Objectives:

To examine the velocity and temperature profiles of air flowing in a section of heated pipe. Also to determine the mean temperature rise in the air and to compare the mean velocity of the air by:

(a) The mass flow/mean density.

(b) Velocity profile methods.
Introduction:

The PITOT tube traverse unit and a manometer may be fitted to the forced convection heat transfer apparatus to enable studying the velocity and temperature profiles of the flow across a diameter of the pipe.
Apparatus:

The velocity and temperature traverse assembly, (a PITOT tube) may be traversed across a diameter of the heated pipe. Its position at any point is read directly from a combined linear scale and varnier. The PITOT tube measures the stagnation pressure only, the associated static pressure being sensed at a tapping point in the wall of the heated pipe. The difference between the two pressures is measured by a differential water manometer mounted on the pane!, and is used to calculate the velocity at points across the plane of traverse.
The temperature of the air is measured by a thermocouple situated in the PITOT tube just behind the piezometer opening. The output from this thermocouple appears at selector switch position 14.
The whole assembly is mounted on a small flange secured to the heated pipe in such a position that the plane of the piezometer opening is at a distance of 276mm from the discharge end of the pipe.
Procedure:

Switch on the fan with inlet valve fully open. When this has been done, the heater current can be switched on with the variable transformer SET AT ZERO. Increase the voltage to give a maximum current of about 4.5A. Leave the apparatus to warm up for at least thirty minutes to attain steady temperature conditions. The following observations can then be taken.
a. Air pressure before the orifice plate (fan pressure).
b. Pressure drop across the orifice plate.
c. Air temperature at inlet to the test pipe.
d. Barometric pressure / Ambient temperature.
e. PITOT pressure at 2mm intervals across the section of the pipe.
f. PITOT thermocouple reading at 2mm intervals.
g. Ammeter reading.
h. Voltmeter reading.
On completion of the experiment allow the fan to run for at least five minutes after the heater has been switched off to avoid overheating of the thermocouples. It should also be noted that when the PITOT tube is in a position near to the walls of tube a “whistling” sound may be heard. This is in no way injurious to the apparatus and will not affect the results. The velocity and temperature measured by the PITOT tube cannot be made at points less than half the diameter of the PITOT tube from the walls of the pipe. The diameter of the PITOT tube is 2 mm.

Theory and Calculations:

1. Mass flow rate, W:

Air pressure at orifice = (Barometric pressure + Fan pressure) kN/m2, 

Air density at orifice = 
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Air mass flow rate; W = r 
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Where:-
Cd = 0.613 the orifice discharge coefficient

 p = Pressure drop across the orifice (N/m2)

For determining (p it may be noted that 1mm of water = 9.81 N/m

2. Air velocity at a point in the PITOT plane, V:

Apply Bernoulli’s equation:

Air velocity at any point; 
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Where:-
Ps = stagnation pressure (N/m2)

P = Static pressure (N/m2)
( = mean air density in PITOT plane (kg/m3)

3. Air density in PITOT plane:

Mean air temperature rise,
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Where b is the length of heater tape up to the PITOT plane (1477 mm) and the heat loss factor may be taken as 0.94 or as determined from prior experiment. Cp for air may be taken as  1.0 kJ/kg.oC.

Mean air temperature = Inlet air temperature + temperature rise.

Mean density in PITOT plane, 
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 The static pressure in the PITOT plane can be taken as:

Barometric pressure + (276/1524) 
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4. Mean air velocity in PITOT plane:

a) Mean velocity from mass flow 
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b) Mean velocity from velocity profile:
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Data

	Room Temperature
	19 oC

	Barometric Pressure
	0.9 bar

	Air Inlet Pressure
	27.5 oC

	Fan Pressure
	495 mm H2O

	Orifice Pressure Drop
	135 mm H2O

	Test Length Measure Drop
	136 mm H2O

	Heater Current
	4.6 A

	Heater Voltage
	220 V


	PITOT Traverse Distance

 (mm)
	Actual Distance Across Tube

 (mm)
	[Ps-P] 

(cm H2O)
	V

(m/s)
	Air Temperature Above Inlet

(oC)

	66
	1
	68
	36.852
	54.5

	68
	3
	96
	43.787
	47.5

	70
	5
	104
	45.575
	45.5

	72
	7
	113
	47.506
	43.4

	74
	9
	116
	48.132
	41.6

	76
	11
	120
	48.955
	40.5

	78
	13
	122
	49.361
	39.6

	80
	15
	123
	49.563
	39.2

	82
	17
	121
	49.158
	39.3


Calculations:
· Air Pressure at orifice = 
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· Air Density at orifice; 
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· Air mass flow rate; 
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· Mean air temperature rise = 
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· Mean air temperature = 
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· (Pstatic in the PITOT plane = 
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· Mean density in PITOT plane; 
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Here we include a sample of the calculation of velocity at  a point.
· Take the point (pitot traverse distance 82 mm) (
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· Mean velocity from mass flow; 
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· Mean velocity from velocity profile; 

The area of the figure has to be found, this will be done using a function in matlab    ( area of the diagram = 394 m.mm/s
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· The velocity profile and the temperature profile are shown in graphs on the next page.

Velocity Profile
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Discussion and Conclusions:-

1. From the velocity profile we see that the velocity reaches a maximum value at pipe centerline, and it's zero at the boundary. This distribution is comes from the following relation 
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, where τ is the shear stress.

2. The temperature profile is useful in determining the mean velocity of flow that is by finding the area of curve and then substitute in the relation derived above.
3. The temperature profile is very useful in calculating the transfer since the heat is a function of the rate of change in temperature with respect to the dimension of transfer (i.e x or y or z or any two or the three of them).
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