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Symbols

Aeff = effective opening [m2]

α = damper position [°]

Φturb = ventilation rate caused by turbulence of outside air [m3/s]

H = high of ventilation unit. [m]

Ki,w = integral gain [-] = {t (k) – t (k-1)} / τi with τi = integral time [s]

Kp,w = proportional gain [%/K]

t(k) = time at moment k [s]

Ti (k) = indoor temperature at moment k [°C]

T0 (k) = outdoor temperature at moment k [°C]

TspH (k) = cooling setpoint during day [°C]

qw (k) = output PI algorithm at moment k [%]

qw (k-1) = output PI algorithm at moment k-1 [%]

vw = wind speed [m/s]

W = width of ventilation unit [m]

Xw (k) = window opening at moment k [%]
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1 Introduction

One of the tasks of workpackage wp 3 action 4 of the NatVent-project is the design of a
prototype of a night ventilator for cooling. The main functions of this prototype are:

- Supply of the required amount of fresh air (control of the air supply)
- Cooling by ventilation (control of the indoor temperature)

Other aspects are:

- Sound attenuation
- Filtering
- Small air leakage in closed position
- Burglary proof
- Reliability, maintainability and costs.

Design and testing will be mainly focussed on the cooling aspects, because ventilators with
controlled fresh air supply are already developed and available on the market. The night
ventilator should deliver high ventilation rates especially during the summer nights to get the
desired precooling of the building. The maximum cooling that can be delivered in a warm
period depends mainly on the effective opening of the night ventilator. This effective opening
is a fictive opening having the same resistance as encountered by the air going through the
ventilation unit. It should be designed such that during a reference year not more then 100
hours with temperatures higher then 25.5 oC will occur.

Proper dimensions of the effective opening are defined with the simulation programme that is
made for the analyses of control strategies. It simulates the simultaneous process of heat
transfer and airflows induced by the wind pressure and the temperature differences. With this
simulation a datafile of outputs is generated from which a simple design tool is derived. It is
used to find the dimensions of the effective opening of the prototype given the internal heat
gain, the sun protection, the building mass, the control strategy and the type of ventilation
(Paassen, 1998).

The dimension of the prototype is based on circumstances that are promising for cooling by
natural ventilation. This is the application of cross ventilation in a medium heavy building
with 40% window area and outside shading.

We will present two prototypes. The first design is flexible and can be composed with already
existing components. Therefore, it is called the FlexNightVent system. A working prototype
with its control will be presented in chapter 2. This activity is according the NatVent proposal
(figure 1). Only the first design is tested. The second design is an extra activity showing the
way to alternatives. It can be considered as an oversized speed controlled trickle ventilator
with extra functions such as filtering and increased ventilation rates for night cooling. The
FRANC-unit will be discussed in chapter 5.

How the testing is done is discussed in chapter 3. It is carried out in two steps:

- Validation of the method used for the calculation of the effective ventilation opening
- Testing the hardware and control with a demo-window and an emulator of the office room.
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Validation is carried out in the following way. A design tool developed before is used to
calculated the size of the vent openings. This is done for a monitored building (RADEX) in
which controlled ventilation windows are applied. This building was monitored during the
normal summer of 1993 and the extreme warm summer of 1994. Monitoring showed that the
vent openings are properly designed. Agreement in the calculated size and that applied in this
building will give confidence in the tool.

Testing is done with an emulator of the RADEX building and its window control system. It
gives the time responses of the window positions in summer, spring and autumn.
The tested prototype should be able to follow this window position.

The FlexNightVent-unit has no air filtering. This function is taken into account in the
FRANC-unit. Both units are designed such that the opening is too small for unwanted visitors.
Extra active measures with electronics can be taken to make the design burlaryproof. It is not
an essential problem and therefore not discussed in this report.
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2 Prototype 1: FlexNightVent

2.1 Design

This design is flexible and can be composed of components already on the market.  It consists
of three standard components:
- A normal trickle ventilator with sound attenuation. It is made adjustable by adding a motor,

the same as used in cars for locking doors.
- A motorised window that can be set in any position for night cooling (Window Master,

Teleflex. See report Smart Components NatVent).
- A presence sensor (option).

It saves energy by closing the trickle ventilator when nobody is in.
- A control unit for connecting the ventilator system with a building management system

and for manual overriding by the inhabitants. Here the controller of Window Master is
used. Also controllers normally used in HVAC-systems for individual control can be
applied.

Figure 2.1 - Design 1: FlexNightVent
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Trickle Ventilator

Motor

2.2 Control

There are three cooling modes of control:

- Office time with people in the room.
- Cooling during the day with no inhabitants inside.
- Cooling during night for precooling (night cooling).

Strategy when the room is occupied:

During the day no feedback control of the window openings is applied. Field tests in the
RADEX-building did show, that the inhabitants would not accept frequently adjusting the
positions of the windows.

Feedforward control is then applied, (Paassen 1995). This means that at proper moments,
such as lunchtime, the windows are put in those position that are most likely the best for the
next period. These positions are based on rules, in which experimental results and general
common sense knowledge are implemented. In figure 2.2 this is demonstrated. For example,
at ten o'clock the indoor temperature is 22 °C, then the window is opened with 37%. To avoid
draught the openings will be decreased by multiplying it with a correction factor being
dependent of the outside temperature. When the inhabitant does not accept these positions,
they can take over manually.
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Figure 2.2 - Feedforward control during office time.

Cooling with no inhabitants inside

A feedback algorithm is active then. It tries to keep the temperature at the cooling set point,
TspH (normally 24 °C.). There are no limits for the controlled openings because comfort is not
relevant then. The algorithm adapts itself for colder outside air by dividing the output of a
PI-algorithm, qw, with the temperature difference between the in- and outside air. This
adapted signal for the window position, Xw, gives similar control behaviour over the entire
year.

With:
qw (k) = output PI algorithm at moment k [%]
qw (k-1) = output PI algorithm at moment k-1 [%]
Kp,w = proportional gain [%/K]
Ki,w = integral gain [-] = {t (k) – t (k-1)} / τi with τi = integral time [s]
t(k) = time at moment k [s]
TspH (k) = cooling setpoint during day [°C]
Ti (k) = indoor temperature at moment k [°C]

With:
Xw (k) = window opening at moment k [%]
T0 (k) = outdoor temperature at moment k [°C]
Ti (k) = indoor temperature at moment k [°C]

Stable control could be earned with: Kpw = 10 [% / K] and τi = 900 [s]
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Night cooling

The windows should be openened and closed in such a way that the building is precooled
during the night to that extend that the next day the indoor climate can be kept between the
comfort limits (20 to 24 °C). These optimal moments for opening and closing can be
calculated with models of the thermal behaviour of the building and the weather identified
from measured data (indoor temperature, outdoor temperature, wind etc.). Such a predictive
control system is proposed by Lute, (1992)

However, for the sake of simplicity, the following rule based prediction is used.

"If during the day the windows were open for cooling the maximum value for the night
setpoint, TspH-night, is decreased from 24 to 20 °C".
"If the next day again cooling is required during the day then the night setpoint is further
decreased; TspH-night = 18".
Etc. etc….

By this procedure the building is precooled and prepared to stand the internal heat gain during
office time. Of course, windows are closed automatically at stormy and rainy weather
conditions.
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3 Testing the design method for the effective vent opening

First it has to be shown the prototype will deliver enough cooling to keep indoor temperatures
below a certain comfort level. As said before this mainly depends on the effective opening.
Consequently, prior attention should be given to that point. The way the opening is realised,
thus its position in the facade and its shape, has second priority. First, we have to show that
the procedure used for dimensioning the effective opening will lead indeed to a comfortable
climate in an existing building.

We will do this by applying the design method on an existing system that has proven to be
satisfactory in practice. If we find the same dimensions as applied in reality the method can be
considered as reliable. For the test we have selected the passive climate system in the
RADEX-building, in which automatic controlled window openings are applied. During a 2-
years test this system was monitored.

Figure 3.1 - RADEX-building

3.1 Design method

A set of simple design equations is derived from simulation runs. A simulation of the
simultaneous process of heat transfer and airflow’s induced by the wind pressure and the
temperature differences (Paassen et al, 1998) is used to generate a large series of outputs. The
indoor temperatures during the Dutch reference year is calculated for all kind of buildings,
internal heat gains and ventilation system designs.

From these data series the dimensions of the effective opening is derived as a function of
internal heat gain, solar protection system, mass of the building, control strategy and type of
ventilation (single sided, cross, and fan assisted systems). These equations are used to
construct the graphical design tool shown in figure 3.2.



8

Figure 3.2 - Design of the effective vent opening for night cooling.
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Graphical design tool.

With the graph of figure 3.2 the effective opening for the RADEX-building can be defined.

The building floor and ceiling are of concrete of 15 cm thick, has back walls of stone and
light partition walls. The heat generated by men and machines is 20 W/m2. The window area
takes 40% of the facade and has an outside shading system. The orientation is SW / NE.
The experiments were carried out with open windows with an effective opening of 3% of the
floor area. Doors were closed, so that cooling was obtained by single sided ventilation. The
same predictive control strategy is used as proposed for the prototype.

The following procedure is followed to find the effective opening.

1. Select the internal heat gain from men, machine and lighting = 20 [W/m2]. It delivers 20
points.

2. Select the window system. A window with 40 % transparent area, outside shading and
orientation SW gives 12 points

3. Calculate M = half the weight of the walls of a room divided by the total indoor surface
[kg/m2]. The RADEX-building gives for that items 0 points.

4. Select the control strategy. Predictive control delivers 0 points
5. These points summed up shows in the next block the ventilation systems with the required

effective openings. Systems in the “not acceptable” part will deliver uncomfortable
conditions (more then 100 hours with temperatures higher then 25.5 °C.). For the RADEX-
building we find in total 32 points. For single sided ventilation the area of the effective
opening should be 3% of the floor area.

The design tool requires that in the RADEX-building the effective vent opening for single
sided ventilation should be 3% of the floor area. Indeed this is exactly what is applied in this
building. If we are able to show the ventilation openings of the RADEX-building gave an
acceptable indoor climate in a normal summer, then we can have confidence in the design
method. In that case the design method can be used to define the required ventilation openings
of the prototype for all kind of buildings. The indoor climate of the RADEX-building will be
discussed in the next paragraph.

Figure 3.3 - Testing the design method with field-test data.
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3.2 Validation design method with field test data.

Field test RADEX-building.

In the RADEX-building we have carried out a two-years field-test (1993 and 1994). The
window openings were automatically controlled with the same predictive strategy as proposed
for the prototype. Summer 1993 can be considered as an average summer close to that of the
reference year used for the design method. Summer 1994 was extremely hot and shows what
will happen then with a natural ventilated building without any mechanical cooling.
(Paassen, 1995)

Figure 3.4 - RADEX-building

The building is well insulated and it's ability to accumulate heat is moderate (open ceiling,
one partition wall of plaster board). The internal load was 20 W/m2.

The field-test has demonstrated that automatic control could keep the temperatures within the
comfort region. In figure 3.5 the indoor temperature in a controlled room during July 1993 is
shown. In that period no temperatures exceeding the comfort limit of 24 °C were observed.
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Figure 3.5 - Indoor temperatures in the RADEX-building during summer 1993.

Figure 3.6 - Indoor temperatures in the RADEX-building during hot summer 1994.
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design tool. From this fact it is assumed the design tool is reliable for predicting the effective
opening.

During the extreme and lasting warm summer period of July 1994 the indoor air temperatures
become eventually much higher then comfort requirements allow, (figure 3.6). However,
people said to find the indoor climate acceptable. Most probably night cooling makes it
acceptable for the inhabitants through the cooler walls. This points to the fact that comfort
requirements for natural ventilation should be wider than for HVAC buildings with closed
facades.
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At the beginning of the design process the consulting engineer should inform the principal
about the fact that ventilation systems can not handle lasting hot periods. The rarely occurring
high temperatures must be accepted. This must be mentioned in the design requirements to
avoid frustrations of the principal and the inhabitants.

If this is not the case a hybrid system is required. This means that a balanced mechanical
ventilation system should be added that is able to deliver cooled supply air (16 °C) in the
warmer periods (peak cooling).

Concluding remarks

- An effective opening found with the design chart will fulfil the need for cooling in a
reference year. Thus, a prototype having this effective opening will fulfil requirements

- The predictive control strategy, the same as applied in the prototype, gave the desired
precooling in the monitored building. Consequently this strategy operates in practice as
expected. This leads to the next conclusion.

- Testing the prototype can be limited to testing the actual control actions. Such as: is the air
damper put in a position needed for the actual situation? This will be done with an
emulator. This is a simulation of the environment that gives commands for the positions of
the air damper of the prototype. Consequently, a realistic test of a prototype can be carried
out without the need of experiments in the real environment.

In the next paragraph we will describe how the design chart is used to define the effective
opening of the prototype. In chapter 4 it is discussed how the hardware and control system is
tested by means of an emulator of a building with night cooling. If it can follow these
commands it will also operate properly in practice.

3.3  Effective opening prototype

Computer simulation shows that cross ventilation is very effective. Reasons for that choice
are:
- In a well-designed building with night cooling internal heat gains of 30 W/m2 can be

accepted. A lot of modern office buildings have the internal heat gains of that order.

- The required ventilation openings can be designed such that they are burglary free. When
the full width of a room (3.2 m) is used, the maximum height can be smaller then 0.13 m.

- Night cooling can be realised without energy use of an assisting fan.

The design method shows that for cross ventilation an effective opening should be applied
that is 2 % of the floor area. In general this is a good choice. Of course the building should be
well designed from a thermal point of view.
If in a room for every 10 m2 floor area a window as the FlexNightVent demo is planned then
the effective opening should be 0.02 x 10 = 0.2 m2. According figure 3.7 this means that the
maximum window-opening angle should be 7 °.
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Figure 3.7 - The effective opening as a function of the opening angle of the demo-window.
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4. Testing hardware and control of prototype FlexNightVent

Testing control is carried out with an emulation of the building’s temperature response and its
control system. In figure 9 the set up of the test is given schematically. The emulator
generates the responses of the indoor temperature and the control actions for adjusting the
positions of the vent openings as they were observed in the RADEX-building. These desired
positions should be followed by the prototype. If this is the case then it can be concluded that
it will function in a practical situation as expected.

Figure 4.1 - Testing hardware and control with emulator and demo-window.

In figure 4.2 and 4.3 the various positions of the trickle ventilator and the window during a
warm and a hot summer day are demonstrated.

Warm summer day
It is a sunny day with outdoor temperatures between 13 and 25 °C. During night until 2 o'
clock the window is under control to keep the temperature at 22 °C. Until 8:00 the indoor
temperature is below 22 and thus openings are closed. At 8:00 the trickle ventilator is opened.
At 10:00 also the window is opened to cool the room. At the end of office time windows are
still under control for cooling. In the figure an indication is given of the energy consumption
that an air conditioning system would require in order to get an equivalent indoor climate. For
this day 70% of the energy use at a hot day is needed, while this is zero for the natural
ventilation system.

Hot day
The same procedure is followed, except that now between 10:00 and 20:30 the window is
closed because of too high outdoor temperatures. Of course the trickle ventilator is kept in
open position. This procedure may be all right from a thermal point of view, but don't forget
that the cooling breeze is not there when the window is closed. The field test showed
inhabitants prefer open window in such situations.

Air conditioning should require for such hot day a lot of energy, but anyhow the indoor
temperature is comfortable. In the natural cooled building the maximum temperature is 27 °C.
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This is higher than comfort specifications allow. However, in general people will accept these
temperatures provided they can control window openings. In these cases they will open
windows as much as possible. Now the advantage of the demo-window comes in sight.
People can disconnect the motor and open it as a normal turning window. This will increase
the effective opening enormously and introduce the cooling breeze.

Figure 4.2 - Warm summer day

Figure 4.3 - Hot day
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The demo window could follow the positions as ordered by the emulator in spring, summer
and autumn. Thus, it can be concluded that the prototype will carry out its functions in a real
situation as planned.

How the system can be realised in an office building, is demonstrated in figure 4.4. Windows
as the demo have their own local controller with manual remote control for overriding by the
inhabitants during the day. These controllers are connected with a central controller, which
takes care of the night cooling control.

Figure 4.4 - Control system of ventilation and night cooling system in an office building
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5 FRANC- unit (Fresh Air Night Cooling unit)

5.1 Design

The FRANC-unit is designed to be installed above the windows. For flexibility reasons the
width is equal to the standard measure 1.80 m minus 0.5 m (1.30 m). For each unit it is
assumed that for minimum ventilation 40 m3/h should be delivered for one person having 10
m2 floor area available.

The FRANC-unit consists of two dampers, which can be positioned by one motor. See figure
5.1. Damper A is coupled with a filter such that fresh air is filtered during office time. It is
bypassed during night cooling, so that a big opening with a low resistance can be realised
giving high ventilation rates. The idea is to realise a filtered opening for fresh air supply and a
big opening with low resistance without filter for night cooling. The combination of night
cooling and fresh air supply in one unit give the opportunity to use a larger opening for fresh
air supply then normally available in conventional trickle ventilators. In that way the higher
resistance caused by the filter can be compensated by a larger opening.

There are three modes of controls:

- Fresh air supply. Damper A is positioned such that the effective opening with filter gives
just the desired amount of fresh air. This depends on the wind pressure on the facade.
Damper A is connected with one side of the filter. The other side is connected with the
housing through rails. In this mode of control damper A is moving between 0° and 90°
giving the desired minimum ventilation. At these positions damper B is fixed in the
vertical position, closing half the passage as can be seen in figure 5.1a.

- No ventilation. During night or periods without people inside both dampers are in vertical
position closing the entrance. The filter is shoved under the upper part of the housing.
(Figure 5.1b)

- Night cooling. The motor is turning over right bringing damper A from the vertical in the
horizontal position. In the meantime the filter is loosened and stays under the housing.
Damper B is now coupled with A so that it also moves to the horizontal position. Now a
big opening without the resistance of the filter is realised and excessive ventilation for
night cooling becomes possible. See figure 5.1c.

The effective opening for the night cooling is 0.15 x 1.39 = 0.2 m2. This equals 2% of the
floor area. In chapter 3 this size came out as the best solution.

Inside the unit sound allegation can be obtained by covering dampers and housing by proper
materials. It is assumed that at least the same attenuation can be obtained as with trickle
ventilators. The size of the unit is bigger so that better results can be obtained. Further
research is needed to be more precise about this aspect.
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Figure 5.1 - Prototype Night Cooler.

5.2 Fresh air mode of control

In the fresh air mode of control damper A has put the filter in such a position that entering
outside air is filtered. Damper A is connected with the shaft. When it moves between the
horizontal and vertical position, as shown in figure 1a, then damper B is fixed by a magnet.
Thus an opening ranging from 0 to 0.097 m2 (= 0.15 x 0.5 x 1.30) is now available for control.
The proper position depends on the wind situation and the resistance of the filter.
The device should be placed as close as possible to the ceiling, so that the entering air jet will
stick to the ceiling because of the Coanda effect. The danger for draught will be reduced then.

The position of the damper,α, can be controlled by feedforward if the building management
system has information about the wind direction and speed. An example will be given here.
Based on experiments it was found that for single sided ventilation following equations can be
used (Paassen, 1995):
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Based on the information about wind speed and wind direction the desired position α can be
calculated by the controller. Variations caused by fast changes in wind pressure can not be
compensated in that way. Therefore, a small self-controlled damper is mounted just above the
filter. When the filter is shoved under the housing to make a low resistance opening then this
damper is also out of operation. Another possibility is to control the speed of the entering
airflow. In the speed controlled trickle ventilators this is done with an air velocity sensor and a
feedback control loop. Both type of control will be discussed later on.

5.2.1 Opening needed for filtered fresh air supply

The following questions arise. Is the maximum opening with filter able to deliver the
minimum amount of fresh air (40 m3/h) at various wind speed? Thus, we must calculate the
angle of the damper α40 that is needed to get 40 m3/h respectively with a filter. It is assumed
that the filter has a resistance factor ζfilter = 14.4. This factor is based on firm’s data of a 1"
thick filter, having a pressure loss of 19.5 Pa at an air speed in the filter of 1.5 m/s.
For the resistance of the opening is taken ζopening = 4.6.

For cross ventilation:
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The effective opening, Aeff , of the prototype in the fresh air mode of control can be
approximated by:

)cos1(
2. α−= W
H

Aeff

With H = high of ventilation unit [m]. For the prototype 0.15 m.
W = width of ventilation unit [m]. For the prototype 1.30 m.
α = damper position [°]; 0 to 90° for fresh air; 0 to - 90° for night cooling

Cross ventilation delivers Φ m3/s, if the opening is:
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openingfilter

Cwith
ζζρ +

= 12
1

For single sided ventilation.

At low windspeed the driving force for ventilation is mainly the turbulence of the wind.
The turbulence ventilation model for single sided ventilation as measured in the RADEX-
building gives the airflow at low wind speed (Paassen 1995).
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With these equations damper positions can be calculated giving the required filtered
ventilation airflow.

Table 5.1. Positions of damper A at various wind speed giving the required ventilation rate.

Required air
flow [m3/h] φ

Wind speed
vw [m/s]

angle damper α
with cross vent

angle damper α
with single sided (turbulence)

40
(0.022 m3/s)

0.5 90 weatherside : > 90   (25 m3/h)
leeside         :  > 90  (11 m3/h)

40 1 62 weatherside : 63
leeside         :  > 90  (22 m3/h)

40 2 43 weatherside : 25
leeside         : 60

40 3 38 weatherside : 15
leeside         : 16

40 4 30 weatherside : 10
leeside         :  6
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From table 5.1 it can be concluded that at wind speeds higher then 0.5 m/s the unit will
deliver the desired fresh air in a cross ventilation system. In a single sided ventilation system
this will be the case at wind speed above 2 m/s.

Figure 5.2 - Ventilation rates at various wind speed in the two modes of control

Figure 5.2 shows the effect of wind on the characteristic of the unit. It shows that some kind
of control in the fresh air mode is necessary. Control of the amount of fresh air will be
discussed in the next paragraph.

5.2.2 Control.

Two types of control systems are required; one for fresh air supply and one for night cooling.
As said before the unit needs control of the fresh air supply. This can be done by feed back or
by feedforward. In the first case a velocity sensor is needed in each ventilation unit. In case of
feedforward windspeed and wind direction should be measured so that together with a
ventilation model the right position of the dampers can be calculated. This should be done at a
central point so that a kind if building management system is required to transmit this
information to the damper position controllers of the units. The accuracy of this type of
control depends highly on the accuracy of the model. Due to the stochastic behaviour of
ventilation these type of models can not be accurate, therefore preference should be given to
the feedback control.

5.2.2.1 Feedback control.

Feedback control can be done with a speed sensor in the entrance of the unit. There, the air
velocity should be controlled at 0.11 m/s, giving the desired 40 m3/h. The problem is that this
speed is low and not equally distributed. Measuring the speed just behind damper A gives
higher speeds and therefore higher accuracy. Unfortunately, the flow will not be constant if
the speed is controlled, because of the changing passage. The more the entrance is closed to
get the desired velocity, vset, the lower the airflow will be. So the setpoint of the air speed
controller should be dependent of the position of the damper to compensate smaller openings.
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In figure 5.3 the desired velocity as a function of the damper position is given to get the
desired air flow Φ set. At higher wind speed the damper should make the entrance smaller and
at the same time the velocity of the air through it should be controlled at a higher value. The
control scheme is given in figure 5.4.

The sensor gives information about the air speed and is based on the principle of a hot wire
anemometer with temperature compensation.

The velocity controller automatically compensate for the increasing resistance caused by the
pollution of the filter.

Figure 5.3 - Changing setpoint for the speed controller for constant fresh air supply.

Figure 5.4 - Control scheme for fresh airflow.

If a damper position is controlled with an extra control loop, then the system presented in
figure 5.5 can be applied. It is based on the relation between the damper position,α, and the
measured air velocity sensor.
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This non-linear relation is used to define that position of the damper giving the desired
amount of fresh air (Φ).
Wind effects are compensated automatically by the speed control loop.

Figure 5.5 - Feedback control fresh air supply.

The relation between the damper position and the air velocity in the filter can be
approximated by following linear relations.
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5.2.2.2 Feedforward control.

The equation derived before, relating wind speed and desired position of damper A, is used to
calculate that position giving the desired fresh air supply Φ [m3/s].

For single sided ventilation on leeside:
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For cross ventilation:

windv

C−=1cosα

( )
( ) 5.0

)(2

12 dd

openingfilter

CCWH
C

−
+

Φ=
αζζ

With: W = 1.3; H = 0.5; Cd1 - Cd2 = 0.8; ζfilter = 14.4; ζopening(α ) = 414 / α .

In table 5.2 the positions of damper A, required for 40 m3/h fresh air supply, are given for the
various type of ventilation. It shows that the setpoints for the damper controllers should be
different for leeside and weatherside in case of single sided ventilation.

When cross ventilation is applied rooms on leeside are ventilated with air coming from rooms
on the weatherside. This can be compensated by controlling the vents according the leeside
set points, as calculated for single sided ventilation.

Table 5.2. Feedforward control of damper position.

Model based setpoint values of damper position, ,
to get 40 m3/h fresh air supply

Windspeed
vwind  [m/s]

single sided

leeside                weatherside

cross ventilation

α °      Φ m3/h α               Φ α               Φ

0.5 90         5 90             18 90             40

1 90        10 90             40 63             40

2 90        20 73             40 43             40

3 90        30 41             40 38             40

4 90        40 28             40 33             40

Figure 5.6 - Feedforward control of the damper position
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5.3 Night cooling

During night cooling the dampers are both horizontal (α = - 90°). Now the capacity depends
highly on the wind speed. Control of the damper position is not needed, because in this mode
the indoor temperature is controlled by a central controller. This controller operates with an
open/closed predictive control strategy as proposed in the NatVent report and paper of action
3.4 (Paassen 1998). In figure 5.7 the control is shown schematically.

Figure 5.7 - Control night cooling

5.4 Test feedback control

The fresh air mode of control is tested by simulation. With simulation programme Simulink
the characteristic of damper valve, sensor and controller are simulated. The position control of
the motor is carried out with two relays controlling the motor in the opening or closing
direction until the desired position is reached. A dead band of 1° is applied to avoid
unnecessary adjustments. The motor can be opened in 60 seconds.

The simulation shows that the control system is able to control the air supply on the setpoint
of 40 m3/h. In figure 5.8 responses are shown on stepwise variations of the wind speed (0-1
m/s and 1 to 2 m/s).
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Figure 5.8 - Simulation run; step responses on wind speed.
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6 Cost, comfort, performance and energy

In practice the application of natural night cooling should be compared with its mechanical
counterparts. Therefore, an indication should be given how cost, maximum internal heat gain
and energy consumption are related with that of other systems.

Table 6.1
Comparison of costs and performance of systems

(building with outside shading and moderate heat accumulation properties).
(Based on: SBR-publication 213;

Ontwerp van energie-efficiënte kantoorgebouwen; R'dam 1994)

System First cost
/ net area

[FL/ m
2
]

Annual
maintenance
cost / net area
[FL./year/m

2
]

Maximum
Internal
Load
[W/m2]

Energy (primair)
[ MJ/(m2 floor)]

Total For
Cooling

Heating Cooling Trans-
port

natural ventilation +
 radiators + openable
 windows

150 0
4.- of which
1.-for vent. 20 447 0 0

natural ventilation +
 radiators + night
 cooling + motorised
 window openings

200 50 *)
6.50 of which
3.- for night
cooling **)

30 447 0 0

Mechanical
Ventilation.
rate 2 a/h (day)
rate 3 a/h (night)
 + radiators

330 180 9.- 25 447 0 35

Full AC: all air
 Variable Volume
 System (VAV)

680 530 18.- 50 758 400 420

*) Extra costs for night cooling is estimated as FL 1000.- per room for motorised openings and a

simple central controller. This is1000/20= FL 50, -/m
2.

**) When a Building Management System and individual control is applied then first and
maintenance cost are increased with FL 50- and 1, - respectively.

In table 6.1 the first cost and annual maintenance cost are given for various systems ranging
from the simplest system (radiators, natural ventilation air inlets and openable windows) to
the advanced air- conditioning system. Also the maximum internal load that can be handled
by the system, is given in order to show the correlation with cost and performance. The
simplest system is cheap but on the same time it shows the lowest performance with respect to
internal heat gain. Of course, other items should be considered in the performance, such as the
higher appreciation of people for natural ventilation. As long as this aspect is not common in
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judging the indoor climate, it cannot be considered in comparing systems. However, ignoring
this aspect harm without any doubt applying natural ventilation.

Based on the data of Table 6.1 a rough estimate can be made of the maximum costs of the
prototypes that most likely will be accepted by the market.

The prototype FlexNightVent has better cooling performance then mechanical ventilation
systems, but has no air filtering facility. Thus, the costs should not be higher then that of
mechanical ventilation systems. If for each building traverse of 1.80 m one unit is needed to
ventilate 10 m2 floor area then the costs of FlexNightVent should be lower then FL 1000, -.

The FRANC-unit filters the air and has better cooling performance then mechanical
ventilation systems (higher ventilation rates without energy costs) Consequently, the costs
may lie between mechanical ventilation and air-conditioning.
A rough estimation is FL 2500, -.

Prototype
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7 Concluding remarks

Two prototypes of the night ventilator for cooling are proposed: the FlexNightVent-unit and
the FRANC-unit (Fresh Air Night Cooling unit).

The main functions are:

- Supply of the required amount of fresh air (control of the air supply)
- Cooling by ventilation (control of the indoor temperature).

The first design, FlexNightVent, is flexible and can be composed with already existing
components. A working prototype with its control is presented and tested.
Testing is carried out in two steps:

- Validation of the design method used to define the required effective ventilation opening
- Testing the hardware and control with an emulator of the office room and a demo-window.

It is shown that the FlexNightVent system will fulfil the requirements taken into account the
design method and restrictions mentioned in this report.

The second design, the FRANC-unit (Fresh Air Night Cooling unit), is a prefabricated unit to
be installed above the windows in the same way as trickle ventilators. The unit can deliver the
desired amount of filtered fresh air and can switch over to the cooling mode of control for
excessive ventilation. Tests are done with simulations. A first prototype is constructed.
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