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A wind tunnel is a research tool used in
aerodynamic research, used to study the
effects of air moving past solid objects -
most notably aircraft.  The RAE was
instrumental in wind tunnel research
throughout the 20th Century.

THE FARNBOROUGH WIND TUNNELS

Wind Tunnels - or Wind Channels as they were called in the earlier history of
aerodynamics - have always been a central part of research at Farnborough.  Run by
Aerodynamics Department there were a number of tunnels which covered the speed
ranges that were necessary for the model testing of a wide range of aircraft
aerodynamics and their associated systems.

In 1907, the first factory wind-tunnel was built and installed in the lower part of the east
end of Beta shed.  This was on the lines of the existing tunnel at NPL, being about five
feet square in the working section and over twenty feet in length. It consisted of a
wooden framework covered with canvas which had wall-paper pasted over it to make
it air-tight.  It was driven by a 48 inch diameter electrical fan providing the airflow.

The First ‘Wind Channel’

FAST is developing a series of briefing
on key aspects of Farnborough’s
Aviation Heritage.

These briefing notes are not intended
to be a complete and comprehensive
history of the subject of the title, but are
intended to stimulate the imagination
and encourage further reading.  To that
end, a ‘further reading’ list is included at
the end of each briefing.  By reading a
number of different histories, written by
varying authors over a range of
timescales, a balance of the differences
can be achieved – and the reader’s
own opinions formed.  But we hope that
these briefings will be an interesting
summary.

It is a continuing process and a number
of further briefings are planned.

BRIEFING SERIES

1-6 A Brief History of the Farnborough
Aviation Site
(1901 to 1991)
1.  1901-14 The Early Days
2.  1914-18 World War I
3.  1918-39 The Inter War Years
4.  1939-45 World War II
5.  1945-90 The Cold War Period
6.  1991 The Demise of RAE

7. Royal Engineers Balloon School
8.  Royal Flying Corps
9. Royal Aircraft Factory
10. Edward Teshmaker Busk (Scientist)

11. Frank W Gooden  (Test Pilot)
12. Samuel Franklin Cody
13.The Farnborough Wind Tunnels
14. Hermann Glauert (Aerodynamicist)

Please check www.airsciences.org.uk
for the latest list of available titles.

This briefing looks at the history and
legacy of these wind tunnels and their
central role in the development of
aviation; and also their current situation
and potential future  on Farnborough’s
Historic Aviation Site.
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Right :
The first wind
channel built at
Farnborough in
1907, based on
an NPL design
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In 1917, a new 7 ft tunnel was designed and built in collaboration with NPL to provide for the increasing performance of
aeroplanes and complexity of their development.  In the following year, a second 7ft tunnel was built and so gave adequate
facilities for the close investigation of aerofoils and aircraft scale models which became necessary at the time.  Both of these
tunnels were built in R52 building, also constructed in 1917.

The tunnels were of the open return circuit type and equipped with an NPL type balance for recording the aerodynamic forces.
An additional overhead balance was installed later for the measurement of moments.  A 125 hp electric motor provided
airspeeds of up to 60 mph (88 ft/sec).

By 1920, research began into improving the efficiency of wind tunnel operation to increase airspeeds with minimum consump-
tion of power. On the second tunnel an airspeed of 130 ft/sec (89mph) was achieved.  By 1925 this second 7 ft tunnel had been
fitted with apparatus for radiator tests and considerable work was accomplished up to 1929 on the drag and heat dissipation
characteristics of heat exchangers.

Two New Tunnels

The first operator of this tunnel was Captain A D Carden RE, at that time working in conjunction with JW Dunne, who was
building his tail-less stable aeroplane. The tunnel appears to have been used initially for propeller testing and to determine the
best streamline shape for struts and airship envelopes.  However, after a short time it fell into disuse and the Factory fell back
on using the NPL facilities.

Below : Testing in the R52 Seven foot tunnel
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In 1930 a recommendation was made for a wind-tunnel of the single flow return type with an open test section of 24 ft diameter
to be erected at the Establishment. This would allow for the full scale testing of airscrews; cooling of air-cooled and water-
cooled engines; experiments on large models; and drag reduction of the centre sections of full scale aircraft.

Work on this tunnel started in April 1932 and the tunnel was to be housed in a steel and re-inforced concrete building some
230 ft in length, 140 ft wide and 50 ft high. Electric motors of 2000 hp produced a maximum airspeed of 115 mph.  The tunnel
was officially opened on April 4th 1935 and the first aircraft to be tested was a Gloster Gauntlet fitted with a Bristol Mercury
engine.

Also in 1935 plans were approved for a new atmospheric general purpose tunnel to replace the No2 7 ft tunnel.  This new tunnel
came into operation in 1938, with a test section of 11 ½ x 8 ½ ft and a maximum speed of 220 ft/sec.

Advances in the 1930s

Above : Cooling Tests in the 24ft Tunnel

Inset : An idea of scale!
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By 1943 a new tunnel, 11 ½ ft x 8 ½ ft was completed, using a 4000 hp electric motor giving a maximum airspeed of 400
ft/sec.

In 1944 the first 7 ft tunnel of 1917-18 was dismantled and in its place was built an experimental 4ft x 3ft tunnel with a large
contraction ratio of 32:1.  The tunnel was designed primarily to obtain data for the design of the low speed tunnels for the
new National Aeronautical Establishment at Bedford.  It was commissioned in 1946 and subsequently shown to have lower
stream turbulence than any other tunnel in the world at that time.

1947 saw building work commenced on the first supersonic wind-tunnel (3ft x 3ft) at NAE Bedford.

At the end of the 1939-45 war, it was clear that a higher speed tunnel was needed to research the aerodynamically difficult
speed range from M= 0.9 to M=1.2  -  the transonic speed region where compressible air-flow was a relatively new
phenonemen.  It was decided to alter the High Speed tunnel to provide this speed range and to minimise the wall interference
effects that had been apparent as shock waves were formed on the model, the working section was reduced to 8ft x 6ft (from
10ft x 7ft).  This was called the Transonic Wind-tunnel and, like the High Speed Tunnel, was situated in R133 building.

Supersonic, Transonic and Hypersonic Tunnels
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By 1937 the increasing speeds of aircraft had shown the need for a high-speed tunnel and design work started.  The working
section was to be 10ft x 7 ft and capable of a maximum wind-speed of 600 mph by the use of a 4000 hp electric motor. The
work was started in early 1939.  The tunnel was capable of testing scale model aircraft of 6ft wing span at speeds up to 600
mph and in pressures varying from 1/6 to four times atmospheric pressure, at a standard temperature of 15 deg C.  This
temperature was maintained in the working section by means of a large cooling plant.

The tunnel was officially opened on November 6th 1942 and was in operation that same month.

High Speed Tunnel

Above: The ‘concentric tube’ layout of the High Speed Tunnel 1942
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On the current Historic Site at Farnborough, there are three buildings which contain these remaining historically important
wind-tunnels.  Building Q121 holds the 24 ft tunnel, R132 the 11½ x 8 ½ tunnel and R52 the 4 x 3 ft tunnel.  The Transonic
Tunnel and the 2 x 1½ ft supersonic/transonic tunnel is situated in R133.  This latter tunnel was commissioned in 1956 and, as
it is an integral part of the 8 x6 tunnel (run in parallel) can only be run when this tunnel is out of use and the airflow is controlled
by a system of flow valves.

In 2005 SEGRO (then Slough Estates), which owns the buildings, announced that three of the wind tunnels were suitable for
re-use and would be available for commercial use once the restoration of the exteriors of the buildings was complete.
Commercial or educational organisations that have a need for a wind tunnel testing facility may find what they want in
Farnborough!

So far there are two proposals: A project sponsored by the Royal Aeronautical Society for the National Aerospace Library in
the Q121 building; and a project sponsored by FAST for a science-based educational project in building R52.

All three buildings are listed, Q121 and R133 are Grade 1 listed and R52 is Grade 2 listed; and all have been externally
refurbished to a very high standard by SEGRO (then Slough Estates).

Where Are They Now?

The RAE also ran a Hypersonic Tunnel which ran at a nominal speed of Mach 7 with a closed jet working section, but could
run up to Mach 8.6 with a free-jet working section. The first RAE report was in August 1961 and concerned the calibration and
flow of the tunnel.
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FURTHER READING

A generalised history and operations of wind-tunnels can also be found on Wikipedia at
http://en.wikipedia.org/wiki/Wind_tunnels

And a good description of the history of the Farnborough Wind Tunnels and the Listed Buildings
related to them can be found in a Rushmoor Borough Council Committee Report, available to
download from the FAST website at : www.airsciences.org.uk/windtunnels.html

Article by Dr Graham Rood 2011

In 2005, FAST - in collaboration with Slough Estates - produced a brochure about the opportunities for the wind tunnels which
can be downloaded from the FAST website at : www.airsciences.org.uk/windtunnels.html.

The descriptions in this brochure are aimed at technical and commercial people, with facts and figures and layout drawings
etc.  A summary of the opportunities is below.

In terms of whether the tunnels could ever be re-used, FAST has carried out studies to assess any such likelihood. The
conclusions, outlined in a number of reports, were that :

1. The 4x3 tunnel in R52 is the least complex and could be re-commissioned by just replacing the fan motor and controls.
It would be ideal for educational purposes and a report was issued outlining such new uses with costings in August
2006.

2. The 24 ft tunnel could be brought back into use.  The tunnel is mechanically sound and the fan motor, overhauled
in1992, can be re-used.  The other electrical machinery and controls which used to supply the current for the fan motor
will need replacing with a modern solid-state drive unit.

3. The 11 ½ x 8 ½ low speed tunnel (also known as No2 tunnel) has probably the most commercial potential, but will
need a re-appraisal of options for the powering of the tunnel.

4. Both the 8x6 Transonic and 2x1½ supersonic/transonic tunnels in R133 are the most complex, from their use of high
speed airflow, and are very unlikely to be used as working tunnels.  They nonetheless have serious potential as
heritage showpieces.

5. All of the tunnels relied on power delivered by a 33kV main from Pyestock which has now been disconnected, so power
will be needed from another source.

Opportunities for the Future

http://en.wikipedia.org/wiki/Wind_tunnels</span></a>
http://en.wikipedia.org/wiki/Wind_tunnels</span></a>
http://www.airsciences.org.uk/windtunnels.html
http://www.airsciences.org.uk/windtunnels.html

