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ABSTRACT

In mechanical exhaust ventilated buildings in cold climates, the supply air through vents in
the perimeter may cause draught and reduce the zone of occupancy. One way to prevent this
is to preheat the outdoor air by a vent-convector. An experimental study of the performance of
a-vent-convector is reported in this paper. Measurements have been conducted in a test room
and in a school equipped with vent-connectors. Air flow and pressure drop characteristics
were investigated for one type of vent-convector. The temperature variation at a step change o
of the air flow was also investigated. The results showed that a large under-pressure and a
tight building are needed for the system to work as intended. The vent-convector gives a
displacement ventilation with a stable supply temperature.

INTRODUCTION

In mechanical exhaust ventilated buildings in cold climates, the supply air through vents in
the perimeter may cause draught and reduce the zone of occupancy. Especially in classrooms
where the demand of outdoor air flow is high compared to the room volume and the zone of
occupancy is stretching close to the outer wall this is a problem. Old schools are ofien natural
ventilated and in renovating these an improved ventilation is wanted. Due to the limited space
available a mechanical exhaust ventilation system with vents in the outer wall is ofien used.

A way of reducing the draught from the vents is to preheat the outdoor air in the vents by a
vent-convector, see Figure 1. The convector can be supplied with warm water from the same
system as the radiators. The air should be heated to a temperature slightly lower than the room
air temperature so a displacement ventilation effect is achieved. An experimental study [1] of
the performance of one vent-convector is reported in this paper. It should be mentioned that
there are several manufacturers of vent-connectors but only one is tested. Measurements have
been conducted in a test room and in a school equipped with vent-connectors.
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Figure 1. Schematic drawing of a vent-convector Figure 2. Plan of test room



METHODS

In the laboratory measurements the vent-convector was installed in one of the walls in a test
room, see Figure 2. The lower part of the convector was 200 m above the floor. The
“outdoor” air was taken from the laboratory where the temperature was approx. 25 ‘C, so the
thermostat had to be exchanged to one with a higher regulation span. In order to evaluate the
“displacement” effect the room was heated. Inside the test room heat sources consisting of
white painted ventilation ducts (L= 1 m, diameter= 0.4 m) with four 25 W bulbs in each
simulated persons. Electrical heaters were also used. An exhaust fan with variable speed
provided the under-pressure needed at different air flow rates through the vent-convector.
Temperatures were measured with thermocouples; air velocities with low velocity
anemometers and pressure differences by micro manometers. The air flow through the vent-
convector was measured in the exhaust duct by a calibrated bend. The test room had no other
openings than the vent-convector and was reasonably air tight so the exhaust air could be
taken equal to the supply air.

Field measurements were made in two different rooms in a school, one for handicraft and one
for physical training. The rooms were equipped with vent-connectors and mechanical exhaust
systems. Designed air flow rates were 17/27 1/s at reduced flow and 80/110 1/s at forced flow
during classes. The forced flow is started by the teacher from the classroom, The under-
pressure was not to exceed 20 Pa at forced flow conditions. Measurements were made of the
exhaust flow rate, pressure difference across the perimeter, temperature and velocity of
incoming air md in one room temperatures and carbon dioxide concentrations during a class.

RESULTS

Laboratory measurements
The flow rate through the vent-convector with the filter supplied by the manufacturer (Filter
1) and intended for use in the field installations was measured at different under-pressures, see
Figure 3. The projected air flow rates were only achieved at under-pressures much larger than
intended. Further measurements with other filters were performed as well as of the pressure
drop across the vent-convector without any filter. Filter 1 was said to be of class EU 4 and
filter 3 of class EU 2. The designed forced flow rates at 20 Pa under-pressure can be reached
in the handicraft room with a change of filter to EU 2.
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Figure 3. Pressure drop across the vent-convector
with different filters at different air flows.
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Figure 4. Front of vent-convector
with position of thermocouples.



Measurements of the temperature distribution in the incoming air and the ability of the
thermostat of the heating coil to maintain the supply air temperature when the air flow rate is
increased from reduced to forced flow were performed. Thermocouples were positioned on
the front, see Figure 4, which also shows the position of the temperature sensor of the
thermostat and the sizes of the perforated area and the heating coil. In Figure 5 temperatures
measured when the air flow was increased from 25 to 75 1/s at time=280 s are shown. Filter 2
was used in this test and the temperature rise through the convector set to about 20 ‘C. The
temperature distribution across the front was quite large, the lower part giving a lower
temperature at low air flows (fort< 280 s), probably cool air falling down to the lower parts
of the vent-convector. At increased air flows a more even temperature distribution was
measured. It cm also be seen that the temperature of the incoming air at the lefi part of the
front is higher than the rest, this can be explained by the vertical water circuit of the heating
coil. The temperatures of the air from the upper parts of the convector were decreasing for a
short while afier the increase of the air flow but in a few minutes returned to the original
values. The rise in supply water temperature is due to the experimental set-up. Warm water to
the heating coil is supplied via a heat exchanger cooling hot water to a desired temperature.
There was no temperature regulation on the heat exchanger so it was not possible to keep the
warm water temperature constant at different water flows. The heat exchanger was used
because oscillations in air temperatures were observed if the supply water temperature was
too high and the water flow rate low.
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Figure 5. Air and water temperatures when the air flow was increased from 25 to 75 1/s.

The possibility to create a displacement ventilation flow with the vent-convector was tested
by measuring the velocity distribution in front of the air supply, measuring the temperature
gradient and studying the air movements by smoke. With an air flow of 75 1/s and a supply
temperature of 4 ‘C below room air temperature, velocities around 0.25 m/s were measured
just at the centre of the vent-convector at a distance of 0.2 m and height 0.2 m above the floor.
At a distance of 0.7 m all velocities were below 0.15 m/s.

The temperature gradient measured in the middle of the room in this case is shown in Figure
6. The supply air temperature was 30 ‘C and the heat load in the room 400 W plus the 5
person simulators (5* 100 W). The air change efficiency was also measured with tracer gas in
a step down procedure and was found to be around 55 O/O. In Figures 7-9 smoke is illustrating
the air flow pattern close to the vent-convector. In this case the supply air temperature is only
2 ‘C below room air temperature. The displacement ventilation air flow pattern was clearly
visible.
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Figure 6. Temperature gradient Figure 7. Illustration of air flow pattern by smoke
(side-view)

Figure 8. Illustration of air flow pattern by Figure 9. Air flow pattern five seconds later.
smoke (Top view)

Field measurements

Field measurements were made in a school in a suburb to Stockholm where renovation of the
ventilation system was going on. Only part of the renovation was finished at the time so only
two rooms were measured. One is a handicraft room, see Figure 10. The outer walls are made
of brick and the interior ones of wood and plasterboards. Three vent-connectors connected to
the radiator system are mounted under the windows in one of the exterior walls. Seven
exhaust air terminal devices are connected to the mechanical exhaust system. Designed air
flow rates for the room were 50 1/s at reduced flow and 240 1/s at forced flow during classes..
The forced flow can be started from the classroom. The other room is a small room for
intensive physical training, see Figure 11. The ceiling, floor and outer walls are made of
concrete. Three vent-connectors connected to the radiator system are mounted and six exhaust
air terminal devices are connected to the mechanical exhaust system. Projected air flow rates
for the room were 82 1/s at reduced flow and 330 1/s at forced flow during exercise. The
forced flow can be started from the room.
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Figure 10. Plan of handicraft room
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Measurements were made of the exhaust flow rate, pressure difference across the perimeter,
temperature and velocity of incoming air and in the handicraft room, temperatures and carbon
dioxide concentrations during a class. The flow rate through the vent-connectors was
calculated by the pressure difference across the perimeter and the results from the laboratory
measurements, see Figure 3. The vent-connectors were all of the same type as the one tested
in the laboratory and equipped with filter 1.

Table 1 shows measured exhaust air flow rates and measured pressure differences and
calculated air flow rates through the vent-connectors at reduced and forced air flow settings in
the two rooms.

Table 1 Pressure differences, measured and calculated air flow rates in two rooms.
Tem~eratures and velocities in front of a vent-convector at forced flow in each room.

Handicraft room Physical training room

Reduced flow Forced flow Reduced flow Forced flow

Exhaust air flow rate (1/s) 50 240 82 330
Pressure cliff. (Pa) 2 4 16 32
Air flow through vent-
convectors (I/s) 30 54 150 279
Difference (I/s) 20 186 -68 51

Temperature ~C) 21 21 14 10
Velocity (m/s) 0.1 1

As can be seen from Table 1 both rooms had the designed exhaust air flow rates. However,
due to the high-pressure drop across the vent-convector the supply air in the handicraft room
was not entering the intended way, but from adj scent rooms and through the perimeter. The
under-pressure in the physical training room was very large. The supply air temperature was
in this case also very low, with the air flow not spreading across the perforated area but
concentrated to the area in front of the heating coil, see Figure 4. The outdoor temperature
was 4 “C. At reduced air flow in the physical training room, large under-pressure in adjoining
rooms caused part of the air flow to pass from the physical training room to adjacent rooms.

The air temperature in the handicraft room was measured during one sunny day when the
outdoor temperature was about 10 ‘C. There was only one class during the day with 13 pupils
and 2 adults from 10-12 am. The temperatures were measured at different heights above the
floor in position B and in the exhaust at position C (Figure 10), see Figure 12. The



temperatures were increasing during the day, first from 10-12 am, during the class, with a
small decrease at 11.00-11.15 when there was a break, but then also from 12-14 because of
sun irradiation. The measurement probe at 1.1 m was exposed to direct radiation, which
explains the large increase at temperature for this probe. During the whole period a
temperature gradient could be seen, the exhaust air having the highest temperature.
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Figure 12. Temperatures measured at different
heights in Pos B and in exhaust no 1 in the

handicraft room
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Figure 13. COZ concentrations measured in
Pos. A and in exhaust no 1 in the

handicraft room

Carbon dioxide concentrations were monitored in exhaust at position C and in position A, 1.8
m above the floor, see Figure 13. The concentration in position A was higher during class; the
probe was positioned above a table where children were working. The increase in C02-
concentration, calculated with 15 persons and the exhaust flow rate, is 350 ppm which
corresponds to the rise in the exhaust during class. The high initial C02-concentration is
probably due to temperature inversion outside.

DISCUSSION

Laboratory measurements showed that the vent-convector is producing a displacement
ventilation when the supply air is slightly cooler than the room air. The large pressure drop
with the filters tested means that the vent-convector needs to be mounted in a quite airtight
building in order to work properly. This is also shown in the field measurement where the
intended air flow rate through the vent-connectors was only achieved in one of the rooms. At
a change from a low to a high air flow rate in the test room the vent-convector was able to
maintain a rather stable supply air temperature. Field measurements showed that at increased
flow rates the vent-convector did not heat the supply air to an acceptable temperature while
connected to the radiator system, maybe the connectors should have a separate hot water
supply.
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