Study of Conjugate Heat Transfer Using Cooling of Turbo machinery Blades:

Theory:

The thermal efficiency of any heat engine is raised by increasing its maximum operating temperature. The temperature of the gas leaving the combustion chamber will be thus designed to be as high as the first row of blades can withstand. For the blade materials there have been great efforts in developing nimonic steels and thermal barrier coatings. But the greatest contribution to improved efficiency is made by cooling the blades with high pressure air that has bypassed the combustion chamber. A wide range of internal and external cooling arrangements has been used. The aim is both to keep the blade cool enough overall and also to ensure temperature variations within the blade (which lead to thermal stresses) are kept to a minimum. A further consideration is to use as little coolant air as possible for this loss of compressed air lowers efficiency.
The aim of this experiment is to find the of optimum cooling configurations for particular types of blade
Location of Cooling channels in Blade:
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Three blades with same shape and size with different pattern of equally sized holes are available. Special manifolds are provides for circulation of water through these holes.
TEST RIG:

A special wind tunnel with rod heaters can generate flow with varying velocity and temperatures. Pitot static tube and RTD are available for measuring inlet velocity and temperature  of the air. 

EXPERIMENT: 

· Install a particular blade in the wind tunnel.

· Select a flow rate of air and water.

· Wait for steady state.

· Measure:

· Inlet air temperature.

· Air velocity

· Exit air temperature.

· Water flow rate

· Water inlet and outlet temperatures.

· Repeat for different flow rates of water and air.

· Repeat above steps for two more blades.

Report preparation:
(a) Carry out the energy balance and compute the unaccounted losses.

(b) Calculate LMTD and overall heat transfer coefficient.

(c) Plot the LMTD  and U for three different blade as function of air temperature and velocity (Reynolds Number).

