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1. INTRODUCTION 

po 1 1 2 5 ~  

Under a subcontract to Bechtel National, Inc., Dynatherm Corporation is  cur- 

rently conducting a Preliminary Heat Pipe Receiver Test Program. The objective of 

this pmgram is  twofold: 

(1) to perform life testing on several typical solar receiver heat pipes 
under conditions which simulate the requirements of the receiver, 
and 

(2) to conduct additional performance tests with selected heat pipes in 
order to further map their performance, in particular, with regard 
to their transient behavior. 

This Test Plan provides a detailed description of the tests which will be conducted, 

of the hardware to be used, of the test fixtures, and of the r a t i o d e  for selecting 

the particular test program. Originally it  was intended to generate separate plans 

for the life tests and the performance tests. However, because of the commonality 

of many of the issues, the format of a single plan for all tests was chosen. 

The Test Plan is organized in four major sections. Section 2 (which follows 

this Introduction) discusses the performance requirements as  they are  currently de- 

fined by the latest receiver studies. Section 3 describes in detail the test fixtures 

which have been designed for this program. Their capabilities for simulating re- 

ceiver conditions as  well a s  their limitations are discussed. The heat pipes them- 

selves, which were largely developed during a previous program (Ref. 1). are the 

topic of Section 4. Finally, detailed test plans for both the life test program and 

the component testing are  presented in Sections 5 and 6. 



2. HEAT PIPE PERFORMANCE REQUIREMENTS 

'Ihe performance requirements of the heat pipes in a central solar receiver 

have been evaluated in three separate, but related, studies (Ref. 1, 2, 3). Figure 

2.1 gives the maximum axial heat transport requirement as  a function of vapor tem- 

perature a s  derived from the latest study (Ref. 3). Two separate curves a re  given. 

The higher heat loads are  representative of the current study results which corre- 
2 

spond to a peak receiver £lux of 1.34 M W / ~  . The curve with the lower heat loads 
2 

corresponds to a peak receiver flux of 1.1 M W / ~  . This reduction was felt neces- 

sary by Foster Wheeler (Ref. 3) in order to reduce the thermal stresses on the heat 

pipe's end cap to an acceptable value. Reducing the peak receiver flux does not nec- 

essarily entail a proportional acmss-the-board scaling down of all receiver fluxes. 

But, in lieu of better information, a simple proportional scaling of the heat pipe 

loads was adopted for the lower curve. The curves in Figure 2.1 give the limiting 

requirements for all the heat pipes in the receiver. It turns out that the most se- 

vere requirements are imposed on the heat pipes in Panel 8 of the current receiver 

designs. The curves for pipes in other panels would fall below these limiting curves. 

The maximum evaporator heat fluxes which the heat pipes will experience are  

at least as  important as  the axial heat transport requirements. These heat fluxes are  

also shown in Figure 2.1. The maximum evaporator fluxes were derived from the 

computer model developed in ~ e f e r e k e  1. This model predicts the maximum heat 

flux impinging on thc cylindrical surfiice of the heat pipe a s  a fraction of the solar 

flux normal to the receiver wall. This fraction was found to be 0,291. Assuming 

that the same fraction holds for all heat pipes i n  the receiver (only approximately 

correct), the right-hand scale in Figure 2.1 was developed. 

?he heat fluxes to which the endcaps of the heat pipes will be exposed depend 

on their geometry. "Flatw endchps would be exposed to the ful l  normal receiver flux. 

The present design utilizes conical endcaps with the cone angle selected such that the 

peak endcap flu. equals the peak flux on the cylindrical surface. Thus, the heat fluxes 

given in Figure 2.1 a r e  representative of the peak fluxes to which any part of the heat 

pipes wLll be exposed. 
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FIGURE 2.1 

AXIAL HEAT TRANSPORT AND EVAPORATOR FLUX 
REQUIREMENTS FOR SOLAR RECEIVER HEAT PIPES 



The third important parameter of heat pipe performance is  the ramp rate to 

which they will be exposed. The flux ramping requirements were taken from Refer- 

ence 4 and a re  listed in Table 2.1 together with the corresponding power ramping 

nates. Only the worst case conditions a re  given and these will apply to a fcw heat 

pipes in the west cavity during the equinox. Again, two sets of numbers are  shown-- 
2 

the higher ones corresponding to a peak receiver £lux of 1.34 M W / ~  ; the lower ones 
2 

(in parenthesis) to a peak £lux of 1.1 M W / ~  . As pmven by many tests, heat pipes 

can tolerate instantaneous removal of the heat input. Thus, the controlling transient 

will be the ramp rate during normal start-up focusing. According to Table 2.1, this 

rate is 17.5 (14.3) ~a t t s / s ec .  

The goal for the lifetime of a solar receiver and its components is 30 years. 

Since there will be at least one daily start-up and shutdown, the'number of cycles 

the heat pipes will experience will be at  least 11,000. 

Based on the current receiver concepts, the heat pipes will be oriented either 

horizontally o r  with a slight tilt (<15O) such that the evaporator i s  below the condens- 

er. Such a tilt is favorable for the heat pipets performance since gravity will aid the 

capillary forces which affect the circulation of the working fluid. As a rule of thumb, 

the capillary forces are  augmented by about a fadtor of 2 in a typical 1 meter long 

heat pipe which is tilted by 10 degrees. The life test fixtures to be described in the 

next section permit testing only in the horizontal orientation. Thus, the performance 

requirements imposed during life testing will  actually be more stringent than during 

actual service. 



TABLE 2.1 

RECEIVER FLUX AND HEAT PIPE POWER RAMP RATES 

PARAMETER 

Diurnal Solar Variation 

Normal Start-~p/Shutdown 
~ocusing/~efocusing 

Unanticipated Cloud Passage 

Peak Receiver Heat Flux 
Change 

2 
kw/m -sec 

- + 0.18 (0.15) 

- +l. 88 (1.54) 

- 67.0 (55.0) 

- 
Peak Heat Pipe Load 

Change 

watts/seo 
I 

- + 1. 68 (1.38) 

- +17.6 (14.3) 

- 624 (512) 



3. TEST FIXTURE DESIGN 

The common feature of the test fixtures for the life tests and for the compo- 

nent tests is the mode of heating the heat pipes. In both cases, an array of radiant 

quartz lamps will be used to simulate the solar flux. Previous development testing 

used induction heating almost exclusively. While the latter i s  convenient for labora- 

tory testing, it is not economical for multiple long duration tests. Furthermore, 

- induction heating couples electromagnetic fields into the heat pipe envelope and, to 

a very small extent, also into the liquid metal working fluid. The resulting forces 

could conceivably interfere with the capillary pumping. Radiation heating, on the 

other hand, simulates closely the solar input. 

A cross section of the geometry of the test fixtures i s  shown schematically 

in Figure 3.1. The evaporator of the heat pipe i s  surrounded by 1 2  tubular quartz 

lamps (GE Type T3). Each lamp is located in the lffocal linew of a semicircular re- 

flector. The reflector consists of a water cooled aluminum tube whose interior sur- 

face is covered with a highly reflective aluminum foil. The projected performance 

of this radiant heating is summarized in Table 1. A range of values is shown in 

Table 1 for the geometrical efficiency and the heat radiation heat losses from the 

evaporator. The uncertainty in the geometrical efficiency results from different 

assumptions on the self-absorption by the quartz lamps. The spread in the predict- 

ed thermal losses i s  due to the difficulty of accurately calculating the effective ab- 

sorptance of the specular reflectors. 

Because of the temperature dependence of the radiation losses, the achiev- 

able net input to the heat pipe is  a function of temperature. The average predicted 

heat input capability along with the uncertainty band is  shown in Figure 3.2. Ch the 

right-hand ocale of this figure is Shown the predicted maximum evaporator heat flux. 

Snce this type of test fixture will pmvide a uniform heat distribution, the flux is  

simply the net heat input divided by the evaporator area. 

Up to this point, the description of the test fixture applies equally to the life 

testa and the component tests. Specifics pertaining to each type of test individually 

a re  covered in the following subsections. 
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FIGURE 3.1 

SCHEMATIC CROSS-SECTION OF RADIANT TEST FIXTURE 
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TABLE 1 

I 

PRQJECTED PERFORMANCE OF RADIANT HEAT PIPE TEST FIXTURE 

Number of He& Lamps 

hIaximum Elecirical Input per Heat Pipe (kW) 

Radiant Efficiency of Lamps (%) 

Geometrical Efficiency of Fixb~re (%) 
- 

Heat Pipe Absorptance 

> 

12 

21.3 

86 

49 to 58 

0 .9  

Absorbed Radiant Heat (kU9 

Radiation H:eat Loss from Evaporator at 9 0 0 ~ ~  (kW) 

Net Input to Heat Pipe at 9 0 0 ~ ~  (kW) 

8.1 to 9.5 

1.4 to 2.9 

5.2 to 8.1 

b 



FIGURE 3.2 

CAPABILITY OF LIFE TEST FMTURE - 
NET HEAT INPUT TO HEAT PIPE, EVAPORATOR FLUX, 

AND HEAT REJECTION CAPABILITY 



3.1 Life Test Fixtures 

Life tests will be performed simultaneously on six individual heat pipes. Three 

identical fixtures will be used, each holding two heat pipes. The mechanical design of 

these fixtures i s  shown in Figure 3.3. The heat pipes are  located on a common axis 

with the evaporator ends facing each other. The evaporators are surrounded by the 

quartz heating lamps a s  previously described. Each of the evaporators is 12 inches 

long and the active length of the lamps is 25 inches. (The data given in Table 1 apply 

to one-half of a fixture.) The reflectors, the reflecting end plates, and the tubular 

support structure a re  water cooled. The heat pipes are  supported by two mounting 

rings and the whole assembly is supported by a long aluminum channel which, in turn, 

is mounted against the cinder block wall. The condenser sections of the heat pipes 

a r e  allowed to dissipate the heat by radiation and natural convection to the envimn- 

ment. The calculated dissipation capability for various condenser lengths is  shown 

in the previously introduced Figure 3.2. The heat rejection capability can be adjusted 

by insulating a fraction of the heat pipets condenser. Referring to Figure 3.2, a two 

foot long exposed condenser will allow a maximum heat throughput of 7.4 kW at  750'~ 

(the intersection of the net radiant heat input and the heat rejection curve). I£ only a 

one foot condenser length is exposed, the maximum achievable temperature is  9 1 5 ~ ~  

with a corresponding heat load of 6.5 kW. The exact condenser lengths to be used in 

the three different test fixtures will be discussed in Section 5. 

The ramping capability of the test fixture is shown in Figure 3.4. The start- 

up curve in this figure is based on applying full  power instantaneously to the radiant 

heat lamps. The temperature rise of the heat pipe is  then determined by the sensible 

heat of the heat pipe and the heat rejection from the condenser. The shutdown curve 

is based on turning the poweroff instantaneously and letting the temperature decay. 

Both the start-up and the shutdown ramping capability exceed the requirements of 

the receiver and probably the capability of the heat pipes. 

Each of the slx heat pipes on life test will be instrumented with five Type K 

thennocouples a s  shown in Figure 3.5. Two T/c's will monitor the evaporator tem- 

perature, one the vapor temperature and one the condenser temperature. Tbe vapor 

thermocouple will be located on a sbort (4 inches) insulated section of the heat pipe. 
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FIGURE 3.3  

LIFE TEST FIXTURE 
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FIGURE 3.5 

INSTRUMENTATION DTAGR A M 



The fifth thermocouple (also located on the insulated section) will be used to control 

the heat pipe temperature via a programmed L&N Electromax III Controller. The 

four indicating thermocouples will be continuously displayed on a 24 point L&N Speed- 

omax Recorder. 

Figure 3.6 shows the electrical control schematic of the three test fixtures. 

The main power will be supplied by a three phase, 480 V, 55 A bus. The input to each 

bank of quartz lamps (connected in a delta) will be controlled by an SCR driver which, 

in turn, is controlled by the Eiectromax temperature controller. The setpoint of the 

controller will be pmgrammed by an L&N Process Programmer. Two such program- 

mers will be used for the three fixture installation. Each of the programmers has two 

output channels which can be independently programmed. Three of the available chan- 

nels will pmgram the cycling of the three test fixtures; the fourth one will be used as  

a master control for the entire test installation. The total available power of about 

45 kW imposes some limitations on the cycling sequence. It will be recalled that the 

required electrical input of a single fixture at full power is 42.6 kW. Thus, the cy- 

cles must be phased such that the sum of the input powers does not exceed 45 kW. 

Figure 3.7 shows a schematic of the heat rejection and safety circuit. The 

thermal power transported by the heat pipes will be dissipated by radiation and nat- 

ural convection to the envimnment and does not require auxiliary cooling. However, 

50 to 70% of the input power will be dissipated in the reflectors and the rest of the 

fixtures and must be removed by water cooling. As shown in Figure '3.7, separate 

cooling circuits will be used for each fixture. Flow switches will deactivate the SCR 

drivers in case of pump failure o r  major water leaks. The cooling water will be re- 

circulated through a cooling tower. In order to protect the test fixtures fmm a power 

failure, automatic switch-over to city water cooling i s  provided. Although the lamps 

will shut down in case of a power failure, the sensible heat of the pipes would damage 

the reflectors if continuous cooling were not provided. 
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FIGURE 3.7 

SCHEMATIC OF COOLING SYSTEM 



3.2 Component Test Fixture 

The component test fixture which is  shown in Figure 3.8 is basically one-half 

of a life test fixture. A water cooled reflector is substituted for the second heat pipe. 

The quartz lamps have a heated lcngth of 10 inches a s  compared to 25 inches for the 

life test fixtures. The shorter lamps a re  rated for 2000 Watts at a voltage of 240V. 

Thus, at  the rated input, the available power from 12 lamps will be 24 k W  (as com- . 

pared to 21.3 k W  per heat pipe in the life test fixtures). Since the lamps can tder-  

ate considerable overvoltage (although a t  the expense of life time) and since a supply 

voltage of 480 V is available, it is estimated that at least twice a s  much power can be 

applied to a heat pipe in the component test fixture as  in the life test fixtures. Assum- 

ing the same efficiency of the test fixture, the available net input power to the heat 

pipe will be a s  follows: 

@ 7 5 0 ~ ~  : 15 k W  (temperature at which highest 
power is required) 

@ 9 2 0 ~ ~  : 13 k W  (peak temperature) 

The corresponding e~a~ora tor 'hea t  fluxes for a 12-inch long evaporator are  as  follows: 

These f lues  can be increased further by shortening the evaporator length. Thus, the 
. . 

capability of the component test fixture (in terms of maximum total Q and heat flux) will . . 

exceed the predicted requirements of the receiver and probably also the capability of 

the heat pipes. 

In some of the component tests, the heat will be rejected to a water cooled gas 

gap calorimeter.. This will permit the pipe temperature and the throughput to be' con- 

trolled independently. Also, the rejected heat can then be measured directly and does 

not have to be calculated as i s  the case with heat rejection by ndiation and convection. 

The calorimeter will bc employed for the stcady-state performance tests. It will not 

Be u s d  during tho ramping tcsts because its thermal mass would constitute an unnat- 

ural load on the heat pipes. 
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FIGURE 3.8 

COMPONENT TEST FIXTURE 



Power to the lamps will be controlled by the same type of SCR driver a s  in 

the life test fixtures. But the control will be manual in order to allow for testing 

over a wide range of conditions. The instrumentation will also be similar to that 

of the life tests; i. e., thermocouples attached at various locations of the heat pipe. 

A schematic of the instrumentation and control diagram of the component 

test fixture is shown in Figure 3.9. 

Unlike the life test fixtures which have to be operated horizontally, the com- 

ponent test fixture can be tilted. The reason that the life test fixtures must operate 

horizontally i s  simply the fact that two heat pipes are  installed with the evaporators 

opposing each other. The amount of tilt available in the component test fixture will 

depend on how much the lamps can be tilted without affecting their lifetime. The man- 

ufacturer specifies horizontal operation but typical receiver tilts of 5 to 15 degrees 

can probably be tolerated. 
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4. HEAT PIPE DESIGN 

The heat pipes for the solar receiver use a liquid metal working fluid. Potas- 

sium is  the fluid in those pipes which operate below 5 0 0 ~ ~  and sodium is used in the 

higher temperature pipes. The structural material of all heat pipes i s  Incoloy 800 H. 

The design of the heat pipe envelope is shown in Figure 4.1. The outside di-. 

ameter of 60.3 mrn (2.375 inches) and the wall thickness of 3.9 mm (0.154 .inch) is 

common to all pipes. The evaporator length of 300 mm (12 inches) and a short insu- 

lated (adiabatic) section of 100 mm (4 inches) length a re  also common. The purpose 

of the adiabatic section is  to provide a zone where the vapor temperature can be mea- 

sured without interference of heat transfer into o r  out of the pipe. The condenser 

length of the potassium pipes is 900 mm (36 inches) and that of the sodium pipes is 

600 mrn (24 inches). The potassium pipes need to be longer in order to reject the 

required amount of heat at their lower operating temperature. In the actual receiv- 

er,  the condenser lengths will vary from 500 mm (20 inches) to 700 mrn (28 inches) 

(Ref. 2). Since the length of the condenser is not critical to the heat pipe perfor- 

mance, the selected lengths simulate the actual conditions reasonably well. 

The evaporator end of the heat pipe is equipped with a conical endcap. The 

m e  
0 3'3'/ 

included angle of the cone is  30' andits tip has a radius of 10 & 684.' 
angle was selected such that the peak heat flux on the endcap equals approximately 

the peak flu on the cylindrical section of the pipe. The endcap at the condenser 

end, which also includes the f i l l  tube, is of the same design a s  in Dynathennls com- 

mercial liquid metal heat pipes. 

The stainless steel wick structure i s  shown in Figure 4.2. The exact dimen- 

sions of the axial flow channels have not yet been selected and will be slightly differ- 

ent for the sodium and potassium heat pipes. The approximate size of the wide cham- 

n d s  is 3' x 3 mm (1/8 x 1/8 inch) and that of the smaller channels i s  1.5 x 3 mm (1116 

1/8 inch). Experimental performance data from a previous heat pipe of almost iden- 

tical wick and envelope design are  shown in Figure 4.3. Thc data are  superimposed 

on the transport mquircmcnts given in Figure 2.1. The circles a re  results obtained 

with sodium as  the fluid. Solid circles symbolize performance limits of the pipe while 
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HEAT PIPE ENVELOPE 
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HEAT PIPE WICK DESIGN 
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open circles indicate limitations of the previously used test fixture. The sharp drop- 

off of the sodium performance below 550 '~  is due to the fundamental vapor limit. Po- 

tassium (triangles) has a higher vapor limit a s  shown by the better performance of 

potassium at low temperatures.   ow ever, at  higher temperatures, potassium has 

poorer performance than sodium. It is for this reason that potassium heat pipes 
0 

will be used in the low temperature zones of the receiver (below 550 C) and sodium 

heat pipes in the higher temperature zones. 

The ramping capability of these types of heat pipes has not yet been sufficient- 

ly studied. Most previous tests were performed a t  a slight tilt (5-15') where permis- 

sible start-up rates of 17 to 30 watts/& were measured. In the horizontal orienta- 

tion, the permissible start-up rate was found to be between 2 and 6 ~ a t t s / s e c .  No 

limit was observed for the shutdown rates. The previously measured start-up rates 

a re  compatible with the diurnal solar variation but not with start-up focusing. One 

objective of the component tests will be to better characterize the ramping capability. 

Also, the present test fixtures simulate the solar input more closely than RF heating. 

Thus, the previous ramping data may not be valid. 



5. LIFE TEST PLAN 

Three identical life test fixtures will be operated in a preselected cycling 

pattern. Each of the fixtures holds two identical heat pipes. The fixtures are  des- 

ignated LTF 1, LTF 2, and LTF 3. 

The heat pipes in LTF 1 will be ramped to a maximum temperature of 9 1 5 ~ ~ .  

This corresponds to the maximum receiver temperature plus 10% (expressed in de- 

grees F) as  specified in the Statement of Work. The overall length of these heat 

pipes will be 1000 mrn (40 inches) and the active condenser length 300 mm (12 inches). 

The working fluid will be sodium. 

Ihe  heat pipes in LTF 2 will be ramped to a maximum temperature of 750'~. 

At this temperature, the heat pipes in the receiver will experience the highest trans- 

port requirement. The overall length of the heat pipes in this fixture will be 1000 mm 

(40 inches) and the active condenser length 600 mm (24 inches). The working fluid of 

these heat pipes will be sodium. 

LTF 3 will have two potassium heat pipes with an overall length of 1300 mm 

(52 inches). The active condenser will be 900 mm (36 inches) long. These pipes will 

be ramped to 500'~ which will simulate the performance requirements of the low tem- 

perature potassium pipes in the receiver. The above test conditions are summarized 

in Table 5.1. 

The cycling pattern for the three fixtures has been designed to maximize the 

number of cycles per day while at the same time maintaining the maximum electric 

power demand at less than 45 kW. Two options for the cycling pattern have been de- 

velop& which are  shown in Figures 5.1 and 5.2. Both patterns assume a linear pow- 

er-versus-time relationship. The linear ramps neglect the change in slope of the heat 

rejection versus temperature curves (see Figure 3.2). They d s o  neglect the heat ca- 

pacity of the system because of which very little input will be required during'the down- 

ward ramp. 

Option 1 (Figure 5.1) has ir cycle time of 1.5 hours and a start-up and shutdown 

time of 1.0 hour kch.  Option 2 (Figure 5.2) has a cycle time of 2.5 hours, a start-up 



PARAMETER 

Max. Power* 
. - 

Max. Electric Input . . 
..' 

- 21.3 kW Required*" 21. 3 i ,, ,/ ' 
.. . 

-> 
, ,-.,'--.-.- 

_L .-- 
* m s e d  on avelxge of ---.:: -----.. " . 

**Electrical input per heat pipe; input to .fixture i s  twice that amount. 

TABLE 5 .1  

TEST PARAMETERS 







period of 2.0 hours, and a shutdown time of 1.5 hours. Details of the two cycling 

patterns are  given in Table 5.2. The main difference between the two patterns is 

the start-up ramping rate of the heat pipes. It i s  twice as high in Option 1 as  in 

Option 2. The .total number of cycles in Option 1 i s 4  larger than in Option 2. 
5YF7 

Obviously, Option 1 is the preferred one andwill be implemented first. 

Option 2 will be used only if the ramp rates in Option 1 are  incompatible with the 

current heat pipe design. 

A calibration will be performed of the heat input capability of the radiant 

heat test fixture and of the heat rejection capability of the condensers. The heat 

losses fmm the adiabatic section of the pipe will also be evaluated. For this test 

a calorimeter will be attached to one of the two heat pipes in a test fixture. The 

gas gap mixture will be adjusted such that both pipes operate at the same temper- 

ature. Calibration tests will then be conducted over the full  range of steady-state 

temperatures and powers. 



TABLE 5.2 

SUbLMARY OF CYCLING OPTIONS 

OPTION 2 

1.8/2.1/1.1 

3.6/4.1/2.2 

0.22 

0.44 x 

2.5 

2.0/1.5 

4 

24 

2074 

CYCLING OPTIONS 

Heat Ptpe Start-up Rate (w/s%) LTF 1/ LTF 2/ LTF 3 

Heat Pipe Shutdown Rate ( ~ / s e c )  LTF 1/ LTF 2/ LTF 3 

2 
Equivalent Receiver Flux Start-up Rate (hlW/m -set) 

2 
Equivalent Receiver Flux Shutdown Rate ( h ~ / m  -set) 

Duration of Complet~e Cycle (hours) 

Sta rt-~p/Shutdown (hours) 

Number of Cycles/~ay-Fixture (11 hours) 

Number of Heat Pipe ~ y c l e s / ~ a y  

Number of Heat Pipe Cycles in Five Months (80% Utilization Factor) 

OPTION 1 

3.6/4.1/2.2 

3.6/4.1/2.2 

0.44 x loo3 

0.44 x 

1.5 

1.0/1.0 

7 

42 

3629 



6. COMPONENT TEST PLAN 

Two heat pipes will be fabricated for this phase of the project -- one sodium 

and one potassium pipe. They will have the same wick structure and geometry as 

the ones used in the life tests. The test plan for these pipes is  outlined below. 

6.1 Sodium Heat Pipe 

1. Operate under steady-state conditions over the full required performance 
curve (Figure 2.1). It i s  recognized that the sodium pipe will fall short 
of the requirements at  very low temperatures because of the fundamental 
vapor limit. For this and the following test, a calorimeter will be used 
for heat rejection. Also, the lamp voltage may have to be increased 
above the nominal 240 V in ordcr to apply the necessary input power. 

2. Determine the maximum steady-state transport capability of the heat 
pipe a s  a function of temperature. The purpose of this test i s  to estab- 
lish the design margin and to verify previous test results obtained with 
RF heating (see Figure 4.3). 

3. Perform start-up ramphg. This series of tests will be done without 
the calorimeter and with natural radiation and convection cooling. The 
following ramp tests will be conducted: 

a. Fmm cold condition to point of maximum power 

b. From cold condition to maximum temperature 

c. Preheat condenser to 400°c, then ramp to point of maximum power 

d. Preheat condenser then ramp to maximum temperature 
. . 

The ramp rate for the above tests will be the equivalent of a receiver flux . . 

rate of 1.88 x 10'~ blSv/m2-sec. If this ramp rate is incompatible with 
the heat pipe, the maximum allowable rate will be determined. 

4. Induce an intentional failure of the heat pipe. This will be done by using 
an excessive n r n p  rate. The induced failure will not be associated with 
a high pressure in the heat pipe. Applying excess heat flux would,be an- 
other cause for failure but pmbably cannot be achieved with the 
test fixture. Loss of cooling would result in excessive heat pipe temper- 
ature and pressure and probably cause considerable damage to the test 
fixture. The intmtional failure test will  be performed after testing the 
potassium heat pipe. 



6.2 Potassium Heat Pipe 

1. Operate under steady-state condition over the required performance curve 
but with an upper limit of 600'~. 

2. Determine maximum steady-state transport capability up to 600'~. 

3. Perform start-up ramping without calorimeter a s  follows: 

a. From cold condition to 600 '~  

b. Preheat condenser to 4 0 0 ' ~  and then ramp to 600 '~  

As with the sodium heat pipe, the ramp rate will correspond to a receiver 
flux rate of 1.88 x 10'~ ~ ~ / m ~ - s e c .  If this rate is too high, the maximum 
permissible rate will be established. 
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