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ABSTRACT

Solar air heaters provide a cost-effective means of reducing energy used for heating fresh air and at times can supply useful amounts of heat to spaces that lack passive solar gains.  In the interests of improving indoor air quality, fresh air quantities have been increasing, with associated increases in heating energy consumption in cooler climates.

 This paper explores three broad types of solar air heaters, their characteristics and typical application:

Simple panel 


Transpired 


Glazed

 The key design parameters: orientation, air flowrate, heating load profile, absorber and glazing properties are examined to aid adapting solar air heater design to specific project circumstances.

1. BACKGROUND

There is an old saying: “There is nothing new under the sun” and that is certainly true for solar air heaters.  In the U.S.A. in the 1890’s E.S. Morse took out the first patent for a solar air heater design.  Over the next century, the technology has developed to meet the challenges of a varying energy source matched to a varying demand in a system designed to be efficient, reliable and cost effective. (Hastings and Morck, 2000)

In 1948 a school in Arizona was heated using an unglazed double skin roof.  The fan-forced system raised the temperature of ventilation air by 5 to 10°C and supplied 80% of the heating requirements.

Around 1980, CSIRO built an experimental house at Highett, Victoria that included a roof-integrated solar air heater and a rock bed below the concrete floor slab. (Wooldridge and Welch,1980)

More recently the Solar Thermal Energy Research Group at ANU has been developing a system that combines a solar air heater, phase change material and photovoltaic cells. (ANU)

2. APPLICATIONS IN AUSTRALIA
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2.1
Heating a fresh air supply

In the interests of improving indoor air quality, fresh air quantities have been increasing, bringing increases in heating energy consumption in cooler climates.  Solar air heaters can supply a significant fraction of this heating energy.

Schools, sports halls, workshops etc. represent examples of buildings that may be suitable for a solar air heater.

2.2
Space Heating
For smaller buildings, direct passive solar gain is often a better strategy than active solar air heaters.  However, in situations where the glare associated with direct solar gain is problematic, retrofitting of existing buildings or for spaces located away from the North wall, solar air heaters can play a useful role.


Schematic Section of Solar Air Heater
2.3
Climate Analysis

The International Energy Agency’s Task 19 developed the “Solar Similarity Index” to classify the potential for solar heating across a range of climates.

SSI = GH / DD

Where:

GH is the total horizontal solar radiation for the heating season (kWh/m²)

DD is the heating degree days to base 20°C for the heating season (Kd)

Heating season includes months where the average temperature is less than 12°C.

	Solar Similarity Index

(kWh/m²Kd)
	Station
	Country
	Latitude
	Horizontal Solar Radiation

(kWh/m²)
	Heating degree days,     base 20°C

(Kd)

	0.211
	Rome
	Italy
	42.1 N
	348
	1641

	0.247
	Denver
	U.S.A.
	39.8 N
	848
	3447

	0.303
	Melbourne
	Australia
	37.8 S
	473
	1557

	0.277
	Canberra
	Australia
	35.3 S
	618
	2228

	0.230
	Hobart
	Australia
	42.8 S
	463
	2012


This table shows that many locations in the southern part of Australia have a “sunny, temperate” climate close to that of Rome.  Higher values of SSI indicate increased potential for solar air heaters.

Hastings and Morck, 2000 provide performance graphs for several climates as a function of specific air flow rate and heat demand of the building.  For example, for a North-facing, vertical transpired SAH, assuming industrial buildings ventilated at 3 air changes per hour and sports halls at 0.5:
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3. SUITABLE DESIGNS

3.1
Unglazed collector

This is the simplest design which can provide some pre-heating of ventilation air in milder climates.  Air is drawn through a gap between dark coloured metal cladding and internal insulation.  In this way the entire North wall can be used as a collector. The system will work best on sunny, still days.  The intake can be sited at the top of the wall or even at the ridge of the roof, adding roof area to the collector.  This arrangement allows the ventilation air to be delivered at low level.

Unglazed collectors are a low cost, low performance system suited to buildings that otherwise may not have any form of heating such as warehouses, factories, gymnasia etc.
3.2
Transpired solar air heater

TSAH use clean, free solar energy to supply tempered ventilation air to reduce the total heating load for all, or a portion of a building. This technology consists of an unglazed, dark, perforated building cladding that absorbs solar energy. Outside air is drawn through small holes in the cladding by a fan. The air is heated as it travels up through the cavity, behind the cladding and into the building supplying outside air and space heating.

The technology, which uses similar principles to conventional solar air heaters and Trombe walls, has evolved over 30 years through significant research from the USA. There are hundreds of examples of the technology in Canada, the USA and Europe where it has been proven to be cost effective.

A north-facing transpired solar air heater can deliver 20L/sec/m² with a delta T of 15°C when incident solar radiation is 700W/m². (This is a typical peak value for a north-facing wall under a clear sky during the heating season)

[image: image2.emf]
Unglazed Collector





Transpired Collector
3.3
Glazed solar air heater

Adding a layer of glazing to the collector allows higher temperatures to be generated and this system can deliver useful quantities of heating to a building under sunny conditions.  Glazing is usually tempered glass or polycarbonate sheeting.  Twin wall polycarbonate provides superior insulation and is particularly useful in colder climates.  The glazing should be selected to have maximum solar transmissivity and low overall U Value.

4. PERFORMANCE

4.1
Orientation

For most locations the optimum azimuth angle is due North (+/- 10°) and tilt angle of 50° from horizontal (+/- 10°).  This orientation will maximise the annual energy production from the solar air heater.  Note that at times this available heat may be more than the required heat.  Therefore it is important to understand the shape of the heating load graph and match the output from the solar air heater.  For example, a school building will often need more heating in the morning and it may be better to face the collector North-East.

A vertical solar air heater will produce approximately 85% of the maximum available. (from a collector mounted at 50°)

4.2
Air Flow Rate

The efficiency of a solar air heater depends on the air flow rate.  As the air flow rate increases, the temperature difference (collector to ambient) decreases which in turn reduces the heat losses.  A useful strategy in larger systems is to vary the flow rate to maintain a constant supply temperature ( e.g. 40°C).  Specific air flow rates are generally in the range of 20 to 30 L/s.m2 , the larger values being  more suited to lower efficiency designs.  Air velocity is a compromise between improved heat transfer and fan energy requirements.  This usually results in velocities around 5 m/s.  In smaller collectors the velocity is often increased by creating a serpentine flow path using baffles.

4.3
Absorber 

Ideally, the absorber plate should have high solar absorptance, extended surface area and be designed to promote turbulence to improve heat transfer.  Successful designs have used ribbed or corrugated metal sheeting, roofing tiles, felt, layers of fine wire netting or darkened glass or even aluminium beer cans!  For low temperature applications matt black paint is commonly used, with selective coatings reserved for high efficiency systems.
4.4
Glazing

Collectors are commonly glazed with clear tempered glass or polycarbonate, mounted in glazing bars.  Several manufacturers offer twin-walled polycarbonate products which provide better insulation.  Desired characteristics are high solar transmittance, low U value and low installed cost.

4.5
Controls

In the shoulder seasons there will be times when the outside air is too cold but the solar air heater is delivering too much heat.  Controls to modulate the delivery of heat are required.  This could take the form of mixing dampers or cycling the solar air heater fan.  In warmer weather the heater will not be required at all and a bypass must be provided if the system is to deliver fresh air throughout summer.  Under this condition, the solar collector may overheat, so shading or a summer vent can be provided.

5. DESIGN PROCESS

a) Define basic data about the building and climate

b) Determine available wall or roof area for collector.  (North facing, sloping or vertical preferred)

c) Determine the incident solar gain for a typical day in each month of the heating season.

d) Determine ventilation requirements, including max/min supply temperatures. 

e) Determine the heating load profile for a typical day in each month of the heating season.

f) Identify suitable solar air heater designs to match the required efficiency and operating temperatures.

g) Determine the required collector area.

h) Select the most suitable design based on cost/performance study.

i) Detailed design of collector, fan, ductwork and controls.

(Adapted from Hastings and Morck, 2000)
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These two graphs illustrate the outcome of the process for an East-facing solar air heater on a university building in Ballarat, Victoria.  Heating loads were calculated using a thermal modelling tool and then imported into a spreadsheet to calculate the solar contribution.  The design used a perforated absorber and twin wall polycarbonate glazing.  The combination of limited available area and non-optimum orientation resulted in the solar contribution of 26%.
6. DESIGN TOOLS

RETScreen International [3] offers Clean Energy Project Analysis Software: a unique decision support tool developed with the contribution of numerous experts from government, industry, and academia. The software, provided free-of-charge, can be used worldwide to evaluate the energy production and savings, costs, emission reductions, financial viability and risk for various types of Renewable-energy and Energy-efficient Technologies (RETs) including transpired solar air heaters.
TrnsAir is a simulation program for solar air heating systems based on the well known dynamic simulation program TRNSYS.  TrnsAir provides a simple user interface and can simulate six generic solar air heating systems in combination with a two-zone building model.  TRANSSOLAR Energietchnik GmbH, Germany.  www.transsolar.com
Australian Solar Radiation Data Handbook and AUSOLRAD Software (ANZSES 2006) provide detailed solar radiation data and analysis tools for 28 locations around Australia. 

7. MODULAR SYSTEMS

There are several local suppliers of modular solar air heaters, suitable for smaller buildings.  Some offer a photovoltaic (PV) panel to power the supply fan which provides variable air flow in direct proportion to available solar radiation.  Flow rates are generally less than 100 L/s although some models can be coupled together to provide greater capacity.  Reference 5 describes the installation of modular solar air heaters in four community buildings in Victoria.

Solar Breeze
http://www.solarbreeze.com.au/
8. LOCAL EXAMPLES

St. Leonard’s Sustainable Living Centre, Cornish Campus, Bangholme: custom built solar air heaters with fans powered by photovoltaic panels.  A large assembly hall is heated by a combination of solar air heaters and hydronic floor coils.  In summer, the solar heater acts as a thermal chimney drawing in evaporatively cooled air.

Booroondara Kindergarten: Technologies include a solar wall for passive air heating in winter,  solar chimneys to provide natural ventilation and increased natural light, solar heaters to capture and circulate air heated by the metal roof; and a light shelf to help natural light penetrate further into the building.

Lumen Christi Catholic Primary School, Churchill, Victoria: Solar Air Heaterswere manifolded via a common register inside the hall. A special control unit was designed to operate all four units, which were connected to a photovoltaic panels to drive the fans.
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