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Abstract

ABSTRACT

The trend towards improving building airtightness to save energy has
increased the incidence of poor indoor air quality and associated problems,
such as condensation on windows, mould, rot and fungus on window frames.
Mechanical ventilation/heat recovery systems, combined with heat pumps,
offer a means of significantly improving indoor air quality, as well as

providing energy efficient heating and cooling required in buildings.

This thesis is concerned with the development of a novel mechanical
ventilation heat recovery/heat pump system for the domestic market. Several
prototypes have been developed to provide mechanical ventilation with heat
recovery. These systems utilise an annular array of revolving heat pipes which
simultaneously transfer heat and impel air. The devices, therefore, act as fans
as well as heat exchangers. The heat pipes have wire finned extended surfaces
to enhance the heat transfer and fan effect. The systems use environmentally
friendly refrigerants with no ozone depletion potential and very low global
warming potential. A hybrid system was developed which incorporated a heat

pump to provide winter heating and summer cooling.

Tests were carried out on different prototype designs. The type of finning, the
working fluid charge and the number and geometry of heat pipes was varied.
The prototypes provide up to 1000m’/hr airflow, have a maximum static
pressure of 220Pa and have heat exchanger efficiencies of up to 65%. At an
operating supply rate of 200m’/hr and static pressure 100Pa, the best
performing prototype has a heat exchanger efficiency of 53%. The heat pump
system used the hydrocarbon isobutane as the refrigerant. Heating COPs of up
to 5 were measured. Typically the system can heat air from 0°C to 26°C at
200m’/hr with a whole system COP of 2.

The contribution to knowledge from this research work is the development of
a novel MVHR system and a novel MVHR heat pump system and the

establishment of the performances of these systems.
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Chapter 1. Introduction

1. INTRODUCTION

The current concerns over global warming, due to greenhouse gas emissions,
have brought about an increased awareness of energy use in the built
environment. This has prompted the building of homes which are more energy
efficient and consequently more airtight. In the past, homes were draughty
with adequate levels of ventilation. This was due to poorly fitting doors and
windows, chimneys, and air leakage through gaps in the structure. In recent
times, the construction of modern doors, windows, and floors usually provides
better seals against the entry of outside air than in the past. Some modemn
homes no longer have chimneys and often in older homes the chimneys have
been blocked-up.

The sealing up of homes, however, has greatly contributed to an increased
incidence of poor indoor air quality. Inadequate ventilation can cause
problems such as condensation on windows, mould, rot and fungus on
window frames, damp patches on walls and dust mites in mattresses and
carpets. These problems are detrimental to the fabric of a dwelling and can be
damaging to the health of the occupants.

Studies in the USA and elsewhere indicate that approximately 93% of time is
spent indoors, 5% of time is spent in transit and only 2% outdoors [Otson,
1992]. The combination of greater concentrations of indoor air pollutants and
the amount of time spent indoors, suggests that the exposure to airborne
pollutants, with the consequent health risks, is far greater now than in the past.
It is therefore necessary to provide acceptable levels of ventilation to remove
pollutants and maintain a healthy environment. This should be achieved in a

manner that does not compromise energy efficiency.

Since opening a window to improve ventilation defeats the purpose of
tightening the building's thermal envelope, an alternative means of providing
adequate ventilation is required. Alternatives are passive ventilation through

trickle vents on windows or by passive stack ventilation, which relies on stack
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and wind effects to push air through the dwelling. However, heat is lost with
the exhaust air in both these systems and neither can provide a response to

periods of high moisture production.

Simple extract fans could be used but, again, heat is lost with the outgoing air
and they generally only service individual rooms, which results in poor air
distribution. A more efficient method of removing pollutants, and adequately
ventilating dwellings, is to use whole house mechanical ventilation (MVHR)
systems. A supply fan and duct system provides fresh air to living areas and
bedrooms, whilst an extract fan and duct system exhausts stale, moist air from
the kitchen and bathrooms. A heat exchanger is used to transfer heat from the
exhaust air to the supply air. Space heating bills are reduced by preheating the
supply air using recovered heat. The cost of electricity used to run the systems
is offset by the space heating savings. Many studies have shown that MVHR
systems can significantly improve the indoor air quality of a home [DOE

1995, 1996, Korsgaard et al, MclIntyre 1986, 1989, 1992].

More advanced MVHR systems incorporate heat pumps to provide the heating
and cooling required in buildings. Heat pump MVHR systems can supply
warm air at temperatures of up to 50°C. Cool air can be provided by reversing
the heat pump cycle. In a well insulated airtight house, such a system can
supply up to 80% of the seasonal space heating needs at a coefficient of
performance of 3 [Kenny, 1994]. The heat pump’s high performance means it
consumes much less fuel than conventional heating boilers and so emits only a
low quantity of CO,, the principal contributor to the greenhouse effect. The
importance of this is highlighted by the commitment made by the UK
Government at the Rio Earth Summit, to return CO, emissions to 1990 levels
by the year 2000. Although heat pumps are frequently employed for industrial
and commercial applications, the domestic market in the UK for these systems

has been limited due to their high capital cost and maintenance requirements.

The work contained in this thesis is concerned with the development of a

novel domestic sized MVHR system using revolving heat pipes. Several

19



Chapter 1. Introduction

systems were designed, built and tested. Each system is based on the same
concept of using revolving heat pipes to both impel air and transfer heat. The
dual function of the heat pipes minimises the number of components and size
of the system. The rotation of the heat pipes enhances heat transfer both
within the heat pipes and externally between the air and finning. By virtue of
their rotation the accumulation of dirt on the pipe surfaces will be less. This is

a feature which has obvious maintenance benefits.

The first group of prototypes developed are heat pipe only systems. These
systems are used only for ventilation and heat recovery. The latter prototype
incorporates a heat pump to provide additional heating or cooling. All the
systems employ environmentally friendly refrigerants with zero ozone
depletion potential and zero, or very low, global warming potential. The heat
pipes use water as the working fluid, and the heat pump system uses the
hydrocarbon isobutane otherwise known as R600a or CARE 10. The
University of Nottingham holds two patents on the systems (Patent Nos.
GB9522882.1 and GB9507035.5). The patent details and publications which

have resulted from this research are shown in Appendix J.

This thesis is organised as follows. Chapter 2 covers the reasons for using
MVHR/heat pump systems. Their energy benefits are reviewed, as are the
problems associated with poor indoor air quality. Chapter 3 covers the
different ventilation strategies used for dwellings and reviews MVHR systems
currently available along with the legislation which governs their performance
and use. Chapters 4 and 5 review heat pipe and heat pump technologies. In
particular, Chapter 4 covers revolving heat pipes as these are used in the
prototype systems. The remainder of the thesis is concerned with the
development of the prototype MVHR systems. Chapter 6 contains the design
work involved in developing different variants of the revolving heat pipe
MVHR system. The testing, both in terms of heat recovery efficiency and fan
performance, is contained within Chapter 7. Chapters 8 and 9 cover the design
and testing of the MVHR heat pump prototype. The project conclusions are
contained in Chapter 10. The test results and some ongoing development work

are located in the Appendices.



Chapter 2. Why use MVHR systems

2. WHY USE MVHR SYSTEMS

The change in climate due to greenhouse gas emissions, energy use and the
provision of ventilation for acceptable indoor air quality are all reasons for
using mechanical ventilation heat recovery (MVHR) systems with or without
heat pumping. This chapter discusses these reasons, all of which prompted the

research contained in this thesis.

2.1 Climate change

During the last two decades, there has been increasing concern about world
energy consumption and resources. Twenty years ago, during the first wave of
global concern about energy use and the environment, the main concern was
that non-renewable resources such as oil and gas would be exhausted within a
few decades. However, those fears proved unfounded because new reserves
were found or substitutes developed. More, recently we have begun to

understand how the use of energy itself is damaging the environment.

Global warming, due to the greenhouse effect, has emerged in recent years as
one of the most urgent environmental problems humankind faces. Scientists
are now in agreement that the balance of evidence suggests a discernible
human influence on global climate. The world is about 0.6°C warmer than it
was 100 years ago, with the three warmest years globally being 1998, 1997
and 1995 [The Times, 1999].

The composition of the atmosphere affects the amount of radiation absorbed
and emitted. Some naturally occurring atmospheric gases, including water
vapour, carbon dioxide, methane, nitrous oxide and ozone, are more efficient
at absorbing terrestrial (outgoing long wave) radiation than solar (incoming
short wave) radiation. Because of this they trap outgoing radiation, keeping

the surface and lower atmosphere warmer than it would be without these gases
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present. This is the natural greenhouse effect. Without these greenhouse gases,
the surface of the Earth would be 20°C to 30°C colder and inhospitable.
Figure 2.1 shows a simplified diagram illustrating the greenhouse effect.

SUN

Some solar radiation is reflected
by the earth and the atmosphere

Most radiation is absorbed by Infra-red radiation (long wave) is

EARTH

the earth's surface and warms it. emitted from the earth's surface.

Figure 2.1: A Simplified Diagram Illustrating

The Greenhouse Effect ircc, 1990]

Human activity has contributed to the greenhouse effect by increasing the
atmospheric concentration of some of the naturally occurring greenhouse
gases, such as carbon dioxide and methane. In addition, mankind has been
adding new greenhouse gases such as chlorofluorocarbons (CFCs). This is an
enhanced greenhouse effect but is usually just referred to as the greenhouse
effect. Humankind is therefore capable of raising the global average

temperature, a phenomenon known as global warming.
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Carbon dioxide has made the largest contribution to the enhanced greenhouse
effect. Although the level of carbon dioxide has varied naturally over time, the
current concentration is probably higher than at any time in the last 160,000
years. Increases over the last 200 years have been dramatic. Pre-industrial
(1750-1800) atmospheric concentration of carbon dioxide was 280 parts per
million by volume (ppmv). The 1990 value was 353 ppmv [IPCC 1990]. The
growth of carbon dioxide atmospheric concentration by more than 25% since
the industrial revolution, is mainly due to the combustion of fossil fuels,
although deforestation has also contributed. Carbon dioxide also has a long
atmospheric lifetime (50-200 years). What is emitted now will remain in the

atmosphere for decades.

The Intergovernmental Panel on Climate Change (IPCC) was set up in 1988
due to the concerns about climate change. The panel was established under the
guidance of the United Nations Environment Programme (UNEP) and the
World Meteorological Organisation (WMO). The IPCC was given the task of
assessing the latest scientific understanding of climate change and possible
impacts. In 1990 the first set of IPCC reports was produced. In June 1992, 155
countries signed the United Nations Framework Convention on Climate
Change at the Earth Summit in Brazil. The IPCC reports were instrumental in
the negotiations which led to the signings of the Convention. Initially, the
Convention committed all developed country parties to take measures aimed
at returning carbon dioxide emissions to 1990 levels by the end of the century.
Since then, developed countries have agreed to cut their greenhouse gas
emissions by 5%, relative to 1990 levels, by 2008-2012. This is a clear

indication of the concern around the world.

Climate change in the future depends on how quickly and to what extent the
concentration of greenhouse gases in the atmosphere increases. Complex
mathematical models have been developed to predict climatic response to the
increase of carbon dioxide and other greenhouse gases. These models have
predicted variations in regional climates and significant rises in sea level,
through changes in temperature and precipitation. It is thought people would

be affected due to the impact on water resources, food production and health.
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A new report by the Met Office warns that if nothing is done to reduce rates of
carbon dioxide emission now, 290 million people could be put at risk of
malaria and another 80 million could face the annual threat of flooding in just
three generations time. An estimated three billion people in Africa, the Middle
East and the Indian subcontinent will struggle to find adequate supplies of
clean drinking water and large parts of South America could lose their
rainforests for good [Met Office 1999].

Because of the threat of climate change, it is important that greenhouse gas
emissions are reduced. It is therefore the responsibility of architects and
engineers, working in the built environment, to design buildings and
environmental systems that use energy efficiently. Such systems not only
benefit the environment, but also consumers due to reduced energy

consumption and associated running costs.

2.2 Energy use in dwellings

The building stock accounts for almost 50% of the total UK delivered energy
use and a similar percentage of carbon dioxide emissions. By far the greatest
part of this is from the energy used by dwellings (almost 60%). This accounts
for 28% of the UK primary fuel consumption, with 56% of this used in space
heating and 25% in water heating. This energy use results in the emission of
33 million tonnes of carbon each year [Shorrock (1992)]. The Department of
the Environment, Transport and the Regions (DETR) has estimated that a 30%
reduction in domestic energy use is possible through energy conservation and

efficiency, without a drop in living standards [DoE 1996].

Dwellings represent the largest single category of buildings in terms of
numbers and energy consumption and, therefore, present the greatest potential
for energy savings in buildings. The long lifetimes of most dwellings mean
that the design decisions made at any point in time, effectively represent a
long term commitment to energy consumption. For example, the dwellings

which were built before any thermal regulations existed still make up the
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majority of the housing stock. Thus, design decisions which were made in the
past have a strong influence on energy use now, and continue to have an
influence into the future. Similarly, design decisions made now set the
baseline performance of the stock in the future. Because of this it is important

that legislation ensures that houses are built with energy efficiency in mind.

Source: United Kingdom Energy Statistics Digest 1996

Figure 2.2: UK Energy Use [wyatt, 1997]

The UK is already fulfilling its commitment to the Convention signed at the
Earth Summit, by considering a series of measures to secure reductions in
carbon dioxide emissions. One measure already implemented that is aimed to
reduce domestic energy use, is the addition of VAT on domestic fuel and
power. In addition, the last revisions to Part L of the Building Regulations
(1995) ensure that energy consumption in dwellings is reduced, by enforcing
more rigorous thermal specifications. All new homes in the UK are built
conforming to guidelines that reduce fabric heat losses and limit infiltration.
Every new dwelling also requires a Standard Assessment Procedure Energy

Rating (SAP rating). The rating is calculated in accordance with the Standard
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Assessment Procedure given in Appendix G of the Building Regulations, Part
L. The SAP rating is calculated by working out the cost of heating a home and
providing hot water, based on a standard heating pattern and typical
occupancy of that home (energy use for lights and appliances are not
included). This cost is then converted to a rate per unit area and converted into
an efficiency score on a scale of 1 to 100. A SAP rating of 1 represents a poor
standard of energy efficiency, while rating of 100 represents a very high
standard. The SAP energy rating calculated for a dwelling, must not be less
than the appropriate SAP energy rating target specified in the Regulations.
The average dwelling in the UK housing stock only scores around 39 [MVM
Starpoint 1992], a value that is well below the requirements of today’s
Regulations. Today’s dwellings must attain SAP ratings greater than 80 using
the energy rating method in the Building Regulations, Part L [DOE, 1994].

2.3 Ventilation requirements

The adequate ventilation of a building is essential to provide a comfortable
and healthy indoor environment for the building’s occupants. The ventilation
requirement is defined as the amount of outdoor air (fresh air) that must be

supplied to a space, to meet criteria associated with the use of that space.
The provision of a fresh air supply is necessary for the following purposes:

e Human respiration.

¢ Dilution and removal of indoor air pollutants.
e Control of relative humidity.

e Thermal comfort.

e Combustion appliances.
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2.3.1 Human respiration

In any occupied space, ventilation is essential for the provision of oxygen and
removal of contaminated air. Fresh air contains about 21% oxygen and 0.04%
carbon dioxide, while expired air contains about 16% oxygen and 4% carbon
dioxide [McMullan 1993]. The ventilation rate required for a given space is
based on the need to dilute carbon dioxide, rather than to supply oxygen for
breathing. It is desirable to keep the concentration of carbon dioxide within an
occupied space down to about 0.15%. The maximum allowable carbon
dioxide concentration, for 8 hours exposure, for healthy adults is 0.5% [Health
& Safety Executive 1985]. Table 2.1 shows the minimum ventilation rates for
various activities to prevent this limit being exceeded. It is also common
practice to specify ventilation rates by the removal of body odours rather than

CO, concentrations. Higher rates will result from using the body odour

criteria.
Minimum ventilation requirement
Activity for 0.5% CO, limit
(litres/second per person)

Seated quietly 0.8

Light work 1.3-2.6
Moderate work 2.6-3.9
Heavy work 3.9-5.3
Very heavy work 5.3-6.4

Table 2.1: Ventilation Rates Required To Limit CO; Concentration

[CIBSE, 1986]
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2.3.2 Indoor air pollutants

As new houses are built more airtight and existing houses are being 'tightened
up' in an effort to reduce energy costs, the natural air leakage in homes is no
longer sufficient to reduce indoor air pollutants. Until fairly recently, there
was so much air leakage in and out of most houses that air pollutants were
diluted and removed. Now, without that air leakage, the pollutants can build
up inside the house to levels where they are damaging to human health.

The average adult spends 90% of their time indoors but this is where the air
can be most polluted, particularly in a home if it is well sealed [ECD]. Air of a
high quality is required to create good conditions for the building structure

and the people inside. This can be achieved by good ventilation.
Poor ventilation is a cause of:

¢ Sick building syndrome.

e Condensation — water condensing on walls and windows.

e Unpleasant mould growth in bathrooms and damp places which can
damage decorations.

e High levels of airborne pollutants e.g., dust mites, formaldehyde .

e Lingering smells from cooking, smoking and other household activities.

e Poor health from damp conditions.

2.3.2.1 Sick Building Syndrome

Sick Building Syndrome (SBS) is a phenomenon recognised by the World
Health Authority. It is where the occupants of some buildings appear to suffer
il health more often than might reasonably be expected. Building Related
Illness (BRI) and Tight Building Syndrome (TBS) are two other terms used to
describe Sick Building Syndrome.

11
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Sick Building Syndrome Effects:

The illnesses related to Sick Building Syndrome generate the following types
of symptoms:

e Eye, nose and throat infections.

e Dryness of throat, nose and skin.

¢ Breathing difficulties and chest tightness.
e Headaches, nausea and dizziness.

e Mental fatigue.

e Skin rashes.

e Aching muscles and flu-like symptoms.

Most complaints of Sick Building Syndrome occur in large offices and as this

thesis is concentrating on dwellings, the subject has only briefly been covered.

2.3.2.2 Condensation and mould growth

An average family produces 15 litres (26 pints) of water vapour each day,
partly via perspiration, partly through breathing, but also from cooking,
bathing, washing and drying clothes [London Electricity]. This moisture is

unable to escape from a well-insulated airtight house.

Photograph 2.1: Condensation On Windows [London Electricity]
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The build up of condensation on the inside of windows is the most obvious
indicator of moisture related problems. More serious moisture problems are
the growth of mould, damp patches on walls and the presence of wood rot on
doors and window frames. Currently 35% of the UK housing stock is affected
by condensation and 17% by mould [Woolliscroft 1997].

Photograph 2.2: Mould Growth On Walls [London Electricity]

Mould growth occurs in the home in areas that are excessively moist. Growth
of mould tends to be greater in the summer than it is in the winter. This is due
to higher temperatures and levels of humidity. Not only can mould growth
result in dampness and deterioration of a building’s fabric, a range of
psychological conditions and physiological illnesses can be suffered by a
building’s occupants. The Medical Research Council’s Epidemiology unit at
the Royal Edinburgh Hospital found that children in damp and mouldy homes
had significantly more wheezing, sore throats, persistent headaches, fevers
and runny noses than children in dry homes [Platt er a/ 1989]. Damp surfaces
which promote the growth of, and long term exposure to, mould can lead to

hypersensitivity with severe reactions including breathing difficulties

[Environment Committee 1991].

13
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As stated by Oreszczyn (1992), the main requirements for mould to grow are:

® Mould spores which are always present in the air — there are several
hundred per cubic metre in the outside air even in winter.

e Oxygen.

* A temperature between 0°C and 40°C — individual species of moulds have
an optimum temperature but in practice all moulds will tolerate wall
temperatures encountered in buildings, even freezing.

* Some nutrients — most moulds can thrive on the nutrients present in dust
and other deposits, even in well cleaned and maintained houses.

e Moisture.

To avoid condensation and mould growth, it is widely agreed that indoor
levels of relative humidity should be kept below 70%. One method of
achieving this is to use an MVHR system to exhaust moist, stale inside air and

replace it with fresh outside air.
2.3.2.3 Dust mites

House dust mites (Dermatophagoides pteronyssinus) are arachnids which
thrive in areas of high humidity and warmth. They are found in the furnishings
of inost homes and are particularly abundant in carpets, beds, cushions and
blankets. Dust mites are about 0.35mm long and feed on decomposing organic

matter such as skin scales from humans and animals.

The most common allergen causing asthma in the UK is the house dust mite.
However, the problem is not from the mites themselves, but from their faeces.
A protein in the faeces causes an extreme allergic response in sufferers.
Because of this, dust mite faeces present in dust can be regarded as one of the

most potent allergens present in homes today.

More than two million people in the UK are asthmatic and numbers are

showing a steady increase. In 1989, the National Health Service spent

14
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approximately £217 million on drugs for asthma, which is about 8% of the
total NHS budget. In the UK 670,000 people could be suffering from asthma
because they are allergic to dust mite faeces [ECD].

Photograph 2.3: The House Dust Mite [London Electricity]

Dust mites live in an environment where there is no liquid water available.
The moisture balance is therefore critical to their survival, as they get their
water by absorbing water vapour through their skin. If the relative humidity is
too low then they cannot absorb enough water, which inhibits their ability to
reproduce and they will eventually die. Laboratory studies show that the
optimum conditions for mites are 25°C and 80% relative humidity [Mclntyre
1992]. A World Health Organisation working party has proposed that
humidity below a moisture content of 7g/kg will inhibit the growth of mites
[Platts-Mills 1989]. Work by Korsgaard (1983) showed that the number of

dust mites decreases considerably if the relative humidity is below 45% at

room temperature.
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The widespread occurrence of dust mites and its potential for causing serious
effects on health have prompted research to establish ways of removing it
from homes. Studies in Denmark have shown that the health of people with
asthma improved considerably when they moved to well ventilated buildings
with mechanical ventilation systems [Korsgaard]. MVHR systems were used

to lower relative humidity and, as a result, reduce levels of house dust mites.

UK studies undertaken by EA Technology in cooperation with the Building
Research Establishment [Mclntyre 1992, 1996] concur with the Danish
research. These studies concluded that the presence of dust mites and levels of
relative humidity in houses using MVHR systems, were below levels found in

houses where there were no MVHR systems used.
2.3.2.4 Gases

The following section contains a brief review of several gases that are

regarded as the main gaseous indoor air contaminants within dwellings.

Nitrogen Dioxide:

Nitrogen dioxide (NO) is a common atmospheric pollutant. It is a highly
toxic, reddish brown gas with a very strong odour and is produced when there
is combustion of fossil fuels in air. The process of combustion converts some
atmospheric nitrogen into NO, and some into nitric oxide (NO). Most of the
NO then reacts with oxygen to form more NO,. The main source of NO; in
homes is from the burning of heating and cooking fuels. It is also produced by

tobacco smoking.

When exposed to nitrogen dioxide people can experience extreme irritation to
the skin, eyes and mucous membranes. The health effects are dependent upon
the level of exposure and The World Health Organisation recommends that
NO, concentrations should not exceed 150 pg/m’ (80 ppb) over 24 hours
[WHO 1987]. This is based on the lowest concentration known to affect
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asthmatics. Although unconfirmed, long term exposure may also increase the

risk of respiratory disease, particularly in children.

The Building Research Establishment report [Berry ef al 1996] on Indoor Air
Quality in Homes refers to a pilot study of NO, concentrations in homes
undertaken in the Northwest of England. The study confirmed earlier findings
that the main factor affecting NO, levels in homes is gas cooking. The highest
kitchen measurement, in a gas cooking home, was found to be 158.8 ;,Lg/m3

(85 ppb) [Raw and Coward 1991].

The Building Research Establishment concludes from its own study of NO,
concentrations in 174 homes, that gas cooking was the dominant indoor
source of NO,. The study also found that 1% of the sample homes exceeded
the WHO guideline. This figure equates to over a quarter of a million homes if
the same percentage was found in the UK as a whole [Berry ef al 1996].

The levels of NO, could be controlled by using an MVHR system. Extracted
air from the kitchen, a potential area for high concentrations of NO,, would be

replaced by fresh air from outside.

Volatile Organic Compounds (VOCs):

Volatile Organic Compounds (VOCs) are highly evaporative chemicals that
volatilise into the atmosphere at room temperature. At present, over 400
separate VOCs bave been identified in the home, of which, over 250 can be
found in carpets [Residential Energy Efficiency Database 1999]. The most
common and best known VOC is Formaldehyde and, because of this, it will

be covered separately.

VOCs are emitted as gases from items such as building materials, plywood,
particle board, adhesives, furniture, carpets, curtains, cleaning agents, aerosol
sprays, cigarette smoke and paints. A review by Gustafsson (1992) of
scientific literature, found 24 cases of building materials acting as major

sources of VOCs in indoor air which resulted in complaints by occupants.
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The effects on people’s health from the presence of VOCs in indoor air have
been experienced widely throughout the developed world. The most common
health effects include nausea, dizziness, headaches, drowsiness, respiratory
complaints, sinus congestion and irritation to the skin, nose and eyes. All of
these symptoms have been experienced by people exposed to VOCs in indoor
environments. Exposure to high concentrations is more serious and can affect
the central nervous system and cause kidney or liver damage. Thankfully,

exposure in such concentrations is unlikely in the home.

Exposure to VOCs can be from a mixture of many individual gases that
interact with each other. The collective term for this mixture is Total Volatile
Organic Compound (TVOC). The National Health and Medical Research
Council of Australia has recommended 500 pg/m’ as the level of concern for
TVOCs with no single compound contributing to more than 50% of the total
[Dingle 1993].

The Building Research Establishment’s study of indoor air quality in homes
[Berry et al 1996] measured TVOC concentrations in 174 homes in Avon over
a twelve month period. For all houses in the study, the mean bedroom
concentration was 415 pg/m3 . The concentrations in other rooms were found
to be similar and the indoor concentration was ten times that measured
outdoors. Twenty five percent of the homes studied, had an annual mean
TVOC concentration which exceeded the guideline value proposed by the
National Health and Medical Research Council of Australia. Homes which
were newly decorated or had new furnishings were found to have higher

TVOC concentrations.

Adequate ventilation should be provided in tightly sealed homes to avoid any
health problems. Once again, this could be achieved by using an MVHR

system.
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Formaldehyde:
At normal ambient temperatures, formaldehyde is a colourless gas with a
pungent odour. The gas occurs naturally and is also industrially produced. It is

used in many manufacturing processes associated with household items.

Formaldehyde is released into the indoor air of homes from all the sources
summarised in the section on VOCs. In the UK, urea formaldehyde foam was
used extensively as retrofit cavity wall insulation in the early 1980s. This led

to elevated concentrations of formaldehyde in these homes.

Formaldehyde gas is released into the air unless the materials it is used in are
properly sealed. The air temperature and relative humidity influence the rate at
which the gas is released into the air. Temperature increases of 5°C to 6°C can
double the gas’s concentration, while an increase in the relative humidity from
30% to 70% can cause a 40% rise in the formaldehyde concentration. The
concentration can increase to as much as five times its original level if both
temperature and relative humidity are raised [Residential Energy Efficiency

Database 1999].

The health effects from exposure to formaldehyde include: Eye, nose and
throat irritation, headaches, skin rashes and nausea. The International Agency
for Research on Cancer (IARC 1982) has shown formaldehyde to cause

cancer in animals and class it as a probable human carcinogen.

The odour detection threshold for formaldehyde is approximately 0.1mg/m’
with eye and throat irritation starting at about 0.5mg/m’. The World Health
Organization have suggested that ‘in order to avoid complaints of sensitive
people about indoor air in non-industrial buildings, the formaldehyde
concentration should be below 0.1ug/L as a 30 minute average, and this is

recommended as an air quality guideline value’ [WHO 1987].

A study in the USA found that children had an increased likelihood of
suffering from asthma or chronic bronchitis when exposed to 60-120 ppb
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formaldehyde at home, particularly if also exposed to tobacco smoke
[Kryzanowski 1990].

The study of indoor air quality in homes conducted by the Building Research
Establishment [Berry et al 1996] measured formaldehyde levels in 180 UK
homes over a three-day period each month for 12 consecutive months. The
study found that in 12 homes at least one three-day mean concentration
exceeded the WHO recommended air quality guideline value. The study also
discovered a strong relationship between mean formaldehyde concentration
and the age of dwellings. The mean formaldehyde level was shown to
decrease as the age of the dwellings increased. This could be attributed to
higher concentrations of formaldehyde present in newer building materials
and furnishings used in homes built more recently. It could also be due to the
lower air change rates of newer dwellings subject to tighter building
regulations. In cases where the minimum exposure levels are exceeded, the
use of MVHR systems would provide adequate ventilation to reduce
formaldehyde concentrations by providing fresh air and reducing relative

humidity.

Radon:

Radon is a radioactive gas which occurs naturally as a product of the
radioactive decay of uranium in the Earth’s crust. It has no colour, taste or
odour and is found in all soils in various concentrations. It is, however,
commonly associated with areas where granite exists as the underlying rock

structure.

Radon gas enters a house through cracks and joints in the foundations and
walls of the ground floor. The decay products of radon can attach themselves
to suspended particles in the air. People are then at risk of inhaling these
particles which can be deposited on the respiratory tract. The subsequent
decay of the inhaled particles leads to an increased risk of developing lung
cancer. Radon is now believed to be the second leading cause of lung cancer,

after cigarette smoke [Residential Energy Efficiency Database 1999].

20



Chapter 2. Why use MVHR systems

The concentrations of radon found in homes varies depending on the levels
present in the surrounding ground. Levels of the gas in the ground are usually

low and, therefore, contamination is not a problem for many home owners.

It is essential that homes are properly sealed in areas where radon pollution is
a problem. Adequate sealing goes some way to avoiding the problem of gas
ingress into the home. Further reductions of the gas could be achieved by
using a balanced MVHR system to increase the ventilation rate. An exhaust
only unbalanced ventilation system should not be used, as it will create a
negative pressure in the home, thereby drawing more air and radon into the
building. Balanced and unbalanced MVHR systems are explained in more

detail in Chapter 3.

2.3.2.5 Reduction in pollutants using an MVHR system

The UK manufacturer Baxi markets an MVHR system based on a static plate
heat exchanger (see Chapter 7.1.7). Independent clinical trials were carried
out on the Baxi Clean Air System demonstrating the effectiveness of an

MVHR system for reducing indoor air pollutants (see Figure 2.3).

The British Allergy Foundation has awarded Baxi their prestigious seal of
approval and recommends the system to asthma and allergy sufferers. This is
one example of the widespread acknowledgement MVHR systems receive for

their control of pollutants affecting the health of occupants within a home.
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Figure 2.3: Reduction In Pollutants With

Baxi Clean Air MVHR System [Baxi Air Management]

2.3.3 Control of relative humidity

Relative humidity is the ratio of the actual partial pressure of the water vapour

to the partial pressure of the water vapour when the air is saturated at the same

temperature. Relative humidity is often expressed as a percentage. The ideal

relative humidity for a home is between 30% and 55%. Problems can begin to

occur when the relative humidity is too much above or below these levels. The

previous section on indoor air pollution commented on how levels of relative

humidity can affect the concentrations of different airborne contaminants.

Figure 2.4 illustrates the optimum level of relative humidity in a home

required to achieve acceptable indoor air quality.
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Figure 2.4: Relative Humidity And Air Quality

[Residential Energy Efficiency Database 1999]

Low levels of relative humidity in a dwelling can cause sore throats, sinus
congestion and skin disorders for the home’s occupants. If the relative
humidity is too high, mould growth can occur and there can be an increase in

the off-gassing of VOCs within the home, both of which can adversely affect

human health.

To control the level of relative humidity in the home it is essential that there is
adequate ventilation. At the very least there should be exhaust fans in the

bathroom and kitchen and preferably a whole house MVHR system.
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2.3.4 Thermal comfort

Ventilation plays a key role in providing conditions that are comfortable for
people to live and work in. The thermal comfort a person experiences is
defined as ‘that condition of mind that expresses satisfaction with the thermal
environment’ [ASHRAE 1992]. The factor that determines whether people
feel hot or cold is the rate of body heat loss. A person feels comfortable when
the rate of heat loss is within certain limits. They feel cold if the rate of heat

loss is too great and hot if the rate is too low.

The body loses heat to the surroundings by convection, radiation, evaporation
and conduction. The rate at which a person loses heat is affected by air
temperature, air humidity, air motion, the temperature of surrounding objects
and the clothes they are wearing. MVHR systems give control over the first

three of these factors.

Recommended indoor air conditions for comfort have been developed from
many human comfort studies. Thermal comfort conditions are illustrated by
thermal comfort charts. The comfort chart shown in Figure 2.5 illustrates the
comfort zones where 80% of sedentary or slightly active persons find the
environment thermally acceptable. The chart takes into account changes in
clothing for seasonal weather variations by specifying separate comfort zones

for winter and summer.

A clothing scale is used to represent how much clothing a person is wearing.
The clothing values range from Oclo to 4clo, where Iclo represents
0.155m’k/W of insulation. The summer and winter clo-values used in the
chart are 0.5clo and 0.9clo (0.078 and 0.14 m’k/W) respectively. Light
trousers and a shirt or a light dress and blouse are examples of clothing with a
clo-value of 0.5. Examples of clothing with a clo-value of 0.9 are a business

suit or a dress with a jumper.

In the middle of a shaded zone a person wearing the appropriate summer or

winter clothing would have negligible thermal sensation. Near the boundary
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of the warmer zone a person would feel warmer and towards the boundary of

the cooler zone a person would feel cooler.
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Figure 2.5: ASHRAE Summer and Winter Comfort Zones
(Acceptable ranges of operative temperature and humidity for people in

typical summer and winter clothing during primarily sedentary activity).
[ASHRAE 1997]

It was stated in the previous section that, for the best air quality, the relative
humidity in the home should be kept between 30% and 55%. This optimum
zone also falls within the thermal comfort zones illustrated in Figure 2.5. This
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further strengthens the requirement for controlled relative humidity through
adequate ventilation. To maintain comfort temperatures throughout the year
homes require heating and, in some cases, cooling. The use of an MVHR
system combined with heat pumping would provide this in an energy efficient

manner.
2.3.5 Combustion appliances

It is particularly important that an adequate supply of fresh air is made
available to areas of the house where there are fuel burning appliances. In
general, this applies to kitchens with gas cooking appliances and boilers
without balanced flues. In some cases, the living room may have a gas or open

fire that requires a plentiful supply of fresh air.

Fresh air is required by fuel burning appliances because the process of
combustion requires a plentiful supply of oxygen. A good rate of ventilation
also ensures by-products of combustion, such as nitrogen dioxide and water
vapour, are diluted and removed. The use of MVHR systems ensures an
adequate supply of fresh air as well as the extraction of pollutants. There is the
additional benefit of recovering heat from the warm stale air and warm air

extracted by the cooker hood.

2.4 Conclusions

By highlighting the importance of energy conservation, indoor air quality and
ventilation requirements, this chapter has explained the need for providing
adequate ventilation in an energy efficient manner. Whole house MVHR
systems provide fresh air throughout the house, whilst removing unwanted
stale air. Heat is recovered from the exhaust air to save energy. The occupants
of houses with MVHR systems no longer have to open windows to provide
ventilation, so the problems of heat loss, noise and security are eliminated.
Systems incorporating a heat pump can supply air at a temperature and

humidity that gives thermal comfort conditions to the home’s occupants.
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3. DOMESTIC MVHR SYSTEMS

Mechanical ventilation heat recovery systems have been used in dwellings on
the Continent and in North America for over 20 years. Many studies were
undertaken in the 1980s by research bodies from the UK and around the
world. Papers published on the subject proclaimed the benefits of using whole
house MVHR systems. The systems were shown to save energy and increase

indoor air quality.

The use of these systems is widespread in Scandinavia and parts of North
America. In some countries, such as Sweden, the installation of MVHR
systems is covered by law. By 1980 in Sweden, there were approximately
20,000 MVHR systems installed, and in that year nearly all the new houses
built had a ventilation system installed [Svensson, 1982].

Although the benefits of MVHR systems have been shown, the uptake of
systems in the UK has been slow. The slow uptake is due to several reasons.
The majority of houses in the UK are less airtight than houses on the
Continent. Enough fresh air enters most dwellings in the UK by infiltration
and, therefore, the requirement for mechanical ventilation systems is less. It
should also be noted that MVHR systems should be installed in airtight houses
in order to work efficiently. It is generally held that the British are more
conservative in their attitude towards innovation than people on the Continent
and in North American [Hendley, 1998]. High capital costs may also be a

barrier to sales.

Although sales of domestic MVHR systems in the UK are still not large, there
has been a sharp increase in sales over recent years. The market value has
increased from £1.3 million in 1995 to £2.1 million in 1999, an increase of
62% over the last five years [BSRIA 2000]. Figure 3.1 illustrates the rise in
value of the UK MVHR system market. The recent rise in sales could be
attributed to the more stringent Building Regulations requiring houses to be
built more airtight and with higher levels of insulation. Fresh air supplied to

new houses requires a different means of delivery other than infiltration.
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There is also greater public awareness of the health problems associated with
poor indoor air quality. MVHR systems are being marketed as an energy

efficient way of providing clean fresh air to the home.

25 g

15 =

-
|

(€ million)

1995 1996 1997 1998 1999
(Year)

Figure 3.1: UK Historical Trend Of Whole House MVHR Systems,
By Value (£ million, 1995-1999)

The following sections review ventilation strategies, legislation and

airtightness requirements for dwellings. A summary of ventilation heat

recovery equipment is covered as well as the theory used to determine the

system efficiency and coefficient of performance.

3.1 Ventilation strategies

Dwellings can be ventilated using the following ventilation strategies:

e Windows only.
e Passive stack.

e Mechanical extract.
e Whole house mechanical ventilation.

Whole house mechanical ventilation with heat recovery (MVHR).

Whole house mechanical ventilation heat recovery heat pumps.
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3.1.1 Windows only

The majority of houses in the UK are naturally ventilated. Natural ventilation
refers to systems that do not use mechanical equipment in order to operate.
Natural ventilation systems may also be referred to as passive systems. The
most common passive ventilation system is the use of windows. Occupants
control the ventilation of a room by opening or closing a window. An open
window permits large quantities of air to flow into and out of a house.
Windows can provide adequate air supply for summer cooling. However, in
the heating season energy is wasted by allowing heat to escape through open
windows with the outgoing stale air. Figures 3.2 and 3.3 illustrate the use of
windows for ventilation and draw attention to resulting heat losses in the

winter.
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Figure 3.2: Ventilation By Windows Only
Advantages:

e Cheap to install.

e Provides some ventilation.
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Disadvantages:

The rate of ventilation cannot be controlled.

The distribution of air is likely to be uneven.

Heat is lost through open windows in cold weather.

Cold air that enters the house must be heated.

Cold drafts caused by open windows can cause extreme discomfort .
Open windows compromise the security of a house.

Outdoor pollutants are able to enter houses freely through open

windows.

Noise pollution.

Warm Stale Air

(heat loss)

Figure 3.3: Warm Air Out — Cold Air In

The use of sash or sliding windows and louvres or top hung windows provide

greater control of ventilation compared to large side hung windows. However,

many of the problems associated with relying solely on windows for

ventilation remain.

3.1.2 Passive stack

Passive stack ventilation is a system of vertical, or near vertical, ducts which

run from wet rooms, such as the kitchen and bathroom, to vents on the roof.

The ducts extract moist air by utilising the stack effect [Stephen, 1989]. The
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stack effect is caused by differences in inside and outside dwelling
temperature. As long as the temperature inside the dwelling remains higher
than the outside temperature, the system will provide continuous ventilation.
The ducts should offer minimum resistance to airflow. There should be no
more than two bends per duct and each bend should not exceed 45° [Stephen,
1994]. Duct diameters are typically between 80 and 125mm [DoE, March
1996]. Fresh air enters the dwelling through trickle vents and open windows.

A typical configuration is shown in Figure 3.4.

Stale warm exhaust
T T air leaves house
through stacks

Maximum of two bends,
not exceeding 45°

J

Stacks are insulated
where they pass through
unheated spaces

.““‘5_‘ =)
g ‘ = gmmunt
Fresh air enters ;ﬂ‘ j‘
house through bedrooms bathroom
trickle vents,
windows and
cracks
|ll’-‘—§rJ } ]——
1‘“’
living rooms kitchen _‘

Figure 3.4: Passive Stack Ventilation

Passive stack systems are most suited for use where a consistent winter time

driving force can be developed, such as in moderate to medium cold climates

[Liddament 1996].

Advantages:

e Relatively inexpensive installation costs.

e Cheap running costs.

e Continuous passive ventilation.
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* Continuous removal of moisture and contaminants from areas of high

concentration.

e The systems are quiet and unobtrusive.

Disadvantages:
e Occasional back-draughting when the pressure generated in the stack
cannot overcome the static pressure of cold outside air sitting above it.
e Heat is lost from vented rooms.
e Cold air that enters the house must be heated.

o The positioning of suitable vertical ducts.

Passive stack ventilation systems can be enhanced by the addition of a fan
located in the duct to boost the ventilation rate during periods of high moisture
production. The fans are either controlled manually or via a humidistat.
However, by using a fan the system can no longer be regarded as entirely

passive.

3.1.3 Mechanical extract systems

Extract ventilation can be a centralised ducted system or less complex local
extract systems. Centralised ducted systems consist of a central fan that is
connected to a number of grilles via a network of ducting. These systems tend
to be used in small houses or apartments in cold climates [Liddament 1996].
Using these systems can prevent condensation on the buildings fabric.
However, centralised extract systems are not common in the UK. The main
form of extract ventilation in dwellings is local extract ventilation, and it is
these systems which are covered here. This form of mechanical ventilation is

widely used throughout the UK and most modern dwellings will have local

extract fans installed.

Local extract systems are low capacity fans used in rooms with high moisture

production, such as the bathroom and kitchen. They are usually propeller type
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fans mounted in a window or cooker hood and have typical capacities of
between 25-50 I/s. They are located such that extraction occurs very near to
the point of production. Their operation is normally intermittent and is often
controlled by a timer switch, humidistat or they are linked with the light
switch. As air is exhausted, replacement air is drawn in from other rooms
which, in turn, is replaced by air drawn in through open windows, cracks and
other openings. Figure 3.5 illustrates a local extract mechanical ventilation

system.
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Figure 3.5: Local Extract Mechanical Ventilation

Advantages:
e Directly exhausts moisture and pollutants from source.
e Relatively inexpensive and easy to install.

e Good prevention of condensation.
Disadvantages:

e Poor distribution of fresh air.

e No provision for direct make-up air.
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e May require regular cleaning and maintenance.

e Can cause draughts.

e Negative pressures produced within the home can cause problems,
especially in areas with radon gas present. The negative internal
pressure would draw the gas into the house.

e Heat is lost with exhausted air

e Systems can be noisy.

3.1.4 Balanced whole house mechanical ventilation with heat recovery

Balanced whole house mechanical ventilation systems are ducted systems
running throughout the whole house. Typically, a centralised unit is connected
to separate supply and exhaust ducting. The centralised units are often

positioned in attics or above cooker hoods, as shown in Photographs 3.1a and

3.1b.

(a) Attic installation (b) Cooker hood installation
Photographs 3.1a and 3.1b: MVHR System Installations

Systems are designed to exhaust warm stale air from polluted rooms with high
moisture content, such as the kitchen and bathroom. At the same time, an
equal quantity of fresh air is supplied to occupied rooms, such as living rooms

and bedrooms. The system is balanced because the supply and exhaust air
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flow rates are the same. This prevents any pressure difference occurring
between the inside and outside of the house. Figure 3.6 illustrates balanced
and unbalanced systems. Systems can be balanced by using dampers. On a
calm day, a thread held to an partially open window will show whether a

system is balanced or not by its movement.

*
Negative
Pressure
(Air Flows In)
Air Blows
Thread Inside
Positive a*
Pressure
(Air Flows Out)

Air Blows
Thread Outside

@ Balanced -
/ Air Flow

Thread Remains
Stable

negative pressure: extract rate > supply rate
positive pressure: supply rate > extract rate

balanced system: supply rate = extract rate

Figure 3.6: Balanced and Unbalanced MVHR Systems [Ncat, 1984]



Chapter 3. Domestic MVHR systems

The majority of balanced whole house mechanical ventilation systems,
incorporate two centrifugal fans and an air-to-air heat exchanger to recover
heat from the exhaust air. The extract air from the dwelling is ducted through
a heat exchanger and heat is recovered from the air. This air is then exhausted
to the outside via a wall grille. Through another wall grille, fresh air is drawn
from outside and is then passed through the same heat exchanger where it
picks up heat from the extract air. This warmed fresh air is then supplied to
living spaces via ceiling or wall grilles. Typically, the diameter of ducting
used is between 100mm and 150mm. Figure 3.7 illustrates the layout and

operation of a typical MVHR system.

exhaust

intake
m

MVHR system
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Figure 3.7: Balanced MVHR System

The systems often incorporate a boost function which can be used to increase
the rate of ventilation during periods of high moisture production, such as
washing and bathing. A large range of MVHR systems are manufactured,
varying in size and performance. Section 3.4 covers a number of different heat

exchanger types used in these systems
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Advantages:
e  Warmed supply air.
e No draughts.
e Exhaust heat is recovered.
e Reduction of pollutants and condensation.
e Control of humidity.
¢ Good control and distribution of air.
o Filtration of supply air is possible.
e Windows can remain closed giving greater security and reduction of

external noise and dust pollution.

Disadvantages:
e (apital cost
e Complex installation
e Require regular maintenance
e For effective operation they should be installed in airtight dwellings. If
the dwelling is very leaky the infiltration rate will lead to a heat loss

which can exceed the savings from heat recovery.

The effectiveness of these systems has been demonstrated in studies
undertaken on superinsulated houses in Milton Keynes. In those houses with
MVHR systems present, it was noticeable that misting of mirrors after bathing
and showering quickly disappeared, and tumble dryers could be vented
directly into the house, to take advantage of the heat generated, with no sign

of condensation [Ruyssevelt, 1987].

Another study, under the ‘Best Practice Program’ for the UK Energy
Efficiency Office, demonstrated the benefits of instaling MVHR systems in
refurbished high rise dwellings [DoE 1995]. Previously, the dwellings had
suffered from problems associated with damp. However, once the MVHR
systems were installed these problems were eliminated. The reaction of the

tenants to the MVHR systems was also found to be very favourable.
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3.1.5 Whole house mechanical ventilation heat recovery heat pumps

Heat pumps can be used in whole house MVHR systems to recover heat and
provide warm air heating. These systems often incorporate a plate heat
exchanger in addition to the heat pump. In these systems, the heat pump is
used to extract even more heat from the exhaust air after it has passed through
the heat exchanger. This additional heat is used to further warm the supply air.

In heat pump systems, the supply air can be warm enough to heat an entire
house. A well insulated home with an MVHR heat pump system, may only
need a small supplementary heating system for extreme cold periods. Figure

3.8 illustrates how an MVHR heat pump system is used in a house.

COOL STALE AIR COOL FRESH AIR

Figure 3.8: MVHR Heat Pump System [London Electricity]

By transferring or ‘pumping’ the heat from the warm extract air to the cold
intake air, a heat pump can produce a lot of heat for very little fuel. Typically,

heat pumps use a third of the electricity used by direct-acting panel heaters to
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give the same amount of heat [ECD]. Heat pump systems offer all the benefits
associated with MVHR systems. In addition they provide warmth evenly
distributed throughout the home and can reduce domestic energy
consumption. The reduction in energy consumption benefits the environment

by reducing carbon dioxide emissions.

A study was carried out on an MVHR heat pump system installed in a test
house at the Electricity Council Research Centre. The results of the study
concluded that the system was effective at reducing energy consumption. The
system was shown to provide well distributed heating at a unit cost below that

of off-peak electricity [McIntyre, Sept 1986, Nov 1986, 1989].

A full explanation of heat pump technology is covered in Chapter 5, and
section 3.4.5 further explains MVHR heat pump systems.

3.2 Legislation covering MVHR systems

To maintain general indoor air quality the ASHRAE Standard 62 recommends
a minimum of 0.35 air changes per hour (ach), i.e., in one hour 35% of the
home’s air is exhausted and replaced with outdoor air [ASHRAE 1989]. The
UK Building Regulations cover MVHR systems used in dwellings separately.
The Building Regulation Part F1, ‘Means of Ventilation’, 1.9d refers
designers to BRE Digest 398, ‘Continuous mechanical ventilation in
dwellings’ [DoE 1991]. The Digest states that ‘the total extract air flow rate
during normal operation should be equivalent to between 0.5ach and 0.7ach
based on the whole dwelling volume, less an allowance for background
natural infiltration, if desired” [BRE 1994]. The Digest also recommends that
systems have a facility to boost the air extract rate from the kitchen and
bathroom. It is suggested that the extract air flow rate is increased by 50% in a
single room or by 25% for the whole system. It is also recommended that the

supply and extract air flows should be nominally balanced, except when boost

is operating.
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3.3 Airtightness

The majority of existing housing has high levels of air infiltration ranging
from an average of 0.7 ach to 1.5 ach [DoE 1996]. However, new build and
refurbished properties can be built to high airtightness specifications. It is
these dwellings that MVHR systems should be used in for cost effective
operation. Figure 3.9 illustrates areas of a house through which air leakage can
occur. For good airtightness these areas should be sealed adequately to avoid

infiltration.
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Figure 3.9: Air Leakage Routes

The current guidance on the design, installation and operation of MVHR
systems states that dwellings should be as airtight as practicable for economic
operation of an MVHR system. Currently, the practical limit is a mean

background air infiltration rate of no more than about 0.2 ach [BRE, 1994].
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An air pressure test can be used to measure airtightness. The fan
pressurisation method is an accepted and convenient method of pressure
testing buildings to determine airtightness. The principle is to pressurise (or
depressurise) a building while measuring the air flow out (or in). The
equipment used comprises of a calibrated variable speed fan, a meter to
measure air flow through it and a manometer to measure the pressure
difference between the inside and outside of the building. The fan is fitted in a
panel sealed to an open external door. A pressure difference of 50Pa is
maintained between the inside and outside of the building and the air leakage
rate (ach) is measured. Before any measurements can be taken, all windows
and other external doors must be closed, and all openings not part of the
building structure must be sealed. The wind speed for the test should not
exceed 4m/s and preferably be no more than 2.5m/s. Leaks can be detected

during the pressure test using a smoke puffer around likely points of leakage.

Air changes per hour at 50Pa
Country Arithmetic Standard Sample
mean deviation size
UK 13.6 5.7 385
Belgium 8.2 7.2 57
France 3.6 2.0 66
Netherlands 10.1 6.7 303

Table 3.1: Leakiness of Dwellings [woolliscroft, 1997]

Table 3.1 contains results of air leakage tests carried out on homes in the UK
and other countries. The results show UK homes to be leakier than the other
European countries covered. Infiltration of 2 ach at 50Pa is an acceptable

maximum airtightness requirement for economic operation MVHR systems.
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3.4 MVHR system types

The following section summarises the main types of different MVHR systems

currently used.

3.4.1 Plate heat exchangers

The most common form of whole house MVHR systems incorporate a plate
heat exchanger. Plate heat exchangers are static devices that allow heat
transfer from one ducted air stream to another. The plate heat exchanger
consists of a series of thin plates (metal, plastic or paper) separated by small
gaps. The two air flows pass through adjacent gaps, separated only by one
plate, through which heat transfer takes place by conduction. The heat
exchanger is normally configured to give-cross flow operation, i.e. the supply
and exhaust air flows are at 90° to one another. Figure 3.10 illustrates the

operation of a cross-flow plate heat exchanger.

Cold Supply Air

Warm Exhaust Air

Cooled Exhaust Air

Warmed Supply Air

Figure 3.10: Operation of Cross-Flow Plate Heat Exchanger

42



Chapter 3. Domestic MVHR systems

Typically, units are packaged in an enclosed box with two centrifugal fans
and, in some cases, air filters are also present to remove particulates. To
prevent overheating a dwelling in warm weather, a by pass damper can be
fitted for summer time operation. Figure 3.11 illustrates a typical cross-flow
plate heat exchanger MVHR system. Also shown are typical temperatures for

the four air streams during operation.

Supply and Exhaust
Centrifugal Fans

Cold Intake Air

SN
®C

Cooled Exhaust Air

Warm Extract Air

Heat Exchanger Core

Warmed Supply Air

Typical air temperatures:  Intake Air = 6 °C, Supply Air = 15C
Extract Air = 20 °C, Exhaust Air = 11 °C

\

Figure 3.11: Cross-flow Plate Heat Exchanger MVHR System

Manufacturers of these systems claim heat recovery efficiencies ranging from
40% to 80%. Figure 3.12 illustrates performance curves, published in sales

literature, for an MVHR system manufactured Dby the Norwegian

manufacturer, Villovent.
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The graphs illustrate that increases in flow rate result in reductions in static
pressure and efficiency. It should also be noted that the system is not
balanced. The extract rate is greater than the supply rate. Because of this the
heat exchanger effectiveness will be less than the heat exchanger efficiency
(see section 3.6 for an explanation of efficiency and effectiveness). Laboratory
tests on a commercially available plate heat exchanger system have been

carried out and the results are given in Chapter 7.
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Figure 3.12: Performance Curves For The Villovent VVX-200 MVHR

Plate Heat Exchanger System [villovent]
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Because plate heat exchanger systems tend to be modular, the appropriate size
or number of modules can be selected for the appropriate flow rates. In
addition, the number and spacing of plates are chosen to suit particular
applications. Heat transfer coefficients can be enhanced by promoting
turbulence when using plates that are corrugated or that have a surface
roughness. This, however, results in increased resistance to air flow across the
plates and, as a result, fans will consume more energy. Heat exchanger cores
of this type are also more prone to fouling. To avoid these problems, some
manufacturers chose to design units with laminar air flow through the heat
exchanger cores. However, this can inhibit heat transfer due to the increase of
boundary layer thickness. Designers therefore have to achieve the right

balance between running costs and heat exchanger efficiency.

Without adequate filters dirt can build up on the plates causing a reduction in
the heat exchanger efficiency. The heat exchanger cores are generally
inaccessible and awkward to clean. Filters are therefore often used to avoid
fouling of the heat exchanger core. This has the additional benefit of
supplying filtered air to a dwelling. However, if filters are used there is
additional energy required by the fans to overcome the pressure drop across

the filter.

Air filters should be changed or regularly cleaned along with the heat
exchanger core and other system components. Regular cleaning will avoid
pressure drops and any incurred loss of performance. The BRE Digest on
MVHR systems referred to by the UK Building Regulations [BRE 1994]
states that: ‘Air filters and air supply and extract grilles will probably need to
be cleaned at least two or three times a year; the heat exchanger in MVHR
systems annually. Fan impellers can be inspected, and cleaned if necessary,

when the heat exchanger is cleaned. The inside of ductwork rarely needs

cleaning.’

MVHR systems are usually positioned out of the way in inaccessible places
such as the attic. A dwelling’s occupants may be reluctant or liable to forget

about cleaning a system that is out of view and taken for granted as
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functioning properly. Because of this, it is not possible to fully ensure that

they will be properly maintained. It is therefore necessary for systems to be as

maintenance free as possible.

Advantages:

They are reasonably simple devices with no moving parts.

Modular construction and ability to alter plate design allows for
different specifications for a wide range of applications.

If properly constructed there is very little chance of cross-

contamination of air streams.

Disadvantages:

Fan energy required to overcome pressure drop across the heat
exchanger core.

Sensible heat recovery only, unless paper core heat exchangers are used
which permit the transfer of moisture from the exhaust to the supply
air. Or if condensation occurs on the warmer side of the plates. (See
section 3.6 for definitions of sensible and latent heat recovery).
Overheating may be a problem in the summer if no bypass is provided.
They can only be used for applications where the supply and exhaust
ducts can be brought together.

Any condensation on the exhaust side could be prone to freezing when
used in colder climates.

Without adequate filters dirt builds up on plates causing a reduction in
heat exchanger performance and a drop in air flow rates. Regular
cleaning of the heat exchanger core is therefore a requirement.
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