Evaluation of replacement air systems

— Avoiding negative pressure problems during cooker hood operation in airtight dwellings
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The present paper summarizes the results of a Swedish technology competition on ventilation
in energy-efficient residential buildings. The first stage of the competition was conducted
during 2019-2020 in collaboration between the trade organizations/networks Svensk Ventilation
(svenskventilation.se) and BeBo (The Swedish Energy Agency’s network for residential property
owners committed to energy efficiency bebostad.se) with the overall aim of stimulating new
and innovative solutions to ventilation problems in energy efficient residential buildings. The
problem addressed in this article is linked to the need to supply replacement air in conjunction

with operation of the range hood to avoid disturbing under-pressure in the apartment.

Background

In the Nordic countries, high air tightness is sought in
buildings in order to reduce the heat demand caused
by air leakage due to wind. It is desired to maintain a
small negative pressure indoors compared to outdoors
(a few pascals) to reduce the risk of moist room air
leaking into the climate screen (walls, roof, etc.) during
the heating season and giving risk of moisture damage.
Normally, 5 — 10% lower supply than exhaust air flow
rate is sought for each apartment.

To avoid problems with negative pressure in dwelling
projects, the requirement of a maximum negative
pressure of 10 Pa is sometimes used. A negative
pressure of more than 25 Pa can cause problems for
people with reduced strength to open doors.

Very energy-efficient and airtight apartments can achieve
a leakage air flow, Qs9, down to 10 /s when tested with
50 Pa pressure differential. It has been shown that the
negative apartment pressure becomes problematic if
the difference between the total exhaust air flow and
total supply air flow approaches half of the Qsp value.
Thus, in airtight buildings, each apartment should have
an exhaust -supply airflow rate difference less than 4 —
5 1/s (<0.5 Qsp). This places high demands on airflow
measurement and balancing in such residential buildings.
The higher the air tightness requirements, and the better
the builder is at building airtight, the greater the demands

on the ventilation to avoid problems with over- or under-
pressure during basic or forced air flow. The need to
increase the exhaust air flow rate in the cooker hood when
cooking creates problems with replacement air.

One way to get replacement air has been window
airing, but window airing can significantly increase
heating demand if windows are left open. As a result,
various solutions to control replacement air during
cooker hood forcing have been tested by property
owners, but good solutions have been missing, so far.

Problems with negative or positive pressure can occur if
replacement air and the air flow of the cooker hood do
not follow each other, so there is a need for monitoring
and control, for example, built into the cooker hood,
but this type of product is not yet available.

This is the background to Svensk Ventilation and BeBo
initiating a technology competition on replacement
air systems in 2019-20. The competition concerned
energy efficient multifamily buildings, typically
3-8 stories high. The targeted building type typically
have one centrally placed air handling unit per stairwell.
On average, each apartment comprises a total floor
area of about 70 m?, distributed between three rooms
and a kitchen. Typically, the airflow rate extracted from
the kitchen cooker hood ranges from 10 1/s as the basic
flow, up to a forced flow of about 40 1/s.
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The tested solutions

Out of fifteen submitted solutions, the competition
jury judged that three were particularly interesting
for further consideration. These three were invited to
be evaluated by laboratory testing with the purpose
of verifying that the solutions maintain the required
performance over time.

One of the chosen solutions were withdrawn, so,
only two were tested in the laboratory at Chalmers
University of Technology in Gothenburg, Sweden.
Both these solutions are based on an electrically
controlled damper opening for increased supply of
replacement air when the range hood is activated.
One solution is intended for use with mechanical
supply and exhaust air, while the other is intended
for buildings with mechanical exhaust air with supply
of untreated outdoor air, e.g., through slot vents.

The test method

The tests were carried out in a test chamber with
an internal volume of 30 m? and a total enclosure
area of 59 m?2. The air leakage through its envelope
was determined to 13 1/s at 50 Pa negative chamber
pressure. The chamber dimensions are smaller than
those of real apartments. The smaller size means that
the pressure changes that occur in the chamber will
be faster than they would be in a real apartment.
Thus, the technology solutions have been tested
under slightly stricter conditions than is normal in
real buildings. Figure 1 shows a sketch illustrating
the principle of the test chamber when arranged to
represent a dwelling with mechanical supply and
exhaust ventilation.
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Figure 1. Sketch showing the principle of the test
chamber when arranged to represent a dwelling with
mechanical supply and exhaust ventilation.
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The test chamber pressure was measured using a refer-
ence electronic micromanometer with a measurement
uncertainty of £0.3% of the reading plus 0.3 Pa.
The airflow rates were determined by measurement
of pressure differentials over co-calibrated dampers.
All micromanometers were co-calibrated and differed
less than 0.6 Pa at the pressure levels measured in the
test chamber, and less than 1.6% of the reading at the
levels measured for air flow rate determination. To be
able to follow the rapid flow and pressure changes, the
readings were recorded typically using a time resolu-
tion of 1 value per second.

Results

The dampers for replacement air have different speed
of position change. One takes 80 seconds between its
end positions, while the other takes 22 seconds. Since
the cooker hood’s control is instantaneous, using a
“flap” damper, there was a short-term pressure drop.
In the case of the slower replacement air damper of
solution 1, the test chamber pressure dropped towards
-25 Pa during less than 1/2 minute. In the case of
the faster damper of solution 2, the pressure rarely
dropped below -10 Pa.

Figures 2 and 3 show examples of measurement results
obtained for solution I, i.e., when the test chamber
was arranged to represent a dwelling with mechanical
supply and exhaust ventilation. In Figure 2 the range
hood was inactive (both the range hood damper and
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Figure 2. Example of measurement results obtained
for solution T when the range hood was inactive (with
closed dampers). The test chamber was arranged to
represent a dwelling with mechanical supply and
exhaust ventilation.
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the replacement air damper closed). The pressure in
the extract and supply air ducts were maintained at
120 Pa and 100 Pa, respectively. The extract airflow
rate from WC and shower room was measured to
36 1/s, and the basic extract airflow rate through the
range hood was 13 I/s with the damper closed. Thus,
the sum of the extract airflows rates was 49 /s, which
was slightly (3 1/s) higher than the supply airflow rate.
At this airflow difference the test chamber pressure
was -4 Pa.

In Figure 3 the range hood was activated, which
caused the extract airflow rate through the hood to
increase to 34 1/s. In this case the total extract airflow
rate was 68 1/s. The activated range hood caused the
damper for replacement air to open. The replacement
supply air flow rate was then measured to 34 /s and
the total supply airflow rate stabilized at 68 1/s. In this
case the extract-supply airflow rate difference became
too small to be able to be determined by measure-
ment. The pressure in the test chamber briefly reached
-24 Pa and then stabilized at -1 Pa.

The diagram in Figure 4 shows an example of the total
supply and extract airflow rates monitored together
with the room pressure for solution 1. The diagram
illustrates how the extract airflow rate increased
instantly when the range hood was activated, and
the supply airflow rate successively increased as the
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Figure 4. Diagram showing an example of a time series
of measurement results obtained for solution 1. The test
chamber was arranged to represent a dwelling with
mechanical supply and exhaust ventilation.
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Figure 3. Example of measurement results obtained
for solution T when the range hood was active (with
open dampers). The test chamber was arranged to
represent a dwelling with mechanical supply and
exhaust ventilation.

replacement air damper opened. During this course
the room pressure rapidly dropped towards -25 Pa
before it was being restored. Later, when the range
hood damper was closed, the room pressure became
positive for a brief period before the replacement air
damper reached its closed position.

Figure 5 shows an example of measurement results
obtained for so/ution 2 when the range hood was active
(with open range hood damper). In this case the test
chamber was arranged to represent a dwelling with
mechanical exhaust ventilation and air supply through
outdoor air vents, e.g., slot devices.
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Figure 5. Example of measurement results obtained
for solution 2 when the range hood was active (with
open damper). The test chamber was arranged

to represent a dwelling with mechanical exhaust
ventilation and air supply through outdoor air vents,
e.g., slot devices.
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Figure 6. Diagram showing measured airflow rates for
solution 2. The test chamber was arranged to represent
a dwelling with mechanical exhaust ventilation.
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Figure 7. Diagram showing the measured room pressure
forsolution 2.The test chamberwasarranged to represent
a dwelling with mechanical exhaust ventilation.

Figures 6 and 7 illustrate examples om monitored
test data for solution 2. Figure 6 shows the measured
airflow rates, while Figure 7 shows the measured room
pressure. When the range hood was activated the room
pressure dropped from close to -4 Pa to about -9 Pa.
As the replacement air damper opened the room
pressure was restored to a value close to -6 Pa.

Summary and Conclusions

Both solutions met the technology competition
requirement regarding limitation of room under-
pressure. The solutions are considered robust and
long-term stable as they were tested for more than
200 cycles without any malfunction being observed.

Over time, however, dust will accumulate on the

dampers, which could affect their functioning; that
they get stuck and/or that they do not close tightly in
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the closed position. However, this has not been tested
in the current project. Regular inspection and cleaning
will be required, especially of the solution installed
as an outdoor air valve/supply air radiator, as the
damper in that case is exposed to unfiltered outdoor
air. The rather slow change in the damper position
contributes to the solutions being judged as robust.

Both solutions have the possibility to add an alarm
function with an electric feedback signal in case the
damper gets stuck in any position. However, none of
the tested solutions had any such function available.

The tests conditions represent modern airtight
buildings. In such buildings, very good air flow rate
measurement and balancing is required. The air
flow balance needs to be restored within 30 seconds.
The solutions are ready to be adapted for full-scale
tests in apartment buildings. m
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