SIUE – ME 410L - Convective Heat Transfer Experiment 


Convective Heat Transfer Experiment
Introduction
The purpose of this experiment is to familiarize students with making heat transfer measurements from a flat plate under varying conditions.  The students will then draw conclusions based on their observations in order to further their understanding of forced convection heat transfer principles. Figure 1 shows the experiment apparatus outlook. 
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Figure 1  Control panel of the convective heat transfer demonstrator
Precautions
1- The experiment should be done under direct supervision of laboratory instructor. The long-term installation and calibration of the apparatus has been done, so do not change the configuration of the heat transfer demonstrator. 

2- Never touch the flat plate, because the surface of the specimen can be extremely hot during the test. 

3- The heater should never remain on when the fan is off.
Experiment Device details
· The flat plate (6 in × 5 in) has been installed on experimental apparatus as in Figure 2. Specific positions from the leading edge of the plate have been marked by the dots. These dots, located every ½ in, are used to locate the streamwise position of air temperature probe.
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Figure 2: The flat plate specimen
· The air temperature probe and the caliper are very sensitive and should be handles with extreme care. The probe can measure air temperature, and the caliper measures the vertical distance between the probe tip and the flat plate. Figure 3 shows the configuration of air temperature probe and caliper.
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Figure 3: Air temperature probe and caliper
· The flat plate is heated by electrical heaters which are located finely under the plate and are connected to the power supply. Figure 4 shows the heaters under the flat plate.
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Figure 4: Side view of the heaters attached under the flat plate
· An air blower, located in the back of the apparatus, provides airflow at different velocities. The velocity of air is measured by a pitot tube. The pressure difference across the pitot tube is transmitted by plastic tubing to an air velocity gage, which directly determines the air velocity in fpm.  
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Figure 5: Pitot tube for measurement of air velocity
Laboratory Procedure:
1.  Ensure that the Low Watts, High Watts, Temperature Control, and Fan Speed Control dials are turned fully counterclockwise to the off position.

2. On the control panel, turn on the Main AC switch and put the selector switch in the bottom position.

3. Select 150W on the scale selector knob.

4. Turn on the Fan Control switch and turn the fan speed control dial clockwise until the Pressure Gage starts to move.

5. Set the pressure to 0.03 in H2O, which is equivalent to 700 FPM.
6. Measure the temperature of the airflow through the apparatus using the temperature probe; measure the laboratory air pressure using the barometer mounted on the wall. Record these values in Table 1.
7. Set the temperature control knob to 60 Watts and wait approximately 10 minutes for the temperature of the plate to stabilize.

8. Once the surface temperature is stabilized, prepare the probe to measure the temperature of the plate surface by setting the zero point of the caliper. The caliper should read zero when the tip of the probe touches the plate surface.
9. For different vertical positions of the probe, measure the temperatures of the surface and boundary layer and record them in Table 2.
10. The measurements should be carried out for two positions at 
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. Record the data in Table 2. Note that X is the stream wise distance from the plate leading edge to the probe position, and Y is the vertical distance of the probe tip from the plate surface. 

11. Measure the temperature of each point twice; starting at the plate surface, measure the air temperature while moving the probe away from the plate until the probe is well outside the thermal boundary layer. Then move the probe towards the plate and repeat the measurements.
Shut Down Procedures
1. Turn the temperature control fully off.

2. Turn the top/bottom switch to the off position.

3. Leave the fan running for 10 minutes to cool the plate.

4. Turn off the fan speed control.

5. Turn off the fan control switch.

6. Turn off the main AC power.

Questions:
1- Find the thermophysical properties of air and write them in Table 1.

2- Calculate the average air temperature for each vertical distance and write it in Table 2. 

3- Plot the calculated average temperature versus Y.

4- Calculate the air temperature gradient at Y = 0 for each case. Temperature   gradient can be approximated as 
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5- Calculate the convective heat flux for both tests and compare the calculations with each other.
6- Calculate the electric heat flux and compare it with the convective heat flux. 
7- Calculate the Reynolds number for each test and determine whether the flow is laminar or turbulent? 
8- Calculate the theoretical local convection heat transfer coefficient from
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9- From your measured data, determine the local convection heat transfer coefficient and compare it with the theory. We know that heat flux is given by 
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. How does the local convection heat transfer change with increasing x?
10-  Calculate the theoretical thermal boundary layer thickness in both tests. Note that
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11- According to the definition, the thickness of a thermal boundary layer can be obtained at the point where dimensionless temperature 
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. Calculate this value for each testing point and fill out the specified column in Table 2. Using these values, determine the thickness of the thermal boundary layer and compare it with the calculated value in step 10.

Table 1: Thermophysical properties of air
	Temperature

T (ºF)
	Pressure
p (psi)
	Viscosity

μ (lb/ft. h)
	Density

ρ (lb/ft3)
	Thermal Conductivity

k ( Btu/h.ft. ºF)
	Prandtl number Pr

	
	
	
	
	
	


Table 2    Temperature data (°F)

	Y

(10-3× in)
	X = 3 in.
	X = 5.5 in.
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