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CONCEPT

The principle of a solar chimney serves as the starting point for the concept development
of the Sturmfabrik. A solar chimney consists of a solid wall with glazing at a short distance
in front of it. The inside of the wall is painted black, and a Venturi plate is used as an
attachment on top of the tower.

The aim of a solar chimney is to maximise the heating of the air in the shaft between the
wall and the glazing, which is initiated by solar radiation and maximised as much as
possible by the black surface. The heated air rises in the chimney, drawing cool air from
the room.

A combination of two solar chimneys as a supply and exhaust air system complements

summer ventilation in winter by pre-conditioning the outside air to provide a constant
supply of heated fresh air.
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Solar chimney as a means of
extracting warm air
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In order to achieve optimal results from the solar chimneys, adapted to the use of a
neighbourhood meeting place, two solar towers were placed in the south and west and
one exhaust tower in the north, facing south. The west tower guarantees a supply of warm
air, especially in the afternoons and evenings, while the south tower operates almost all
day long.

As a structural concept, the massive towers were divided into brick ribs. Based on brick
as the main building material, the linear ribs were connected with slanted brick caps.

This creates a space between the solar towers that is used as a neighbourhood meeting
place. The Sturmfabrik opens its gates (and towers).
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towers into brick ribs
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DESIGN

Motivated by the existing youth centre ‘Bethi', a neighbourhood meeting place is to be
created on the plot next to the church - a place for exchange and gathering between
the otherwise introverted facilities. Here, the Sturmfabrik is to offer an open space for
seminars, self-organised events or balmy summer evenings as well as cold winter hours,
expanding the small youth centre for the entire neighbourhood throughout the year.

Under the motto ‘By us - for us’, the neighbourhood is organising itself. The Sturmfabrik
provides the space for activities. The public plot offers opportunities for barbecues and
campfires, vegetable beds for cultivation and an orchard for self-sufficiency. A terrace
connects the new Sturmfabrik with the existing '‘Bethi’ youth centre.
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The floor plan develops from the ribs of the solar towers. While a central space spans
between the towers, the individual ribs are used for niches and utility rooms.

The central space is covered with a barrel/monastery vault, from which domed ceilings
connect the towers to the central vault. This results in a hierarchical sequence of spaces,
given by the higher vault and the lower domes. The vault and the cap ceilings resuilt from
the choice of brick as the material and the associated construction methods. The vault
construction also follows the connecting caps of the tower ribs.

The three towers of the Sturmfabrik differ in height. The south tower is 10 m high, the west
tower 12 m and the extraction tower 14 m.
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ELEVATION NORTH (5 m Sm | ELEVATION SOUTH

ELEVATION EAST (5m | 5m | ELEVATION WEST

24 25



INTERIOR PERSPECTIVE




STRUCTURE

The supporting structure of the Sturmfabrik is based on brick. The concept of the solar
tower results in the subdivision of the towers into brick ribs. These ribs are connected by
sloping brick caps, which also ensure the stability of the ribs with tension anchors.

The towers form the main part of the supporting structure. The space between the towers
is defined by brick posts. The posts follow the 3 m x 3 m grid of the towers.
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In the next step, bevelled ceiling beams are stretched from the supports to the brick
ribs of the solar towers. These beams serve as the basis for the cap ceilings that will be
installed later.

The base of the cross-ribbed vault spans the central space with a maximum span of 6 m
x 12 m. The barrel/monastic vault is developed from the cross ribs.

Finally, cap ceilings are connected to the vault. The caps take up the shape of the tower
caps and connect them to the main vault.
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CONSTRUCTION

In terms of a single-shell wall construction and the height of the building, a vertically
perforated brick with a thickness of 42.5 was chosen as the primary building material
in order to comply with contemporary insulation standards and, at the same time,
provide thermal mass.

In order to achieve a continuous brick construction, caps and domes were used for
the sloping chimney surfaces and the roof construction so that the vertical forces
could be dissipated in compression in a manner appropriate to the material.

The 11.5 cm thick brick vault is levelled with expanded clay fill and covered with a
flat roof.

The vertically perforated bricks, which are slurried on both sides, stand out on the
supports and chimneys, making the load-bearing structure tangible.
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+ 14.00

+6.30

+/- 0.00

CHIMNEY TOP
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Venturi plate
Precast concrete

ROOF CONSTRUCTION

Extensive green roof

Filter lieece

Drainage layer

Protective fieece

2-layer bitumen membrane
Pavatex Pavatherm 50 - 170
Expanded clay fill 100 - 850
Vapour barrier

Brick cap 115

U-value: min. 0.17 W/(m#K)

WALL CONSTRUCTION

Vartical perforated brick 425
Slurried on both sides

U-value:; 0.18 W/(m*K)

FLOOR CONSTRUCTION

Flooring Wooden fioorboards
Impact sound insulation
Cement screed 65
Separating fitm

Waod fibre insulation 200
Bitumen membrane 2 layers
Reinforced concrete 300
Clean layer 50

Gravel layer

U-value: 0.21 W/im®K)

FACADE SECTION AND ELEVATION A-A
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CHIMNEY TOP
Windeintanger mit geneigten Lamellen
Ziegel-Betonfertigteil +12.00

ROOF CONSTRUCTION

Extensive green roof

Filter fleece

Drainage layer

Protective fleece

2-layer bitumen membrane
Pavatex Pavatherm 50 - 170
Expanded clay fill 100 - 850
Vapour barrier

Brick cap 115

U-value: min. 017 W/m?K)

WALL CONSTRUCTION

Vertical perforated brick 425
Slurried on both sides

+ 6.30

U-value: 0.18 W/(m*K)

FLOOR CONSTRUCTION

Flooring Wooden fioorboards
Wooden platform 250
Cement screed 65
Separating film

Wood fibre insulation 200
Bitumen membrane, 2 layers
Reinforced concrete 300
Clean layer 50

Gravel layer

U-value: 021 Wim*K)

am | FACADE SECTION AND ELEVATION B-B



BUILDING PHYSIGS

The Sturmfabrik is a self-regulating building based on the low-tech principle.
Depending on the season, it makes use of a combination of the three solar towers.

The south tower, with a height of 10 m, faces south. As the south tower capiures
the most solar radiation, it requires the lowest height. The west tower faces
west with a height of 12 m, which results from the lower solar input in the west
compared to the south. The exhaust tower in the north faces south, is 14 metres
high and extends over three grids instead of two like the south and west towers.

In both winter and summer, the exhaust tower serves to extract air from the room. The
south and west towers adjust their mode of operation depending on the season.
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SOUTH TOWER
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WEST TOWER
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S U M M E R BSm | SECTION BUILDING PHYSICS

In the summerly cooling operation, the air in the solar tower first heats up to its maximum
temperature due to solar radiation and the black surface inside the solar towers. As a
result, the warm air rises in the chimney and is discharged through a Venturi attachment.

The shaft of the solar tower has a width of 35 cm. This accelerates the speed of the rising
air, as this shaft width causes hardly any air turbulence. High air speeds are useful for
increasing the effectiveness of the solar tower.

The Venturi attachment creates a shaped constriction at the exit of the solar tower, which
further increases the speed of the outflowing air.

5m | GROUND FLOOR PLAN
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BSm | SECTION BUILDING PHYSICS

The rising of the heated air in the solar tower creates negative pressure in the chimney,
which draws air from the room. The used and heated air in the room is thus extracted
upwards through the solar towers.

Sliding flaps are located at the highest point of the room under the ceiling to extract the
heated air. These are opened in summer.

Sm i GROUND FLOOR PLAN

R R R R R T N R R R N N

B E BB E S S E SRR E SRS SRR
S 8 B 8 PSS S ESEEEEEEE eSS EEEEE

42 43



I

BSm | SECTION BUILDING PHYSICS

To achieve a pleasantly cool indoor climate, fresh air cooled via underground ducts is fed
into the room. The air is cooled in the underground duct to the temperature of the soil,
approximately 8°C.

The permanent supply of fresh air is boosted and maintained by the pressure system in the
room. In addition, the Sturmfabrik uses storage mass in the single-shell wall construction
and the floor slab.

The usage times of the Sturmfabrik vary due to its flexible use as a neighbourhood meeting
place. In summer, the solar towers cool the room even when not in use.
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WINTER

In winter, solar towers initially operate according to the same principle as in summer.
Solar radiation heats the air in the chimney, which then rises and is discharged from the
chimneys. This creates negative pressure in the chimney, which draws air from the room.

The flaps under the ceiling of the room are now closed so that the warm air in the room

does not immediately leave the room. In addition, the underground channel responsible
for cooling in summer is sealed airtight. This temporarily cuts off the air supply to the room.
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Now the difference in height between the individual towers comes into play. The exhaust
tower generates the decisive negative pressure due to its dominant height and inflow area
and can draw the air backwards through the supply air chimneys.

In addition, wind catchers attached to the south and west towers help to capture the wind,
which means that the suction in the supply air tower, triggered by the exhaust effect of the
highest tower, Is further enhanced by wind pressure from outside.

On its way through the glazed chimney shaft, the air is heated by solar radiation and
can flow into the room in a pre-conditioned state. Depending on the month and the
corresponding radiation intensity, the outside air is heated, which can significantly reduce
the heating load and ventilation heat losses.This statement Is tested in the following
calcualtions.
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The air, which has now been pre-conditioned and heated in the chimneys, can flow into
the interior space. To heat the air in the chimney for as long as possible, the flap under
the ceiling is closed and a flap under the raised floor in the chimney ribs is opened. This
allows the air to enter at the lowest point of the room and distribute evenly from bottom
to top.

In order to supply the interior of the Sturmfabrik with pre-conditioned air as evenly as
possible, the supply air towers are arranged in the floor plan so that the greatest possible
distance between the supply air and exhaust air towers is achieved.

The purely mechanical and structural ventilation and pre-conditioning of the building

requires no intervention on the part of the users, is independent of usage times and
provides an uninterrupted supply of fresh air in the Sturmfabrik in both summer and winter.
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CALCULATIONS

The development of the building focused on the challenge of creating a self-regulating
building based on the low-tech principle. To meet this requirement, the Sturmfabrik uses
a combination of three solar chimneys, which are used as air conditioning depending on
the season or to pre-temper the supply air in winter. The Sturmfabrik concept requires
validation by calculating the effectiveness of the solar towers.

In summer, a sufficient air exchange rate guarantees the supply of fresh air and cooling
of the building. In winter, it must be proven whether the principle of combining two solar
towers with height differences to introduce pre-conditioned air into the room is successful.
In addition, it must be proven how much heating can be generated by the solar towers in
winter and whether the solar towers can subsequently help to heat the building.

52
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WEST TOWER

53

EXHAUST TOWER

PICTOGRAM CHIMNEYS



1 | AIR EXCHANGE RATE
Required Volume flow = 30 mé/h per person
Occupancy with 60 people:
Volume flow = 30 m#h per person x 60 people = 1800 m*h

Volume flow in the Sturmiabrik:
Q , = 0.57 m¥s = 2063.9 m¥h

Air exchange rate n = 2063.9 m#h/ 700 m® = 2.9/h

AIR CHANGE RATE

The constant ventilation of the solar towers allows fresh air to flow continuously into the
interior without requiring additional window ventilation. When the neighbourhood meeting
place is occupied by 60 people, & minimum volume flow of 1800 m3h is required. The
solar towers achieve a volume flow of 2063.9 m3h, i.e. 2.9 times the air volume of the raom
is exchanged per hour.

(cf. list of sources [1])
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1 | HEATING BY SOLAR RADIATION
min. heating of the air by solar radiation in december = 4,2 K
2 | HEATING BY BLACK SURFACE
min. heating of the air by black surface in december = 3,5 K
3 | TOTAL HEATING CAPACITY OF THE AIR IN THE CHIMNEY
min. total heating capacity in december =42K+35K=7,7K
4 | UPWARD PRESSURE OF THE AIR IN THE CHIMNEY
Correct direction of flow (with opening area A = 1,82 m@):
Upward pressure = 340 Nf/m*x 1,82 m"=6,19 N
Incorrect direction of flow (with opening area A = 1,82 m?):
Upward pressure = 11,34 N/m? x 1,82 m? = 20,64 N
5 | WIND PRESSURE OF AIR IN THE CHIMNEY 1 3 2
Wind pressure (with ocpening area A = 1,82 m?):
Wind pressure = 8,78 N/m® x 1,82 m? = 15,98 N
6 | TOTAL PRESSURE PICTOGRAM SOLAR CHIMNEY
Correct direction of flow:
Upward pressure - Wind pressure = 6,19 N- 1598 N =-9,79 N
5 4
Incorrect direction of flow
Upward pressure - Wind pressure = 20,64 N- 1598 N = 4,66 N ' :
The south tower thus generates at least a 7.7°C increase in the air temperature in the
chimney in December, i.e. when the average monthly solar radiation is at its lowest.
Accordingly, the combination of solar towers supplies the room with fresh air heated solely
by the south tower.
(cf. list of sources [1]-[9]) PICTOGRAM SOUTH TOWER
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1

HEATING BY SOLAR RADIATION
min. heating of the air by solar radiation in december = 2,0 K

2

HEATING BY BLACK SURFACE
min. heating of the air by black surface in december = 1,8 K

3

TOTAL HEATING CAPACITY OF THE AIR IN THE CHIMNEY
min. total heating capacity in december =20K+ 18K =38K

UPWARD PRESSURE OF THE AIR IN THE CHIMNEY .
Correct direction of flow (with opening area A = 1,82 m?):
Upward pressure = 2,02 N/m#x 1,82 m® = 3,68 N

4

Incorrect direction of flow (with opening area A = 1,82 m?).
Upward pressure = 11,56 N/m# x 1,82 m? = 21,04 N

5

WIND PRESSURE OF AIR IN THE CHIMNEY 1 3 2
Wind pressure (with cpening area A = 1,82 m?):
Wind pressure = 8,78 N/m®x 1,82 m? = 15,98 N

6 PICTOGRAM SOLAR CHIMNEY

TOTAL PRESSURE
Correct direction of flow:
Upward pressure - Wind pressure = 3,68 N- 1598 N =-12,30 N

5 4

Incorrect direction of flow

Upward pressure - Wind pressure = 21,04 N- 1598 N = 5,06 N : :
The west tower also generates at least a 3.8°C increase in the air temperature in the
chimney in December, i.e. when the average monthly solar radiation is at its lowest.
Accordingly, the combination of solar towers with west and south towers supplies heated
fresh air to the room.
(cf. list of sources [1]-[9]) PICTOGRAM WEST TOWER
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1

UPWARD PRESSURE OF THE AIR IN THE CHIMNEY 2 1
Correct direction of flow = 3,40 N/m*x 1,82 m* = 6,19 N
Incorrect direction of flow = 11,34 N/m?x 1,82 m* = 20,64 N

2

WIND PRESSURE OF THE AIR IN THE CHIMNEY
Wind pressure = 8,78 Nfm? x 1,82 m? = 15,98 N

3

TOTAL PRESSURE
Correct direction of flow =6,19N- 1598 N=-9,79 N
Incorrect direction of flow = 20,64 N- 1598 N = 4,66 N

UPWARD PRESSURE OF THE AIR IN THE EXHAUST TOWER
Upward pressure (with opening area A = 2,73 m?)
Upward pressure = 14,92 N/m? x 2,73 m? = 40,64 N

4

5

PRESSURE RATIOS

Correct direction of flow:

Upward pressure south tower < Upward pressure exhaust tower
-9,79 N<40,64 N

PICTOGRAM SOUTH TOWER

Incorrect direction of flow:
Upward pressure south tower < Upward pressure exhaust tower
4,66 N <40,64 N

EXHAUST CHIMNEY
SOUTH

To prove that both the south and west towers function as supply air towers in winter,
the upward pressure of the exhaust tower is also calculated while the south tower is
in operation. Since the upward pressure of the exhaust tower is greater than the total
pressure of the south tower, the difference in height and the suction effect draw air into
the south tower and direct it into the room.

(cf. list of sources [1] - [9]) PICTOGRAM EXHAUST TOWER



1

UPWARD PRESSURE OF THE AIR IN THE CHIMNEY 2 1
Correct direction of flow = 2,02 Nfm*x 1,82 m* = 3,68 N
Incorrect direction of flow = 1156 N/m2x 1,82 m*=21,04 N

2

WIND PRESSURE OF THE AIR IN THE CHIMNEY
Wind pressure = 8,78 N/fm? x 1,82 m? = 15,98 N

3

TOTAL PRESSURE
Correct direction of flow =368 N- 1598 N =- 12,30 N
Incorrect direction of flow = 21,04 N- 1598 N = 5,06 N

R I R I RN

UPWARD PRESSURE OF THE AIR IN THE EXHAUST TOWER
Upward pressure (with opening area A = 2,73 m?)
Upward pressure = 12,58 N/m? x 2,73 m? = 34,34 N

4

PRESSURE RATIOS

Correct direction of flow:

Upward pressure west tower < Upward pressure exhaust tower
-1230 N <3434 N

PICTOGRAMM WEST TOWER

Incorrect direction of flow:
Upward pressure west tower < Upward pressure exhaust tower
5,06 N<34,34 N

EXHAUST CHIMNEY
WEST

To prove that both the south and west towers function as supply air towers in winter,
the upward pressure of the exhaust tower is also calculated while the west tower is
in operation. Since the upward pressure of the exhaust tower is greater than the total
pressure of the west tower, the difference in height and the suction effect also draw air into
the west tower and direct it into the room.

(cf. list of sources [1] - [9]) PICTOGRAM EXHAUST TOWER
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1

TABULAR LIST OF VENTILATION HEAT LOSSES
The table shows the heating of the air in the solar tower during the winter months,

ez}
followed by the ventilation heat losses of the building without solar towers and with g‘ ?i E 2 §
solar towers. i & B =
2 | GRAPHICAL REPRESENTATION OF VENTILATION HEATLOSSES i e e
The graph illustrates the values shown in the table.
L ™
3 | TOTAL VENTILATION HEAT LOSSES = & ¥ T
Ventilation heat losses without solar tower = 34140,6 kWh : :
Ventilation heat losses with solar tower:2325|3 kKkWh e ;.... S ke o S S A R e B R Ry
4 | SAVINGS IN VENTILATION HEAT LOSSES % 2 i =
. i [
Savings = 100% - (23253 kWh x 100%) / 34140,6 kWh = 93% @ = 3 -
W
5 | SHORTENING OF THE HEATINGPERIOD ............................................ O, (- IR - S,

Preconditioning the air in the solar tower can reduce ventilation heat losses in :
winter by up to 93%. As a result, the annual heating period can be shortened by % :
2

15,84
63504
1604.8

the months of october, march and april, i.e. in winter, additional heating is only
required from november to february.

DECEMBER
7.7
B050,8
37458
DECEMBER

VENTILATION ]
HEAT LOSS E . N o

Solar towers are very effective as a ventilation principle in summer. But even in winter,
the designed combination of solar towers can effectively shorten the heating period of
the Sturmfabrik by up to three months. Compared 1o an equivalent Sturmfabrik building
without solar towers, the south tower alone can save up to 93% of ventilation heat losses.

973
4828,0
21069
NOVEMBER

OCTOBER
B2
3384 8
- 2852 2
OCTOBER

HEATING
AlR IN CHIMNEY
INT
Q, 4y (NO CHIMNEY)
irn kWh
Q, ., (CHIMNEY)
in kWh
8000
6000
4000
2000
0 kWh
2000
4000

(cf. list of sources [1]-[9])
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MODEL

The 1:20 scale section model provides an impression of the interior and the structural

components of the building.

The 1:50 scale structural model shows all the primary structural elements — the brick ribs,
columns, beams for the cap ceilings and the cross ribs of the vault.
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