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Hydraulic Bench Apparatus 
OF.FMH/01 
 
The Basic Hydraulic Bench permits a varied experimental cross-section in the 
fundamentals of fluid mechanics. The unit provides the basic equipment for 
individual experiments, the supply of water in the closed circuit; the determination of 
volumetric flow rate and the positioning of the experimental unit on the working 
surface of the base module and the collection of dripping water. 
The closed water circuit consists of the underlying storage tank with a powerful 
centrifugal pump and the measuring tank arranged above, in which the returning 
water is collected. 
The measuring tank is stepped, for larger and smaller volumetric flow rates. A measuring beaker is used for very 
small volumetric flow rates. The volumetric flow rates are measured using a stopwatch. 
The top work surface enables the various experimental units to be easily and safely positioned. A small flume is 
integrated in the work surface, in which experiments with weirs are conducted. 
 
Specification 

 Basic unit for supplying experimental units in fluid mechanics  

 Closed water circuit with storage tank, pump and measuring tank  

 Measuring tank divided in two for volumetric flow rate measurements  

 Measuring beaker with scale for very small volumetric flow rates 

 Measurement of volumetric flow rates by using a stopwatch 

 Work surface with integrated flume for experiments with weirs 

 Work surface with inside edge for safe placement of the accessory and for collecting the dripping water  

 Storage tank, measuring tank and work surface made of GRP. 
 
 
Technical Data 
Pump 

 power consumption: 500~746W 

 max. flow rate: more than 100L/min 

 Max. head: 23m 

 Storage tank, contents: 180L 
 
Measuring Tank 

 at large volumetric flow rates: 40L 

 at small volumetric flow rates: 7L  
 
Flume 

 LxWxH: 530x150x180mm 

 Measuring beaker with scale for very small volumetric flow rates 

 content: 5L  
 
Stopwatch 

 Measuring range: 0...9h 59min 59sec 
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Flow Over Weirs  
OF.FMH/02 
 
Using the supplied weir plates, the measurement of flow rate in open channels can be 
investigated. They are used together with the hydraulic bench. Water is fed from the 
hydraulic bench into a section of channel, the water then flows over the weir into the 
volumetric tank and back to the sump tank. A weir with a V notch (Thomson weir) and 
a weir with a rectangular notch are provided for the investigations. A depth gauge for 
the determination of the weir head is included. 

Experiments 
 Together with the hydraulic bench, the following topics can be addressed: 

 Determination of weir head. 

 Determination of volumetric flow rate. 
 

Specifications 
 Self-sealing weir panels, manufactured from stainless steel 

 Level gauge to determine the weir head 

 Thomson weir with notch 90°and45° Square weir, notch w x h 3x2 inch and w x h 3x1 inch 
 
 
 

Metacentric Height Apparatus 
OF.FMH/03 
 
Determination and analysis of the stability of floating bodies, such as ships, rafts and 
pontoons, is important throughout many branches of engineering. This experiment allows 
students to determine the stability of a pontoon with its centre of gravity at various 
heights. They can then compare this to predictions calculated from theory. The 
experiment consists of a rectangular pontoon floating in water made of plastic. The 
pontoon has a plastic sail with five rows of slots. These rows are at equally spaced heights 
on the sail. The slots are equally spaced around the centre line. To change the centre of 

gravity and the tilt (list) angle of the pontoon, students fit an adjustable weight into one of the slots. A plumb line 
from the top centre of the sail and a scale below the base indicate the tilt angle. Students obtain fore and aft balance 
by positioning two small magnetic trim weights on the bottom of the pontoon. 
 
 

Experiments 
 Determination of the metacentric height, and thus the metacentre, of a floating pontoon.  

 This is by graphic analysis of the angles of tilt of the pontoon with various centres of gravity. 
 

Specification 
 Water tank: Moulded plastic, nominally 600 mm x 400 mm x 120 mm 

 Floating pontoon: 360 mm x 203 mm x 76 mm 

 Angular tilt of pontoon: Nominally 15º each side of the vertical centre line 

 Working height of sail: 240 mm 

 Adjustable sail weight: 525 g approx. 
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Hydrostatic Pressure Apparatus  
OF.FMH/04 
 
This product allows students to measure the moment due to the fluid (hydrostatic) 
thrust on a fully or partially submerged plane. The plane works in either a vertical 
or inclined (angled) position. Students then compare their measurements with 
theoretical analysis. 
The equipment consists of a vertical panel that holds a clear plastic quadrant, to 
which students add water. The quadrant has lines to help students keep the plane in a vertical or angled position. 
The cylindrical sides of the quadrant have their central axis coincidental with the moment measurement axis. The 
total fluid pressures on these curved surfaces therefore exert no moment about this pivot. Therefore, the moment is 
only due to the fluid pressure on the plane test surface. 
Students measure this moment using weights suspended from a level arm. A scale on the panel of the apparatus 
shows the head of water. 
To perform experiments, students level the apparatus using its levelling feet and spirit (bubble) level. They decide 
whether to test either a vertical or inclined plane. They then initially balance the quadrant tank using one of the 
weight hangers and the smaller trimming tank. They take results by balancing incremental weights on the hanger 
with known quantities of water. They then use the results to calculate the equivalent moment of force (M) or 
hydrostatic thrust. Students note the relationship between the moment and the water height (h). 
The equipment includes non-toxic water dye to help students see the water levels more clearly and a syringe for 
accurate addition or removal of small amounts of water. 
Supplied with comprehensive user guide 
 

Experiments 
 Studying the relationship between hydrostatic force and head of water for a fully and partially submerged 

vertical and inclined plane 

 Comparison of actual and theoretical hydrostatic force on a fully or partially submerged plane for any given 
head of water 

 Theoretical calculation of the position of centre of pressure on a fully or partially submerged plane 
 

Specification 
 Determination of force on surface under hydrostatic pressure. 

 

Technical Data 
Water tank 
Inclination angle: 0~90° 
Content: 1.8L 
Lever arm 
Max. Length: 0~250mm 
Weights 
Balancing weight: 250g 
Sliding weight: 250g 
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Orifice & Free Jet Flow Apparatus 
OF.FMH/05 
 
A plexiglass cylinder is equipped with an adjustable overflow and scale which 
enables the height of the water column to be set and read accurately. 4 types of 
outlet nozzle can be compared. The trajectory of the jet can be traced using 
adjustable probes and recorded on a white panel. The water supply is provided 
either from the laboratory mains or using the Hydraulic Bench. 

Experiments 
 Torricelli s theorem 

 Discharge coefficient from nozzles of varying sizes and shapes 

 Trajectory of the water jet for various discharge velocities 

 Effect of the height of the water column on discharge velocity 
 

Specification 
 Unit for investigating the discharge from nozzles, for use with the Hydraulic Bench. 

 Draining of a water-filled Plexiglass cylinder through a nozzle. 

 Cylinder with adjustable overflow and scale 

 4 exchangeable nozzles 

 8 tracers and white panel to record the jet trajectory 
 

Technical Data 
 Plexiglass cylinder: capacity: approx. 13.5ltr 

 Maximum Constant Head:  500mm  

 Diameter of discharge nozzles: 1x 6mm, 1x 3mm, 1 x 8mm and 1 x 2mm 
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Impact of Jet Apparatus 
OF.FMH/06 
 
The unit comprises a Plexiglas tank in which a water jet discharged from a nozzle 
hits a surface and is deflected. 4 different test shapes with the following deflection 
angles are included: Flat plate, hemisphere 180°, angled plate 30°, cone 120°. The 
impact forces at the deflector are measured using scales loaded with weights. 
The water supply is provided either from the laboratory mains or using the 
Hydraulic Bench (closed water circuit).  
 
 

Experiments 
 A hemisphere, a cone, an angled and a flat plate are provided as deflector: 

 Impulse-momentum; direct measurement of impact forces 

 Effect of flow rate and velocity  

 Effect of various deflection angles 
 

Specification 
 Cylindrical operating area made of Plexiglas, diameter 200mm, height 370mm 

 Measurement of jet impact forces with weights 

 4 interchangeable deflectors 

 Unit mounted on base plate 
 

Technical Data 
 Operating range d: 200mm, height: 370mm 

 Nozzle d: 8mm 

 Deflecting angle of different deflectors: 

 Flat Plate 

 Hemisphere: 180° 

 Angled plate: 30° 

 Cone: 120° 
 

Distance of nozzle to deflector: Adjustable 

Weights: 
4x 0.2N 
3x 0.3N 
2x 1N 
1x 2N 
1x 5N 
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Bernoulli's Theorem Apparatus 
OF.FMH/07 
 
Bernoulli's Theorem Apparatus consists of a classical Venturi made of clear 
acrylic. A series of wall tappings allow measurement of the static pressure 
distribution along the converging duct, while a total head tube is provided to 
traverse along the centre line of the test section. These tappings are connected 
to a manometer bank incorporating a manifold with air bleed valve. 
Pressurization of the manometers is facilitated by a hand pump. This unit has 
been designed to be used with a Hydraulics Bench for students to study the 
characteristics of flow through both converging and diverging sections. During 
the experiment, water is fed through a hose connector and students may 
control the flow rate of the water by adjusting a flow regulator valve at the 
outlet of the test section. The venturi can be demonstrated as a means of flow 
measurement and the discharge coefficient can be determined. This test 
section can be used to demonstrate those circumstances to which Bernoulli's 

Theorem may be applied as well as in other circumstances where the theorem is not sufficient to describe the fluid 
behavior. The unit is mounted on a base board which is to be placed on top of the Hydraulic Bench. This base board 
has four adjustable feet to level the apparatus. The main test section is an accurately machined acrylic venturi of 
varying circular cross section. It is provided with a number of side hole pressure tappings, which are connected to 
the manometer tubes on the rig. These tappings allow the measurement of static pressure head simultaneously at 
each of 8 sections. The tapping positions and the test section diameters are shown in Appendix A. The test section 
incorporates two unions, one at either end, to facilitate reversal for convergent or divergent testing. A hypodermic 
tube, the total pressure head probe, is provided which may be positioned to read the total pressure head at any 
section of the duct. This total pressure head probe may be moved after slacking the gland nut; this nut should be re-
tightened by hand after adjustment. An additional tapping is provided to facilitate setting up. All eight pressure 
tapings are connected to a bank of pressurized manometer tubes. Pressurization of the manometers is facilitated by 
connecting any hand pump to the inlet valve on the manometer manifold. The unit is connected to the hydraulic 
bench using flexible hoses. The hoses and the connections are equipped with rapid action couplings. A flow control 
valve is incorporated downstream of the test section. Flow rate and pressure in the apparatus may be varied 
independently by adjustment of the flow control valve and the bench supply control valve. 

 
Specifications 
The unit consists of the followings:  

a) Venturi  
The venturi meter is made of transparent acrylic with 
the following specifications: 
Throat diameter : 16 mm 
Upstream Diameter : 26 mm  
Designed Flow Rate : 20 LPM  
 

c) Baseboard  
The baseboard is Stainless Steel and designed with 4 
height adjustable stands to level the venturi meter. 
 
 
d) Discharge valve 
One discharge valve is installed at the venturi discharge 
section for flow rate control.  
 

b) Manometer  
There are eight manometer tubes; each length 320 
mm, for static pressure and total head measuring along 
the venturi meter. The manometer tubes are 
connected to an air bleed screw for air release as well 
as tubes pressurization.  
 

e) Connections 
Quick Disconnecting Connections Hose Connections are 
installed at both inlet and outlet. 
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Orifice Discharge Apparatus 
OF.FMH/08 
 
The water drains vertically from a transparent supply tank through a 
nozzle due to the hydrostatic pressure. The velocity of the jet can be 
measured with a Pitot tube and a U-tube manometer. The jet diameter 
is measured with a micrometer. 5 easy to interchange nozzles are 
included. The water level can be set precisely using an overflow. The 
water supply is provided either from the laboratory mains or using the 
Hydraulic Bench. 
 
 

Experiments 
 Experiments on the discharge jet (diameter, velocity) 

 Determination of flow rate for various water heads 

 Determination of flow rate coefficients 

 Comparison between experiment and calculation 
 

Specification 
 Discharge tank, for use with the Hydraulic Bench  

 Plexiglass tank with overflow 

 Tube manometer 300mmWC 

 Maximum flow rate 14ltr/min 

 5 exchangeable orifices 

 Micrometer to determine the jet diameter 
 

Technical Data 
 Discharge tank: Approx. 13ltr, overflow height: max. 380mm 

 Nozzles: d=10mm:  Outer Diameter: 32mm 

 1x "channel",  
1x cone outlet,  
1x inlet with orifice,  
1x cone inlet,  
1x rounded inlet 

 
 

Required for Operation 
Hydraulic bench (closed water circuit) or laboratory water connection 
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Osborne Reynold's Apparatus 
OF.FMH/09a 
 
The Osborne Reynold's Apparatus has been designed for students experiment on the 
laminar, transition and turbulent flow. It consists of a transparent header tank and flow 
visualization pipe. The header tank is provided with a diffuser and stilling materials at 
the bottom to provide a constant head of water to be discharged through a bell mouth 
entry to the flow visualization pipe. Flow through this pipe is regulated using a control 
valve at the discharge end. The water flow rate through the pipe can be measured using 
the volumetric tank (or volumetric cylinder). Velocity of the water can therefore be 
determined to allow the calculation of the Reynold's Number. A dye injection system is 
installed on top of the header tank so that flow pattern in the pipe can be visualized.  
 
The Osborne Reynolds Demonstration apparatus is equipped with a visualization tube 
for students to observe the flow condition. The rocks inside the stilling tank are to calm 
the inflow water so that there will not be any turbulence to interfere with the 
experiment. The water inlet / outlet valve and dye injector are utilized to generate the 
required flow. 
 
 

 
 

 
 
Experiments 

 Reproducing the classic experiments by Professor Osborne Reynolds  
on fluid flow conditions. 

 Visualization of the laminar, transitional, turbulent flow and  
velocity profile. 

 

Specification 
 Test Pipe: 16 mm (ID) x 700 mm (L) 

 Dye Reservoir: 400 ml 

 Measuring Cylinder : 2 liter 
 

Requirements 
 Hydraulics Bench or Tab Water 

 
  

Model OF.FMH/09b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Specification 
 Test Pipe: 16 mm x 700 mm (L) 

 Dye Reservoir: 440 ml 

 Measuring Cylinder : 2 liter 
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Flowmeter Measurement Apparatus 
OF.FMH/10 
The apparatus consists of three very important flow measuring devices 
which are Venturi meter, orifice meter and rotameter. All three flow 
meters are extensively used in industrial sector.  
Flowmeter Measurement Apparatus is designed to operate together with a 
basic hydraulic bench or any water supply.  
It is to familiarize the students with typical methods of flow measurement 
of an incompressible fluid. 
The apparatus is able to demonstrate the flow measurement comparison 
by using a venturi device, orifice device and rotameter (Variable Area 
Flowmeter). 
The flow comparison can be further be used to compare against the flow measurement of the hydraulics bench 
which can be either by gravimeteric or Volumetric Method, depending on the type of hydraulics bench in use. 
 

Experiments 
 Direct comparison of flow measurement using venturi, orifice, rotameter. 

 Comparison of pressure drop against each device. 

 Application of the Bernoulli's equation for incompressible fluids. 

 Determination of flow coefficient of a venturi meter & an orifice plate. 

 Establishment of the relationship between flow and differential pressure/fluid velocity for venturi meter and 
orifice plate. 
 

Specification 
 Primary flow measuring devices, clear plastics 

 Venturi meter, orifice meter, rotameter 

 Other flow measuring devices: (optional) 
Water meter and a stop watch, measuring tank 

 Differential pressure measurement: Water manometer, 8 tubes 
 

Technical Data 
Venturi throat diameter: 16mm 
Venturi inlet diameter: 26mm 
Orifice upstream diameter: 26mm 
Orifice diameter: 16mm 
Rotameter maximum range: 4-36 ltr/min 
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Free and Forced Vortex Apparatus 
OF.FMH/11 
 
The Free and Forced Vortex apparatus has been designed for students to 
experiments to produce and measure free and forced vortices. It consists of a 
clear acrylic cylinder where the free vortex is generated by water discharging 
through an interchangeable orifice in the base of the cylinder. The resulting 
profile is then measured using a combined caliper and depth scale. The forced 
vortex is induced by a paddle rotated by jets of water at the cylinder base. The 
profile of the forced vortex is then determined using a series of depth gauges. 
Velocity at any point in the free or forced vortices may be measured using the 
pitot tube supplied. The apparatus  is designed to be positioned on the side 
channels of the hydraulics bench top channel. The apparatus consists of a 
cylindrical vessel having two pairs of diametrically opposed inlet tubes. 
Overflow cut-outs ensure a constant level in the tank during experiments. A 
smooth outlet is centrally positioned in the base of the vessel, and a set of push-in orifices of various diameters are 
supplied. The 12.5mm diameter inlet tubes, which are angled at 15 degrees, impart a swirling motion to the liquid 
entering the vessel, and are used as entry tubes for the free vortex experiment. The forced vortex is created by using 
the 9mm inlet tubes which are angled at 60 degrees to the diameter. The input from these tubes impinges on a 
paddle which acts as a stirrer/flow straightener. The paddle rotates on a stud mounted on a bushed plug inserted in 
the central orifice. A bridge piece incorporating measuring needles is used to determine the profile of the forced 
vortex. The needle can be travel along X and Y Axis on a pre calibrated scale so a virtually infinite position of the 
vortex can be drawn rather than the fixed point measurements. Velocity heads may be visualized by the insertion of 
pitot tube in the measuring bridge with the similar above measuring bridge. 
 

Experiments 
 Experiment to plot the shape of a free vortex by measurement of surface profile co-ordinates, and thus 

verity that vr = constant where v is the speed and r is the radius of the vortex 

 Experiment to plot the surface profiles of various forced vortices formed under 
different speed conditions 

 

 Verification of the formula for forced vortices where h is the height of the surface of the water above the 
datum point, w is the vortex angular velocity and r is vortex radius 

 

Specifications 
 Diameter : 200~300mm 

 Overflow Height : 200~300mm 

 Orifice Diameter : 8mm, 16mm, 24mm 

 Distance of Forced Vortex 
 

Measuring Gauge  
 Reservoir Center : Freely adjustable from 0 ~ 125mm from the center of orifice and 0 ~ 250mm from the 

bottom of the tank 

 Pitot Tube Length : 250mm 

 Position: Freely adjustable from 0 ~ 125mm from the center of orifice and 0 ~ 250mm from the bottom of 
the tank 

 

Requirements 
 Water supply from Hydraulic Bench  
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Pitot Tube 
OF.FMH/12 
 
The Pitot tube, also known as a pressure measuring tube, 
enables the total pressure in a fluid flow to be measured. The 
unit consists of a small tube that is positioned in the flow such 
that the opening is facing the flow. By rotating the tube in the 
flow field, the direction and magnitude of the velocity can be 
determined. The Pitot tube is connected to a manometer; the 
pressure measured can be read directly on the manometer. 
 
Experiments 

 Static and dynamic pressure measurement. 

 Determination of velocity profile in a tube flow. 
 
Specification 

 Tube for measuring pressure in a fluid flow 

 Pitot static tube complete with scale for positioning 
within the tube 

 Pipe section made of transparent acrylic 

 Manometer 

 Hose coupling 

 Compatible with hydraulic bench 
 
Technical Data 
 
Effective length: 25mm 
Bend radius: 5mm 
Small limb: 47mm 
 
 
 
  



       

 

 www.ofelitaly.com  –  info@ofelitaly.com 15 

 

FLUID MECHANICS 

OFEL ENGINEERING 

 
 
 

Energy Losses in Pipe Apparatus 
OF.FMH/13 
 
The experimental set-up can be used on its own or with the Hydraulic 
bench. A supply of water is all that is required for operation. The unit 
is suitable for measuring pipe friction losses for laminar and turbulent 
flows. The experimental set-up is clearly laid out on a training panel. 
For investigations on laminar flow, a head tank is used for the water 
supply, whilst for turbulent flow, the supply is provided via the Basic 
Hydraulics Bench directly (or the water mains). The water flows 
through a pipe section; the flow is adjusted using reducing valves. The 
connection to the required measuring device is made via pressure 
tappings. 
 
 

 
 
Experiments 

 Measurement of the pressure loss for laminar flow 

 Measurement of the pressure loss for turbulent flow 

 Determination of the critical Reynolds' number 

 Measurements using a portable Digital Manometer and U-Tube Manometer  
 

Specification 
 Experimental set-up for the investigation of pipe friction, for use with the Basic Hydraulics Bench 

 Head tank, pipe sections incl. threaded fittings and connections, plus  pressure measuring devices on powder 
coated base plate 

 Universal portable digital pressure manometer with adjustable scale. 
 

Technical Data 
 Tube Length: 700mm 

 Measurement section 500mm, di=3mm 

 Raised tank volume: 4~5L r with 20m Head. 

 Measuring range 

 Water Tube Manometer 

 U tube 500mm of WC 
 

Digital Manometer 
Stop Watch: Measuring Cylinder 1000ml 
 
 

Service Required:  
Water Supply from Tab Water up to 30m Head or Hydraulic Bench 
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Pelton Turbine Apparatus 
OF.FMH/14 
 
The Apparatus of Pelton turbine mounts on the base. Pelton turbine is 
mounted is Stainless Steel and transparent Plexiglass Hosing. A adjustable 
water spear valve allow the water to leave through the nozzle and hits the 
buckets. An adjustable spear valve controls the discharge by varying the 
diameter of the jet from the nozzle. The Hydraulic Bench supplies water to 
the nozzle. Water from the turbine discharges back into the base unit tank 
and recalculates. This demonstration Pelton Turbine is a miniature Pelton 
wheel with spear valve arrangement mounted on a support frame which 
locates on the Hydraulics Bench top channel. Mechanical output from the 
turbine is absorbed using a simple friction dynamometer. Pressure at the 
spear valve is indicated on a remote manometer gauge. A non-contacting 
tachometer may be used to determine the speed of the Pelton wheel. 
Basic principles of the Pelton turbine may be demonstrated and with appropriate measurements, power produced 
and efficiency may be determined. The unit provides a simple low cost introduction to turbine performance. 
 

Experiments 
 Principle of operation of a Pelton wheel turbine. 

 Characteristic at constant head 
* Relationship between torque and speed 
* Efficiency dependent on speed 
* Flow rate dependent on speed 
* Hydraulic power and mechanical power dependent on speed 

 Evaluation of measuring values and characteristics based on the theory. 

 Partial load behaviour with needle control in comparison to throttle control. 
 

Specification 

 Turbine to place upon the base unit. 

 Functioning and operating behaviour of a Pelton turbine. 

 Transparent housing for observing the Pelton wheel and needle nozzle. 

 Different nozzle cross-sections via adjustable nozzle needle. 

 Constant pressure of the turbine represents in practice the head and is adjusted via base unit. 

 Turbine load using the wear-free and adjustable eddy current brake. (optional) 

 Force sensor to determine the torque on turbine shaft. (optional) 

 Optical speed sensor for measuring the turbine speed. (optional) 

 Water supply, flow rate measurement and unit-specific software data acquisition and operation via base 
unit. (optional) 

Technical Data 
Pelton turbine 

  

Power output: approx. 30W at Max.1800RPM 
Wheel diameter: 150mm 
Measuring ranges speed range: approx up to 4000 RPM 
Manometer range: 0 to 4 bar 

Number of buckets: 16 
Max power: 30W 
Max torque: 0.3Nm approx. 
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Francis Turbine Apparatus 
OF.FMH/15 
 
Water turbines are turbo machines utilizing water power. The Francis 
turbine is part of the reaction turbines which convert the pressure energy of 
the water into kinetic energy in the control device and in the impeller. The 
water is fed in the control device by means of a spiral tube. The flowing 
water is accelerated in the control device by the adjustable guide vanes and 
directed onto the vanes of the impeller. The redirection and further 
acceleration of the water in the impeller generates an impulse which is 
transmitted to the Francis wheel.  This apparatus is the model of a Francis 
turbine demonstrating the function of a reaction turbine. The apparatus 
consists of the Francis wheel, the control device with adjustable guide 
vanes, a band brake for loading the turbine and housing with a transparent 
front panel. The transparent cover enables you to observe the water flow, 
the wheel and the guide vanes during operation. The angle of incidence and 
thus the speed of the impeller are modified by adjusting the guide vanes. 
The turbine torque is measured by means of a band brake and is read on 
spring balances. For measuring the rotational speed, a non-contact speed 
sensor is used. A manometer shows the water pressure at the turbine inlet. The flow is detected by means of 
laboratory beakers and a stopwatch or by a volumetric measurement in the Hydraulic Bench. The measured data 
make it possible to use the speed in order to determine the characteristic curves as power output, torque and 
efficiency. The experimental unit is positioned on the working surface of the Hydraulic Bench in a simple and safe 
manner. The water supply also is provided via Hydraulic Bench, alternatively, the experimental unit can be operated 
by the laboratory supply. The well-structured instructional material sets out the fundamentals and provides a step-
by-step guide through the experiments. 
 
 

Experiments 
 Design and function of a Francis turbine 

 Determination of torque, power and efficiency 

 Recording of characteristic curves 

 

Technical Data 
 Turbine: output: 2.8W at 

n=1000rpm, approx. 
40L/min,  H=0,8m 

 Impeller  

 14 vanes 

 Vane width: 
approximately 3mm 

 External diameter: 
50mm 

 Guide vanes: 6 vanes, 
adjustable 

 Measuring ranges 
 Braking force: 10N 

 Pressure Gauge: 
0...2bar 

 
Specifications 

 Function of a Francis turbine 

 Transparent front panel for observing the operating area 

 Loading the turbine by use of the band brake 

 Adjustable guide vanes for setting different angles of incidence 

 Marking on brake drum for non-contact speed measurement  

 Instruments: spring balances for determining the torque, manometer 
shows pressure at turbine inlet  

 Flow determination by means of laboratory beakers and stopwatch or 
by a volumetric measurement in the Hydraulic Bench. 
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Hydraulic Ram Pump Apparatus 
OF.FMH/16 
 
Suddenly stop of water flow can cause water hammer in the pipeline. This 
generally undesired effect is used specifically in special equipment 
(hydraulic ram) to raise water to a higher level. Unlike conventional 
pumps, no additional mechanical drive is required here. This apparatus is 
used to demonstrate the formation and effect of water hammer and to 
study how a hydraulic ram working. The water is fed to the ram via a long 
pipe. Above a certain water velocity the waste valve in the ram closes 
automatically, due to the flow forces. This happens suddenly, so that the 
kinetic energy of the water in the pipe is converted into potential 
pressure energy. The pressure opens a check valve and the water flows 
into an air vessel. The air cushion in the air vessel dampens the water 
hammer and ensures a uniform lift into the elevated tank. After the water hammer has subsided, the waste valve 
opens due to the dead weight, the water in the pipe starts to flow again and the process repeats itself. The operation 
of the waste valve as a function of the weight load, the valve lift and the flow rate is studied. Furthermore, it is 
possible to shown how the volume of air in the air vessel affects the lift. Valves are used to adjust the flow rate. 
Transparent tank, a visible check valve in the air vessel and the visible movement of the waste valve all permit 
excellent observation of the function. All components are clearly mounted on a front plate. The water is supplied 
and flow rate measured by the hydraulic bench or the experimental unit can be operated by the laboratory supply. 
 

Experiments 
 Demonstrate formation and effect of water hammer. 

 Principle of a ram. 

 Function of an air vessel. 

 Effect of air volume in the air vessel and the flow velocity on the pump behaviour. 

 Efficiency analysis. 
 

Specifications 
 Formation and effect of water hammer pumping using water hammer. 

 Ball valves to open or close relevant circuit. 

 Impact valve provide fast closing necessary to produce the relevant characteristic over pressure of the 
hydraulic ram and a fast closing without vibrations that affects the measurements. 

 Adjustable overflow tank is used as a water source. 

 Elevated tank with variable pump head. 

 Waste valve with adjustable lift, closes cyclically due to flow force of the water. 

 PVC glass discharge tank with check valve and air volume is used as an air vessel. 

 Air volume in the air vessel is varied by vent valve. 
 

Technical Data 
Ram 
Supply Head: Constant Head (Transparent) 
Discharge Head: Transparent 
Max. flow rate: 30~50L/h 
Surge tanks with complete water supply arrangement  
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Pipe Friction Apparatus 
OF.FMH/17 
 
This Pipe Friction Apparatus has been designed for students to measure 
pipe friction losses for laminar and turbulent flows. For laminar flow study, 
an elevated head tank is used for water supply, whilst for turbulent flow, 
the supply is from the Hydraulics Bench using hoses with rapid action hose 
coupling. Students may control the flow rate of water by adjusting the flow 
regulator valve. The test section is connected to manometers via pressure 
tappings. 
 

Experiments 
 The unit allows students to perform the following experiments: 

 Measurement of pressure loss for laminar and turbulent flow. 

 Determination of critical Reynolds number. 

 Head loss measurements using tube manometer and mercury tube 
manometers. 

 

Specifications 
Manometers: 

 Utube water manometer (0-550mm) 

 Utube mercury manometer (0-550mm) 
Water Storage: 

 Adjustable Elevated cylindrical tank for constant 
head 

 Tank capacity: 1~1.5 Liter (level indicator included) 

 Maximum flow rate: 1.45 (nominal) L/m 
Test pipe: 

 Length (nominal): 524mm 

 Bore (nominal): 3mm 

 Needle valve included to regulate flow rate 
Test Pipes Diameter: 

 19.1 mm O.D x 17.2 mm I.D 

 12.7 mm O.D x 10.9 mm I.D 

 9.5 mm O.D x 7.7 mm I.D 

 6.5 mm O.D x 4.5 mm I.D 

 19.1 mm O.D x 15.2 mm I.D 

 Distance between tapping’s 1 m 

 Number of tapping points: 38 

 
Manuals 
The unit is supplied with Operating and Experiment Manuals in English giving full descriptions of the unit, summary 
of theory, experimental procedures and typical experimental results. 
 
Note: Mercury will not supplied with the apparatus due to transport Regulations. 
Requirements: Water Supply from Hydraulic Bench or Tap water with 20m Head. 
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Dead Weight Apparatus 
OF.FMH/18 
 
Calibration is a process for detecting deviations in a measuring instrument 
compared to a reference instrument or universally accepted standard value. 
This observed deviation is taken into account in the subsequent use of the 
calibrated measuring instrument and adjusted if necessary. Dead Weight 
Pressure Calibrator is a device designed as an introduction to the basics of 
checking and calibrating a manometer. 
Dead Weight Pressure Calibrator apparatus consists of a precision machined 
piston and cylinder assembly mounted on leveling screws. A Bourdon gauge 
is supplied for calibration. 
A defined force is applied by loading the piston with dead weights. The ratio 
of force / piston cross-sectional area results in a defined test pressure. 
Hydraulic oil is used to transfer the force. If the pressure in the system rises, the force acts against the spring of the 
Bourdon tube pressure gauge. The test pressure that is produced can be read on the manometer's dial. 
The Bourdon Tube mechanism of a pressure gauge working is clearly visible through the transparent dial. Loading 
the calibrated piston manometer with weights produces a very accurate, reproducible calibration pressure, which 
can be used to check and calibrate the manometer. The weights supplied are added to the upper end of the piston 
rod which is rotated to minimize friction effects. 
The gauge is thus subject to known pressures which may be compared with the gauge readings and an error curve 
drawn. 
 

Experiments 
 Calibrating a Bourdon type pressure gauge. 

 

Specification 
Pressure gauge 
Diameter: 6” or 150mm 
Bourdon Tube Pressure Range: 0~400kN/m2 Pressure 
Least Count: 10kN/m2 
Alternate Scale: PSI / bar 
 

Technical Data 
Material of Piston: Stainless Steel 
Diameter of the Piston: 21mm approx. 
Area of piston: 333 mm2 
Mass of piston: Approx.0.5kg 
Material of Piston: Stainless Steel 
Ancillary masses: 1x 0.2 kg, 2x 0.5kg and 4x 1.0 kg 
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Venturi Meter Apparatus 
OF.FMH/19 
 
This apparatus is very simple and easy to operate and used 
to determine the flow rate of a fluid in a pipe. Students can 
measure static head distribution along an horizontal 
Venturi Tube. 
Venturi Meter has been designed for students experiments 
on the application of a venturi. The venturi test piece has a 
circular cross 
section and is accurately machined from clear acrylic 
material with pressure measurement tappings at the 
convergence, throat anddivergence sections. 
In order for students to be able to run experiment on the 
venturi meter, it shall be use with Hydraulic Bench. 
 

Experiments 
 Demonstration of use of Venturi Tube as a water 

flow meter and determination of the flow 
coefficient. 

 Establishment of the relationship that flow is 
proportional to the square root of the pressure 
drop between entry and the venturi throat. 

 Observation of degree of pressure recovery at the end of the divergent section of the venturi tube. 

 
 
Specification 
a) Venturi 
The venturi meter is made of transparent acrylic with the following specifications: 

 Throat diameter: 16 mm 

 Upstream Diameter: 26 mm 

 Designed Flow Rate: 20 LPM 
 
b) Manometer 

 There are 8 manometer tubes; each length 300 mm, for static pressure measuring along the venturi meter. 

 The manometer tubes are connected to an air bleed screw for air release as well as tubes pressurization. 
 
c) Baseboard 

 The baseboard is stainless steel and designed with 4 height adjustable stands to level the venturi meter. 
 
d) Control valve 

 One control valve is installed at the venturi discharge section for flow rate control. 
 
e) Connections 

 Hose Connections are installed at both inlet and outlet. The venturi meter may be connected to the system 
with one inch hose. 
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Drag Coefficients Apparatus 
OF.FMH/20 
 

Two transparent cylinders are provided for performing the experiment, these are filled with 
fluids of varying viscosity. A ball sinks to the bottom under the action of gravity. The sink time 
and distance are measured. Included with the unit are a stopwatch and spheres of different 
materials and volumes. 
At the bottom of the measuring tube is a chamber through which the balls can be removed 
without major loss of fluid. This apparatus has been designed for students experiments on the 
behavior of particle-fluid systems. The unit comes with two tubes mounted vertically. 
Students shall be able to study the relationship between the drag coefficients of falling 
particles and their Reynold's number value. 
The unit is also supplied with particles of various shapes, sizes and densities and during the 
experiments students shall allow single particles to fall through different liquids contained in 
vertical glass tubes. 
During the experiments, students shall measure the falling rate of the particles by timing their 
passage between two marks on the walls of the tubes. Blockage effects are minimal as the 
largest particle used has a projected area of only a fraction of the tube cross-section. Particles 
can then be removed from the bottom of the tubes without the necessity of draining the 
liquid. 
Particles of spherical shape each quantity two are supplied to allow a comparison to be made 
between their drag coefficients. 
The equipment consists essentially of two precision glass tubes 1.08m long mounted vertically on a backboard, such 
that the whole apparatus is wall mounted. A guide is provided at the top of each tube to introduce the particles with 
the minimum disturbance to the liquid. The particles are removed with the minimum loss of liquid by means of a 
rotary valve device fitted at the bottom of each tube. 
 
Experiments 

 Determine sink, velocity of different spheres. 

 Determination of drag coefficients of spherical objects over a wide range of Reynolds' number. 

 To study the effects of boundary layer separation on motion of spherical objects. 

 To study the effect of particle shape on the falling rates and drag coefficients. 

 Dimensional analysis and dynamic similarity. 
 
Specifications 
A simple apparatus designed for students experiments on the behavior of fluid-particle characteristics. 
i) Glass/Transparent Plexiglas Tubes: 

 Material: Borosilicate or Plexiglas 

 Thickness: 3mm 

 Length: 1.08m 

 O.D.: 74mm 

 I.D.: 68mm 
ii) Hydrometers (optional): 

 Range : 0.7 to 2.0 g/ml, 0.1 
Spheres 
Aluminium OD approx: 10mm 
Aluminium OD approx: 5mm 
POM (Delrin) OD approx: 10mm 
POM (Delrin) OD approx: 5mm 

 
Ceramics OD approx: 5mm 
Ceramics OD approx: 10mm 
PA OD approx: 5.45mm 
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Cavitations Apparatus 
OF.FMH/21 
 
Cavitation refers to the formation of vapour bubbles in flowing fluids due to strong 
low pressure. The unit mounted on the hydraulic bench is used to demonstrate the 
process of cavitation. It consists of a venturi tube made from clear acrylic to allow an 
easy visualization inside the section. When water flow rate increases, pressure at the 
throat is reduced complying with the Bernoulli equation until the vapour pressure of 
the liquid is reached and small bubbles of vapour form and then they collapse 
violently as the pressure rises again downstream; this phenomenon is called 

cavitation. Bourdon gauges indicate the pressure upstream of the contraction, inside the throat and downstream of 
the contraction. Flow control valves before and after the test section enable to adjust flow and pressure so that the 
phenomenon of cavitation can be demonstrated. The apparatus consists of a circular/rectangular Venturi-shaped 
test section manufactured from clear acrylic/precision machined aluminum covered with clear Acrylic to allow full 
visualisation of flow conditions inside the section. Water enters the test section at relatively low velocity. As the area 
of the test section contracts towards the throat the velocity of the water increases and the static pressure falls in 
accordance with the Bernoulli equation. If the flow of water is increased the sub-atmospheric pressure at the throat 
causes free and dissolved gasses to be released as bubbles in the liquid. As the flow is increased further the pressure 
continues to fall at the throat until a limit is reached corresponding to the Vapour Pressure of the liquid (the actual 
pressure depending on the temperature of the liquid). At this condition small bubbles of vapour are formed in the 
liquid. These bubbles collapse violently as the pressure rises again in the downstream expansion of the test section. 
This process is called Cavitation and can be regarded as one of the most destructive forces created in a liquid system 
- the large amounts of energy released resulting in erosion of even the hardest metal surfaces in real applications 
such as valve seats, propeller blade s etc. Any further increase in the flow of liquid causes an increase in the 
Cavitation (the pressure cannot reduce any further than the Vapour Pressure of the liquid). The test section 
incorporates tappings that allow the static pressure upstream of the contraction, inside the throat and downstream 
of the expansion to be measured. Each tapping is connected to a Bourdon gauge of appropriate range. A flow control 
valve upstream of the test section allows the flow through the test section to be regulated without raising the static 
pressure in the test section, allowing Cavitation to be clearly demonstrated. Conversely a flow control valve 
downstream of the test section allows the static pressure in the test section to be elevated - a technique used to 
prevent cavitation from occurring. The closure of the downstream valve is restricted to prevent damage to the 
instrumentation. The test section and Bourdon gauges are mounted on a plate with feet that locates on top of the 
Hydraulics bench. The accessory includes the necessary flexible tubes and a connector to suit the water outlet of 
hydraulic Bench. 
 

Experiments 
 Observation of the phenomenon of Cavitation in a liquid (by reducing the pressure of the liquid to its Vapour 

Pressure) 

 Comparison of theoretical and actual pressure at Cavitation conditions 

 Observation of air-release due to free and dissolved gasses in a liquid 

 Demonstration of reducing Cavitation by increasing the static pressure in a liquid 
 

Specification 
 Upstream pressure gauge:  Range 0 ~ 1 or 4 Bar 

 Throat vacuum gauge:  Range -1 to 0 Bar 

 Downstream pressure gauge: Range 0 ~ 1 or 4 Bar 
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Centrifugal Pump 
OF.FMH/22 
 
The centrifugal pump demonstration unit is designed for 
instructional and experiment of Centrifugal Pump. The unit is set up 
on a stable base plate and includes a pump, tank, all required 
fittings and  devices for flow rate, temperature, pump speed, intake 
and discharge pressure. The apparatus has the capability to perform 
the centrifugal pump characteristics based upon variable speed and 
variable head of the pump. 
 

Experiments 
 Recording of characteristic pump curves 

 Determination of pump efficiency 

 Effect of speed on discharge quantity and head 
 

Features 
 Experimental set-up to determine characteristic pump values 

 Closed water circuit 
 

Specification 
 Demonstration model of a centrifugal pump 

 Set-up on Stainless Steel HDF base plate 

 Transparent tank 15Ltr 

 Measurement of pressure, speed, flow rate  

 Volumetric flow measurement via measuring variable area flow meter 
 

Technical Data 
Pump 

 Variable Speed-controlled: 500...2900rpm 

 Qmax: 90+ liters per min 

 Max. head: 40m 
Measuring ranges: 

 Pressure Gauge -intake side: -1...+4bar 

 Pressure sensor -delivery side: -1...+7bar 

 Speed sensor: 0...3000rpm 

 Electric Power: 0~2000W 
 

DAQ with Computer Interfacing Software(optional) 
Model No: OF.FMH/22SW 

 Data Acquisition Software: LabView or Indosoft WebStudio 

 Interface Computer: Virtual SCADA computerBased 

 Interface Module: Ethernet/USB Industrial programmable DAQ Controller 
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Series and Parallel Pump Apparatus 
OF.FMH/23 
 
Pumps are used in almost all aspects of industry and engineering from feeds to 
reactors and distillation columns in chemical engineering to pumping storm 
water in civil and environmental. They are an integral part of engineering and an 
understanding of how they work is important. Centrifugal pump is one of the 
most widely used pumps for transferring liquids. This is for a number of reasons. 
Centrifugal pumps are very quiet in comparison to other pumps. They have a 

relatively low operating and maintenance costs. Centrifugal pumps take up little floor space and create an uniform 
and non-pulsating flow. The Serial & Parallel Pump apparatus is specially designed to demonstrate to students the 
operating characteristics of centrifugal pump in series, parallel or single pump operation. This training unit operates 
in close loop. This equipment will explore the relationship between pressure head and flow rate of a single pump 
and of two identical pumps that are run in series or in parallel. When identical pumps are run in series, the pressure 
head is doubled but the flow rate remains the same. When pumps are run in parallel the flow is increased but the 
pressure head produced is approximately the same as a single pump. This equipment also allows the study of 
efficiency of a pump. The energy in this experiment is put through two transformations. First, the electrical energy, 
which is the energy put into the system, is transferred to mechanical energy, which is the energy required to move 
the shaft and impeller. Second, the mechanical energy is transferred into energy of the fluid. This is accomplished 
through the pump rotation, which transfers the velocity energy of the water to pressure energy. The overall 
efficiency is the product of the mechanical (shaft) efficiency and the thermodynamics efficiency. 

Experiments 
 To demonstrate the basic operation and characteristic of centrifugal pumps. 

 To differentiate the performance curve of a single pump and of two identical pumps that run in series or 
parallel. 

 Pump characteristic curves for centrifugal pumps 

 Determination of the capacity of pumps 

 Single pump operation 

 Determination of pump efficiency 
 

Specifications 
Pumps 

 Two units of Horizontal Single Stage Centrifugal Pump (P1) and (P2) 
Circulation Tank 

 A transparent PVC water tank is provided to supply water to P1 and P2. 

 Flowrate and pump head, speed and power indicators. 
Process piping: The process piping is made of industrial PVC pipes. Valves used are nonferrous to minimize rust and 
corrosion. 
Selector switch: The selector switch allows the selection of system operates either with 1 pump or 2 pumps 
(series/parallel). 
Pressure/Speed/Flow Indicator: There are three pressure transmitter with digital display located at the different 
point of apparatus to display the pressure, Rotameter/Turbine Flowmeter to display flow rate, and speed indicators. 
All indicators are displayed in its respective engineering unit. No conversion is required. 
Requirements 

 Electrical : 220/380 VAC, 3-phase, 50/60Hz 

 Water : Laboratory main supply 
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Axial Fan Demonstration Unit 
OF.FMH/24 
 
The axial flow air compressor apparatus provides the basic 
experiments to get to know the operating behaviour and the 
important characteristic variables of axial fans. The optional software 
for data acquisition and Visualization makes the experiments 
especially clear and enables fast execution of experiments with 
reliable results. For complete experiments an interface module and a cable set are required. 
The axial compressor with drive motor features free speed adjustment from 0~10000 rpm. The long and transparent 
intake and delivery pipe enable stable stationary flow conditions. The air flow is set by a throttle valve at the end of 
the pressure pipe. 
The experimental unit is equipped with measuring transducers for pressure, differential pressure, temperature and 
speed.  
Using the optional software the measurements are represented graphically and characteristics recorded. The air 
flow is calculated. 
 

Experiments 
 Operating behaviour and characteristic variables of an axial compressor / fan. 

*record characteristic (differential pressure as a function of the flow rate). 
*calculate the flow rate from the measured differential pressure 

 In conjunction with the power meter. 

 Effect of the impeller speed on the efficiency and delivery data. 
 

Specification 
 Investigation of the flow rate and differential pressure in the model of an axial fan 

 Axial compressor with drive motor 

 Adjustable speed 

 Transparent intake and delivery pipe 

 Throttle valve to adjust the air flow 

 Measurement of flow rate, differential pressure, speed and temperature 

 Display of the measured values using the software 
 

Technical Data 
Intake pipe 
Inner diameter: D=120mm 
Length: L = 400mm 
Delivery pipe 
Inner diameter: D=120mm 
Length: L = 400mm 
Axial compressor / fan 
Max. Power consumption: 140W 
Nominal speed: 10300 RPM 
Max. flow rate: approx. 300m3/h  
Max. differential pressure: approx. 800Pa 

 

Displayed / measuring ranges 
Differential pressure: 0 ~ 2500Pa 
Temperature: -100oC ~ 400oC 
Speed: 0~9999 RPM 
Electrical power consumption: <100W 

 

Software OF.FMH/24SW (optional)  
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Flow Visualization Apparatus 
OF.FMH/25 
The laminar, two-dimensional flow in this apparatus is a good approximation 
of the flow of ideal fluids: the potential flow. All physical systems described 
with the Laplace equation can be demonstrated with potential flow. This 
includes current and thermal flows as well as magnetic flux. The main part of 
the apparatus is a classic Hele- Shaw cell with additional water connections 
for sources and sinks. The laminar, two-dimensional flow is achieved by 
water flowing at low velocity in a narrow gap between two parallel glass and 
acrylic plates. The parallel flow generated in this way is non-vortical and can 
be regarded as potential flow. Sources and sinks are generated via eight 
water connections between the plates. The flow lines are displayed on the 
glass plate by injecting a contrast medium (ink) via twelve injecting points. In 
experiments the flow around bodies is demonstrated by inserting models 
into the parallel flow. Interchangeable models such as a cylinder, guide vane 
profile or nozzle contour are included. To model the flow without models, it is possible to overlay parallel flow, 
sources, sinks and dipoles as required. This allows the demonstration of the formation of Rankine half-bodies. The 
water flow rate and the quantity of contrast medium injected can be adjusted by using valves. The water 
connections are also activated by valves and can be combined as required. 
 

Experiments 
 Visualization of streamlines in 

*flow around drag bodies: cylinder, guide vane profile, square, rectangle 
*flow through models: nozzle contour, sudden contraction or enlargement 
*flow separation, flow with 90° deflection 

 Visualization of streamlines in 
*flow around drag bodies: cylinder, guide vane profile, square, Rectangle 
*flow through models: nozzle contour, sudden contraction or enlargement 
*flow separation, flow with 90° deflection 

 Modelling the flow around bodies by overlaying parallel flow and sources and/or sinks 
*formation of Rankine half-bodies 
*demonstration of a dipole 

 Analogy between potential flow and other physical systems which are described by the 
Laplace equation 

Technical Data 
1 glass plate 
LxW: 338x395mm 
Distance between 
the plates: 3mm 
Bottom plate with 
eight water 
connections for 
sources/sinks 
 
Models 
8 drag bodies 
steam line shape, 
aerofoil shape, car 
shape, round shape, 
triangular shape, 
square shape, semi 
shape, balloon shape 
Material: acrylic 
Thickness: 3mm 
Injection of the 
contrast medium 
(ink) 
12 nozzles 
Tank for contrast 
medium: 1.7liter 
No of Valves: 8 for 
Source and 8 for Sink 
 

 
Specification 
 Demonstration of potential flow in a Hele-Shaw cell for visualising flow lines. 

 Flow around models: cylinder, square, rectangle, guide vane profile, various models for 
changes in cross-section. 

 Modelling the flow around contours without models by overlaying parallel flow with 
sources or sinks. 

 Water as flowing medium and ink as contrast medium. 

 Hele-Shaw cell made of two glass plates arranged in parallel with narrow gap. 

 Upper glass plate, hinged for swapping models. 

 Bottom glass plate with cross-shaped water connections for generating sources/sinks, 
can be combined as required. 

 Grid in the bottom glass panel for optimal observation of the streamlines. 

 Flow velocity, water inlet and water outlet in sources/sinks as well as dosage of the 
contrast medium can be adjusted by using valves. 
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Fluid Friction Apparatus 
OF.FMH/26 
This apparatus is designed to allow the detailed study of the fluid friction 
head losses which occur when an incompressible fluid flows through 
pipes, bends, valves and pipe flow metering devices.  
 
Friction head losses in straight pipes of different sizes can be investigated 
over a range of Reynolds' numbers from 103 to nearly 105, thereby 
covering the laminar, transitional and turbulent flow regimes in smooth 
pipes. In addition, an artificially roughened pipe is supplied which, at the 
higher Reynolds' numbers, shows a clear departure from the typical 
smooth bore pipe characteristics.  
 
Pipe friction is one of the classic laboratory experiments and has always found a place in the practical teaching of 
fluid mechanics. The results and underlying principles are of the greatest importance to engineers in the 
aeronautical, civil, mechanical, marine, agricultural and hydraulic fields.  
 
Osborne Reynolds distinguished between laminar and turbulent flow in pipes in his publication in 1883. Ludwig 
Prandtl, Thomas Stanton and Paul Blasius later analysed pipe flow data in the early part of this century and produced 
the plot known as the Stanton diagram. John Nikuradse extended the work to cover the case of rough pipes and one 
such pipe supplied with this equipment has been roughened for flow comparison purposes.  
 
In addition to the equipment for the study of losses in straight pipes, a wide range of accessories is available 
including pipe fittings and control valves, a Venturi tube and an orifice plate assembly. 
 

Experiments 
 Laminar to turbulent flow regimes 

 Energy Losses in Pipes fittings and Bends 

 Rugosity 

 Flow Measurement using venture meter 

 Flow measurement using Orifice Plate 

 Use of Pilot Static Tube 

 Use of Manometers 
 

Short samples of each size test pipe are provided loose so that the students can measure the exact diameter and 
determine the nature of the internal finish. The ratio of the diameter of the pipe to the distance of the pressure 
tapping from the ends of each pipe has been selected to minimise end and entry effects. A system of isolating valves 
in provided whereby the pipe to be tested can be selected without disconnecting or draining the system. The 
arrangement allows tests to be conducted on parallel pipe configurations. Ported manometer connecting valves 
ensure rapid bleeding of all interconnecting pipe work. 
 
Each pressure tapping is fitted with an automatic shut off plug. Quick coupling socket attachments with an adequate 
quantity of translucent polythene tubing are provided, so that any pair of pressure toppings can be rapidly 
connected to one of the two manometers supplied. These are a mercury manometer and a pressurised water 
manometer. 
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Description 
The test circuits are mounted on laminated backboard strengthened by a deep frame and carried on tubular stands. 
There are six pipes arranged to provide facilities for testing the following: 

 Smooth bore pipes of various diameters (6~7mm, 10~12mm and 17mm) 

 An artificially roughened pipe 

 A90 bend (Long),  

 A90 elbow (Short) 

 A45 elbow 

 A45 “Y” 

 A90 “T” 

 A sudden enlargement 

 A sudden contraction 

 A gate valve 

 A globe valve 

 A Ball Valve 

 A Check Valve 

 An in-line strainer 

 A Venturi made of Perspex 

 An orifice meter made of Perspex 

 Pitot Static Tube 
 

Manometers 
 Water Manometers: 2 Tube of 1mlength with 1mm reading and hand pump 

 Mercury Manometer: 2 Tube of 1m length with 1mmreading 
 

Manual: 
The Unit is supplied with operating and experiment manuals in English giving full description of the unit, summary of 
theory, experiment procedure and typical experiment results 
 

Requirements: 
Hydraulic Bench 
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Fluid Properties & Hydrostatics Bench 
OF.FMH/27 
 
This unit demonstrates the properties of the fluids and their 
behavior under hydrostatic conditions and provides numerous 
experiments an hydrostatic of liquid. It also provide know ledge 
about the fundamental principles. 
 
With this well equipped hydrostatics bench, numerous 
experiments on the topic of the hydrostatics of liquids and gases 
can be carried out. A pipe section and various pressure 
measuring devices are fitted to a laboratory trolley with a 
demonstration panel, working area and cabinet. Various 
measuring containers are integrated into the pipe section.  
 
The sealed water circuit and pump with supply tank permit 
experiments to be performed independent of a mains water 
connection. This feature makes the bench particularly suitable 
for use in seminars rooms and lecture theatres. Further experimental apparatus are included in the cabinet, e.g. a 
device for determining the centre of pressure of a column of water. This enables the pressure on a weir to be 
determined, amongst other aspects. 
 

Experiments 
 

 Familiarisation with different methods of measuring pressure. 

 Familiarisation with various items of pressure measuring equipment. 

 Measurement of the static and dynamic pressure component in a fluid. 

 Experiments on the Boyle-Marriotte law. 

 Determination of the buoyancy of various bodies. 

 Investigations on the density of liquids. 

 Determination of surface tension. 

 Demonstration of capillary effects. 

 Demonstration Pascal's law. 

 Determination of the centre of pressure. 
 

Specification 
 

 Mobile bench for experiments on fundamental principles in the area of hydrostatics. 

 Pipes made of PVC. 

 3 measuring cylinders made of Acrylic/plexi glass, Height 500mm, Varying diameter Pressure measurement 
using electronic sensor, leaf spring manometer, spring tube manometer, mercury U-tube manometer, tube 
manometer Sealed water circuit with pump 0.37kW and supply tank 20Ltr 

 Vacuum pump, bottom pressure apparatus, centre of pressure experimental apparatus, apparatus for 
determining the buoyant force, Apparatus for determine surface tension, connecting pipe, capillary, 
areometer are also supplied 
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Technical Data 

 Submersible pump 0.37kW 

 Max. volumetric flow rate 95Ltr/min 

 Max. head: 12.5m 

 Hg U-tube manometer 250..0..250mbar 

 Tube manometer:  0..500mmWC 

 Tube manometer:  -1…2bar 

 Areometer, measuring range from 0.8..1.2g/cm3 

 3 measuring containers, height 500mm, D= 100,133, 200mm 

 Pipes PVC 
 
Dead Weight Gauge Calibrator 

 Pressure gauge: Bourdon tube range 0 to 4 bars (0~60 PSI) 

 Area of piston: 244.8x 10-6 m2 

 Mass of piston: 0.5kg 

 Ancillary masses: 0.5kg, 1.0kg and 2.5kg 

 Gauge diameter: 100 mm 
 
Hook Gauge 

 Hydrometer (0.7~2.00) 

 Falling Sphere Viscometer 

 Capillary Tube Viscometer 

 Pascal Apparatus 

 Triple Beam Balance 

 Metacentric Height Apparatus 

 Hydrostatic Pressure Apparatus 

 Thermometers. -100~110, -10~550C 
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Fluid Properties & Hydrostatics Bench 

OF.FMH/27a 
 
Hydrostatics Bench is a self contained and mobile bench equipped 
with all the apparatus needed for a comprehensive range of 
experiments on properties of fluids and hydrostatics. 
A fluid is any substance which when acted upon by a shear force, 
however small, undergoes a continuous and unlimited 
deformation. If the rate of deformation is directly proportional to 
the magnitude of the applied force the substance is termed a 
Newtonian fluid and the apparatus provided here has been 
selected to permit the study of all the important properties of 
such fluids. 
With this apparatus students are able to develop their knowledge 
of a wide range of principles and techniques that will be of lasting 
value to them in their studies of fluid mechanics. The equipment is 
entirely selfcontained, mobile and independent of all laboratory 
services. It includes a full range of ancillary equipment required 
for the experiments (including a precision balance, a set of laboratory weights and a stop watch). 
 
Experiments 

 Measurements of density, specific gravity, viscoscity, pressure and humidity. 

 Function and use of a hydrometer. 

 Function and use of a hygrometer. 

 Demonstration of fluid upthrust (Pascal's Law). 

 Determination of center of pressure (Hydrostatic Pressure) and metacentric height. 

 Calibration of pressure gauge using dead weight. 

 Familiarisation with various items of pressure measuring equipment. 

 Determination of the buoyancy of various bodies. 

 Investigations on the density of liquids. 

 Determination of surface tension. 

 Demonstration of capillary effects. 
 
Specification 
A self contained and mobile bench equipped with all the apparatus needed for a comprehensive range of 
experiments on the properties of fluids and hydrostatics. 
 
i) Water manometer: 0 to 500 mm. Adjustable slope 
from 10% to 100% 
ii) Mercury manometer: 0 to 500 mm. 
iii) Bourdon gauge : 0 to 4 kg/cm2 
iv) Aneroid barometer 954 - 1073 mbar 
v) Hygrometer 10 - 100% RH 
vi) Thermometer: -10 to 110°C and 0 to 300°C 
vii) Hydrometer: 0.7 - 2.0 (in multiple ranges) 
viii) Vernier hook gauge: 0 to 150 mm, ± 0.05 mm 
ix) Archimedes' apparatus 
x) Pascal's apparatus 
xi) Capillary attraction plates 

xii) Capillary tubes: 3~5 units 
xiii) Falling sphere viscometer: 10 to 850 St 
xiv) Specific gravity bottle: 0 to 25 ml 
xv) Beakers, containers and pipette: 2 units each 
xvi) Dead weight pressure tester 
xvii) Hydrostatic pressure Apparatus 
xviii) Metacentric height Apparatus 
xix) Storage tank: 100 L 
xx) Circulation pump: 40 LPM @ 2m head 
xxi) Triple Beam Balance : 0 - 2610g ± 0.1g 
xxii) Capillary viscometer 2 to10c St 
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Dead Weight Gauge Calibrator 
Diameter: 6” or 150mm 
Bourdon Tube Pressure Range: 0~400kN/m2 Pressure 
Least Count: 10kN/m2 
Alternate Scale: PSI / bar 
 
Hydrostatic Pressure 
Water tank 
Inclination angle: 0-90o 
Content: 1.8L 
Scale: 0-250mm 
 
Lever arm 
Max. Length: 0-250mm 
 
Weights 
Balancing weight: 250g 
Sliding weight: 250g 
 
Metacentric Height 
Water tank: Moulded plastic, nominally 600mm x 400mm x 120mm 
Floating pontoon: 360mm x 203mm x 76mm 
Angular tilt of pontoon: Nominally 15o each side of the vertical centre line 
Working height of sail: 240 mm 
Adjustable sail weight: 525g approx 
 
Pascal's Apparatus 
Parallel vessel: 26mm inside diameter 
Conical vessel: 26-101mm inside diameter at top 
Tapered vessel: 26mm to 9mm inside diameter at top 
Diameter at diaphragm: 56mm 
Maximum depth of water: 228mm (to top of vessels) 
 
Electrical Requirement 
220V, single phase, 50Hz 
110V, single phase, 60Hz (optional)  
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Wind Tunnel 
OF.FMH/28 

This unit is designed for study of the palterns of air flow, as well as the characteristics of the objects moving in the air 
and analyze data by using its data acquisition system. By using students can learn the methods of identifying the 
basics aerodynamic characteristics of the under study models and set the relation between them. A wind tunnel is 
the classic experiment system for aerodynamic flow experiments. The model being studied remains at rest while the 
flow medium is set in motion, and thus the desired flow around the model is generated. The Experimental Subsonic 
Wind Tunnel is an "Eiffel" type open wind tunnel used to demonstrate and measure the aerodynamic properties of 
various models. For this purpose, air is drawn in from the environment and accelerated. The air flows around a 
model, such as an aerofoil, in a measuring section. The air is then decelerated in a diffuser and pumped back into the 
atmosphere by a fan. The carefully designed nozzle contour and a flow straightener ensure a uniform velocity 
distribution with minimum or little turbulence in the closed measuring section. The flow cross section of the 
measuring section is square. The built-in axial fan with guide vane and a variable-speed drive is characterised by an 
energy-efficient operation at high efficiency. Air velocities of up to 30m/s can be reached in this open wind tunnel. 
The trainer is equipped with an electronic two component force sensor. Lift and drag are detected and displayed 
digitally. The air velocity in the measuring section is displayed on the inclined tube manometer and digital display 
meter in Pascals. The 16-Tube Manometer is used for measuring the pressure curves in drag bodies. By using the 
DAQ System for Data Acquisition (optional), the measured values for pressure, angle, velocity and force can be 
transferred to a PC where they can be analysed with the software. Extensive accessories allow a variety of 
experiments, for example lift measurements, pressure distributions, boundary layer analysis or visualization of 
streamlines. The well-structured instructional material sets out the fundamentals and provides a step-by-step guide 
through the experiments. 

Experiments 
Experiment with accessories 

 Determine drag and lift coefficients for different models. 

 Pressure distribution when flowing around drag bodies. 

 Boundary layer analysis. 

 Investigation of flutter. 

 Wake measurement. 

 In conjunction with the Fog/Smoke Generator visualization of stream lines. 
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Specifications 

 Experiments from the field of aerodynamics and fluid mechanics with an "Eiffel" type wind tunnel. 

 Wide range of accessories available. 

 Transparent, closed measuring section. 

 Inlet contour, nozzle and diffuser made of Metal Variable-speed fan motor for energy-efficient operation. 

 Flow straightener reduces turbulence. 

 Electronic two-component force sensor for measuring the flow forces. 

 Inclined tube manometer for displaying the air velocity. 

 Digital display of air velocity. 

 Digital display of angle. 

 Digital display of drag and lift. 

 Display of measured values for pressure, angle, velocity and force using DAQ System for Data Acquisition 

 (optional). 
 

Technical Data 
 

Measuring section 
Flow cross section wxh: 300x300mm 
Length: 450mm 
Wind velocity: 0...30m/s 
 
Axial fan 
Head: 500 Pa 
Max. Air flow: 2.5m3/s 
Blower wheel diameter: 400mm 
Speed: 0-2800rpm 
Power consumption: 2.55kW 
 
Water manometer bank 
16 tubes water manometer 
Range: 0….450mm WC 
Graduation: 1mm 
Multi-slope: 30 o, 45 o, 60 o, 90o 

 
Measuring section 
Flow cross section wxh: 300x300mm 
Length: 450mm 
Wind velocity: 0...30m/s 
 
Axial fan 
Head: 500 Pa 
Max. Air flow: 2.5m3/s 
Blower wheel diameter: 400mm 
Speed: 0-2800rpm 
Power consumption: 2.55kW 

 

Water manometer bank 
16 tubes water manometer 
Range: 0….450mm WC 
Graduation: 1mm 
Multi-slope: 30 o, 45 o, 60 o, 90o 
 
Measuring ranges 
Force: 2x-5...5N 
Resolution: 0.001N 
Pressure: 0...5mbar 
Resolution: 0.1 Pa 
 
Standard Supplied Model 
Drag Body Sphere 
Drag Body Hemisphere 
Drag Body Circular Disc 
Drag Body Circular Ring 
Drag Body Square Plate 
Drag Body Flag 
Drag Body Cylinder 
Drag Body Streamlined Shape 
Drag Body Aerofoil (NACA 15) 
Drag Body Paraboloid 
Drag Body Concave Shape 
16 Tube Manometer with adjustment 
of angle (30o, 45o, 60o, 90o) 
Pitot Tube, Smoke Generator 

Optional Accessories 
Flutter wing OF.FMH/28a 
Pressure distribution on aerofoil 
OF.FMH/28b 
Pressure distribution on cylinder 
OF.FMH/28c 
 
Boundary layer with pitot tube 
(1) Plate 
Length: 250mm 
Width: 200mm 
Thickness: 3mm 
 
(2) Two Plates with roughness 
 
Smooth plate with Rz: 25um 
Rough plate with Rz: 400um 
 
(3) Pitot tube probe with 
micrometer 
Diameter: 0.7mm 
Vertical adjustment: 25mm 
Resolution: 0.01mm 
Hose connection: Ø 2m 
Aerofoil with slot and flap 
Wake measurement 

 

 
Software OF.FMH/28SW (optional) 
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Kaplan Turbine Apparatus 

OF.FMH/29 
 
Water turbines are turbomachines which convert water energy into mechanical 
energy. Mostly, they are used for driving generators for power generation 
purposes. The Kaplan turbine is a reaction turbine with an axial through flow. It 
has a high specific speed and is suitable for large water flows and small to 
medium heads. Therefore, the Kaplan turbine is used as a “classic” water 
turbine in run-of-the-river power stations. The apparatus helps to investigate 
the characteristic behaviour of a simple-regulated Kaplan turbine during 
operation. The trainer used water supply from Hydraulic Bench throttle valve 
for adjusting the flow rate. The angle of incidence and thus the power output of 
the impeller are changed by adjusting the guide vanes. The turbine is loaded with a band brake. The speed is 
captured by means of a non-contact sensor at the turbine shaft. For determining the turbine power the brake band 
is installed with a dynamometer. The pressures at the inlet of the turbine measured by a manometer. The well-
structured instructional material sets out the fundamentals and provides a step-by-step guide through the 
experiments. 
 

Experiments 
 Determination of power output curves at different speeds 

*Hydraulic power output 
*Mechanical power output 

 Determination of the head. 

 Determination of turbine efficiency. 

 Investigation of the influence of the vane position on power output and efficiency. 
 

Specification 
 Function of a Kaplan turbine. 

 Closed water circuit with Hydraulic Bench. 

 Adjustment of flow rate with throttle valve. 

 Loading the turbine by use of air-cooled band brake. 

 Impeller with fixed blades. 

 Adjustable guide vanes for setting different angles of incidence. 
 

Technical Data 
 
Kaplan turbine 
Max. output: 10W 
Max. speed: 1800RPM 
Control wheel 
6 guide vanes, adjustable: -15o...45o 
External diameter: 40~50mm 
Internal diameter: 20~25mm 
Impeller with 4 blades 
6 adjustable guide vanes 

Measuring ranges 
Pressure (at turbine inlet): 0...1bar 
Torque: 0...10Nm 
Spring balance: 10kg least count 50g 
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Flow Visualization in Channel 
OF.FMH/30 
Apparatus can be used to visualise flow around drag bodies and flow 
phenomena in open channels. Either a drag body or weir is fixed in the 
experimental flume. The streamlines are made visible by injecting a 
contrast medium. The experimental flume is made of transparent 
material so that the streamlines and the formation of vortices can easily 
be observed. The water level in the experimental flume can be adjusted. 
There is one weir and four different drag bodies available for the 
experiments. A stabilizer ensures an even and non-vortical flow of 
water. The experimental unit is positioned easily and securely on the 
work surface of the OF.FMH base module. The water is supplied. 
Alternatively, the experimental unit can be operated by the laboratory 
supply. The well-structured instructional material sets out the 
fundamentals and provides a step-by-step guide through the 
experiments. 

 
Experiments 

 How differently shaped weirs affect the flow. 

 Visualization of streamlines for flow incident to a weir. 

 Visualization of streamlines when flowing around various drag bodies. 

 
Specifications 

 Visualization of streamlines during incident flow and flow around various weirs and drag bodies 

 Transparent experimental flume 

 Incident flow demonstrated on two weirs 

 Demonstration of flow around four different drag bodies 

 Contrast medium: ink 

 Distributor for contrast medium with five nozzles 

 Water level in the experimental flume adjustable at the water 
inlet and weir at the (marbles) water outlet 

 Flow straightener for even, non-vortical water inlet 

 Water supply using Hydraulic Bench or via laboratory supply 

 
Technical Data 
Experimental flume 
LxWxH: 600x3x165mm 
Contrast medium: ink 
Injection of the contrast medium 
5 nozzles 
Tank for water: 10L 
Tank for ink: 570mL 
Drag bodies 
Streamlined body 
Guide vane profile 
Weirs 
Broad-crested weir 
Sharp-crested weir   
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Horizontal Osborne Reynolds Demonstrator 
OF.FMH/31 
 
The experimental pipe section in this unit is horizontal. 
The horizontal arrangement enables the ink injection to be controlled 
more easily. The flow rate in the experimental pipe section can be 
adjusted with a manual valve. A raised tank with overflow tube ensures 
a constant inlet head and flow rate. The clear formation of the 
streamlines enables the transition from laminar to turbulent flow to be 
observed. 
The critical Reynolds number is determined by measuring the flow 
velocity when this transition occurs. The water supply is provided either 
from the laboratory mains or using the Hydraulic Bench (closed water circuit). 
 

Experiments 

 Depiction of laminar flow. 

 Depiction of the transition flow. 

 Depiction of turbulent flow. 
 

Specification 

 Module to carry out the Osborne Reynolds experiment, to be used with the lab water supply or Hydraulic 
Bench. 

 Horizontal experiment section made of plexi glass. 

 Tank to generate a constant water head. 
 

Technical Data 
Supply tank: approx. 3ltr 
Experimental tube: 
Inner diameter: 10mm 
Length: 700mm 
Ink tank: 380ml 
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Pipe Network Apparatus 
OF.FMH/32 
The arrangement of PVC pipes and fittings is mounted 
on a freestanding support frame that is designed to 
stand independently and use Hydraulics Bench as 
water supply or tap water. Connection to the water 
source is made via a reinforced flexible tube quick 
release fitting. Isolating valves allow a wide range of 
different series, parallel and mixed pipe 
configurations to be created without draining the 
system. Flow into the network and flow out from the 
network at each outlet can be individually varied to 
change the characteristics of the system. All test pipes 
are installed using unions with 'O' ring seals that allow 
the pipes with different diameters to be repositioned 
without the use of tools. Self-sealing quick release 
fittings at strategic points in the network allow rapid 
connection of the pressure manometer, allowing 
appropriate differential pressures to be measured. 
Flow leaving any of the outlets in the network is 
measured using the volumetric Hydraulics Bench. 
 

Experiments 
 Measurement of head loss versus discharge for different sizes of pipes. 

 Characteristics of flow through interconnected pipes of different sizes. 

 Characteristics of flow through parallel pipe networks. 

 Characteristics of flow through series pipe networks. 

 Application of doubling pipes on existing networks to increase flowrate. 

 Characteristics of flow around a ring main and the effect of changes in supplies and off-takes. 
 

Specifications 

 Specifically designed to allow the setting up of a wide range of different pipe arrays (networks). 

 Pipe network mounted on freestanding support frame to use with Hydraulics Bench. 

 Test pipes are all 0.7 m long with approximate inside diameters of 1x 9.5mm, 2x 14mm, 1x 12.7mm, 1x 
18.5mm. 

 Differential pressure measurements obtained using a U Tube Manometer upto 1m with 1mm graduation 
with 

 self-sealing quick-release connections to the pipe network. 

 Flows into and out from the appropriate network can be varied individually. 

 Water manometer with hand pump. 

 Mercury manometer (optional) 
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Multi-Purpose Teaching Flume  
(Length 2.5m) 
OF.FMH/33 
 
Hydraulic engineering is concerned with 
artificial waterways, the regulation of rivers and 
with barrages, amongst other things. By using 
experimental flumes in the laboratory, it is 
possible to teach the necessary basic principles. 
The experimental flume OF.FMH/33 has a 
closed water circuit. The cross section of the 
experimental section is 86x300mm (WxH). The 
experimental section is 2.5m. 
The side walls of the experimental section are made of tempered glass, which allows excellent observation of the 
experiments. All components that come into contact with water are made of corrosion-resistant materials (stainless 
steel, glass reinforced plastic). 
The inlet element is designed so that the flow enters the experimental section with very little turbulence. The 
inclination of the experimental flume can be finely adjusted to allow simulation of slope and to create a uniform flow 
at a constant discharge depth. A wide selection of models, such as weirs, piers, flow-measuring flumes or a wave 
generator (optional) are available as accessories and ensure a comprehensive programme of experiments. Most 
models are quickly and safely bolted to the bottom of the experimental section. The well-structured instructional 
material sets out the fundamentals and provides a step-by-step guide through the experiments. 
 
 
 

Experiments 

 Together with optionally available models. 

 Uniform and non-uniform discharge. 

 Flow formulae. 

 Flow transition (hydraulic jump). 

 Energy dissipation (hydraulic jump, stilling basin). 

 Flow over control structures. 
*weirs (sharp-crested, broad-crested, ogeecrested). 
*discharge under gates. 

 Flow-measuring flumes. 

 Local losses due to obstacles. 

 Transient flow: waves. 

 Vibrating piles. 

 Sediment transport. 

 Force momentum and steady flow energy equation. 

 Relation between water level above the crest of a weir and flow rate over the wire. 

 Flow and level control using hydraulic structure. 

 Measurement of velocity profile. 
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Specifications 

 Basic principles of open-channel flow. 

 Experimental flume with experimental section, inlet and outlet element and closed water circuit. 

 Length of the experimental section 2.5m. 

 Smoothly adjustable inclination of the experimental section. 

 Experimental section with evenly spaced threaded holes on the bottom for installing models or for water 
level measurement using pressure. 

 Side walls of the experimental section are made of tempered glass for excellent observation of the 
experiments. 

 All surfaces in contact with water are made of corrosion-resistant materials. 

 Flow-optimised inlet element for low-turbulence entry into the experimental section. 

 Closed water circuit with water tank, pump, rotameter and manual flow adjustment. 

 Models from all fields of hydraulic engineering available as accessories. 
 
Technical Data 
Experimental section 
Length: 2.5m 
Flow cross-section WxH: 86x300mm 
Inclination adjustment: -0.5...+3% 
Tank: 300L 
Pump 
Power consumption: 1.02kW 
Max. flow rate: 22.5 m3/h 
Max. head: 13m 
 

Optional Multi-purpose Teaching FlumeControl Structures 
OF.FMH/33a Sluice Gate 
OF.FMH/33b Radial Gate 
OF.FMH/33c Sharp crested 
OF.FMH/33d Broad-Crested Weir 
OF.FMH/33e Crump Weir 
OF.FMH/33f Siphon Weir 
OF.FMH/33g Rake 
OF.FMH/33h Ogee-Crested Weir with Pressure Measurement 
OF.FMH/33i Ogee-Crested Weir with three Spillways  
OF.FMH/33j Elements for Energy Dissipation 
Change in Cross-section 
OF.FMH/33k Sill 
OF.FMH/33l Culvert 
OF.FMH/33m Flow splitter and Set of Piers, Seven Profiles 
OF.FMH/33n Flume Bottom with Pebble Stones 
Flow-measuring Flumes 
OF.FMH/33o Venturi Flume 
OF.FMH/33p Parshall Flume 
OF.FMH/33q Trapezoidal Flume 
 

Software OF.FMH/33SW (optional)  

Other Experiments 
OF.FMH/33r Vibrating Piles 
OF.FMH/33s Closed Sediment 
Circuit 
OF.FMH/33t Wave Generator 
OF.FMH/33u Set of Beaches 
OF.FMH/33v Vernier Level 
Gauge (3 Qty) 
Measuring Instruments 
OF.FMH/33w Velocity Meter 
OF.FMH/33x Ten Tube 
Manometers 
Required accessory for FM-1849-
33v and FM-1849-33s 
OF.FMH/33y Instrument Carrier 
OF.FMH/33z Pitot Tube 
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Multi-purpose Teaching Flume  
(Length 5m) 
OF.FMH/34 
 
Hydraulic engineering is concerned with artificial 
waterways, the regulation of rivers and with barrages, 
amongst other things. By using experimental flumes in the 
laboratory, it is possible to teach the necessary basic 
principles. The experimental flume OF.FMH/34 has a 
closed water circuit. The cross-section of the experimental 
section is 309x450mm. The length of the experimental section is 5m. The side walls of the experimental section are 
made of tempered glass, which allows excellent observation of the experiments. All components that come into 
contact with water are made of corrosion-resistant materials (stainless steel, glass reinforced plastic). The inlet 
element is designed so that the flow enters the experimental section with very little turbulence. The inclination of 
the experimental flume can be finely adjusted to allow simulation of slope and to create a uniform flow at a constant 
discharge depth. A wide selection of models, such as weirs, piers, flow-measuring flumes or a wave generator are 
available as accessories and ensure a comprehensive programme of experiments. Most models are quickly and 
safely bolted to the bottom of the experimental section. 
 

Experiments 
Together with optionally available models 

 Uniform and non-uniform discharge 

 Flow formula e 

 Flow transition (hydraulic jump) 

 Energy dissipation (hydraulic jump, stilling basin) 

 Flow over control structures:  
*weirs (sharp-crested, broad-crested, ogee-crested) 
*discharge under gates 

 Flow-measuring flumes 

 Local losses due to obstacles 

 Transient flow: waves 

 Vibrating piles 

 Sediment transport 
 

Specification 
 Basic principles of open-channel flow 

 Experimental flume with experimental section, inlet and outlet element and closed water circuit 

 Smoothly adjustable inclination of the experimental section 

 Experimental section with 20 evenly spaced threaded holes on the bottom for installing models or for water 
level measurement using pressure 

 Side walls of the experimental section are made of tempered glass for excellent observation of the 
experiments 

 All surfaces in contact with water are made of corrosion-resistant materials 

 Flow-optimised inlet element for low-turbulence entry into the experimental section 

 Closed water circuit with 2 water tanks, pump, electromagnetic flow sensor and flow control 

 Models from all fields of hydraulic engineering available as accessories 

Technical Data 
 Experimental section 

Length: 5m 
Flow cross-section WxH: 309x450mm 
Inclination adjustment: -0,5…+2,5% 
2 tanks 

 

 Pump 
Power consumption: 4kW 
Max. flow rate: 132m3/h 
Max. head: 16,1m 
Speed: 1450min-1 
Flow rate: 5,4…130m3/h 
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Optional Multi-purpose Teaching Flume 
 
Control structures 

 OF.FMH/34a Sluice gate 

 OF.FMH/34b Radial gate 

 OF.FMH/34c Set of plate weirs, four types 

 OF.FMH/34d Broad-crested weir 

 OF.FMH/34e Crump weir 

 OF.FMH/34f Siphon weir 

 OF.FMH/34g Rake 

 OF.FMH/34h Ogee-crested weir with pressure measurement 

 OF.FMH/34i Ogee-crested weir with two spillways 

 OF.FMH/34j Elements for energy dissipation 
 
Change in cross-section 

 OF.FMH/34k Sill 

 OF.FMH/34l Culvert 

 OF.FMH/34m Set of piers, seven profiles 

 OF.FMH/34n Flume bottom with pebble stones 
 
Flow-measuring flumes 

 OF.FMH/34o Venturi flume 

 OF.FMH/34p Parshall flume 

 OF.FMH/34q Trapezoidal flume 
 
Other experiments 

 OF.FMH/34r Vibrating piles 

 OF.FMH/34s Closed Sediment Circuit 

 OF.FMH/34t Wave generator 

 OF.FMH/34u Set of Beacher 
 

Measuring instruments 

 OF.FMH/34v Level gauge 

 OF.FMH/34w Velocity meter 

 OF.FMH/34x Ten tube manometers 

 OF.FMH/34y Instrument Carrier 
 
 
 
 

Software OF.FMH/33SW (optional) 
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Multi-Purpose Teaching Flume  
(Length 10m) 
OF.FMH/35 
 
Hydraulic engineering is concerned with artificial waterways, the regulation of rivers and with barrages, amongst 
other things. By using experimental flumes in the laboratory, it is possible to teach the necessary basic principles. 
The experimental flume FM-1849-35 has a closed water circuit. The cross section of the experimental section is 
310x500mm (WxH). The length of the experimental section is 10m. The side walls of the experimental section are 
made of tempered glass, which allows excellent observation of the experiments. All components that come into 
contact with water are made of corrosion-resistant materials (stainless steel, glass reinforced plastic). 
The inlet element is designed so that the flow enters the experimental section with very little turbulence. The 
inclination of the experimental flume can be finely adjusted to allow simulation of slope and to create a uniform flow 
at a constant discharge depth.  
A wide selection of models, such as weirs, piers, flow-measuring flumes or a wave generator are available as 
accessories and ensure a comprehensive programme of experiments. Most models are quickly and safely bolted to 
the bottom of the experimental section. The well-structured instructional material sets out the fundamentals and 
provides a step-by-step guide through the experiments. 
 

Experiments 
 Together with optionally available models. 

 Uniform and non-uniform discharge. 

 Flow formulae. 

 Flow transition (hydraulic jump). 

 Energy dissipation (hydraulic jump, stilling basin). 

 Flow over control structures. 
*weirs (sharp-crested, broad-crested, 

ogeecrested). 
*discharge under gates. 

 Flow-measuring flumes. 

 Local losses due to obstacles. 

 Transient flow: waves. 

 Vibrating piles. 

 Sediment transport. 

 
Specifications 

 Basic principles of open-channel flow. 

 Experimental flume with experimental section, inlet and outlet element and closed water circuit. 

 Length of the experimental section 10m. 

 Smoothly adjustable inclination of the experimental section. 

 Experimental section with 10 evenly spaced threaded holes on the bottom for installing models or for water 
level measurement using pressure. 

 Side walls of the experimental section are made of tempered glass for excellent observation of the 
experiments. 

 All surfaces in contact with water are made of corrosion-resistant materials. 

 Flow-optimised inlet element for low-turbulence entry into the experimental section. 

 Closed water circuit with 3 water tanks, pump, rotameter and manual flow adjustment. 

 Models from all fields of hydraulic engineering available as accessories. 
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Technical Data 
Experimental section 
Length: 10m 
Flow cross-section HxW: 500x310mm 
Inclination adjustment: -0.5...+2.5% 
7 Tanks: 600L each 
Pump 
Power consumption: 4kW 
Max. flow rate: 108m3/h 
Max. head: 6m 
Speed: 2900min-1 
Flow rate measuring range: 24...108m³/h 

 
Optional Multi-purpose Teaching Flume 

Control Structures 
OF.FMH/35a Sluice Gate 
OF.FMH/35b Radial Gate 
OF.FMH/35c Set of Plate Weirs, four Types 
OF.FMH/35d Broad-Crested Weir 
OF.FMH/35e Crump Weir 
OF.FMH/35f Siphon Weir 
OF.FMH/35g Rake 
OF.FMH/35h Ogee-Crested Weir with Pressure Measurement 
OF.FMH/35i Ogee-Crested Weir with two Spillways 
optionally available accessory for OF.FMH/35i 
OF.FMH/35j Elements for Energy Dissipation 
Change In Cross-section 
OF.FMH/35k Sill 
OF.FMH/35l Culvert 
OF.FMH/35m Set of Piers, seven Profiles 
OF.FMH/35n Flume Bottom with Pebble Stones 
Flow-measuring Flumes 
OF.FMH/35o Venturi Flume 
OF.FMH/35p Parshall Flume 
OF.FMH/35q Trapezoidal Flume 
Other Experiments 
OF.FMH/35r Vibrating Piles 
OF.FMH/35s Closed Sediment Circuit 
OF.FMH/35t Wave Generator 
OF.FMH/35u Set of Beaches 
Measuring Instruments 
OF.FMH/35v Level Gauge 
OF.FMH/35w Velocity Meter 
OF.FMH/35x Ten Tube Manometers 
Required accessory for OF.FMH/35v and OF.FMH/35s 
OF.FMH/35y Instrument Carrier 
 

Software OF.FMH/35SW (Optional)  
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Fundamentals of Sedimentation 
OF.FMH/37 
 
Sedimentation is often used to clarify suspensions. In the process, the solid 
particles move downwards in a liquid owing to their density. Using the 
sedimentation processes in different suspensions can be investigated and 
compared. Five transparent cylindrical tanks are provided for the purpose. 
The suspensions are prepared in measuring beakers, poured into the removable 
tanks, and mixed by shaking. The tanks are then mounted vertically on the 
experimental unit. To aid observation of the sedimentation process, the tanks are 
backlit. 
 
Experiments 

 Determination and comparison of the settling velocities of solids in 
suspensions dependent on the solid density and concentration and the 
liquid density and viscosity. 

 Influence of coagulants on the settling velocity. 
 
Specification 

 Experiments in the fundamentals of sedimentation. 

 5 transparent tanks with scale for comparison of the settling velocities of solids in various suspensions. 

 Tanks removable for filling, mixing and cleaning. 

 Tanks backlit by fluorescent tubes to aid observation. 

 3 measuring beakers for preparation of suspensions. 

 Pycnometer to determine the density of the liquids and solids (Optional). 

 Stopwatch to record the sedimentation time. 

 Recommended accessories: balance, coagulant. 
 
Technical Data 
Tanks 
Length: 1000mm 
Inside diameter: 42mm 
Scale division: 1mm 
Material: PMMA 
Fluorescent tubes/LED assorted 
Power: 6x 18W 
Measuring beakers 
Capacity: 5000ml 
Scale division: 100ml 
Stopwatch 
Resolution: 1/100sec 
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Radial Fan Flow Apparatus 
OF.FMH/38 
 
Radial fans are used to transport gases with non-excessive pressure differences. The apparatus provides the basic 
experiments to get to know the operating behaviour and the important characteristic variables of radial fans. The 
optional software for data acquisition and Visualization makes the experiments especially clear and enables fast 
execution of experiments with reliable results. The radial fan with flanged drive motor features free speed 
adjustment. The long and transparent intake and delivery pipes enable stable stationary flow conditions. The air flow 
is set by a throttle valve at the end of the pressure pipe. To demonstrate the effect of different blade shapes two 
impellers are included in the scope of delivery: one impeller with forward curved blades and one with rear curved 
blades. The impellers are easy to replace. The experimental unit is equipped with measuring transducers for 
pressure, differential pressure, temperature and speed. 
Using the software the measurements are represented graphically and characteristics recorded. The air flow is 
calculated. 
The well-structured instructional material sets out the fundamentals and provides a step-by-step guide through the 
experiments. 
 

Experiments 
 Recording a fan characteristic. 

 Determining the fan efficiency. 

 Velocity distribution in the pipe. 

 Velocity distribution behind a cylinder subject to transverse incident flow. 

 Pressure distribution around a cylinder subject to transverse incident flow. 

 Recording the cooling curve of a copper cylinder subject to incident flow. 

 Determining the heat transfer coefficients from the cooling curve. 

 Effect of the impeller speed on the efficiency and delivery data. 

 
Specification 

 Investigation of the flow rate and differential pressure in the model of a radial fan. 

 Radial fan with drive motor. 

 Adjustable speed. 

 Interchangeable impellers: 1 impeller with forward curved blades and 1 impeller with rear curved blades. 

 Transparent intake and delivery pipe. 

 Throttle valve to adjust the air flow. 

 Measurement of flow rate, differential pressure, speed and temperature. 

 
Technical Data 
Intake pipe: Inner diameter: D=122mm, Length: 
L=590mm 
Delivery pipe 
Inner diameter: D=100mm 
Length: L=420mm 
Radial fan 
Power consumption: 150W 
Speed: 2800min-1 
Max. flow rate: 450m3/h 
Max. differential pressure: 480Pa 

 

Measuring ranges 
Pressure: 0...1000Pa 
Speed: 0...3000min-1 
Flow rate: 0...1700m3/h 
Temperature: -100~400oC 
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Centrifugal Compressor Apparatus 

OF.FMH/39 
 
Centrifugal compressors are used to compress gases. The medium is 
drawn in axially to the drive shaft by the rotation of the rotor and 
flows through the rotor rotating at high speed. By means of 
centrifugal force, the medium is accelerated towards the outer edge 
and is compressed in this manner. 
The experimental unit provides the basic experiments to get to know 
the operating behaviour and the important characteristic variables of 
radial compressors. OF.FMH/39 features a two-stage Centrifugal 
compressor with variable speed via a frequency modulator, an intake 
pipe and a delivery pipe. The intake and delivery pipes are transparent. A protective plate placed in front of the inlet 
of the intake pipe prevents larger objects from being drawn in or the clogging of the intake Opening. The air flow is 
adjusted by a throttle valve at the end of the delivery pipe. 
The experimental unit is fitted with sensors for pressure, temperature and speed. The flow rate is determinated via 
differential pressure measurement on the intake nozzle. 
 

Experiments 
 Operating behaviour and characteristic variables of a centrifugal compressor. 

 Recording of the compressor curve. 

 Effect of the rotor speed on the pressure. 

 Effect of the rotor speed on the flow rate. 

 Effect of compression on the temperature increase. 

 Determination of hydraulical power output and 
efficiencies. 

 

Specification 
 Functioning and operating behaviour of a centrifugal 

compressor. 

 Two-stage radial compressor with drive motor. 

 Variable speed via frequency modulator. 

 Transparent intake and delivery pipes. 

 Throttle valve for adjusting the air flow in the delivery 
pipe. 

 Protecting plate at air inlet for undisturbed air flow. 

 Determination of flow rate via intake nozzle. 

 Display of differential pressures, flow rate, speed, 
electrical power consumption and hydraulical power 
output, temperatures and efficiency 

 Optional software with and data acquisition via USB 
under Windows platform. 

 
 
 
 

Software OF.FMH/39SW (Optional)  

Technical Data 
Intake pipe 
Inner diameter: 70mm before orifice 
Reduce to: 50mm after orifice 
Delivery pipe 
Inner diameter: 50mm 
Orifice 
Diameter: 40mm 
Two-stage centrifugal compressor 
Power consumption: 1200W 
Speed: 0~20,000/min 
Max. volumetric flow rate: 180m3/h 
Max. pressure difference: 200 mbar 
 
Measuring ranges (displayed) 
Differential pressure (stage1/stage 2): 0.00..350 
mbar 
Flow rate: 0....2500Pa 
Temperature: 2x -100~400oC 
Speed (compressor): 0....99999/min 
Electrical power consumption: 0.....3000W 
230V, 50Hz, 1 phase 
Weight: approx. 25kg 
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Rotating Tank Vortex, Rotating Tank 
OF.FMH/40 
 
The Vortex Apparatus enables students to produce both 
free and forced vortices, and measure the vortex water 
surface profile. The equipment consists of a transparent 
vessel on a support frame, which mounts on a hydraulic 
bench. It may also work with another suitable clean water 
supply and drain. A low-voltage, variable-speed motor 
rotates the vessel about its vertical axis. A speed-control 
unit (included), sited away from the main apparatus, controls the speed of rotation. To produce a forced vortex, 
students add water to the rotating vessel until it is about half full. A forced vortex forms. After a few minutes the 
vortex becomes constant, and students can measure the surface profile using the traverse probe. The traverse probe 
can move both horizontally and vertically, and both axes have linear scales. Students can also measure distribution 
of total head by replacing the traverse probe with a Pitot tube. To produce a free vortex, students place a smaller, 
perforated transparent cylinder inside the main vessel. This forms an annulus into which a continuous water supply 
is directed.When the vessel rotates, water passes through the perforations and spirals slowly inwards to a small hole 
in the centre of the base of the vessel. The surface falls rapidly towards the centre and produces an air core. 
Studentsmeasure the surface profile using the traverse probe. 
 

Experiments 
 Determination of the surface profile of a forced vortex. 

 Determination of the surface profile of a free vortex. 

 Determination of the total head variation in a forced vortex. 

 Comparison of resultswith theoretical predictions. 
 

Specification 
 For studies of both free and forced vortices. 

 Transparent vessel - users can see the vortices fromall angles. 

 Includes a traverse probe to measure water surface profile. 

 Low-voltage variable speed motor for safety. 

 Ideal for classroom demonstrations as well as laboratory experiments. 

 Compact and easily installed in the laboratory. 
 

Technical Data 
 VortexVessel: 650mmx 400mmx 600mm and 20 kg. 

 Speed Controller: 250mmx 270mmx 110mm and 3.5 kg. 

 Transparent cylinder: Approximately 380mm wide x 180mm deep 

 Perforated cylinder: Approximately 286mm wide x 180mm deep 

 Instrumentation: Traverse probe and Pitot tube with scales calibrated in millimeters 

 Water supply (if no hydraulic bench is available): up to 8 litres a minute 
 
  



       

 

50 OFEL ENGINEERING SRL 

 

OFEL ENGINEERING 

FLUID MECHANICS 

 
 
 
 

Reciprocating Pump Demonstration Unit 
OF.FMH/41 
 
The Reciprocating Pump demonstration unit enables the pump curve 
of a reciprocating pump to be measured. The system consists of the 
pump with an electrical drive motor, the pipe system with supply 
tank and a container for volumetric flow measurement. Gauges 
provide the delivery pressure and the pressure in the cylinder. The 
pressure level in the system is maintained constant using a pressure 
retention valve. The pulsating pressure characteristic of the pump 
can be damped with an air vessel. 
 
 

Experiments 
 Characteristic curve of a reciprocating pump. 

 Influence of pulsation attenuation. 

 Pressure characteristics of delivery pressure and cylinder pressure. 
 

Specification 
 Reciprocating pump demonstration unit. 

 Reciprocating pump 0.37kW, 1.5m /h, 30~65mWCHead. 

 Drive motor 230V,~50Hz (Variable Speed with AC Inverter). 

 Pressure measurement in the cylinder and in the delivery pipe. 

 Volumetric flow rate measurement with compensation tank. 

 System pressure regulator using pressure reducer. 

 Pulsation attenuation of the delivery pressure using bleed valve on the top of the pump. 
 

Technical Data 
 Drive motor 0.37kW 

 Motor Speed: 1450 rpm 
Reciprocating pump 

 Qmax: 155L /h 

 Max. head: 30~60m 

 Intake (Built-in Service Tank with 1”Connection) 

 Delivery Connection (Built-in with Flow meter and Service Tank with 15mm connection). 

 Measuring range for pressure measurement: 0..10bar. 

 Measuring range for stroke measurement: 0..50mm. 

 Measuring range for flow rate measurement: 0.2..10Ltr/h. 

 Bore: 38mm 

 Stroke: 2~20mm 

 Internal Dia of delivery pipe: 15mm 

 Max. Pressure: 13 bar 

 Mechanical safety: 6 bar 
 
 

Software OF.FMH/41SW (Optional) 
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Open-Channel Sediment Transport 
OF.FMH/42 

 
OF.FMH/42 uses sand as an example to demonstrate important phenomena of bed-load transport in the area near 
the bottom. Open channel flow without sediment transport is also possible. Discharge can be sub-critical or 
supercritical. The core element of the OF.FMH/42 experimental flume with closed water circuit is the inclining 
experimental section. The side walls of the experimental section are made of tempered glass, which allows excellent 
observation of the experiments. All components that come into contact with water are made of corrosion-resistant 
materials (stainless steel, glass reinforced plastic). The inlet element is designed so that the flow enters the 
experimental section with very little turbulence and no sediment can flow back. The tank after the water outlet 
contains a sediment trap for coarse sand. The inclination of the experimental flume can be finely adjusted to 
produce slope and to create a uniform flow at a constant discharge depth. In addition to bed-load transport in open 
channels, some models can also be used to observe fluvial obstacle marks, namely scour formation and siltation at 
structures. A rounded-nosed pier or a sluice gate can be inserted into the experimental section. The discharge is 
measured via a measuring weir in the water outlet and a level gauge. The level gauge is also used for profile 
measurement in the sediment and to determine the discharge depth at each point of the experimental section. A 
contrast medium can be injected to visualise the flow conditions. The well-structured instructional material sets out 
the fundamentals and provides a step-by-step guide through the experiments. 
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Experiments 

 Bed-load transport in open channels. 
*sub-critical and super-critical flow 
*formation of ripples, dunes and antidunes 

 How flow velocity affects bed-load transport. 

 Fluvial obstacle mark (siltation/scour formation) 
*bridge pier 
*sluice gate 

 Bed-load transport formulae 
*Meyer-Peter and Müller formula 
*Einstein's formula 
*determining the transport rate 

 Visualization of the flow 

 Open-channel flow without sediment transport 
*sub-critical and super-critical flow 
*control structure: sluice gate 
*discharge measurement on the sharp-crested Weir 

 

Specification 
 Investigation of open-channel flow with and without bed-load transport. 

 Experimental flume, consisting of experimental section, inlet element, water outlet and closed water circuit. 

 Smoothly adjustable inclination of the experimental section. 

 Side walls of the experimental section are made of tempered glass for excellent observation of the 
experiments 

 All surfaces in contact with water are made of corrosion-resistant materials. 

 Flow-optimized inlet element for low-turbulence entry to the experimental section; inlet element with 
sediment trap to prevent sediment flowing back. 

 Closed water circuit with water tank with sediment trap for coarse sand, pump and manual flow rate 
adjustment. 

 Sluice gate and bridge pier for experiments with and without sediment transport. 

 Visualization of the flow using a contrast medium. 

 Discharge measurement via measuring weir in the water drain. 

 Level gauge for measuring the discharge depth and the height of the sediment surface. 
 

Technical Data 
Experimental section: Length: 2502mm 
Flow cross-section WxH: 340x86mm 
Inclination adjustment: -1...+3% 
Tank: 280L 
Pump: Power consumption: 1.02kW 
Max. flow rate: 22.5m3/h 
Max. head: 13.7m 
Sediment trap filter element: 49mesh 
 
 
 

Software OF.FMH/42SW (Optional)  
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Multi-Purpose Teaching Tilting Flume 
OF.FMH/43 
 
The OF.FMH/43 is a small open channel flume, with clear 
acrylic sides to the working section for total visibility of the 
flow. The channel is fitted with a PVC inlet tank, and is 
designed for free discharge into the Hydraulics Bench. The 
flume is mounted on a rigid framework, and can be tilted by 
use of a calibrated screw jack, which allows accurate slope 
adjustment of the channel. The inlet tank incorporates a 
stilling arrangement to diffuse the water flow prior to entry 
into the channel, ensuring smooth uniform flow. The level in 
the working section of the flume is controlled using an 
overshot weir at the discharge end. Bed pressure tappings and fixing points for models are provided. A longitudinal 
scale positioned at the top of the channel allows depth gauges and Pitot-static tubes to be accurately positioned 
along the channel length. The flume is designed for use with a standard Hydraulics Bench, which provides the 
pumped water flow, the flow control valve and a volumetric tank for flow measurement. Also available is an optional 
flow meter which can be fitted to the allow direct flow measurements to be taken. 
 

Experiments 
 Note: Experiments Based upon selected accessories. 

 Study of open channel flume. 

 Use of hook and point gauges to measure water level. 

 Learning how to apply force-momentum and steady flow energy equations to simple flow situations. 

 Understanding the relationship between water level above the crest of a weir and flow rate over the weir. 

 Using hydraulic structures to control level, e.g. syphon spillways. 

 Understanding sub-and super-critical flow and the underlying characteristics of waves. 

 Hydraulic jump. 

 Using hydraulic structures for control of flow e.g. sluice gate 

 Applying and understanding Manning’s formula. 
 

Technical Data 
OverallDimensions: 

 Length: 2.91m 

 Width: 0.62m 

 Height: 1.46m 
Channel Dimensions: 

 Width: 50mm 

 Height: 150mm 

 Channel slope:Adjustable between -1%and +3% 
Models and gauges supplied: 

 Sharp and broad crestedweirs  

 Crump weir 

 2Vernier levelGauges 

 VnotchWeir with Fitting 

 SliceGate 

 Artificial RoughBed 

 Sediment Feeder  
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Basic Hydrology Apparatus 
OF.FMH/44 

 
In civil engineering, hydrology study system are conducted in 
connection with the design, construction and operation of hydraulic 
engineering systems and water management functions. These studies 
focus on topics such as seepage and flow of water in the soil and the 
use of groundwater resources. OF.FMH/44 can be used to study 
seepage and groundwater flows after precipitation. Variable 
precipitation density and areas and different groundwater supply and 
drain possibilities allow a wide variety of experiments. OF.FMH/44 
contains a closed water circuit with storage tank and pump. The core 
element is a sand-filled, stainless steel experiment tank with 
inclination adjustment. To study precipitation, a precipitation device 
is available. The precipitation device consists 11 nozzles. Water can 
flow in (groundwater) or out (drainage) via two chambers on the side. 

To study the lowering of groundwater, two wells with open seam tubes are available. Water supply and water drain 
can be opened and closed, thus allowing a wide variety of experimental conditions. At the bottom of the experiment 
tank there are measuring connections to detect groundwater levels, which are displayed on 24 tube manometers. 
The water supply is controlled by a valve and read on a flow meter. The water drain is determined by a measuring 
weir. The well-structured instructional material sets out the fundamentals and provides a step-by-step guide through 
the experiments. 
 

Experiments 

 Investigating transient processes 
*effect of rainfall of varying duration on the discharge 
*storage capacity of a soil 

 Investigating steady processes 
*investigating seepage flow 
*effects of wells on the groundwater level over time 

 

Technical Data 
Experiment tank 
Area: 2x 1m2, depth: 0.2m 
Max. sand filling: 0.3m3 
Inclination adjustment: -2.5...5% 
Precipitation device 
11 nozzles 
Flow rate per nozzle: 
0.36...3.45L/min, square spray 
pattern 
Pump 
Power consumption: 0.75kW 
Max. flow rate: 3300L/h 
Storage tank, fiber glass: content 
300L 
Measuring ranges 
24 tube manometers: 0...300mmWC 
Flow rate (feed): 0...76L/m 
Flow rate (outlet): 0...30L/m 
Power: 230V, 50Hz, 1 Phase 
 
 

Specification 

 Investigation of precipitation-discharge relationships, storage 
capacity of soils, seepage flows and groundwater flows. 

 Closed water circuit. 

 Inclinable stainless steel experiment tank contains 21 measuring 
connections to detect groundwater levels, transparent splash guard 
and screens for separating the chambers. 

 2 wells with open seam tubes in the experiment tank. 

 Precipitation device with 11 nozzles, adjustable. 

 Water supplies and drains can be selected individually. 

 Transparent measuring tank (flow). 

 Instruments: tube manometers (groundwater), flow meter (supply) 
and measuring weir in the measuring tank (drain). 

 Recommended Ancillary: Washed sand graded 0.5mm to 1.5mm (nominal 1mm) 
 
 

Software OF.FMH/44SW (Optional)  
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Advanced Hydrological Investigations 
OF.FMH/45 
 
OF.FMH/45 can be used to study seepage and groundwater flows after 
precipitation. Furthermore, sediment transport in courses of rivers is also 
presented in the context of flow obstacles. Variable precipitation density and 
areas and different groundwater supply and drain possibilities allow a wide 
variety of experiments. OF.FMH/45 contains a closed water circuit with 
storage tank and pump. The core element is a sand-filled, stainless steel 
experiment tank with inclination adjustment. To study precipitation, a 
precipitation device is available, which is equipped with a timer to define the 
times of precipitation. The precipitation device consists of 11 nozzles. Water 
can flow in (groundwater) or out (drainage) via two chambers on the side. To 
study the lowering of groundwater, two wells with open seam tubes are 
available. By means of a small weir in the in the supply and drain, a course of 
a river can be generated. Different water levels can be generated. Water supply and water drain can be opened and 
closed, thus allowing a wide variety of experimental conditions. In addition, three different models make it possible 
to study the flow around obstacles and the resulting sediment transport in the river bed. At the bottom of the 
experiment tank there are measuring connections to detect groundwater levels, which are displayed on 24 tube 
manometers. Two flow meters with different measuring ranges indicate the supply to the experiment tank. A 
measuring tank at the drain contains a measuring weir for determining the water level and a force sensor for 
determining the amount of sediment. The measured values are indicated at the trainer. The well-structured 
instructional material sets out the fundamentals and provides a step-by-step guide through the experiments. 

Experiments 
 Investigating transient processes 

*effect of rainfall of varying duration on the discharge 
*storage capacity of a soil 

 Investigating steady processes 
*seepage flow 
*effects of wells on the groundwater level over time 

 Flow behaviour of rivers, obstacles in the river bed, sediment transport in rivers. 

Technical Data 
Experiment tank, 
inclination adjustment: -
1...5% 
Area: 2x1m2, depth: 0.2m, 
max. sand filling: 0.3m3 
Precipitation device 
11 nozzles 
Flow rate: 1...4.7L/min, 
square spray pattern 
Pump 
Power consumption: 
0.75kW 
Max. flow rate: 3300L/h 
Storage tank, fiber glass: 
content 300L 
Measuring ranges 
21 tube manometers: 
300mmWC 
Flow rate (supply): 
0...70LPM 
Flow rate (drain): 
0...16LPM 
Mass/sediment: 0...5000g 

 

 
Specification 
 Investigation of precipitation-discharge relationships, storage capacity of soils, 

seepage flows, groundwater flows and sediment transport. 

 Closed water circuit. 

 Inclinable stainless steel experiment tank contains 21 measuring connections to 
detect groundwater levels, transparent splash guard and screens for separating 
the chambers. 

 2 wells with open seam tubes in the experiment tank. 

 Precipitation device with 11 nozzles, adjustable. 

 Precipitation time can be adjusted via timer. 

 Water supplies and drains can be selected individually. 

 Transparent measuring tank (flow) and force sensor (determining the amount of 
sediment). 

 3 models for pillars: round, square, oval. 

 Instruments: tube manometers (groundwater), flow meter (2x at the supply) and 
measuring weir in the measuring tank (1x at the drain). 

 

Software OF.FMH/45SW (Optional)  
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Technical data 
 

 Experimental section 
usable volume: 82L 
LxWxH: 1480x104x630mm 
 

 Pump 
max. flow rate: 4m3/h 
max. head: 4m 
14 tube manometers: 
0…600mmWC 
Tank for contrast medium: 
content 0,5L 
Storage tank, stainless steel: 
content 96L 
 

 Models 
“sheet pile” 
“retaining wall” 
“foundation” 

 
Power: 230V, 50Hz, 1 phase 

 

 
 

 
Visualisation of Seepage Flows 
OF.FMH/48 

 
A descriptive method in the study of seepage and groundwater flow is the 
visualisation of the streamlines and their graphical representation as a flow 
net. The flow net provides information about the seepage of water in dams 
and sheet piles. OF.FMH/49 can be used to visualise streamlines in seepage 
and groundwater flow on different models using a contrast medium. 
Furthermore, the effects of water pressure on different structures are 
displayed as pressure curves. The trainer consists of a transparent tank with a sand filling. Various models can be 
placed in the sand bed to demonstrate typical structures. The experimental section is separated from the feed and 
discharge chambers by fine mesh screens. A valve is used to adjust the water supply. Using a contrast medium it is 
possible to make streamlines visible, as they occur in seepage and groundwater flow. A tempered glass viewing 
window allows for optimal observation of the experiments. Various models allow an extensive range of experiments, 
such as pressure distribution on retaining walls or seepage and groundwater flow under sheet piles. OF.FMH/49 
contains a closed water circuit with storage tank and pump. The well-structured instructional material sets out the 
fundamentals and provides a steps-by-steps guide through the experiments. 
 

Features 
 Visualisation of two-dimensional seepage and groundwater flows 

 Investigation of the water pressure on structures 

 Closed water circuit 

Experiments 
 Determining flow nets in permeable media graphically 

*streamlines under a sheet pile 
*streamlines through an earth dam 
*drainage at an open ditch 

 Determining the pressure curve at a foundation 

 Determining the pressure curve at a retaining wall 

 Groundwater levels over time in various models 

Specification 
 Visualisation of two-dimensional seepage flows and investigation of 

water pressure at various models 

 Closed water circuit 

 Fluoresceine as a contrast medium 

 Experimental section with tempered glass viewing window 

 Fine-mesh screen to separate the experimental section from the feed 
and discharge chamber 

 Height-adjustable overflows in the feed and discharge to adjust the 
water levels 

  “sheet pile” model for visualisation of streamlines 

 “retaining wall” and “foundation” models for demonstration of the water pressure 

 14 measuring connections with filters to detect the groundwater levels in the experimental section 

 Instruments: tube manometers, tubes on the “foundation” and “retaining wall” models 
 

Software OF.FMH/49sw (Optional) 
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Open Channel and Closed Channel Flow 

OF.FMH/49 
 
Open Channel and Closed Channel Flow is used to demonstrate 
different flow processes at different control structures in the 
open channel. In the closed channel, pressure components in a 
pipe are determined. The trainer includes a transparent 
experimental flume with upper limit, a heightadjustable sill and 
a closed water circuit. The water level in the experimental 
section is set with an adjustable plate weir at the water outlet. 
With a simple alteration, the experimental flume can be used as 
an open or closed channel. 
The water level must be low when investigating the open-
channel flow. To conduct the experiment, a weir is attached to 
the bottom of the channel or the height-adjustable sill is used. 
Furthermore, the discharge under a gate can also be 
demonstrated. Various weirs, which can be exchanged quickly and safely, are available as control structures. When 
studying the closed channel, the water level needs to be high enough that the entire experimental section is flowed 
through. In this case the sill is used to change the cross-section flowed through. The static pressures and the total 
pressure over the cross-section are detected by measuring tubes. The pressure difference is used to calculate the 
flow velocity. The well-structured instructional material sets out the fundamentals and provides a step-by-step guide 
through the experiments. 
 

Specifications 

 Investigation of flow processes in the open and closed channel. 

 Experimental flume with upper limit, made of transparent material. 

 Height-adjustable sill in the bottom of the experimental flume. 

 Water level adjustable via plate weir at the water outlet. 

 Simple conversion from open to closed channel. 

 Control structures for experiments in the open channel: broad-crested weir, 
narrow-crested weir, ogee-crested weir with ski jump spillway, sill, gate. 

 Fully flowed through experimental section and change in cross-section over 
sill for experiments in the closed channel. 

 Closed water circuit with supply tank and pump. 

 Transparent measuring tubes for measuring static pressure and total 
pressure. 

 

Technical Data  
 
Experimental section 
Length: 1.1m 
Cross-section WxH: 
40x300mm 
Supply tank: 70L  
 
Pump 
Power consumption: 250W 
Max. flow rate: 150L/min 
Max. head: 7.6m 

Experiments 
Open channel 

 Flow over control structures: broad-crested weir, narrow-
crested weir, ogee-crested weir with ski jump spillway, sill. 

 Discharge under a gate. 

 Hydraulic jump. 
 

 
Closed channel 

 Pipe flow with constant and 
variable flow cross section. 

 Measurement of static pressure 
and total pressure. 

 Calculation of the flow velocity. 
 

 
 

Required for Operation: 230V, 50/60Hz, 1 phase or 120V, 60Hz/CSA, 1 phase 
 


