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1.0

- INTRODUCTION

TRW Defense and Space Systems Group has compieted a long term
test and evaluation program, "Heat Pipe Life and Processing Study".
This program (Contract NAS 3-21200) was concerned with the
development of improved processing techniques for materials used
in heat pipe fabrication. Non-condensable gas is generated as the
heat pipe working fluid {ammonia in this case) reacts with the
wick and wall materiais and with any impurities which might be
present in the assembied heat pipe. A novel approach to reducing
the gas generation rate between aluminum and ammonia was evaluated
in a series of coupon tests followed by long term tests of 18 heat
pipes. The technigue employed was the addition of various amotints
of water to tﬁe ammonia charge used to reflux the heat pipe during
the Tast processing step before adding the final charge. Heat
pipes in the test matrix included two groups: nine were cleaned
using a series solvents and nine were cleaned with chemical
(Alkaline) cleaner.

Quantitative measurements of non-condensable gas were made by
measuring the temperature profile of the test heat pipes while
under load in a Tow-température chamber., Temperature profile data
was computer-analyzed to compute gas quantities. A complete set of

. temperature profile data for all heat pipes will be presented to

illustrate how the data was analyzed. Resulting gas generation -
data is then presented for all heat pipes in the test matrix.

A series of thermal calculations was performed for realistic
heat pipe hardware in a spacecraft application. Both simple
"isothermalizer" and variable conductance heat pipe configurations
were analyzed., The effect of various quantities of non-condensable
gas was determined and results are presented graphically.



2.0

BACKGROUND AND BASIS OF CONCEPT

TRW Defense and Space Systems Group has bezi studying the
effects of heat pipe processing variables on the generation of
non-condensible gas since 1964, During the wany years of
fabrication experience, a number of sets of processing steps and
procedures has been developed at TRW and throughout the industry
to minimize the generation of this unwanted gas in heat pipes. We
will address the impact of gas in heat pipes in Section 6. The
information to be presented amply illustrates the need to control
such unwanted gas generation. Beginning in 1974, TRW began
studying ammonia heat pipe processing variables for NASA LeRC.
Under Contracts NAS3-19128 and NAS3-20782 the effects of cleaning
technique, surface area, temperature, galvanic couple and finally
water on gas generation in aluminum, stainless steeel, and combina-
tion heat pipes was studied.

The most recent lTong-Tife (32 months) test on ammonia heat
pipes by TRW, completed under Contract NA83»20782(1), provided
the basis for direction under the present contract. The key issue
to be examined was the role of water in surface passivation. The
results of the referenced report indicate two significant factors:
1.) short term data (< 1 year) on gas generation may not provide
a basis for lTong term projections, and 2.) the role of water in
ammonia heat pipe passivation is a complex issue. The long term
results showed a resumption of gas generation by the water-added
heat pipes comparable to the conventionally processed pipes. It
was suggested that the presence of water over long periods of time
may defeat any passivation which occurs early in 1ife {< 1 year).
Temperature-induced cracking of protective films is a possible
cause for this observation. The present program focussed on the
addition of water during reflux only Tor passivation, and the use
of water-free ammonia for the final charge.

The program was originally planned to be divided into three
parts: the first phase was to be a preliminary screening phase in

(I)D. Antoniuk and E. Luedke, "Heat Pipe Materials Compatibility
Extended Report", TRW Report 31132-6001-RV-00, December 1977.
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which aluminum coupons were exposed to varying ammonia/water
mixtures and examined opticallys; a second phase ‘in which 6 heat

pipes were to be studied for a short term {60 days) exposure, and
the third phase in which 12 heat pipes were to be tested for seven
months. After Phase 1 was completed, it was recommended that all

18 of the heat pipes be placed in a single, longer term (9 month)
test matrix. This recommendation was foilowed and the program
completed with this two-phase approach. Using this approach more
Tong term data was generated with additional heat pipes. The results
of each phase of the program will be discussed separately.
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3.0

3.1

PHASE I COUPON TEST

The objective of this preliminary phase of the program was to
determine the effectiveness of proposed heat pipe processing
parameters in improving materials compatibility in aluminum 6051
pipe/5056 fiber wick/ammonia heat pipe systems. The proposed
study was to be conducted utilizing small samples of these materials,
i.e., 6061 Al test coupons made from 0.040" thick sheet stock and
5050 A1 coupons machined from 3/8" dia rods. The configuration
of these coupons are shown -in Figure 3-1.

In the original statement of work, only 6061 Al coupons were
to be included in the study. However, the metal fiber slab wick
can only be fabricated frem 5056 Al. In terms of surface area per
unit length of pipe in the wick area is 10 times greater than the
surface area of the pipe; therefore, it was decided to include the
5056 coupons in the test matrix also. '

The tentative proposal coupon test matrix is shown in
Table 3-1. During Phase 1 of the study this coupon matrix was
expanded to that shown in Table 3-2 (March 78).

Two cleaning processes were included, chemical cleaning and
solvent cleaning, whose procedures are shown in Figures 3-2 and
3-3, respectively. In addition, as seen in Table 3-2, for samples
15 and 16, pure ammonia was ‘included as a refluxing parameter in
order to offer a basis of comparison with H20-ammonia solutions.

Test Procedure

To simulate the high temperature reflux steps in heat pipe
processing, six test pressure vessels were fabricated from all
CRES 304 components as shown in Figure 3-4. As shown in Figure
3-5, the test coupon is placed inside a glass container to isolate
the test samples from the walls of the pressure vessel., Also shown
js a fi11 tube welded to the top vess~l cap to place the refluxing

fluid charge directly into the glass container. This prevents
3-1
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Figure 3-1. Test Coupons Configuration
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. Table 3-1

PROPOSAL COUPRON MATRIX

Sample gﬁﬁgggmg?;:* Temperature Material Time (hrs.)

1 - .25% Hzﬂ 100°C Aluminum 20

2 5% 1oo°C Aluminum 20

4 1,0% 100°C Aluminum 20

8 3,0% 100°C Aluminum 20

12 10% 100°C Aluminum 20

7 3% 86°C Aluminum 20

] 3% 60°C Aluminum 20
10 3% 100°C Aluminum/Stainiess Steel | 20
3 1.0% 100°C Aluminum 5

5 1.0% 100°C Aluminum 100

i 9 3% 100°C Aluminum/Stainless Steel 5
11 DA | 100°C Aluminum/Stainless Steel 100

*Concentration by weight
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i | Table 3-2

kN
ACTUAL COUPON TEST MATRIX
Sample ‘gggggﬁgﬁgg?;:* Temperature Materiai Time (brs.)
. +0 : .
®. 23% Hy0 100°¢ *J Aluminun 6061 20
@ 52 100°¢ ¥ Aluminum 6061 20
040 .a7% 100°¢c *) Aluminum 6061 20
OXOYER! - 100°c *) Aluminun 6063 20
ONOYERLE 100°¢ *2 Aluminun 6061 20
, 3.0% 80°C 2 Aluminum 6061 20
. 22 3.0 60°C =2 Aluminum 6061 20
op +0 ATuminum/Stainiess Steel
{ @. 3.0% 100°C 5 6061 / 304 20
. 1.1% 100°¢ *2 Aluminim 6061 5
3, (RTINS 1 L " Aluminum 6061 100
+0 Aluminum/Stainiess Steel
(5] , 3,0% 100°c 7, 6051 / 308 5
+0 Aluminum/Stainless Steel
. 3.0% 100°C 7, 6061 f 304 100
@. 10.5% 100°¢ 3 Aluminum 5056 20
@, R | 100°¢ *2 Aluminum 6061 20

O- Chemically Cleaned

]~ Solvent Cleaned
*Concentration by weight
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P

USEC FILTERED SOLVENTS
PR13-6-1

ULTRASONIC CLEAN IN FREOH TF,
MINIMUM OF 15 MINUTES

DRY IN VACUUM OVEH AT 212 + 20YF
FOR MINIMUM OF 5 MINUTES

ULTRSONIC CLEAN IN ACETOINE,
MINIMUM OF 15 MINUTES -

DRY IN VACUUN OVEd AT 212 + 20°F
FOR MINIMUM OF 5 MINUTES

ULTRASONIC CLEAN IN HEXANE,

MINIMUM OF 15 MINUTES

DRY Ii{ VACUUM OVEN AT 212 + 20°F

FOR MIHIMUM OF 5 MIHUTLS

STORE IN SUITABLE COHTATNER

Figure 3-2. Solvent Cleaning Procedure‘
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CRP7-10
Ultra~sonically clean in FREON PCA (TF) for 10 to 15 minutes.
Hold in vapor phase for 3 to 5 minutes.
Blow dry with heated 120°F to 150°F nitrogen.
Ultra-sonically clean in TURCO 4215 for 10 to 15 minutes,

Rinse in deionized water until pH equals system water. Use
ultra-sonic energy. .

CAUTION: Parts must not remain wet with water for more than & hours.

If cleaning is interrupted for any reason, complete drying cycle.

Immerse in chromated deoxidizer 8 to 10 minutes. Use ultra-sonic

energy.
Rinse in deionized water per Step- 4.

Blow off excess water with heated 120°F - 150°F GNZ.

Rinse in isopropyl! alcchol 5 minutes. Use ultra-sonic energy.

Blow off excess alcohol with heated nitrogen (120°F - 150°F).
Vacuum dry 180°F for 2 hours, Back fill with GH, .

Package each component individually per PR 2-2,

REVISER:

Figure 3-3. Chemical Cleaning Pracedure
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Figure 3-4.

Coupon Test Pressure Vessel Components
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