Experiment No 1
Objective: - Study of flow through cascades and impellers. 
Measurement of:-

· Velocity profile in cascades.   
· Velocity profile at the exit of impeller at various angular position.
· Study of effect of blade spacing.

· Circumferential distribution of pitot  pressure at the exit of the impeller.
[image: image1.wmf]Prerequisites: -
1. A rough idea about turbo machine blades.
2. What is cascade? 
3. What are impellers?

..

..
[image: image2.wmf]Minute details about the practical Setup :-(or the theoretical brief background)
For the Cascade:-
A row blades representing the blade ring of an actual turbo machine is called cascade. 
The blades can be arranged in a straight line or along an annulus. Before studying a particular turbine, compressor or fan stage, it will be useful to study the behavior of flow through blade rows of such machines.

The boundary layer growth on the suction and pressure sides of the blades in a real flow leads to the formation of low energy regions in the exit flow field. There are distinct separate lanes of chaotic flow with considerably low fluid velocities and the presence of vortices. These lanes are referred to as blade wakes. The fluid velocity rises from the wake regions to a maximum in the free stream.
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                        Flow through cascade
Construction of a cascade:

A cascade is constructed by assembling a number of blades of a given shape and size at the required pitch and the stagger angle. The assembly is then fixed on the test section of the wind tunnel. Air at slight pressure and near ambient temperature is blown over the cascade of blades to simulate the flow over an actual blade row in a turbo machine.

Upstream and downstream traversing:
Though it is expected that the flow parameters are uniform in the test section of the upstream of the cascade , it is preferable to check the variations of these quantities at the mid section  of the blades over at least one blade pitch(s) in the central region.

The stagnation pressure (Po1) is measured through wall tappings in the settling chamber is a good reference. The losses from the settling chamber to the test section in the free stream are negligible. Therefore stagnation   pressure measured by a pitot tube in the test section is almost equal to (Po1). The measurement of static pressure , temperature, velocity and direction is also important. Similarly the flow parameters are checked at the downstream.

For the impeller:-
An impeller is a rotor inside a tube or conduit used to increase the pressure and flow of a fluid.

Working of Impeller:-

Air or gas enters the impeller through the inlet nozzle which provides slight acceleration to the air before its entry to the impeller. The action of the impeller swings the gas from the smaller to larger radius and delivers the gas at high pressure and velocity to the casing. Thus unlike the axial type, here the centrifugal energy also contributes to the static pressure rise. The flow from the impeller blades is collected by a spirally shaped casing known as scroll or volute. It delivers the air to the exit of the blower.
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Fluid flow in an impeller.
Fabrication of an impeller:-
The centrifugal fan impellers can be fabricated by welding curved or almost straight metal blades to the two side walls of the rotor or it can be obtained in one piece by casting. Such an impeller is of enclosed type. The open types of impellers have only one shroud and are open on one side. A large number of low pressure centrifugal fans are made out of thin sheet metal.
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Different impellers
Impeller size and shape: The peripheral speed of the impeller with a given geometry is decided by the stage pressure rise. Therefore for  the desired value of the peripheral speed there are various combinations of the impeller diameters and the rotational speeds. 

Straight or curved sheet metal blades or aerofoil shaped blades have been used in centrifugal fans and blowers. Sheet metal blades are circular arc shaped or of a different curve. They can be either being welded or riveted to the impeller disc. The blade exit angles depend on whether they are backward –swept, radial or for forward –swept.

Number of blades: The number of blades in a centrifugal fan can vary from 2 to 64 depending upon the application, type and size. Too few blades unable to fully impose their geometry on the flow, where as too many of them restrict the flow passage and lead to the higher losses.
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Experimental Procedure/what you should aim at: -

For Cascade:

· Draw a neat sketch with all the major dimensions of the test rig and details of all the instruments available on the test rig.

· Measurement of velocity profile at the upstream of the cascade.

· Measure the static pressure distribution on the central aerofoil.

· Measurement of velocity at the downstream of the cascade. 

· Repeat the same for another cascade arrangement.
For the impeller:

· Draw a neat skecth with all the major dimensions of the impleler and test rig. 

· Measurement of velocity profile at the exit of impeller at various angular position.

· Measurement of circumferential distribution of pitot  pressure at the exit of the impeller.

[image: image7.wmf]What next (Things you can ponder over):-

1. Why did I do this whole experiment? (What is the technical applicability in real world?)

2. What difference does a single airfoil have in comparison to a cascade of blades?

3. What effect did the pitch have on the flow?

4. What are the different manufacturing companies involved in making turbo machinery blades and impellers?
5. What are the varieties of applications for which impeller blades are designed?

[image: image8.wmf]Submission of Report:

· A single report per group.

· All are equally responsible for the preparation of the report.

· Should answer the question on your report.

· Each Report will be evaluated for 10 points.
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