In théger solutions are shown,
how to avoid or reduce the ductwork. If any ductges through a fire zone
boundary, additional fire-protection appliancesrageessary.

In case ofdecentralized systemalmost no duct work and no fire
protection equipment are necessary; however, thewiog disadvantages
have to be kept in mind:

Ambient air intake and exhaust air outlet has tacteducted through
the facade. In case of listed buildings, the aspette historic facade may
not be changed. Solutions have to be found, whietaaceptable respecting
the preservation issues. In case of a system pldicectly in the occupied
zones of the building, the sound protection isidift. The same holds for
the maintenance and the aesthetics of the dedeattalnits in the occupied
zones.

There is no general recommendation for the typth@fsystem, neither
in terms of preservation issues nor in terms ofscokhe following sections
may help to find the optimum solution for the indival building.



3. Wall Integrated Ventilation Systems

For school building various products for decentedi ventilation
systems are available on the market. Most of theen c@nstructed for
integration at the ceiling. In order to avoid lac@d ducts, the unit should be
placed close to the window. On the other hand, feodesign point of view,
this position has a lot of drawbacks. It is not didor an efficient use of
daylight and it significantly affects the appeamnaf the room. These
disadvantages can be avoided by placing the vBatilainit at the wall
under the window (at the parapet). A design studttis version of a wall
integrated ventilation system was performed withime EU-project
3ENCULT.
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Fig. 1: View from inside: Counter flow heat exchangiounted at the parapet; supply air inlet
above the window; extract air outlet besides thedaiv

As shown in Fig. 1, a flat counter flow heat exapemcan be mounted
at the parapet, whereas the supply air inlet aedetthaust air outlet are
placed above and besides the window respectivelytder to avoid any grill
at the facade for ambient air intake, a slit bekw window sill can be
applied. For exhaust air outlet, this possibility mot valid, because
condensation and freezing problems at the wallaserfwould occur.
Therefore a perforated plate or a cover plate ontfof the window post is
suggested as exhaust air outlet (see Fig. 2).

The suggested design can be realized for buildiviggre an external
insulation is applicable. In this case, the flat ducts for ambient and
exhaust air can be integrated in the insulatiorerdafter finishing the
plaster (outside) and dry walling (inside), no dvark is visible from both
sides. For most of the listed buildings however, external insulation is
appropriate. In those cases a central heat recabenyld be preferred.
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Fig. 2: View from outside: Ambient air intake vikt &elow the window sill, exhaust air outlet
via perforated plate at the window post

4. Central Ventilation with Direct Vertical Ducts

In case of a central system for new buildings durl@shed buildings
without special historic or architectural valuee thnost convenient way to
mount the supply air ducts is to fix them at thiéirog in the corridor and to
cover it by a suspended ceiling. For architectueglsons or aspects of
preserving, this might not be possible in somedidiuildings. In that case, a
vertical supply air duct can be placed directlytire supply air rooms,
whereas the horizontal distribution duct is mouritethe attic or cellar.

The disadvantage of this solution is, that theiz@riducts are crossing
the ceilings, which are working as separation betwalifferent fire
protection areas. For this reason, at each cailifige flap has to be placed,
resulting in high costs for investment, operatiqggre§sure drop) and
maintenance. The solution described in the nexierworks without the
supply air distribution duct. The ventilation efiocy however is not as
good as in case of the before mentioned systems.

5. Active Overflow Principle (AOP)

The AOP was developed and tested for the applitatioresidential
buildings by “Hochbaudepartement, Amt fiir Hochbautstadt Zirich”. A
design competition for active overflow ventilatispstems was launched and
published in [1]. Within this document the activeedlow principle is
described as follows:

“Apartments with mostly open doors can be ventétl & very simple
ventilation system: It must only exhaust washro@nd kitchen, the whole
supply air flow may be introduced at any place itite flat, e.g. into the
corridor. A structural realization is simple becausathrooms and kitchen
are often located close together and are accedsibliser shafts. In reality
room doors remain mostly closed at night. To mainéaceptable air quality
in these rooms, an active overflow element mustirenthat the air from the
corridor is vented into the rooms and back intodbeidor - in compliance



with all comfort criteria. The return flow of théranto the passage can be
realized via the crack in the door or via an owarflvalve (passive or
active)” (trans. by author, [1]).

As the AOP works successfully in refurbishing ofidential buildings,
the author decided to investigate, if the principlalso applicable for school
buildings. The major difference compared to redidérbuildings is the
higher flowrate, which is more difficult to disttibe without draft risk and
low sound emission. Airborn sound transmission fitb class room to the
corridor and vice versa can be minimized as desdrib the next section.

6. Active Overflow Prototype for a School Building

Within the FP7 project “3ENCULT — Efficient Enerdgr EU Cultural
Heritage”, the school building “Hoéttinger Hauptstdiu in  Innsbruck
(Austria) is one of the 8 case studies for dematistr and verification of
energy efficient solutions (see [2]). Besides #mtuction of thermal losses, a
special focus will be on adaptation and optimizatiof the ventilation
system. The active overflow principle as describbdve was transferred to
school buildings. In this case, the high flow r@eund 700 m3/h) calls for a
dedicated air distribution system to avoid comailue to draft risk and
airborne noise. This was realized by textile hdsesupply air distribution
as shown in the next figure. The air passes (drefan) from the corridor
via silencers into that hoses, which are perforatetaser for uniform flow
distribution. To minimize the sound transmissiotwesn the class rooms
and corridor, also the overflow openings are ecgtppith silencers.
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Fig. 3: Active overflow system and air distributifrom corridor to class room via textile hoses
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Fig. 4: Silencer and fan-box prototype manufactingdTREA (top-left), mounting of
silencer in the wall (top-right), fan box and téidliffuser in operation (bottom)

The building under investigation is a listed fotorg school building
(year of construction 1929/30). Fig. 5 shows theugd floor plan with four
class rooms, a library as well as the toilets dodkrtooms etc. There is a
hydraulic heating system with radiators. The caplim summer is realized
by night ventilation via the windows, no mechanicabling is necessary.

The staircase is directly linked to the open spddbe corridors, the fire
doors will only be closed in case of emergency. ehtral heat recovery
system ventilates the staircase and the corridithspseheated fresh air. The
active overflow system (one for each class roorkggathe air from the
corridor to the class room and vents the extradvack to it. Finally the air
is sucked to the toilets and cloakrooms and froevethvia vertical ducts,
back to the central heat recovery system locatéukadttic.



Fig. 6: Ground floor (NMS Hoétting, Innsbruck, Ausly, ventilation designed by ATREA

7. Control Strategiesfor Central Fansand Active Overflow Fans

As described above, the active overflow fans aspassible for the air
change from the corridor to the classrooms whetkascentral fans are
venting fresh and preheated (by heat recovery)taithe staircase. The
electricity consumption depends on the operatiow tand flow rate of each
of the fans. As the occupation time is only a srfralttion of the total time,
an occupation dependent control strategy is negessasave operational
costs.

The most simple control strategy is to control ftes (both, the active
overflow as well as the central fans) dependingdix time scheduleThe
advantage is the low installation costs, becaussengor is necessary. The
disadvantage is that this system is not flexibléenms of changes related to
the real occupation and the time schedules.

If the CO,-concentrationis measured in the corridors or in the staircase,
the central fans can be controlled via a Propoatibmtegral (Pl) controller
to a set point of e.g. 600 ppm in order to keefh laig quality in the staircase
and corridor zone for ventilation of the class rgoifhe concentration in the
corridors will vary according to the occupationtbé adjacent class rooms.
Hence at least one G@ensor per corridor should be installed; the marim
value measured by all of the sensors comparedetsahpoint (error signal)
is used as input signal for the Pl-controller.

In general, thestart time for operatiorof the fans should be at least one
hour before pupils enter the school. This guarantegood indoor air quality
already at the beginning of the occupation timéne@tise the accumulation
of contaminants throughout the nighttime would hesu low air quality
within the first hour of occupation in the morning.



Keeping this in mind, a switch-on signal for alltbe fans (both, active
overflow and central fans) for one hour (e.g. frém5 to 7:45 a.m. at each
working day) by time schedule is necessary in agecAs the air quality
rating from emissions which are independent of pation cannot be
detected by C®measurements, the flow rate of the central famslshbe
controlled additionally by TVOC-concentration me@sunent or simply by
time schedule. As the TVOC-measurement is expenaivé calls for
maintenance, the latter option is preferred.

In order to control more flexible in respect to Bbang occupation, the
on/off signal for the active overflow fans couldw® frompresence-control
sensors in each room, which is considered a ratifaust and low cost
solution. However, even for this control stratebg pre-ventilation before
occupation has to be controlled by time schedule.

To prevent bad odor within the time after the oatigm, atime delay
of one hour after the switch-off signal for theiaetoverflow fan helps to
bring down the contamination concentration.

In case of fire, any signal from a sensor for smakére will switch off
all fans, the central fan as well as all of thavacbverflow fans in order to
avoid any active smoke distribution.

The control scheme as summarized in this sectidispdayed in Fig. 7
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Fig. 7: Control scheme for Central Fans and AcBwerflow Fans



8. Dynamic Simulation of Indoor Air Quality

In order to simulate the CO2-concentration as wsllthe indoor air
humidity within the classrooms, corridors, staiesasloakroom and toilets
etc., a multi-zone model was set up with the situtasoftvare CONTAM
3.0 (NIST, [3]). Fig. 8 shows an extract (groundofl only) of the 52-zone
model (4 floors). 48 zones are considered as wkkanand four zones (i.e.
three corridor zones and the stair case zone) adeled as 1-D-convection-
diffusion zone. The latter was necessary becaugbeofarge extent of the
corridors in longitudinal direction (length of theorridor 39.5 m in the
ground floor, 45.3 m in the first and second flaod height of the staircase
13.1 m). “Contaminant flow in one direction consistf a mixture of
convection, the bulk movement of air, and diffusidghe mixing of the
contaminant within the air. CONTAM’s primary 1-D rogection diffusion
model is taken directly from the finite volume math developed by
Patankar [4] and described in more detail by Vegstend Malalasekera [5].
This model divides the zone into a number of edgradith cells and uses an
implicit method (with a fast tri-diagonal equatisolver) to guarantee
stability in computing the contaminant concentnagio[3].

Fig. 8: Extract of the 52-zones CONTAM model (skepad); ground floor with detailed 1D-
convection-diffusion corridor zone (grey) and stase zone (purple); mixed zones for class
room (cyan), toilets/wardrobes (orange) and storagms (blue)

The time schedules of occupation for all occupiednes are
implemented in the model. The occupation of thestlzoms is mostly five
hours a day, starting from 7:45 a.m.. A number®pRpils per class at the
age of 10 to 14 years (G®ource of 12 L/h and J-source of 90 g/h per
pupil) were assumed for the simulations.

The calculated results for these boundary condit{@Q-concentration
of ambient air was assumed to be a constant védld@Gppm) are shown in
Fig. 9. The C@concentration in the corridor is limited to valugsaround



600 ppm. With a flow rate of 700 m3/h, the £&ncentration in the class
rooms is limited to peak values of around 1000 ppm.
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Fig. 9: One week of simulation results of £€ncentrations in the staircase, the corridor and
the class rooms

9. Summary and Conclusion

In this paper, exemplarily for a school buildingffetent types of
ventilation systems for historic buildings wereatissed. Depending on the
floor plan and the restrictions in terms of prea#ion, either a central or a
decentralized system can be chosen. In case ofm@akceystem, either
vertical ducts into the supply air rooms or aciwerflow from the corridor
can be applied. The active overflow principle hae towest ventilation
efficiency because of the mixing of supply and a&strair in the corridor.
From the architectural and/or preservation pointieW, the active overflow
system is preferable, because the ductwork is esHte a minimum. The
control strategy for the central fan as well as #letive overflow fans is
rather simple and effective. To reduce installattord maintenance costs,

only one CQ-sensor per corridor and one presence-control sgresoclass
room are installed.
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