Part C.  Heat Pipes – Passive Thermal Control:
Background:  A heat pipe is a device has an extremely high thermal conductivity, and is used to transport heat from a heat dissipater like transmitter electronics to a heat sink such as a spacecraft radiator.  In order to achieve this, heat pipes take advantage of two simple physical effects:  (1) The energy absorbed when a liquid evaporates called the latent heat of vaporization and (2) the capillary pumping action caused by the formation of liquid meniscus due to a finite surface tension.  The heat source causes vaporization and the heat sink causes condensation.  The capillary pressure caused by the heat pipe wick structure can overcome fluid friction and causes both the vapor and liquid to flow as shown in Figure 1.  The heat transport capacity of the pipe is given by equation (1):
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Of course the actual amount of heat removed depends on the application, geometry and the working fluid.  Table 1 provides some working substance physical properties and operating parameters:
Table 1. Properties of heat pipe working fluids
	MEDIUM
	MELTING PT.

(° C )
	BOILING PT. AT ATM. PRESSURE

(° C)
	USEFUL RANGE

(° C)

	Helium

Nitrogen

Ammonia

Acetone

Methanol

Flutec PP2

Ethanol

Water

Toluene

Mercury

Sodium

Lithium

Silver
	- 271

- 210

- 78

- 95

- 98

- 50

- 112

0

-95

-39

98

179

960
	- 261

- 196

-33

57

64

76

78

100

110

361

892

1340

2212
	-271 to -269

-203 to -160

-60 to 100

0 to 120

10 to 130

10 to 160

0 to 130

30 to 200

50 to 200

250 to 650

600 to 1200

1000 to 1800

1800 to 2300


The heat pipes used in this experiment are water heat pipes manufactured by a Canadian firm called Acrolab.  

See http://www.acrolab.com/english/products-isobars-heat-pipes.php
Using these effects, it is possible to build heat pipes that have a thermal conductivity that is many thousand times higher than a copper piece of the same size. Note that unlike Peltier elements, a heat pipe does not consume energy or produce heat itself. It is also not possible to cool a device below ambient temperature using a heat pipe.
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1) Working fluid evaporates to vapour absorbing thermal energy.

2) Vapour migrates along cavity to lower temperature end.

3) Vapour condenses back to fluid and is absorbed by the wick,
releasing thermal energy

4) Working fluid flows back to higher temperature end.




Figure 1.  Heat Pipe Processes
Procedure: There are two heat pipe testing station with LabView data acquisition systems located in the Heat Transfer Lab.  The left hand station will be called station one and the right hand station two.  The testing protocol for station one and two are listed in Tables 2 and 3 respectively.  

1. For each test coat the heat pipe ends with thermal grease, place between the heater blocks, tighten in place with the setscrew ensuring good alignment. 

2. Plug heat pipe thermocouple plug into #3 for station two or #6 for station one.  

3. Start the data logger and allow it to take some measurements.

4. Turn on the variac on the bench and dial in the percentage power listed in table 2 or 3 as appropriate. 

5. Monitor the two temperatures on the heater block:

a. The temperatures should reach a steady value with a nearly constant T.  Record all heat pipe temperatures in the table 2 and 3.

b. If the temperatures continue rise to > 70 ˚C you may have a thermal runaway.  If this occurs discontinue the test.

6. If time allows use the various heat “guns” and IR cameras to examine the heat pipe temperatures along the length of the pipe.

Table 2.  Experiment List for Station One (Left)

	Heat Pipe

Length
	Heat Pipe Diameter
	Variac Settings (%)
	Th_in
(˚C)
	Th_out

(˚C)
	Tpipe
(˚C)
	Tc_in
(˚C)
	Tc_out

(˚C)

	3.875

Blank
	0.58
	20

30

40
	
	
	
	
	

	3.875
	0.38
	20

30

40
	
	
	
	
	

	3.875
	0.58
	20

30

40
	
	
	
	
	

	3.875
	0.78
	20

30

40
	
	
	
	
	


Table 3.  Experiment List for Station Two (Right)

	Heat Pipe

Length
	Heat Pipe Diameter
	Variac Settings (%)
	Th_in
(˚C)
	Th_out

(˚C)
	Tpipe
(˚C)
	Tc_in
(˚C)
	Tc_out

(˚C)

	7.875
	0.38
	20

30

40
	
	
	
	
	

	7.875
	0.58
	20

30

40
	
	
	
	
	

	7.875
	0.78
	20

30

40
	
	
	
	
	


Part C Post Laboratory Questions:

Calculations:

1. Determine the heat flux (W/m2) and total heat transfer (W) into each heat pipe for each setting using the heater block temperatures, cross-sectional area and contact cross-sectional area of the heat pipe.  How does the flux calculation on the hot side compare with the cold side?  The heat transfer is given by equation (2)
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(2)

2. Estimate the mass flow in the pipe for each power setting using equation (1)

3. Consider the electrical analogy to heat transfer.  In this analogy the T is the voltage potential, the heat flux, q the current and x/k (or q/T) as the thermal resistance.  Calculate the thermal resistance for each case using the data collected above.

Questions:

1. Does the heat pipe of the same size perform better, worse or the same as the copper blank?
2. How does the width or length of the heat pipe effect performance?  Is there any noticeable difference in performance for these test conditions?
3. Comment on the heat pipe body temperature as a function of heat flux into the heat pipe.  How did the pipe temperature compare to the blank?  Was the heat pipe isothermal across the length of the pipe?

4. Hopefully none of the heat pipe tests resulted in a thermal runaway where the heat pipe never reaches a steady temperature.  If this were to occur during a test what does it indicate about the thermal design?  What is happening inside the heat pipe? 

See: http://electronics-cooling.com/articles/1996/sep/sep96_02.php
5. Based on the operating temperatures of the heat pipes used in the laboratory, is the pressure inside the heat pipe greater than, less than or exactly atmospheric?  Given that the heat pipe process involves boiling/condensation, what is the saturation pressure in at least one heat pipe tested for all three power settings?
_1255407303.unknown

_1129236112.unknown

