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The tilting recirculating 5m Recirculating Flume (Armfield), in the School of Ocean and Earth 

Science, Southampton Oceanography Centre, University of Southampton (UK) is used mainly 

for sediment transport and boundary layer flow investigations (in response to unidirectional 

currents (simulated) wave action or combined flows); it can be used also for any other 

interdisciplinai-y research program where adequate simulation of the near-bed flow environment 

is required. The flume's working channel is 5m long with a rectangular cross section (0.30m 

wide and 0.45m deep), an open top and glass-sided walls. Water circulation is achieved through 

the use of a centrifugal pump. The laboratory flume is housing a removable oscillating trolley 

used for simulating wave action. The operation of the oscillating trolley within a unidirectional 

flow produces conditions of combined wave and current flows. 

The flume is equipped with a computer-controlled (DANTEC) Laser Doppler Anemometer 

(LDA), mounted on a high precision alignment frame, and a (Streamflo) impeller current meter. 

Combination of the two instruments can provide a detailed and accurate representation of the 

flow structure anywhere along the working section of the flume. The present report offers 

detailed descriptions and illustrations of all components of the flume, as well as instructions for 

its operation. Instructions of the operation of the associated instrumentation is also provided. 
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Abstract 

The tilting recirculating 5m Recirculating Flume (Armfield), in the School of Ocean and Earth 

Science, Southampton Oceanography Centre, University of Southampton (UK) is used mainly for 

sediment transport and boundary layer flow investigations (in response to unidirectional currents 

(simulated) wave action or combined flows); it can be used also for any other interdisciplinary 

research programme where adequate simulation of the near-bed flow environment is required. 

The flume's working channel is 5m long with a rectangular cross section (0.30m wide and 

0.45m deep), an open top and glass-sided walls. Water circulation is achieved through the use of 

a centrifugal pump. The laboratory flume houses a removable oscillating trolley, used for 

simulating wave action. The operation of the oscillating trolley within a unidirectional flow 

produces conditions of combined wave and current flows. 

The flume is equipped with a computer-controlled (DANTEC) Laser Doppler Anemometer 

(LDA), mounted on a high-precision alignment frame, and a (Streamflo) impeller current meter. 

Combination of the two instruments can provide a detailed and accurate representation of the 

flow structure anywhere along the working section of the flume. The present report offers 

detailed descriptions and illustrations of all the components of the flume, as well as instructions 

for its operation. Instructions of the operation of the associated instrumentation is also provided. 
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1. Introduction 

Sedimentary processes such as sediment transport, erosion and deposition are considered to be 

part of physical science; hence, a clear understanding of the fluid mechanics is essential. The 

scientific objectives of this particular area of research have concentrated upon the response of 

sediments, in natural environments, to complex flow conditions. The prevailing hydrodynamics of 

natural environments are, however, generally, very irregular and complex. In some cases, 

empirical assumptions which are reasonably consistent with actual observations and experience 

may be made such that the conditions of flow become amenable to the analytical treatment of the 

theoretical associated hydraulic characteristics of such environments. A comprehensive study of 

the in-situ behaviour of flow in the natural environment requires the combination of a number of 

scientific instruments and personnel, to undertake such field experiments. Therefore, laboratory 

experiments constitute an essential component of scientific progress, since various complex 

aspects of the hydrodynamics/sediment dynamics of coastal environments can be simulated under 

controlled laboratory conditions; these can be analysed, understood and their solutions 

extrapolated into the field. Laboratory flumes have the capacity to simulate flows which are 

dynamically similar to environmental flows, permitting the detailed study of the hydrodynamics. 

The 5m Recirculating Flume of the School of Ocean and Earth Science (University of 

Southampton), based in the Southampton Oceanography Centre, can facilitate hydrodynamical 

and sedimentological investigations. A wide range of flow speeds and shear stresses, typical of 

boundary layer flows in coastal waters, can be generated. The inclusion of the oscillating trolley 

enables the investigation of the hydrodynamical properties associated with oscillatory and 

combined (wave/current) flows. The flume is equipped with a Laser Doppler Anemometer 

(LDA), mounted on a high-precision alignment frame, and a Streamflo impeller current meter for 

flow characterisation; these are computer-controlled. 

The present report (Part I) is an attempt to provide a comprehensive description of the flume 

facility, together with associated hardware and instrumentation, the data acquisition and 

processing software and guidelines for operation; it highlights their operational capabilities and 

limitations. The diagnostic studies into the unidirectional flow characteristics, relative to 

theoretical and empirical expectations, are evaluated in a companion report (Paphitis and Collins, 

2001). 
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2. The 5m Recirculating Flume 

2.1 Functional Description 

The tilting recirculating 5m flume (Figure 1 and Plate 1), located in the Coastal Research Unit's 

laboratory at the School of Ocean and Earth Science, was supplied by Armfield Hydraulic 

Engineering Ltd and belongs to the S6 series. The working section of the flume is a rectangular 

channel, with a cross-section 30cm in width and 45cm deep. The channel (Figure 1) has an open 

top and toughened glass-sided walls (5), which are supported by cast aluminum cantilevers (7); 

the lower edge of the glass is aligned with the bottom of the channel, allowing flow 

measurements to be made directly above the bed. The water is pumped from the reservoir tanks 

(16) and, after passing through an adjustable gate valve (12), it ends up into a constant-head inlet 

tank (9). From there, the water flows along the channel through the working section and over an 

adjustable tail gate (2), into the discharge tank (1). Through a draft tube (17), the water is 

directed to the reservoir tank and then back into the inlet tank. The speed of the flow is 

controlled by the adjustable valve, which is located next to an electric pump (11) (Plate 2). The 

pump runs at a constant speed and pumps the (recirculating) water at up to 0.03m^s'\ 

In order to minimise secondary circulation and the generation of surface waves within the flume, 

a stilling arrangement (designed to provide a smooth transition from the turbulent flow in the inlet 

flow pipe (13) to a near-uniform flow in the entrance region) is incorporated into the inlet tank. 

As the turbulent water flow leaves the 10cm diameter inlet flow pipe it is forced to 'relax' 

through expansion into the much wider region of the inlet tank (approximately 50cm in width); 

then, it is guided straight up through this wider section, by turning through 90°. When the water 

reaches the level of the working section, the flow is then gravity-driven down the channel (and/or 

in the case of sloping beds, through the horizontal pressure gradient) and is balanced by fnctional 

drag and inertial effects. The inlet tank contains a horizontal movable plate (18), which is forced 

upwards by the rising water to dampen the surface waves. An 'in-house' manufactured 

honeycomb-like structure, composed of 1cm tubes 8cm in length, is positioned at the mouth of 

the working section, to limit secondary circulation which may be introduced in the transition 

region; it also damps any excess turbulence, produced by the pumping action. The introduction of 

the honeycomb-like structure (Plate 3) was upon following after an investigation into the extent 

to which different techniques were damping the development of turbulence; particles of different 

densities were introduced into the flow, then observed visually (Paphitis and Collins, 2001). 
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1. Discharge tank 
2. Adjustable overshoot weir 
3. Weir operating gear 
4. Machined bed 
5. Toughened glass sides 
6. Instrument rails 
7. Aluminium cantilever supports 
8. Rail adjusters 
9. Constant-head inlet tank 

10. Pivot assembly 

11. Electric pump 
12. Adjustable gate valve 

(hand operated) 

13. Inlet flow pipe 
14. Manual drive jack 
15. Base frame 
16. Reservoir tanks 
17. Draft tube 
18. Pivot 
19. Movable Plate 

Figure 1: The 5m long recirculating flume of the School of Ocean and Earth Science; generalised 
drawing, approximately to (relative) scale. 
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Plate 1: The general 5m flume laboratory of the School of Ocean and Earth Science. 
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Plate 2: The electric pump, in use on the flume. 

Plate 3: An upstream view of the 5m recirculating flume, showing the 'honeycomb-like' structure 
introduced at the entrance of the working section (to dampen turbulence). 

The water depth can be set, by controlling the height of the adjustable tail gate. This downstream 

gate is practically watertight, so that extremely low flows can be produced in the working 

section, A manually-operated, screw type jacking system (14), is located at the downstream end 

of the working channel with a pivot at the upstream end for slope variations; the system is 

designed to ease the operation and precise setting of the channel. The maximum negative bed 

slope is -0.25°, whilst the maximum positive bed slope is -11.50°. At the top flanges of the 

flume's working section, a pair of accurately-aligned adjustable instrument rails (6) are located. 

An instrument carrier, which is designed to match the rails, can be placed on top of the flow 

channel. Positioning scales are affixed on both the instrument carrier and on one of the rails, 

calibrated in millimeters, to allow the level at any cross-section of the flume to be determined. 
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