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SUMMARY

This paper describes the DRA (Aerospace Division) 13ft x 9ft (4r x 2.7rn) Low
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1 INTRODUCTION

Fig 1 shows the RAE Bedford 13ft x 9ft Low Speed Tunnel which was commis-

sioned in 1954 to provide a low turbulence test facility. It is a closed-circu itmospheric

tunnel with a maximum airspeed of 90 ms-l. The tunnel provides an ideal low speed
research facility for both full and half-models, with a range of support options for sting and

strut mounted full models or floor mounted half-models. Static and dynamic measurements

can be made, along with a variety of flow visualisation techniques, such as liquid crystals,
laser illuminated smoke screens and micro-tufts. The tunnel has a fast start-up ano shut-

down time, requires minimal supervision by the user and has relatively low operating costs.

2 TUNNEL CIRCUIT

Fig 2 shows the tunnel circuit which is rectangular in planform. The major legs are

100 m long and the shorter legs zO m long, giving a total circuit length of 240 m. Most of

the tunnel shell is made from rinforced concrete with the interior of the walls smoothed

down to provide minimum resistance to the air flow. Guide vanes are provided at each
comer. Great care has been taken throughout the design of the tunnel to ensure the very

highest standards of flow quality.

The diffuser angle is 50 and 8 vortex generators are evenly distributed at the

upstream end, inclined at 120 to the airstream, to improve the uniformity of velocity

distribution across the working section. The octagonal settling chamber is 14 m across,
giving a contraction ratio to the working section of 16:1. Four turbulence reducing screens

are fitted.

The working section, shown in Fig 3, is timber lined in a steel frame. The

airstream is 4 n wide and 2.7 m high with 0.6 m wide comer fillets. It has been

established that in a 1.8 x 1.8 m2 reference plane normal to the airflow in the working

section the longitudinal turbulence levels are better than 0.025% and the lateral levels

0.095% at full speed. The roof and floor are fitted with turntables about 3 m in diameter

which reA clve around a common axis through the tunnel centre. Windows in the roof and

walls of the working section allow visual observation and provide for laser ligh^ sheet
projection. The entire wall on one side of the working section opens out for easy access

during rigging. Downstream of the working section are 2 braking flat's which normally lie

flush in the roof and floor, but when deployed rapidly reduce the airflow to rest for a

quicker shutdown.

A 1.1 MW ac nmutor with a solid state variable frequency supply system drives a

9.3 m diameter 6 bladed faa at a maximum speed of 330 rev/min. Automatic control of the
fan using the relationship between the pressure in the working seeion and the settling

chamber provides an air speed setting which is constant to within 0.1%.
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3 AIR SUPPLIES

High pressure air is available for jet or turbine power simulation experiments. T 'h

air supply is at a pressure of 4.5 MPa and passes through a regulator, a 140 kW electric

heater and an orifice plate. Air of known temperature and mass flow can be delivered to the

model. A typical flow rate would be 4.5 kgs- l at 2.9 MPa. Over 91 m3 cf air is stored at

26 MPa and recharged at 1.5 kg-1.

For lower pressure work two 970 kW pumps are available providing a total flow of

4.5 kg- 1 . This can be used for suction or blowing in boundary layer control or similar

experiments.

4 MECHANICAL FORCE BALANCES

The overhead mechanical balance measures the 3 forces and 3 moments on a model.

Either wire rigs or, as in Fig 4, support struts with non-metric fairings may be used. A

nose or tail wire connects to the overhead pitch beam and down to a ballast weight beneath

the floor, which can be immersed in oil to provide damping to the support system. The

automatic incidence range is -10" to +40' with no restriction on yaw. Table 1 shows that

two loading ranges are available for each component. The resolution is 10 ppm.

The underfloor balance is a smaller mechanical balance mounted below the floor of

the lower turr.table when required. It is primarily designed for half-model tests as illustrated

in Fig 5. The balance does not measure side force or yaw. The figures in Table 2 indicate

the load range. Again, two loading ranges are available for each component and any

combination can be used. Resolutions is of the order 50 ppm.

Both these mechanical balances are self balancing and provide extremely accurate

force data with very little interaction between channels. On-line anaysis of balances can

provide non-dimensional coefficients in balance axis, body axis or wind axis.

The dynamic balance, shown in Fig 6, is a relatively thin sandwich of load cells

between two steel plates and may be inserted between the model and the underfloor

mechanical balance. This balance combine, the o, put of the piezo-electric load cells at each

comer of the plate to give six components of force over a frequency range 0 to 200 Hz. It

)as a normal fore- tange of ±5 kN and a maximum pitching moment of 1.6 kNm. Time

dependent data from this balarce and other transducers can be analysed using the RAE

Phesto signal processing s) stem.

TM Ae 2228



5 STING MOUNTING RIGS

5.1 Pitch and height

The pitch and height rig, shown in Fig 3, is used for most sting mounted models. It

has a pair of differentially driven vertical lead screws which allow independent control of

model pitch and height. In addition the entire rig is mounted on the lower turntable to allow

model yaw to bc varied over the range :220. The pitch range is ±170 and several different

sting crank-angles can be used to increase this. The height can be varied over the full range

limited only by the proximity of the model to the roof and floor. A 5 cm diameter high-

pressure air pipe may be used with this sting rig for jet exhaust experiments. Various

swivel joints allow the pipe to cope with the movement of the model on the rig.

5.2 High incidence

The high incidence rig is very stiff and may be used with conventional sting

mounted models but is very well suited to oscillatory or rotating model experiments, as

shown it. Fig 7. The large quadrants allow a ±900 pitch range. It is mounted between the

turntables to ilov, yaw, though the travel is limited due to blockage considerations.

5.3 Wake traverse

The wake traverse rig allows a probe to be moved around in the vicinity of the model
in 3 orthogonal axes. An alternative use for this rig is the controlled drop of a store from

beneath a wing. The good view of the working section is particularly welcome for this

work.

5.4 Missile

A missile rig is available which connects between the top and bottom turntables.

The turntables can be moved together to give model yaw and the rig will also roll the model.

6 SPECIAL MOUNTING RIGS

6.1 Free to yaw

The free-to-yaw rig is used with light-weight models and consists of a pillar arached

to the cenUe of rotation of the lower turntable. A spline at the top fits into a bearing in the

underside of the model. The model is free to move in the yaw plane, but held at a fixed

pitch angle.

6.2 Ground board

For ground effect testing a fixed ground board with boundary layer suction can be
fitted in the floor of the tunnel.

TM Ae 2228
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6.3 Rotary sub-rig

For spinning models a rotary sub-rig can be mounted on the high incidence rig to

measure high incidence dynamic behaviour.

7 STRAIN GAUGE BALANCES

A range of strain gauge balances is available for measuring the 3 forces and

3 moments on a sting mounted model. Fig 8 shows an example. Depending on the load

57, 51 or 25 mm diameter balances are used. Table 3 shows the range of strain gauge

balances available.

The balances are calibrated against a precision 6 degree of freedom loading machine

to give sensitivities and interaction matrices. A considerable inventory of weights, load.ng
frames and pulleys are available for in-stream balance calibration. On-lir.- anal, sis of

balances can provide non-dimensional coefficients in balance axis. body axis or wind axis.

8 MODEL PRESSURE MEASUREMENT

For model pressure plotting individual or modular pressure-scanning switches can

be used. Groups of 48 pressures are measured in turn by a single semiconductor diaphragm

transducer in less than 1 minute. Five of the 48 ports are used to calibrate the

semiconductor transducer automatically against a pressure standard during each scan to give

accurate data. Pressure data is available on-line as coefficients based on dynamics pressure.

Facilities for time dependent pressure measurement and signal processing are also available.

9 FLOW VISUALISATION

Flow visualisation using laser vapour screens takes advantage of the large high
quality glass windows. A laser fan is projected across the model and smoke or fog is
injected into the airstream. Fig 9 shows a very strong image of the vortices around the

model at a particular section. Video recordings can be made for later analysis.

Oil-flow techniques are used to visualise the flow patterns on the model surface.

Light oils with fluorescent pigment are used and the pattern photographed under ultra-violet

light which causes the paint to fluoresce, revealing fine details.

Micro-tufts can be t'sed as an alternative to oil flow. 7he model surface is covered
in a grid of micro-filament tufts which will fluoresce in ultra-violet light. The tufts are small

enough not to influence the flow significantly. This technique has the considerable

advantage of allowing continuous tunnel running with video recurdirg of the patterns. The

TM Ae 2228
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model shown in Fig 10 is spinning on the rig shown in Fig 7 and provides a good example

of this technique.

10 TUNNEL DEVELOPMENT

AE3 Division of Aerodynamics Department manage the 13ft x 9ft low speed wind

tunnel and the other re'earch facilities at RAE Bedford. There is a programme of

continuous improvement to these facilities and particular emphasis is placed on the

compatibility of hardware, software and procedures across the three major wind tunnels:
the 13ft x 9ft, the 8ft x 8ft and the 3ft x 4ft. This policy ensures that maximum

advantage is gained from the resources invested in development, maintenance and

management of these three tunnels.

11 RESEARCH FACILITIES AT RAE BEDFORD

RAE's range of experimental facilities at Farnborough and Bedford is one of the
largest in Europe. B~edford has an extensive aerodynamic testing capability over a wide

range of Mach and 'Reynolds numbers.

The 13ft x 9ft Low Speed Tunnel for speeds up to 90 ms-l at atmospheric pressure.

The 8ft x 8ft High Speed Tunnel with a Mach number range 0.2 to 2.5 at up to

4 atmospheres.

The 3ft x 4ft High Supersonic Speed Tunnel with a Mach number range 2.5 to 5.0 at up to

11 atmospheres.

The 4ft x lft Boundary Layer (Open Return) Tunnel for speeds up to 45 ms-1.

The 4ft x 3ft Low Speed (Open Return) Tunnel for speeds up to 30 ms-t.

The Ift x Ift Cryogenic Test Duct for speeds up to 27 ms- 1 at temperatures down to

90 K.

The 0.7ft x 0.7ft Water Tunnel for study of flows up to 0.15 ms'.

The Air Blast Test Rig which discharges 3.5 atmospheres through a 76 cm jet nozzle at up

to sonic speed.

These are supported by:

Wind tunnel development and instrumentation staff.

Theoretical ann experimental aerodynamic research scientists.

Model design, manufacture and inspection capacity in metal, wood and composite.

Computing resources for data processing and computational fluid dynamics.

A precision 6 degree of freedom loading machine for calibrating force balances.

TM At 2228



12 THE RAE BEDFORD 13ft x 9ft TUNNEL CHARACTERISTICS

Comriissioned 1954

Tunnel type 240 m return circuit, continuous flow

Contraction ratio :16 to 1

Working section 4 x 2.7 m2 rectangular with comer fillets

Power :1.1 MW

Pressure Atmospheric

Speed 0 to 90 ms-1

Reynolds number : 5.0 x 106 m-1 max

Turbulence levels : 0.025% longitudinal at full speed

Air supply : 4.5 MPa, typical flow 4.5 kg-1 at 2.9 MPa

Overhead balance : 6 component automatic weight-beam

Underfloor balance : 4 component automatic weigh-beam

Sting rig ,' independent model height and incidence

Sting support : :900 high incidence rig

Sting balances : inventory of strain gauge balances

Site location : 5 kilometres north of Bedford on A6

Contact : 13ft x 9ft Tunnel Manager
DRA (Aerospace Division)
Bedford MK41 6AE

Tel: (0234)225990
Fax: (0234) 225848

TM Ae 2228
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Table 1

LOADING RANGE OF THE OVERHEAD MECHANICAL BALANCE

COMPONENT LOAD RANGE RESOLUTION

LIGHT HEAVY LIGHT HEAVY

Axial Force 1.8 kN 4.4 kN 0.02 N 0.04 N

Side Force ±18 kN ±4.4 kN 0.04 N 0.08 N

Normal Force 8.9 kN 22 kN 0.09 N 0.2 N

Rolling Moment ±410 Nm ±1000 Nm 0.008 Nm 0.32 Nm

Pitching Moment ±540 Nm ±1400 Nm 0.01 Nm 0.03 Nm

Yawing Moment ±410 Nm ± 1000 Nm 0.008 Nm 0.02 Nm

TM Ae 2228
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Table 2

LOADING RANGE OF THE UNDERFLOOR MECHANICAL BALANCE

LOAD RANGE RESOLUTION

COMPONENT

LIGHT HEAVY LIGHT HEAVY

Axial Force 1.8 kN 5.3 kN 0.09 N 0.3 N

Normal Force 4.4 kN 13 kN 0.2 N 0.7 N

Rolling Moment 13 kNm 40 kNm 0.4 Nm 1.4 Nm

Pitching Moment 1.4 kNm 4.1 kNm 0.7 Nm 0.2 Nm J
Table 3

STRAIN GAUGE BALANCES

BALANCE L/2/C L/2/D 2/4L 747 V20 UNITS

Axial Force 450 670 670 90 1100 N

Side Force 1100 1100 1600 670 1600 N

Normal Force 3100 3100 7100 670 1600 N

Rolling Moment 120 120 240 70 190 Nm

Pitching Moment 340 340 750 200 2300 Nm

Yawing Moment 120 120 240 200 2300 Nm
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Fig 5
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Fig 7 Spint.ing model on Hfigh Incidence Rig
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FigS 9
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FiglO r

Fig 10 Flow visualisation using micro-tufts
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