



























































Tests shown consist of a 10 second steady-state firing (firit piiture) followed by a single test
varying the pulse width (on time) from 0,150 to U000 second on (second picture) and then
from 0.020 to 0.150 second on (third picture) at a constant pulse rate of one per second,
Five pulses at each pulse width are shown 1n cach [0oture,

Figure 2-2, Typical Pulse Sweep
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Engine #]
18-20 mesh lower bed

Engine #2
20-30 mesh lower bed

Prior Test
Original Injector A
(Reference)

Figure 2-8. Accelerated Life Test First Attempt
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Both headscreens grossly deformed.

THRUSTER #1 THRUSTER #2
134,740 PULSES 83,600 PULSES

Figure 2-19. Headscreen Condition, Post Life Test No.l

The startup transient, particularly from an ambient start, involves
heating of che catalyst and the chamber wall. Heating cf the catalyst
occurs faster than the chamber wall, as represented in Figure 2-20. The
resultant temperature differential causes thermal stresses in the form of
a compressive load on the catalyst. The compression load is in part sup-
ported (or applied) by the headscreen, which is also likely to heat rapidly
due to its small mass. The resultant compression load on the headscreen
may cause a slight deformation. As thermal equilibrium is attained, the
greater coefficient of thermal expansion of the Haynes 25 chamber compared
to the catalyst relieves this compressive load and loosens the catalyst
bed. Migration of catalyst is then possible, due to the forces of gravity
and/or flow forces, to fill the void generated by the screen deformation.
After shutdown, compressive forces again occur via the chamber wall cooling
faster and having a greater expansion coefficient than the catalyst. This
cycle repeats with every restart from below equilibrium temperature for the

given duty cycle. Hot restarts may, in fact, be more severe than cold

starts due to reduced strength of the headscreen.

The above discussion readily explains some headscreen deformation.
It is difficult to accept that as the total explanation, however, for the
gross deformation experienced. Thermal stresses within the screen wire
resulting from localized cooling by incoming propellant could, however,

add to the above forces and result in the gross deformation experienced.
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Injector D Injector F Injector D
LO mesh L0 mesh 30 mesh
80,000 pulses 80,000 pulses 80,000 pulses

Injector D Injector D Injector D
30 mesh 30 mesh 30 mesh
30,000 pulses 280,000 pulses 280,000 pulses
With retainer with retainer

Figure 2-22., Headscreen Evaluation Test Results

None of the accelerated tests reproduced the gross deformation
experienced from the first life test. The gross deformation is evidently
the synergistic effe .t of several factors which are not clearly understood.
Changing to the 30 mesh screen and adding the headscreen retainer grossly in
increase the strength of the assembly, however, and no visual signs of
damage to the retainer appeared. A single retainer was used for two tests,
accumulating 360,000 pulses, adding to the confidence that it would survive

the life goal.
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CONFIGURATION WEIGHT, LBy, ADVANTAGES DISADVANTAGES
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o CONVENTIONAL THRUST
CHAMBER DESIGN

o EXISTING RHU DESIGN o HEAVIEST

o REMOVABLE RHU'S WITH
MAXIMUM FLEXIBILITY

© LEAST EXPENSIVE TO
DEVELOP

o

by

Y
o

THEUSTERSHELL .33 | o WEIGHT IMPROVEMENT
24 SPECIALIZED RHU
" 24 | © REMOVABLE HEAT SOURCE| o SPECIALIZED B
-40 | 5 CONVENTIONAL THRUST
20 | © CHAMBER DESIGN
1.88
33 | © WEIGHT IMPROVEMENT
3 .24 | o REMOVABLE HEAT SOURCE| o SPECIALIZED RHU
.38 RE-ENTRY BODY
40 | o CONVENTIONAL THRUST
20 | CHAMBER DESIGN
1.75
"8 1o MINIMUM WEIGHT © IMPACTS THRUST
i CHAMBE| N
4 20 | o EXISTING RHU DESIGN
“40 | CONCERT o MORE COMPLICATED
=20 | o SMALLER DIAMETER hoOML
1.52 o© LONGER

. sncumzrowsu*
"2 | o METTERPOSITIONING OF |° SFECRLIZED CAPSULS

HEAT SOURCE
© MOST DIFFICULT
° COM?:T&%!NW RHU DEVELOPMENT

Figure 3-1. Comparison of Design Approaches
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Figure 3-10. RCHE Design

105440-73

Figure 3-11. RCHE
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Prior to initiation of testing, Che jere 1 talled and the
engine held at vacuum (120,0 fect) overnight. The Jamber temperature,
with no insulation, stabilized at 115°F. \ wraj i roquartz insulation
was then installed around the chambel 1sting, leavi th ends uninsul-
ated, and again left at vacuum overnl t. rhe equilibrium temperature was
155°F, in an environment of approximat ly ¢ . \dd i free convection (air

at 120,000 feet altitude) to the t rmal lel, { usi ippropriate insu-

»
lation properties, lelde re t : 1 r th 1DOVE
conditions. \dditional refinement f t el is required t iccurately
predict the catalyst bed te rature i1 ice, 1t the ‘ ita yield

. . 2
onfidence that the .« 1l 14 e 4 4 1€ ] (10 torr).

An electric radiant eater | ther idded Jn 1in 1 re -1 to “u}‘}‘l\—

nent the RHU's and maintain 210+l it the initiat ery test.

No s’,n'\iil\ iccept/re L riteri ere est | for this test. It
was intended, however, to verity that t wine would repeat the operating
haracteristics E €3 level ent thrusters. [t \ ntended to

simulate a fli t tvpe application ere the laur : ronment would follow

ytance t fire test. it f1 thi test . ’ ¢ are presented







Figure 5-2. Vibration Test Setup

101897-73
Figure 5-3. RCHE on Vibration Fixture
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A view of the injector, through the hole in the headscreen, is shown
(as first removed from the RCHE) in Figure 6-1. This unusual appearance
was first interpreted as severe nitriding of the injector, with flakes from
inside the flow passage partially blocking the injector orifices. Water
flow, however, showed no change in flow characteristics, and the water dis-
solved and/or removed the deposit responsible for the flakey appearance,
leaving the injector as shown in Figure 6-2., A similar appearing deposit
results from evaporating the alcohol used as the dielectric for EDM,
leaving the metallic particles resulting from the cut. The appearance in

Figure 6-1 is thus attributed to this type of deposit from the disassembly

operation.

Figure 6-1. RCHE Injector Upon Figure 6-2. RCHE Injector Post
Disassembly (20X Size) Water Flow (20X Size)

The test data were further analyzed to assess the possibility that
the above deposit was not from the EDM process, was in-soluble in hydrazine
(though soluble in water) and had affected the engine performance. This
evaluation showed that the increase to the total pressure drop (thus the
thrust shift) was essentially a linear function of flow rate, yielding the
conclusion that the thrust shift is the result of increasing catalyst bed
pressure drop. Had the shift been due to the injector, it would relate to

flowrate squared.



The IR and D thruster was disassembled by making a circumferential cut
in the chamber shell slightly below the headplate. During remocval of .ne
headplate it was noted that the catalyst bed had settled approximately 0.1
inch below the headplate, indicating about 7% loss of catalyst volume. The
condition of the catalyst bed was very similar to that of the RCHE except
for the greater loss and, accordingly, a somewhat greater quantity of cata-

lyst fines in the lower bed.

This headscreen also had numerous broken wires with some pieces missing.
figure 6-3 shows the IR and D headscreen and Figure 6-4 shows the RCHE head-
screen. A section through one of the headscreen wires is shown in Figure
6-5, showing the nitride penetration along the grain boundaries. The large
grain size, relative to the wire diameter, and the nitride penetration
result in an extremely brittle and weakened condition. Both the injector
and the headscreen retainer exhibited a nitride layer of nominally .001
inch, with much deeper penetration along the grain boundaries. A section
through a web of the headscreen retainer is shown in Figure 6-6, midway
through the thinner (.020 inch) demension. Nitride penetration along grain
boundaries had also occurred here, but the relative size of the grains to

the part is such that structural adequacy retained.

Figure 6-3. IR&D Headscreen Figure 6-4. RCHE Headscreen
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Figure 6-5. Section through Headscreen Wire (315 X)

Figure 6-6. Section through Headscreen Retainer (50 X)
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