Heat recovery
In Natural Ventilation Design
of Office Buildings

Trygve Hestad, Eimund Skéret, Jorn T. Brunsell
Norwegian Building Research Institute
P.O. Box 123 Blindem
0314 Oslo
NORWAY
Firmapost@byggforsk.no

Research partly funded by
THE EUROPEAN COMMISSION
in the framework of the
Non Nuclear Energy Programme

426



L. INTRODUCTION

Heat recovery in ventilation systems for office buildings in cold climates is necessary for two
reasons:

1. To obtain acceptable indoor thermal comfort by preheating of fresh air,

2. To reduce ventilation energy loss

This paper describes a pilot system built in the laboratory of the Norwegian Building Research
Institute, NBI, based upon the concept of an advanced fan assisted natural ventilation system
with heat recovery. The concept was developed by NBI. The objective of making the pilot system
was to find out’how a real system based upon this concept works and to supply the NatVent
project with measuring data both from a winter period and a summer period. The concept is new
and is not yet tested in a real office type building.

This paper gives a brief description of the components and the system. The paper also summarises
the measurements of the resistance in the system, the driving forces, the temperatures and the
airflow.

2. DESCRIPTION OF THE PILOT SYSTEM

2.1. General description

The system is designed to make use of natural driving forces (thermal buoyancy and wind). All
components in the system are designed to give a low pressure drop. The system is equipped with
an energy efficient assisting fan, electrostatic air filters and a “run-around” heat exchanger.

The build up of the system is shown in fig.2.1 (drawing and photo). The pilot system represents a
full scale part of a ventilation system, for instance for one wing of an office building with 3 - 4
storeys, with a ventilation capacity of 400 I/s, i.e. for about 40 persons.

The system consists of three major parts:

1. Roof unit with heat exchanger, coarse filter, assisting fan, a wind-boosted air exhaust unit
and a wind-boosted air intake unit. See fig.2.2.

2. Floor unit with electrostatic filter, heat exchanger, space for optional fan (no.2). See fig.2.3.

3. Duct system. Exhaust air ducting with exhaust terminals in three levels. Supply air ducting at
three levels with supply terminals (simulated with dampers). As a part of the supply system
an insulated vertical main duct connects the air intake of the roof unit with the floor unit.

The system design is described in detail in /1/ and /2/.
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Flg. 2.1. Lab test set up overview
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Fig. 2.2. Roof unit
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2.2, Pressure drops in the system

Dimensions and flow cross sections in a natural ventilation system must be chosen in order to
keep the pressure losses as low as possible. Air velocities must be chosen to comply with the
pressure loss requirements. The magnitude of the dynamic pressure ahead of components
producing high pressure losses should be between 0,4 and 4 Pa (0,8 - 2,6 m/s air velocity), with
the highest velocities in the supply terminals and exhaust openings. The lowest velocities should
be applied where high resistance coefficients are expected such as sudden area enlargements,
heat exchangers, filters, bends etc. The pressure drop in straight ducts can have an order of
magnitude value of 0,15 Pa/m duct length, resulting in an air velocity of 1 m/s in @125 mm ducts
increasing to 2 m/s in @400 mm ducts and even 4 m/s in @1000 mm ducts. Aerodynamically
good shapes should be applied to avoid sudden area changes and sharp bends.

The pilot system is designed with approximately 2 m/s in the main, vertical ducts and 1 m/s in
the smaller, horizontal ducts. This gives approximately designed pressure drops as listed in table

2.1 at nominal flow, 400 V/s:

Table 2.1. Design pressure drop for pilot system

Component Supply system Ap [Pa] Exhaust system Ap [Pa]
Air intake grille / exhaust wind vane 4 5

Heat exchangers 6 6

Filters 2 2

Air terminals 6 6

Ducts, bends, take-offs, etc 10 6

Sum 28 25

Total for supply and extract 53

In addition to the pressure drops in table 2.1 the assisting fan gives about 4 Pa when it is turned
off.

The pressure drops in the pilot system were also measured. Corrected pressure drop recalculated
to be valid for a flow rate of 400 I/s are shown in table 2.2, supply and table 2.3, exhaust.
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Table 2.2. Corrected pressure drop (loss). Supply

Component Corrected for stack effect, Pa | Corrected for flow rate, Pa
Intake and vertical duct 10,5 11,3

Filter 1 1

Heat exchanger 6 6,5

Supply ducting and terminals 18 19,4

Total sum 35,5 38,2

Table 2.3. Corrected prassure drop (loss). Exhaust

Component Corrected for stack effect, Pa | Corrected for flow rate, Pa
Outlet to atmosphere 2 1,2

Heat exchanger 5 3,1

Exhaust ducting and terminals 11,7 8,4

Total sum 20,7 12,7

Total system pressure drop, supply and exhaust: =50,9 Pa

The total pressure drop is quite near the design pressure drop, but the distribution between supply

and exhaust is different.

The pressure drop in the supply system is higher than necessary due to a not optimised design
and adaptation to the existing building.

2.3. Costs

The installation cost for the pilot system and anticipated cost for a similar future system with the
volume flow of 0,4 m’/s are calculated. The yearly running cost for such a ventilation system is
predicted taken the results from the measurements of the energy consumption into account. The
same procedure is used for a traditional ventilation system by obtaining the installation cost from
a ventilation entrepreneur company. The result from this comparison was that the installation
cost for the pilot system was slightly higher than a traditional system but the running cost was
lower in spite of the low heat recovery efficiency in the pilot system. A comparison of the
“present value” based upon 20 years of operation showed approximately the same value for the
two systems.

There are many uncertainties associated with these calculations e.g. cost of a comparable
traditional system, future electricity price, present contra future price of the pilot system, cost of
the “lost floor area” etc. The performed calculation shows however that a pilot system with heat
recovery as presented here is competitive.
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3. MEASUREMENTS

3.1 Temperatures, wind and air flow in the system

The winter in Oslo was extremely mild in February-98, but seasonally cold in March and April.
After an initial measuring period in February, continuous logging has occurred since the last
week of February. In the beginning different system modes were tested during some days:

Natural ventilation without fan, natural ventilation with extract fan mounted but turned off and at

last natural ventilation with assisting extract fan and regulation of fan speed.

Fig. 3.1 shows some selected data series from the first period, before the fan was installed.
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Fig. 3.1. Measurement results without ass/sting fan Installed

The outdoor temperature in this period varied from -10°C to 0°C, and the wind speed from O to 5

m/s, (wind speed lower than 1 m/s can not be measured and is registered as 0). The extract air
flow was around 60% of design value (~240 I/s) and the supply air flow around 33% of design
value (~133 I/s). The heat recovery system increased the supply temperature about 15°.
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Fig. 3.2 shows the same data series from a period with the extract fan mounted, but without
electric connection, i.e. the fan is rotating because off the natural air flow.
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Flg. 3.2. Measurement results with installed assisting fan, but without elactric connection

The outdoor temperature and wind in this period were about the same as in the period without
fan. The extract air flow is now reduced to about 43% of design value (~170 1/s) and the supply
air flow is about the same as before. There is a clear connection between the air flows and
outdoor temperature and wind. The air flows increase considerably when the wind speed exceeds
5 m/s.

Fig. 3.3 shows the result of connecting the fan and fan control system. The extract air flow is
now quite stable at design value (400 /s), regardless of variations in wind and outdoor
temperature. The supply air flow still varies with the natural driving force, but has increased to
about 38% of design value (~150 1/s), due to increased extraction flow.
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Fig. 3.3. Measurement results with assisting fan and with speed regulator

3.2. Heat exchanger efficiency

The heat exchanger efficiency is calculated from measurements in a period with an auxiliary
supply fan installed, fig. 3.4. In the days from April 3. to April 6. the supply flow was kept
reasonably constant at design flow (400 I/s). (The auxiliary fan had no automatic flow controller).
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Fig. 3.4. Measuring results for calculation of heat exchanger efficiency
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The heat exchanger efficiency is calculated with data from 04.04.98 at 06.59:
Suppl.=7,63°C, intake=-1,71°C, extr.=16,83°C *), disch.=7,73°C, Qsup=400 1/s, qexte=405 1/s.

T\suppl = (qsuppllqcxtr) ) ((tsuppl'tint)/(tcxtr'tint) = (400/405) ) ((7’63" -1,71)/(16,83- ‘1171) = OaSO
Tlcxl;r= (qextr/qsuppl) ) ((tcxtr'tdisch)/(tcxtr'tint) = (405/400) b ((16,83‘ 7,73)/(16,83- -1,71) = 0,50

The measured heat exchanger efficiency is lower than the producer's design value, =0,58. The
reason may be uneven flow over the coils, specially on the extract side, because of too little filter
opening in front of the coil. This will be changed if the measurements continue in a new project.

3.3 Recording of fan power

The electric energy consumed by the assisting fan is measured with a kWh-meter and the data
collected in a data logger. Because of the relatively high measuring resolution of the kWh-meter,
the average values over periods as short as 15 min are not well suited for calculation of actual fan
power. Instead we have calculated the fan power from the 15-min average of fan voltage, which
is proportional to the fan speed. The connection between fan power and fan voltage at 400 1/s is
determined from laboratory tests, see appendix 1:

P(W)=0,375-U (V) +9 (including the regulator)

Fig. 3.5 shows how the fan power consumption varies with the natural driving force in the
exhaust system. The driving height is here set to16 m and the wind coefficient equal to 0,6. The
figure contains measured 15 min data from the period March 6. to April 23.
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Fig. 3.5. Measuring results: Extract fan power consumption depending on natural driving pressure

The measured values in fig. 3.5 are quite spread out, mainly because of the 15 min averaging.
There is no momentary connection between air flow, fan voltage, temperature difference and wind.
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However, the trend is quite clear: The power consumption of the extract fan varied between 37 W
and 18 W, depending on the natural driving pressure which varied from O to 23 Pa for this period.

4. DISCUSSION

In cold climates heat recovery in ventilation systems is necessary both for achieving thermal
comfort and for saving energy. This is also the case with natural ventilation. Because of the low
natural driving forces it is necessary to use assisting fan to get sufficient flow through the heat
recovery system. A test system based on this principle was built in the laboratory at NBI. The
objective was to get experience with such a system and to supply the NatVent project with
measuring data.

The wind boosted air intake shutters and exhaust opening with wind vane improved the natural
driving forces and thus reduced the fan energy consumption. This is demonstrated by the
continuous measurement of fan power consumption, which varied with wind and temperature
difference. In the recorded spring period the average fan power was about 75 % of the power
needed when the driving forces are zero (no wind, no temperature difference).

The calculated driving forces acting on the system are:

Temperature driving pressure = 0,045 - H-dt=0,72 - dt (Pa). (H=16m).

Wind driving pressure, exhaust =c¢ « pgyn = 0,6 - 0,6 - v2=0,36 - v2 (Pa). (v= wind speed, m/s)
Wind driving pressure, supply = ¢ - pgyn = 0,6 - 0,6 - vi=0,36- v (Pa). (Csuppt = Cexn)
In Oslo the wind speed seldom exceeds 5 m/s, therefore the temperature force is normally more
important in the heating season.

Another important reason to have wind boosted intake and exhaust devices is to ensure that the
flows goes in the correct direction through the system. Never the less there was one day in which
there was reverse flow in the supply duct, due to an open door, and the reverse flow continued
many hours after the door had been closed. The wind speed was however less than 2,5 m/s in this
period.

In climate zones like in Oslo, with low wind speed, the benefit of the wind boosted intake and
exhaust openings can be questioned. The cost for these devices can be higher than the energy
they save during expected life time. Without these devices the system in principle is more like a
traditional balanced system, but designed for very low pressure drop and arranged to use the
natural temperature driving force.

It was anticipated that the assisting fans could be used as flow controllers. The tests confirmed
that this function was very efficient.

There is no audible noise from the system. Because of the low pressure drop and the fans running
on less than 50% of maximum speed, the fan noise is very low.

The installation cost for a future system similar to the tested pilot system has been calculated,
with the assumption that the future system can be produced in series and installed in many wings
of a new building. But even then the new system costs more than a traditional, balanced system,
because of bigger duct- and component- dimensions per m?/s air flow, and more lost floor area.
This will also depend on how well the system is integrated in the building construction, i.e. the
co-operation between the architect and the rest of the design team is important.
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But the running cost is lower for the new system, because of low electric energy consumption by
the fan. At the moment the lower running cost can not compensate for the higher installation cost,
calculated with actual Norwegian energy prices. The Norwegian price of electricity is however
anticipated to increase more than other prices, and therefore the total cost of the new system may
be the lowest in the future.

5. CONCLUSIONS

Practical concepts for natural ventilation with heat recovery have been developed. A test system
designed for an air flow rate of 400 /s was evaluated in the laboratory at NBL The system
consists of:

e Roof unit with heat exchanger, coarse filter, assisting fan, a wind-boosted air exhaust unit
and a wind-boosted air intake unit.

¢ Floor unit with electrostatic filter, heat exchanger, and an assisting fan

e Duct system. Exhaust air ducting with exhaust terminals in three levels. Supply air ducting in
three levels with supply terminals (simulated with dampers). As a part of the supply system
an insulated vertical main duct connects the air intake of the roof unit with the floor unit. The
supply air may also be taken from ground level outside the building through an underground
culvert (channel).

e A flow controller controlling the speed of the fans.

The total pressure drop for the system (supply and exhaust) is approx. 50 Pa. There is room for a
reduction in pressure drop between 10 and 20 Pa by optimisation of the duct design.

Maximum power consumption for the extract fan is about 37 W, but has been measured as low
as 18 W, when the natural driving force is higher. '

The tests show that the laboratory building is quite leaky and that reverse flow can occur when
the door is left open for a while. Therefore it was decided to install an assisting fan also in the
supply system. In a very tight building it should be sufficient with one fan (in the exhaust).

Average power requirements for two assisting fans is about 2 x 28 W = 56 W. This gives a
Specific Fan Power (SFP) = 0,14 kW/m?s, which is about 5% of a typical system today.

The system may run with the assisting fans turned off, but generally with reduced air flow rate.
The fan speed control system controls the air flow rate very efficiently.

The temperature efficiency for the heat recovery is measured to 0,50. With an optimal design of
the installation the efficiency will increase to about 0,60.

The installation cost of the system is higher and the running cost is lower than for a traditional

balanced ventilation system, The total cost over the lifetime depends on the future price of
electricity and how well the system is integrated into the building.
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