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FOREWORD� 

This report was prepared by Grumman Aerospace Corporation for the Ames Research 

Center of the National Aeronautics and Space Administration. The work was done under Con›

tract NAS 2-9291, from August 1976 to February 1979. Dr. C. MeCreight was the NASA 

technical monitor. Grumman personnel were Mr. R. Haslett, Program Manager, and Mr. 

J. � Alario, Project Engineer. 

Foremost, we wish to acknowledge the guidance, patience and understanding given by 

Dr. C. McCreight in this ambitious extension of heat pipe technology. Many unanticipated 

difficulties were encountered before finally obtaining an acceptable re-entrant groove ex›

trusion. However, the experience and knowledge gained in this program represent a signif›

icant forward step in developing improved heat pipe hardware. Many fmdamental contribu›

tions were made by Dr. R. Kosson who was responsible for the optimization analysis and 

for wise counsel whenever called upon. Finally, Mr. R. Carey of the Micro Extrusions 

Division, Universal Alloy Corp., is acknowledged for his interest and dogged persistence in 

pushing the state-of-the art in extrusion technology. 
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Section 1 

SUMMARY 

This program extends the development of re-entrant groove technology to hydrogen 

heat pipes. Parametric analyses are presented which optimize the theoretical design while 

considering the limitations of state-of-the art extrusion technology. Acceptable production›

type runs of extruded lengths (over 100 meters) could only be achieved at the expense of a›

wider nominal groove opening than specified (0.33 mm vs 0.20 mm). However, dimensional 

variations of other critical dimensions were within 0.05 mm, which exceeded expectations. 

The 6063-T6 aluminum extrusion is 14. 6 mm OD with a wall thickness of 1. 66 mm and con›

tains 20 axial grooves which surround a central 9.3 mm diameter vapor core. Each axial 

groove is 0. 775 mm diameter with a 0. 33 mm opening. An excess vapor reservoir is pro›

vided at the evaporator to minimize the pressure containment hazard during ambient storage. 

Tests were first conducted with ammonia (at room temperature) to accurately deter›

mine the proper working fluid charge for the 100 cm long heat pipe. The data indicated that 

8 grams of ammonia at 200C was the 100 percent charge value. The corresponding vapor and 
2liquid areas for the heat pipe only were found to be 0. 697 cm 2 and 0.1302 cm , respectively. 

The hydrogen charge requirement (with a 5 percent overcharge, including reservoir) was 

calculated to be 1. 2 grams at the 20 K operating point. 

Test results with ammonia were lower than predictions using the nominal geometry 

measurements. At 100 percent charge the maximum transport capacity was 110 w-m and the 

static wicking height was 1.65 cm, which was 19 percent and 22 percent lower than the re›

spective predicted values. The corresponding film heat transfer coefficients measured were� 
2o 20�

2014 w/m C for the evaporator and 5362 w/m C for the condenser, for an equivalant over›

all heat pipe conductance of 5.85 watts/°C. 

Modifications to the basic re-entrant groove profile, which were accomplished under 

an independent company effort, resulted in improved overall performance. While the max›

imum heat transport capacity decreased slightly to 103 w-m the static wicking height increased 

markedly to 4. 5 cm. More importantly, the evaporator and condenser film coefficients im›

proved to 7900 w/m2C and 14000 w/m2 C, respectively. The overall heat pipe conductance 

increased almost 400 percent to 20.2 watts/°C. 
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The hydrogen test program went very smoothly and all objectives were achieved. The 
heat pipe became operational between 20 and 30 K after a cooldown from 77 K without any dif›
ficulty. Steady state performance data taken over a 19 to 23 K temperature range indicated 

the following:. 

* Maximum heat transport capacity = 5.4 w-m 

* Static wicking height = 1.42 cm 

" Overall heat pipe conductance = 1. 7 watts/ OC. 

These data agree remarkably well with extrapolations, made from the ammonia test re›
sults. The maximum heat transport capacity is 9.5% larger than the extrapolated value, but 
the static wicking height is the same. The-overall conductance is 29 perbent of the ammonia 
value, which is close to the ratio of liquid thermal conductivities (24 percent). 

Recovery from a completely frozen cbndition was accomplished within five minutes by 
simply applying an evaporater heat load of 1. 8 watts. 

1-2� 



Section 2 

INTRODUCTION 

Cryogenic technology is advancing rapidly in both space and earth-based applications, 

and with it comes the need for near-liquid helium-temperatUre thermal control systems. The 

hydrogen heat pipe is a device that can be successfully applied to many potential areas that 

have recently been identified for this temperature regime. 

. Sensitive infrared detectors such as doped-silicon photoconductors operate at or below 

temperatures in the range of 15-25 K. Components of orbiting.infrared telescopes, such as 

telescope barrels, mirrors, choppers, and baffles, will require cryogenic cooling and iso›

thermalization to reduce telescope thermal emission. Also in support of fusion reactor tech›

nology, super-conducting magnets must be cooled below their transition temperature. A 

hydrogen heat pipe could provide an efficient thermal coupling to stored cryogens, such as 

solid hydrogen or liquid helium, or to cryogenic refrigerators, while also permitting the 

design flexibility of seperate locations for the cooler and the component being cooled. 

What has become known as the "standard" axially grooved aluminum extrusion was 

developed by NASA-GSFC as part of the ATS-F satellite program in order to provide heat 

pipes with cleaner, more dimensionally uniform grooving than that previously obtainable with 

a swage-forging process. The extruded tubing was successfully produced by Micro Extrusions 

Division of Universal Alloy Corp., Anaheim, CA, in production quantities. It contains 27 

axial grooves, each one with a nearly rectangular profile, 0; 66 mm wide by 1. 02 mm deep. 

Since its development, ’it has been used to make heat pipes for cryogenic ( >100 K) to mod›
3 .Freon-21 and ammonia1 ’2,

erate temperatures using working fluids such as methane, ethane, 

Although the NASA-GSFC extrusion is an improvement over the original swaged tubing, 

providing reasonable heat transport capacity with a wide range of working fluids, it has very 

poor tilt capability. This presents difficulties in obtaining reliable ground test data at any›

thing but low heat loads. 

In an effort to make axially grooved heat pipes less tilt sensitive, NASA-Lewis Research 

Center (LeRC) developed a re-entrant groove profile which promised comparable heat trans›

port capacity but much better static wicking height than the rectangular grooves. The NASA-

LeRC design was also produced by Micro Extrusions, but only about 3 meters could be ex›

truded before the die broke. Under contract to NASA-LeRC, the Grumman Aerospace Cor›

poration analyzed, built, and tested a heat pipe made from this re-entrant groove tubing4 . 
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The extrusion had a 13 mm diameter with a 0.64 mm-wall thickness, and contained 20 axial 

grooves. Each groove had a "key hole" profile with a nominal 0.8 mm diameter liquid flow 

channel and a 0. 2 mm wide slightly tapered passageway which connected the channel to a 

9.-28 mm-diameter vapor core The dimensional uniformity of the extrusion was good and 

test results with ammonia working fluid were excellent. When compared to the standard 

rectangular groove extrusion, the re-entrant groove had double the static wicking height 

(25. 1 mm vs 12.0 mm) and a 12% higher zero-g heat transport capacity (143 W-m vs 127 

W-m). The overall heat transfer film coefficient, however, was about 20% lower (5380 

W/m2C vs 6860 W/m 2C), beinghigher in the.condenser due to increased groove land area, 

and lower in the evaporator due primarily to the fewer grooves. 

Overall; the rd-entrant groove profile demonstrated a definite improvement in axially 

grooved heat pipes, thus increasing performance while maintaining simplicity. :For cryo›

genic applications, the re-entrant groove has the additional advantage of requiring less 

charge. Sinc6 these characteristics had definite advantages when applied to the cryogenic 

heat pipe fluids, NASA-Ames Research Center (ARC), under contract with Grumman, pro›

ceeded to develop a re-entrant groove extrusion that was suitable for use with hydrogen and 

which could also be produced in meaningful quantity. Performance objectives for a one meter 

long heat pipe operating at a temperature of 20 K call for an equivalent zero-g heat transport 

capacity of 8 watt-meters, and a 4 watt-meter capacity at 5 mm adverse tilt. 

The following sections present the development-of the first re-entrant groove hydrogen 

heat pipe by describing-the design parametrics, detailing the characteristics of-the heat pipe 

extrusion and describing the test evaluation using both ammonia and hydrogen working fluids. 
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Section 3 

CANDIDATE HEAT PIPE DESIGNS 

A basic design problem concerns the choice of materials for the tube envelope and res›

ervoir which minimize the potential for hydrogen embrittlement and subsequent material fail›

ure. The hydrogen embrittlement phenomenon peaks around room temperature and is thought 

to be related to the corresponding diffusion rates. Of the materials commonly used for heat 

pipes, aluminum is far less susceptible to hydrogen diffusion and the associated embrittle›

ment effects. As shown in Figure 1, when compared to the high strength steels, the diffu›

sion rates in aluminum are seven orders of magnitude less. In addition, the axial groove 

profiles desired for the simple cryogenic heat pipes are more readily obtained in extruded 

considering both potential embrittlementaluminum tubes than forged steel tubing. Thus, 

problems and producibility, aluminum was selected as the heat pipe material. 

The choice of a wicking system is primarily a trade-off between performance and con›

tainment pressure considerations. A theoretical performance comparison of candidate wick›

ing systems (axial groove, slab wick, spiral artery) in a nominal 12.7 mm diameter tube is 

given in Figure 2 for hydrogen at 20 K. Generalized pressure containment data is presented 

in Figure 3 as a function of heat pipe vapor/liquid volume ratio for a 322 K maximum storage 

temperature. Pressures were calculated using the virial form of the equation of state as 

given in Reference 5. 

P=RT 4[+ B(T)T+ C(T)-2] 

where R = 0.08206 atm - 2/g-mol K, T = temperature (K), T = density (mol/cc) and B(T) 

and C(T) are temperature dependent functions. At 322K, B(T) 14. 826 cc/mol and 

C(T) = 331.8 (cc/mol)2 . 

For the designs considered, the re-entrant groove offers the best combination of heat 

transport capacity at adverse tilt and inherently lower internal pipe pressures due to its 

larger vapor/liquid volume ratio. The latter results in much smaller reservoir volume re-

Assuming a design pressure ofquirements for reducing internal pressures during storage. 

100 atm and equal vapor volumes and tube dimensions, a re-entrant groove heat pipe would 

require an excess vapor reservoir volume about one-fifth of that needed for an artery or 

slab wick design, and less than half of that needed for a rectangular groove. 
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Since the re-entrant groove requires only 3/5 of the fluid charge of the standard rec›

tangular groove it is more sensitive to an undercharged condition. But by the same token, 

its larger vapor/liquid volume ratio makes it less sensitive to an overcharge, i.e., burst 

pressure. 

A secondary benefit of the re-entrant profile is the relatively narrow groove opening 

which exposes less liquid surface to the counterfiowing vapor stream. This cuts down both 

liquid entrainment losses and vapor/liquid shear pressure losses, especially at the very low 

vapor pressures associated with operation near the triple point of hydrogen, where these 

phenomena become more ’pronounced. 

’A final consideration, and one which-generally benefits axially grooved extrusions, is 

*that the design fluid charge is more predictable and repeatable from pipe to pipe. This is’ 

because the other wick designs are more difficult to reproduce to close tolerances and are 

also more sensitive to liquid fillet contributions, which effectively increase the liquid volume. 
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Section 4 

PARAMETRIC STUDY OF RE-ENTRANT GROOVE GEOMETRIES 

The re-entrant groove geometry assumed for this study is shown schematically in Fig›

ure 4. The geometry can be defined by specifying the number of grooves (N), pipe outside 

radius (11R), wall thickness (T), fin minimum thickness (S), fin edge radius (11), and mini›

mum groove width (W). From these, the groove radius (Rg) and the pipe inside radius to 

the fin tip (Ri) can be determined. Alternatively, for some calculations, Rg can be specified 
and T determined. 

The shape description is similar to that of the earlier NASA-Lewis extrusion4 , differ›

ing only in having a constant fin edge radius, Rf, to form the neck of the groove. Discussions 

were held with the extruder, and it was felt that this change, plus limitations on minimum 

values of S, T, RV and W of 0.889, 0. 610, 0.140 and 0. 203 mm (0. 035, 0.024, 0. 0055 and 

0. 008 in.) respectively, would improve fabricability. 

With these design constraints, a study was made of zero-g thermal transport capacity 

and pressure containment at 322 K (120 F) for variations in N, Ro , Rg, and for wall thick›

ness values greater than the minimum. For the transport capacity calculations, the meniscus 

radius of curvature was assumed to equal R. in the condenser, and W/2 in the evaporator. 

I T 

R f 

0623-004W 

Fig. 4 Re-Entrant Groove Geometry Used for Parametrics 
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Transport capacity (QL) was computed from the relation 

=�QL� )"� 

32 +2 32 
Dvv 2NJ AD 12 v 

with liquid and vapor areas (A1 and Av) based on the arithmetic mean of the extreme con›

denser and evaporator groove fill conditions. The hydraulic’diameters for the liquid and 
vapor flows were taken to be 2R and 2IR, respectively. N1 and Nv are the zero-g figures of 

merit (surface tension, times latent heat divided by kinematic viscosity). The vapor shear 

term is neglected, but should ,0.be very small for most of the cases considered. 

Pressure containment when the pipe is non-operational at relatively warm ambient con›

ditions can be handled-either by making the wall sufficiently thick or by providing a vapor ex›

pansion reservoir. The reservoir would have to be open to the. pipe vapor space, not con›

nected to any of the grooves, and located at or near the evaporator end of the pipe to assure 

that the reservoir only contains vapor when the pipe is operating. For a,specified wall 

thickness, T, and allowable wall tensile stress, a, the maximum pipe pressure is 

Ta 

max (Io - T) 

The mean density of fluid within the pipe (with no fluid reservoir) is 

(plA1 + PvAv)C 

(Ai+ Av ) 

where C is the ratio’ of actual to theoretical charge (generally C > 1). 

For the T value, the supercritical storage pressure PSTOR can be calculated for the maxi›

mum specified storage temperature and compared with Pmax* In this study, the super›

critical pressure calculations were made using an available computer subroutine based on 

the Benedict-Webb-Rubin equation 6 . For PSTOR >PMAx’ new iralues ofT were deter›

mined by iteration to get PSTOR = PMAX- The reservoir volume required per unit of pipe 

length was then calculated from 

VRES = C(PI)A - A 
L (X-Cp) 1 V 

Alternatively, if no reservoir is to be used, the wall thickness can be increased to 
=make PMAX .PSTOR" 
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The computer code which was written to permit the parametric solution of these equa›

tions is contained in Appendix A. Given predetermined constant values for the critical di›

mensions (S, T, Rf and W) the.program evaluates both zero-g heat transport capacity and 

reservoir volume requirements for specified variations in N, Ro or Rg. The desired 

option is selected by the appropriate value of the input variable, Kt. 

Kt = 0 �vary pipe OD with all internal geometry constant 

Ht = I �vary number of grooves (and groove diameter) with pipe OD and wall� 
thickness held constant� 

Kt = 2 � vary number of grooves (and wall thickness) with pipe OD and groove
diameter constant 

Kt = 3 � vary number of.grooves (and fin thickness) with-pipe OD, groove diameter 
and wall thickness held constant’ 

Kt = 4 � vary number of grooves, geometry is constant except groove diameter is 
chosen so that an excess vapor storage reservoir is not needed. 

Some results obtained with this method of calculation are shown in Figures 5 

through 8. Af results shown are for pipes with hydrogen working fluid, a design 

operating temperature of 20 K, a design storage temperature of 322 K, and have mini›

mum values of S, Rf, and W of 0.889, 0.140, and 0.203 mm, respectively. The pipes 

are assumed to have a maximum allowable yield stress of 8250 psi. For the minimum� 

wall thickness of 0.610 mm and a pipe OD of 12.7 mm (0.50 in.), Figure 5 shows the� 

effects on transport capacity and reservoir requirement of varying’the number of 

grooves between 8 and 20. The 20 groove design is similar to the NASA Lewis extru›

sion, with a transport capacity of a little over 8W-m, and a reservoir requirement of 

155 cm3 /m. Reducing the number of grooves permits the groove diameter to be in›

creased, raising transport capacity but also increasing the charge and associated reser›

voir require nient. Peak capacity occurs with 11 grooves. For less than 11 grooves, 

the vapor pressure drop becomes excessive, and transport capacity falls off. Because 

of the large reservoir requirement, these designs are not considered attractive. 

Figure 6, which is also for a 12.7 mm OD pipe, shows the effects of varying wall 

thickness while keeping groove diameter constant at 0. 785 mm. The 20 groove case is� 

identical with that of Figure 5. Reducing the number of grooves below 20 results in a near� 

linear fall off in transport capacity. Reservoir volume requirements drop very rapidly as 

the number of grooves is reduced, since charge is decreasing as wall thickness is increasing. 

For 16 or fewer grooves, no reservoir is needed. 
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Figure 7 shows the effect of varying outside diameter on the reservoir requirement 

and the wall thickness, keeping a constant number of grooves (20) and a constant groove 

diameter (0. 785 mm). In effect, this keeps the pipe ID and internal geometry constant, so 

that all these cases have.a transport capacity of about 8 W-m. As shown, the reservoir 

reqtirement reduces to zero for a pipe outside diameter of 14. 6 mm (0. 575 in.). 

Figure 8 shows transport capacity for a number of designs all with thick enough walls 

to contain storage pressure without a reservoir. Transport capacities as high as 11, 18, 

and 25 W-m are predicted for pipe outside diameters of 12.7, 14.6, and 15. 9 mm, respec›

tively.. These results should be treated with some caution, however, since the high trans›

port capacities are associated with relatively large diameter grooves, and may have rela›

tively low evaporator heat flux limitations. 
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Section 5 

DESCRIPTION OF THE RE-,ENTRANT GROOVE EXTRUSION 

5.1 � THE EXTRUSION 

The design which was specified to the extrusion vendor, Micro Extrusions, attempted 

to keep the basic groove characteristics of the original NASA-LeRC re-entrant profile with 

minor changes meant to improve fabricability. Primarily, the keyhole passageway was re›

placed with smoothly rounded fin tips at the groove opening. The outside diameter was also 

increased to mininize reservoir volume requirements, while still keeping a manageable size 

and a resonable chance of obtaining a successful extrusion. The specified design geometry 

to be produced from 6063 Aluminum is shown in Figure 9. These nominal dimensions were 

used for the performance predictions previously given in Figure 2. It may benoted from 

Figure 7 that these nominal dimensions, if achieved, would eliminate the need for a vapor 

reservoir. 

Initial production efforts proved very difficult and resulted in broken dies and limited 

lengths of-extrusion having a 14.4 mm OD and a . 37 mm wall thickness. All groove chan›

nels were elliptical (eccentricity t 0.55), smaller than specified, and three of the twenty 

grooves had wider, malformed groove openings due to three die teeth which had broken im›

mediately. Most important, the passageways of the intact grooves were keyhole shaped, 

similar to the NASA-LeRC extrusion, with a nominal groove opening of 0.25 mm at the 

tip. New, slightly mddified dies were prepared for a second attempt, which proved success›

ful in all but one respect. While the groove neck region now had the desired rounded shape, 

the openings were about 50% larger than specified. But this adjustment permitted exuding 

over 100 meters of tubing without a die failure. 

The characteristic dimensions of the second re-entrant groove extrusion were deter›

mined by following the methods of Harwell4 . 

* � Random micrometer measurements of the outside tube diameter along its 
length and around its circumference 

* � Internal volume measurements by carefully weighing sample lengths of 
tubing first empty and then filled with water 

" � Photomicrograph enlargements 6f 2 cm long samples which were cut from 
the heat pipe extrusion, mounted in epoxy, and polished to expose the sharp 
groove profile.›
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Figure 10 shows enlarged photographs of one of the samples. The characteristic 

dimensions of the tube and grooves as measured from this 20X enlargement are reported 

in Table 1, along with a pictorial explanation. 

The internal cross-sectional areas-of-the actualheat pipe ttibe were computed from 

measured data taken from samples of the same extruded length. 

Computed Area (mm 2 

Total Vapor Grooves 
Method Void Core (20) 

Dry Weight Measurement 83.33 69.7 13.63 

Vol of Water to Fill Tube 83.25 69.7 13.55 

These data, which are more conservative than the measured dimensions, were used to calcu›

late the 105% theoretical fluid charge and the resulting excess vapor reservoir requirement 

for storage pressure containment. 

5,2 THEORETICAL PERFORMANCE 

Two different computer codes were used to predict the theoretical heat pipe perfor›

mance; AXIAL - a code developed in Reference 4, and GAP - a code developed in Reference 

7. Both programs account for the vapor/liquid shear los in addition’to the normal viscous 

pressure drops in the liquid and vapor channels. Input data for both was based on the nom›

inal dimensions, as measured from the photomicrograph enlargement. Results for both 

ammonia at 200 C and hydrogen at 20 K are given below. 

Hydrogen (20-K) Ammonia (20°C) 
Axial Gap Axial Gap 

Zero-g Transport 5.3 6.8 136.2 155.3 
Capacity (W-m) 

Static Wicking 1.7 1. 65 2.13 1.93 
Height (cm) 

Theoretical Fluid 0.872 0. 955 7. 19 7. 88 
Charge (g) 

The primary difference between these predictions for the "as-extruded" heat pipe and 

the earlier one for the "as-specified" geometry can be explained by the slightly narrower 

groove channel diameter (0.77 mm i’s 0.79 mm) and the wider groove opening (0.33 mm vs 

0; 20 m-). The former accounts for abott 15 percent of thedifference and the latter, about 

85 percent. 
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Table 1 �Characteristic Dimensions of the Hydrogen Heat 
Pipe Extrusion 

OG+45oDC � OZDOo� 
Do "I� 

TWA"LL 

MEASUREMENT.MM 

DIMENSION MIN AVG MAX 

OUTSIDE DIAMETER, D. 14.58 14.52 14.68 
ROOT DIAMETER, DR 11.33 11.34 11.38 
CORE DIAMETER, DC 924 9.30 9.35 
MINIMUM GROOVE OPENING, WG 0305 0.335 0.355 
GROOVE DIAMETERS, DG+45 0.754 0.732 0.805 

DGo 0754 0.769 0.805 
DG- 5 0.754 0.776 0.805 

AVG GROOVE DIA, DG - . 0.776 -

WALL THICKNESS, TWALL 1.651 1.676 1.670 

0623-024W 
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5.3 STORAGE PRESSURE CONTAINMENT 

A review of the burst test data for other heat pipe extrusions made from 6063 Aluminum 

and fabricated in a similar manner indicates that failure usually occurs near the endcap 

weldment, even after heat treatment to a T-6 condition. Table 2, which summarizes this 

data, also shows the calculated values for the ultimate tensile strength, as determined by 

test data. - They are about 5000 psi less than the published value of 30, 000 psi for 6063-T6 

extruded tubing. Based on this pressure test data, an allowable design stress of 6250 psi 

(25 percent of the ultimate stress) was used to determine a maximum allowable storage pres›

sure of 109 atn (1600 psi). Note that this is lower than the 8250 psi used in the earlier para›

metric studies. Burst test samples of the actual re-entrant groove tubing, but without rep›

resentative end weldments, failed at 6450 psi, giving an ultimate strength of 24900 psi 

(17.2 (107 ) N/m 2 

Since a vapor/fluid volume ratio of 10. 5 is needed to decrease the internal pipe pres›

sure to 109 atm (refer to Fig. 3), an excess vapor reservoir of 117 cc was required. The 

reservoir is made from thick walled 6061-T6 aluminum tubing and contains no internal wick›

ing system. It is located at the evaporator end of the 100 cm long heat pipe and is attached 

to it by swageloc fittings. This permits the reservoir to be removed when testing other 

cryogenic fluids that do not require extra vapor volume. 

Table 2 Burst Pressure Test Results for 6063 Aluminum Axially Grooved Extrusions 

BURST - PBURST 
PRESSURE RLT-- BURST - (t/f) 

7EXTRUSION 00 (MM) ID (mm) TWALLIt atm PSI LOCATION N/M2 X10 - PSI 

1. NASA-GSFC 
T-6AS WELDED a) 12.01 10.72 0.116 241 3550 PIPE 209 30279 

b) 12.7 10.72 0.159 395 5800 PIPE 23.6 34279 
) 13.41 10.72 0.223 391 5750 WELD 17.8 25762 

HEATTREATAFTER �WELD d) 14.22 10.72 0.281 5101 7500/ WELD 18.4/ 26684/ 
626 9200 22.6 32 740 

2. �GRUMMAN FLANGED� 
AXIAL GROOVE� 

T-6AS WELDED B) 14,12 10.67 0.278 401/ 5900/ WELD 14.61 21223f 
462 6800 16.9 24460 

3. NASA- LeRC 
T-STUBS. NOFNDWELD ) 126 1.33 0106 190 2800 - 182 26376 

0623-025W 
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Section 6 

HEAT PIPE DESIGN AND FABRICATION 

The design of the basic beat pipe is similar to that detailed in Reference 4, except for 

dimensional changes needed to accommodate the thicker wall, larger OD tubing. In addi›

tion to the extruded tube, the primary heat pipe components-are the seal rings, which pre›

vent end wall drainage during ground test, and two end caps (one configured with an integral 

*charge tube) which are welded to the tube ends. The charge tube is positioned at the evap›

orator end of the pipe to preclude any inadvertent accumulation of fluid which would starve 

the heat pipe and cause premature dryout. 

Attached to the heat pipe charge tube is the excess vapor reservoir, which itself has 

a charge tube. A secondary charge tube is also attached to the reservoir. After filling 

the pipe, the secondary charge tube is pinched-off and welded closed. The heat pipe can 

then be tested in a sealed condition without the charge valve. This eliminates a potential 

source of fluid leakage during the low temperature tests and eliminates the need-for an ex›

cessive amount of trace heat which might be required to keep the valve at a high enough leak 

tight temperature. 

The manufacturing sequence which was followed is summarized in Figure 11. The� 

final heat pipe assembly (after charging and pinch off) is shown in Figure 12.� 

6.1 CHARGE REQUIREMENT 

Test results for the hydrogen heat pipe with ammonia (see Par. 7. 2) indicate that 8 
grams is the 100 percent ammonia fluid charge at 200C. The measured vapor core area is 

0. 697 cm 2 and the corresponding liquid area, based on the 8 gram ammonia charge, is 
found to be 0. 1302 cm 2 for the 100 cm long heat pipe section. These measurements were 

taken without the excess vapor volume attached to the evaporator end of the heat pipe. 

When used with hydrogen, an excess vapor volume of 117.46 cc is needed to reduce storage 

pressures below the allowable limits. Thus, the total void volume of the hydrogen heat� 
pipe is 200.19 cc, comprised of the following:� 

Vvoid = Vvapor + Vliquid + Vreservoir 

core 

= (AV +A L ) L+Vres 

= (0. 697 + 0.1302) (100) + 117.46 
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