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1. INTRODUCTION

This is the Eighth Quarterly Progress Report on Evaluation Testing
of Protective Coatings on Refractory Metals under Contract NAS 7-460 for
NASA/JPL, Pasadena, California. This report consists of a summary of the
work accomplished during this quarter, work to be accomplished during the
next reporting period and the current expenditures of dollars and manpower.

Briefly, the evaluation program consists of subjecting a series of
coated radiation nozzles and chambers to engine firing to evaluate their
protective capabilities in a propulsive environment. Each Task III test
specimen is to be test fired 10 seconds then 1000 seconds or to failure
at each of the nominal combustion temperatures of 4000°F and 4500°F.

Selected Task IV chamber cpecimens are to be test fired for extended duration
to failure at the nominal combustion temperature of 4500°F. The objectives
of the engine evaluation are to:

¢ Determine the time and coating temperature at point of
tangible coating degradation and ultimate failure.

e Determine failure mode or condition of coating system
metallurgically at completion of the test sequence.

e Correlate the life of the coatings with processing
methods and thermal environment.

2. SUMMARY OF EIGHTH QUARTER PROGRESS

During this quarter the following work was accomplished.
2.1 EVALUATION TESTS AND THERMAL ANALYSIS

A1l evaluation tests planned for this contract have been completed.
A summary of the completed experimental program is given in Table I. All
tests were conducted at ambient sea level conditions using N204/N2H4 pro-
pellants at the nominal mixture ratios (0/F) of 0.85 and 1.2 to obtain
combustion temoeratures of 4000°F and 4500°F, respectively. Target chamber
pressure for all tests was 145 psia. The entered values of operatina
mixture ratio (0/F) and chamber pressure (Pc) in Table I are preliminary
at this time and will be refined for final reporting.
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The Phase I - Verification of Operating Environment Tests were com-
pleted mid-way into the quarter (see Twentieth Monthly Report). This test
phase consisted of a series of heat sirk engine, radiation nozzle, and
ablative nozzle streak tests to define the thermal environment and ulti-
mately the specimen wall temperature at the point of specimen faiilure.
heat sink engine and radiation nozzle were instrumented with thermocouple
probes to measure wall temperatures and heat flux. Measured values of wall
temperature and heat flux were then used to compute gas side film coefficients
and gas recovery temperatures at the two nominal operating mixture ratio con-
ditions. The derived values of the film coefficient and gas recovery tem-
perature were in turn inouts into a thermal model of the coated test specimens
to predict the two operating wall temperatures. Results of this thermal
analysis are presently being finalized and shall be released in a forthcominag
report. Also included in this most recent thermal analysis effort is a re-
evaluation of the earlier thermal data obtained at the start of the contract.

The

During the Phase I radiation nozzle tests, a radiation pyrometer was
evaluated as a means to measure specimen wall temperature. It was concluded
that due to the many varied textures and surface finishes associated with
the test specimens and consequently the inability to assign accurate values
of emissivity, the radiation pyrometer could not be regarded as a prime
measuring device for nozzle wall temperature. Pyrometer data was however
taken during all specimen tests in the event realistic emissivities could
later be assigned, at which point the pyrometer temperature data could be
corrected for the emissivity error. The pyrometer also served as a usetul
monitoring tool to detect relative changes in temperature during a test
firing.

Ablative streak nczzle tests were conducted during Phase I to define
the combustion pattern and locate any nozzle hot spots which may be present
at the two nominal operatina mixture ratios of 0.85 and 1.20. Results of
the two streak nozzle tests indicated a uniform erosion pattern with no
outstanding hot spots evident at the operating mixture ratio of 0.85, and
a pattern characterized hy six heat zones nearly equally spaced around the:
throat diameter with one cutstanding hot spot at 140° orientation at the
operating mixture ratio of 1.20. Detail tests results and photographs of

the streak nozzles were presented in the Twentieth Monthly Report.
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A total of sixteen radiaticn cooled specimens were evaluated during
this quarter in completing the Phase II Coating Evaluation Tests. Eight
nozzles (S/N 003, 007, 013, 022, 023, 121, 124, and 125) and two chambers
(S/N 53-3-3 and 53-8-1) were tested under Task III, ind six chambers (S/N
A-2, A-3, A-5, A-6, B-2, and B-5) were tested under Task IV. The Task III
specimens were tested for 1000 seconds duration or until specimen failure
at one or both operating combustion temperatures of 4000°F and 4500°F;
whereas, the Task IV specimens were tested to failure at the combustion
temperature of 4500°F. Prior to and after each combustion temperature
test sequence, a visual examination of the specimen was made and logged and
photographs of the specimen inlet and exit were taken. Post-test condition
of the sixteen specimens tested during this quarter is shown in the photo-
graphs in Figures 1 through 16. The angular orientation noted in the
figures ir referenced to the specimen index assigned during the pre-test
metallurgical examination.

The preliminary specimen test results obtairied during this quarter
are presented in Table II. Pertinent failure remarks are included un-er
the comments in Table II. As was the case with all previous specimens
tested, coating degradation or specimen failure usually occurred at an
injector hot spot or at a defect in the original coating. Those specimens
and/or operating temperatures not entered in Table II were evaluated early
in the program and are discussed in detail in the Sixth Quarterly Report
and are briefly summarized in Table I.

It will be noted in Table II that the number of engine starts has been
given in achieving the stated test duration. Engine starts exceeding one
reflect the number of restarts required as a result of a temperature flip
phenomenon (see Twentieth Monthly Report). The only exception to this was
in the firing of S/N A-2 in which muitiple enaine starts was required for
propellant retanking. This temperature flip phenomenon came to light early
in the Task III nozzle specimen test phase. It was noted that during some
tests, a temperature flip to a higher wall temperature level would occur

in the engine. This temperature flip is a step function and is characterized

by increased heat loading to the injector and chamber water conlant flow,
increased brightness of the test specimen, and a change in the appearance

of the exhaust plume from a fuel rich yellow/orange well defined Mach diamond
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pattern to a clear transparent high performance appearing flame. Combustion
performance paraineters did not change significantly when the temperature
flip occurred; propellant flows remained constant and chamber pressure in-
creased only about one percent. The temperature flip was uncontrollable
and unpredictable as to when it would occur in a firing; however, it was
never noted during the start-up of the engine. Since the temperature flip
is not believed to be the normal operational mode of the engine and it

does not reflect the conditions under which all previous heat transfer data
was acquired, all specimen tests were terminated at the first signs of a
temperature flip. If a test had to be terminated short of the desired test
duration, the engine was permitted to cool to ambient and then refired to
obtain the remaining required test duration. This procedure was repeated
as often as necessary. The exception to this procedure was in the testing
of S/N 023 in which the temperature flip was not detected during the firing
but was detected upon examination of the test data.

Inspection of Table II reveals that the temperature flip occurs at
both operating temperatures or mixture ratios and for practically every
nozzle specimen tested. The only circumstances under which the temperature
flip did not occur was in the testing of the chamber specimens. It has
been postulated that the temperature flip is a result of disturbing the
normally cool boundary layer on the engine wall and thereby increasing the
heat flux to the walls; however, the mechanism by which this is apparently
accomplished only in the case of nozzle specimens is not yet known. The
test history would suggest the temperature flip is in some manner related
to the geometry differences between the nozzle and chamber configurations.

Referring back to Tables I and II and Figures 1 through 16, it is
noted that of the original sixteen nozzles and two chamber specimens eval-
uated under Task III, eight nozzles and one chamber survived the 1000
seconds duration test at a combustion temperature of 4000°F. The surviving
eight nozzles included all three Ha-20Ta clad specimens (S/N 003, 006, and
013), one Ir coated specimen (S/N 007), two of the molybdenum disilicide
coated specimens (S/N 120 and 121), and the two Ha-20Ta slurry coated
specimens (S/N 124 and 125). The one surviving chamhar was a Hf-2NTa clad
specimen (S/N 53-8-1). Of these surviving nine specimens, only three
survived the additional 1000 seconds duration firing at the combustion

de L%
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temperature of 4500°F. These consisted of two Hf-20Ta clad nozzles (S/N
003 and 013) and one molybdenum disilicide (S/N 121) coated nozzle. The
survival of the molybdenum disilicide coated nozzle at tne combustion
temperature of 4500°F was somewhat of a surprise due to the previous
failures of identical Mozzles S/N 122 and 120 at 4200°F and 4590°F com-
bustion temperatures, respectively. Perhaps the post-test metallurgical
analysis will shed som light on this inconsistent behavior of the molyb-
denum disilicide specimens. For the present it is concluded the survival
of S/N 121 at a combustion temperature of 4500°F is indicative of a specimen
wall temperature which is borderline in being equal to 3200°F; the approx-
imate melting point of molybdenum disilicide.

During the 1ife firing tests of six selected chambers fiom Task IV,
one of the Ha-20Ta clad chambers had notable success. Specimen S/N A-2
accumulated a total of 3937 seconds firing time at the maximum chamber
temperature of 4500°F before failure. Included in this time was four
engine start-ups from ambient temperature; the multiple engine starts being
required for propellant re-tanking. The significance of this firing together
with the success of the two Hf-20Ta clad nozzles from Task III is that it
has demonstrated the practicality of fabricating a reliable Ha-20Ta clad
specimen capable of providing long specimen life at elevated temperatures.
The approximate specimen wall temperature during these firings was 3200°F.
Although this temperature level may not be regarded as a severe test of the
coating system when compared to its theoretical temperature limitation, it
is reasonable to believe the Ha-20Ta clad system would also demonstrate
long life at even higher wall temperatures. The premise for this conclusion
is that prior experience during this program has indicated the fabrication
techniques and/or controls used to achieve a uniform, defect-free coating
is more crucial to the coatings success than the operating temperature.

Trailing the success of the S/N A-2 Hf-20Ta clad radiation cooied
chamber was the Hf-Ta slurry coated chamber (S/N B-5) with a demonstrated
life of 634 seconds; the second Hf-20Ta clad chamber (S/N A-3) with a
demonstrated life of 587 seconds; and the Ir-Re (S/N B-2), Hf-Ta-» clad
(S/N A-5), and Hf-Ta-Mo clad (S/N A-6) chambers all with a demonstrated
life of less than 70 seconds. The rapid failure of the Ir-Re coated chamber
(S/N B-2) is in part die to the presence of gas leaks through the chamber



69.4711.3-145
Page 6

barrel section. This leanage was detected during the pressure check made
prior to the firing. Similar but more extensive leakage was detected on

the unfired identical specimen (S/N B-4). The leakage in these two chambers
may have been through cracks in the substrate which were not detectable
during the pre-test metallurgical examination. The differences noted in

the firing durations for the various Hf-Ta clad specimens again points out
the imrortance of having proper fabrication techniques and/or controls in
providing a reproducible, uniform, and defect free coating; and ccnsequently,
long specimen 1ife.

During the Task IV chamber tests an attempt was made to test one of
the Ir-Re coated tungsten chambers (S/N C-1 and C-11); however, both chambers
cracked at the junction of the flange to the chamber barrel as they were
being installed. Cracking occurred at a bolt torque value of approximately
25 in.-1b. Photographs of the cracked areas are shown in Figures 17 and 18.

As a point of information, the S/N 005 injector has survived the test
program in rea<onably good shape. Some slight surface erosion has occurred
in the center of the injector face. The erosion is centered between the
four central propellant doublets; the reagior of minimum injector conling.
The erosion is a strip about 0.5 inch long by 0.1 inch wide. Depth of the
eroded area is perceptable but is only a few thousandths of an inch. There
appears to have been very little change in this eroded area since its first
appearance early in the test program. Numerous repairs have been made to
the injector throughout the test program; primarily at the braze joints of
the oxidizer distribution tubes to the inlet supply fitting and at the
braze joints of the oxidizer orifice tubes to the injector top nlate. The
injector presently has oxidizer leakage at tour of the aforementioned braze
joints but these leaks could be sealed with LOCTITE for future injector
usage.

2.2 METALLURGICAL ANALYSIS

Pre-test metaliurgical examinations of all tests specimens were com-
pleted during this quarter. The pre-test examinations have consisted of
specimen identification, visual and photographic examinations, and a record
of all observations. Suspect areas in the coatings were noted by detailed
sketches and photogranhs which are referenced to an index line on each
specimen.
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Post-iest metalluraical examinations of the failed specimens have begun.
The post-test analysis will duplicate the original visual exz ‘nation and
also include a metallographic examination on selected specimens of a full
insert longitudinal cross sectiun and other insert areas as required. Par-
ticular attention shall be given to the Ha-Ta class of coatings since they
have demonstrated superior performance throughout the test program.

3. WORK TO BE ACCOMPLISHED CURING NEXT REPORTING PERIOD

During the next monthly reporting period, the following work is planned
to be accomplished:

e Start finalizing and documenting the test data obtained during
the test program.

® Proceed with the post-test metallurgical examinations.

e Finalize the heat transfer analysis predicting the operating
specimen wall temperatures.

4. CONTRACT FINANCIAL STATUS

The contract expenditure as of 31 August 1969 was $281.990. The pro-
jected expenditure to complete the contract and the actual dollar and man-
power expenditures to date are summarized in Figure 12. Also included in
Figure 19 are the major milestones of the program. The reason for the
actual dollars falling b2low the estimate is the delays in getting the
test program started.
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EVALUATION TESTING OF PROTECT

ABLE [
IVE COATINGS ON REFRACTORY METALS

EXPERIMENTAL SUMMARY - TASK III AND IV

TEST DESCRTPTION

MATERIAL TYPE OR

Target Combustion
femperature of 4000°F

Target Combustion
Temperature of 4500°F

TASK PURPOSE OF TESTS 0/F Pc 0/F Pc SPECIMEN FAILURE COMMENTS
Phase I - Verification
of Operating Environ-
ment
A. Heat Sink Engine . Calibrate facility and .85 149 1.20 150 DNA
Tests (5 tests) engire at operating mixtur.
ratios
Obtain temperature data
for input in thermal
analysis proaram to deter-
mine recovery temoeraturgs
B. Streak Tests
S/N 005 Determine injector com- .86 -- DNA DNA DNA
bustion pattern at nperat-
ina mixture ratios
S/N 006 DNA DNA 1.24 - DNA
C. Radiation Nozzle Obtain temperature data .86 143 1.22 142 DNA
Tests (3 tests) for input in thermal
analysis program to deter -
mine reccvery lemperatures
Check out optical pyrometer
method of measuring wall
temoerature
Phase Il - Coating
Evaluation Tests-
Radiation Cooled
A. Task III Nozzle Determine time and tem-
Tests perature at the point of
coating failure
Determine failure mode or
condition of coating at
completion of tests
S/N003 HF-20Ta Clad, Ta Barrier .854 145 1.20 144 Nozzle An servicable condition after 1000 sec.duration
at 4500°F. Gross clad separation at exit. Craters anp
starting to develop on convergent section inside & outside. 22
S .
5/N 006 HF-20Ta Clad, Ta Barrier 1.02 137 1.26 149 Clad material separated from substrate at rozzle exit.The :;f;
test was adorted due to bupnout of the injector seal ring -~
at 78 sec duration at 4500"F. The test specimen is heavily w
contaminated with iron oxides and will not be further test ~
. w

Notes: (1)
(2) Entered values of mixture

DNA - Does not apply

are preliminary test

conditions.

ratio and chamber pressurs
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EVALUATION VESTING OF PROTECTIVE COATINGS ON REFRACTORY METALS
EXPERIMENTAL SUMMAPY - TASK ITI AND IV (CONTINUED)

_SPECIMEN FAILURE COMMEMYS

Target Combustion 0 Tarqget Combustion 0
MATERIAL TYPE OR Temperature of 4000 F| ‘emperature of 4500 F |
TASK PURPOSE OF TESTS Q/F Pc QOLE c
A. Task III Nozzle
Tests (continued)
S/N 013 Hf-20Ta-clad, Cb barrier 1.56 135 1.19 144
S/N 007 Ir .886 144 1.20 145
duration at 4500
side and outside,
S/N 012 Ir .862 137 DNA DNA
duration at 4000°F,
S/N 014 Ir/Re .867 151 DNA DNA 5
duration at 40N00°F.
S/N 022 Ir/Re .85 144 DNA DNA
S/N 023 Ir/Re .89 181 DNA DNA
duration at 4000
of substrate on exterior.
S/N 015 Ir/Re .879 143 DNA DNA
S/N 020 Hf-20Ta, Nitride Composite 917 157 DNA DNA
Primarily at 280" orientation.
decay of 15 percent.
S/N 021 Hf-20Ta, Nitride Composite .881 159 DNA DNA
duration at 4000°F,
S/N 120 Mdybdenum Disilicide .876 143 1.18 133
at 180
S/N 121 Molybdenum Disilicide .85 143 1.20 145
at 4500
S/N 122 Mclybdenum Disilicide .867 1M DNA DNA
4000°F .
i

Nozzle in gquod condition afte~ 1000 sec. duration at 4500°F
Some clad separation at exit but otherwise clading is intact

Nozzle burnout a& throat at 120° orientation after 63 sec.
F, Extensive substrate oxidation on in-

Much of exterior coating has spalled off
and remaining coating is badly cracked and blistered.

Nozzle burnout oscurred at 180°F orientation at 960 sec.
Nozzle burnout ogcurred at 180°F orientation at 557 sec.

Extensive spalling of coating on exterior &nd subsequest
oxidation of substrate after 480 sec. duration at 4000°F.
Internal spalling of coating at throat.

Nozzle burnout af throat at 200°F orientation after 670 sec|
F. Gross coating spalling and oxidation

Nozzle shattered after 15 sec. duration at 4000°F.Pr1nlry
failure occurred at an existing crack in nozzle throat.

Spallina erosion_failure after 36 sec. duration at 4000°F
Realized a chamber pressurel

Nozzle burnout oacurred at 180%F orientation at 563 sec.

Coatina melted followed by burnout of the nozzleothroat
orfentation at 542 sec. duration at 4500°F

Nozzle 3n excellent condition after 1000 sec. dura 1on
F. A nick in the coating at 225" orientation on
the exit rim has been enlarqed due to substrate oxidation.

Burnsut at 277° orientation after 592 sec. duration at

Ccating apparently spalled off exposina the
substrate which subsequently oxidized rapidly.

& sbeq
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TABLE 1
EVALUATION TESTING OF PROTECTIVE COAYINGS ON REFRACTORY METALS
EXPERIMENTAL SUMMARY - TASK IIT AND IV (CONTiNUED)

I = . TEST DESCRIPTION LR e
Target Combustion 5 Tarqet Combustiono
WATERIAL TYPE OR Temperature of 4000°F Temperature of 4500°F

TASK B 1 PQBEQSE_OI;IESIS 0/F “Pc_ 0/F % Pc SPECIMEN FAILURE COMMENTS

A. Task TII Nozzlg
Test (contined) | [

]

S/N 124 Hf-20Ta-0.25 Si .86 : 114 1.20 145 Substrate oxidation initiated a& 320° orientation at throat

after 216 sec. duration at 4500°F. Flow of yellowish
material from the oxidized area. Some thin surface spall-
ing and crac«s on remainina coatina.

|
S/N 125 Hf-20Ta-0.25 Si .85 | s 1.21 149 ! substrate oxidation initiated at 105° grientation at
| { throot after 845 sec. duration at 4500°F. Flow of yellow-
ish material from the o idized area. Remaining coating
! has some surf:ce spali' .q and cracks.
B. Task III 1. Determine time and tem-
Chamber Tests perature at the point of

coating failure.

2. Determine failure mode
or condition of coating
at completion of tests.

S/N 53-3-3 Hf-20Ta Clad .86 147 DNA DNA | Chamber burnout in barrel sectign at 245° orientation

| " after 478 sec. duration at 4000°F. Heavily cratered

| and oxidized on interior for first 1.5 inch into the
chamber barrel.

S/N 53-8-1 Hf-20Ta Clad .85 147 1.2} 145 F Chambe* burnout in barrel sectéons at 30° orientation
after 88 sec. duration at 4500°F. Cratering on interior

| for first 1.5 inch into cramber barrel. Extensive spall-

I ing of exterior cnating duriva cooldown after the test.

C. Task IV - i
Chamber Tests 1. Extended duration firings i
at highest temperature in} i
dicated in Task III to ! |
determine 1ife capability 1
|
2. Determine time at coating| !
failure and condition at |
completion of test. H
S/N A-2 Hf-Ta-Clad DNA DNA 19 ! Burn throuagh at throat and tearina to the nozzl i
1.1 144 350° orientation after 3937 sec duration at 453g°$f‘t o
; Extensive clad separation and loss of substrate at exit.
! Crater formations on interior and exterior. Internal
i chamber barrel in reasonably aood condition.

(| =oed
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TABLE 1

EVALUATION TESTING OF PROTECTIVE COATINGS ON REFRACTORY METALS
EXPERTMENTAL SUMMARY - TASK III AND IV (CONTINUED)

TEST DESCRIPTION

MATERIAL TYPE OR
PURPOSE OF TESTS

Target Combustion

Target Combustion

Temperature of 4000°F | Temperature of 4500°F

QLF Pc

0/E Pc

SPECIMEN FAILURE COMMENTS

S/N A-3

S/N A-5

S/N A-6

S/N B-5

S/N B-2

S/N B-4

S/N C-1

S/N C-11

Hf-Ta-Clad

Hf-Ta-W Clad

Hf-Ta-Mo Clad

Hf-Ta-Slurry

Ir-Re-90Ta-10W

Ir-Re-90Ta-10W
Re-Ir-W

Re-Ir-W

DNA DNA

DNA DNA

DNA DNA

ONA |, DNA

DNA DNA

DNA DNA

DNA DNA

DNA DNA

1.19 148

1.20 145

1.20 145

1.21 150

1.20 145

DNA DNA

DNA DNA

DNA NNA

Burn through at Shroat at 300° orientation after 587 sec.
duration at 4500°F. Clad separation at exit. Some
crater formation developing on outside and inside at
throat. Internal chamber barrel in aood condition.

Chamber burnout 3" barrel at 280° orientation after 50sec.
duration ot 4500°F. Extensive cratering exposing

oxidized substrate on interior of cnamber barrel. Consid-
erable flow of yellow/brown material from oxidized regions,
Nozzle section and exterior in aood condition.

Chamber burnout 3n barrel at 230° orientation after 63 sec
duration at 4500°F. Extensive substrate oxidation on
interior of chamber barrel. Considerable flow of arey
material from oxidized reaions. Nozzle section and ex-
terior in aood condition.

Substrate oxidation in throat rsaion at 220° orientation
after 634 sec. duration at 4500°F. Large blister forma-
tion downstream of throat on outside at 230°. Remainina
coatina in good condition.

Burn through at 8hroat at 220° orientation after 57 sec
duration at 4500°F. Many deep longitudinal cracks in
chamber barrel. Some cracks completely chrouah the
specimen. Prior to the test the specimen had aas Teak-
aae throuah the chamber walls. :eavy blister formations
on exterior barrel sec%ion,

No test. Soecimen leaked excessively throuah chamber
barrel durina pressure check.

Specimen could not be tested due to cracks develooina
at the tlanae during installation.

Snecimen could not be tested due to cracks developina

at the flanae during instailation.

Lt abeq
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65641-69

S/N
co3

65640-69

Inlet View
Figure 1. Post-Test Condition of S/N 003 - 1000 sec at 4500°F
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65643-69

65642-69

Inlet View
Figure 2. Post-Test Condition of S/N 007 - 63 sec at 4500°F
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189°

Exit View 65644-69
Figure 3. Post-Test Condition of S/N 013 - 1000 sec at 4500°F

o . oo

Exit View 64828-69
Figure 4. Post-Test Condition of S/N 022 - 480 sec at 4000°F
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No23

Exit View 64830-69
Figure 5. Post-Test Condition of S/N 023 - 670 sec at 4000°F

n
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§ e

Exit View 65647-69
Figure 6. Post-Test Condition of S/N 121 - 1000 sec at 4500°F
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Exit View 65648-69
Figure 7. Post-Test Condition of S/N 124 - 216 sec at 4500°F

- S/v
- |12.5

Exit View 65651-59
Figure 8. Post-Test Condition of S/N 125 - 845 sec at 4500°F
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65054-69

Overall View 65056-69
Figure 9. Post-Test Condition of S/N 53-3-3 - 478 sec at 4000°F
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Figure 10.

65653-69

Overall View 65654-69
Post-Test Condition of S/N 53-8-1 - 88 sec at 4500°F



Figure 11.

Overall View 65777-69
Post-Test Condition of S/N A-2 - 3937 sec at 4500°F
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65768-69

Overall View 65779-69
Figure 12. Post-Test Condition of S/N A-3 - 587 sec at 4500°F
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Inlet View 65775-69

Overall View 65782-69
Figure 13. Post-Test Condition of S/N A-5 - 50 sec at 4500°F
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65776-69

Overall View 65783-69
Figure 14. Post-Test Conditinn of S/N A-6 - 63 sec at 4500°F
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€5770-69

Inlet View 65781-69
Figure 15. Post-Test Condition of S/N B-5 - 634 sec at 4500°F
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65767-69

Overall View 65780-69
Post-Test Condition of S/N B-2 - 57 sec at 4500°F



Test
Specimen

__S/N

NOZZLES
003

013

007

022

023

121

125

Coating

Hf-20Ta Clad,
Ta Barrier

Hf-20Ta Clad,
Ta Barrier

Ir

Ir/Re

Ir/Re

Molybdenum
Disilicide

Hf-20Ta-
0.25 Si

Hf-20Ta-
0.25 Si

Target
Combus tion

Temperature

4500°F
4500°F

4500°F
4500°F
4500°F

4500°F
4500°F

4000°F
4000°F

4000°F
40C0°F

4000°F
4000°F
4000°F

4500°F
4500°F

4000°F
4000°F
4000°F

4500°F
4500°F

4000°F
4000°F
4000°F

4500°F
4500°F

TABLE II

EICHTH QUARTER PRELIMINARY TEST RESULTS

Firing
Time

sec.

10
1000

10
1000

10
63

10
480

10
670

10
10
1000

1000

1N
1000

10
216

10
1000

10
845

No. of
Starts

TV s ) —

—

— et D) Ot () b

N et Cad oo b

Comments

Nozzle in serviceable condition. Gross clad separation at exit.
Craters are develcpirng on convergent section inside and outside

Nozzle in aood condition. Some clad separation at exit but
otherwise clading is intact.

Nozzle burnout at throat at 120° orientation. Extensive sub-
strate oxidation on inside and outside. Much of exterior
coating has spalled off and remaining coating is badly cracked
and blistered.

Extensive spalling of coating on exterior and subsequent
oxidation of the substrate. Internal spalling of coating
at throat region from 170° to 260°.

Burnout downstream of throat at 200°. Gross coating spalling
and oxidation of substrate on extcrior. Internal coating sur-
faces are in good condition.

Nozzle in excellent condition. A nick in the coating at 225°
orientation on the exit rim has been enlarged due to substrate
oxidation.

Substrate oxidation initiated at 320° crientation at throat.
Flow of yeliowish material from the oxidizad area. Some thin
surface spalling and cracks on remaining coating.

Substrate oxidation initiated at 105° orientation at throat.
Flow of yellowish material from the oxidized area. Remaining
coating has some surface spalling and cracks.

G2 abeyd
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Test
Specimen

S/is
CHAMBERS
53-3-3

53-8-1

A-5

A-6

B-5

B-2

Coating

Hf-20Ta Clad

Hf-20Ta Clad

Hf-Ta Clad

Hf-Ta Clad

Hf-Ta-W Clad

Hf-Tz-Mo Clad

Hf-Ta Slurry

Ir-Re

Target
Combustion

Temperature

4000°F
4000°F

4000°F
4000°F

4500°F
4500°F

4500°F
4500°F

4500°F
4500°F

4500°F
4500°F

4500°F
4500°F

4500°F
4500°F

4500°F
4500°F

TABLE 11

EIGHTH QUARTER PRELTIMINARY TEST RCSULTS (CONTINUED)

Firing
lime

sec.

478

10
1000

10

10
3937

10
587

10
50

10
63

10
634

1n
57

No. of
Starts

il ol ik

-—

Comme*
Chamber burnout in barrel Clyue ot 2€ ov- o cation. Heavily
cratered and oxidized on 3¢ sne f o+ 5 inch into the
chamber barrel.
Chamber burnou” = b»= " & ion at 30° orientation. Cratering
on interior € - y.  incn into chamber barrel. Extensive

spalling 0 . -“icr coating during cool down after the test.

Burn throu,n at * : and tearing to the nozzle exit at 350°
orientaticn. Extensive clad separation and loss of substrate
at exit Crater formations on interior and exterior. Internal
chamber barrel in reasonably good condition.

orn through at throat at 300° orientation. Clad separation
2t exit. Some crater formation developing on outside and in-
side at throat. Internal chamber barrel in good condition.

Cha.ser burnout in barrel at 280° orientation. Extensive
crataring exposing oxidized substrate on interior of chamber
barrel. Considerable flow of yellow/brown material from
oxidized regions. Nozzle section and exterio:r in good
condition.

Chamber burnout in barrel at 230° orientation. Extensive
substrate oxidation on interior of chamber harrel. Consider-
able flow of gray material from oxidized regions. Nozzle
section and exterior in good condition.

Substrate oxidation in throat region at 220° orientation.
Large blister formation downstream of throat on outside at
230°, Remaining coating in good condition.

Burn through at throat at 220° orientation. Many deep longi-
tudinal cracks in chamber barrel. 35ome cracks completely
through the specimen. Prior to the test, the specimen had gas
leakage through the chamber walls. Heavy blister formations
on exterior barrel section.

92 abeg
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rigure 17.

Figure 18.
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65785-69

Cracked Flange Area on S/N C-1

f:;‘-’f.
S/
C -1l

65784-69
Cracked Flange Area on S/N C-11
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TOTAL DOLLARS X 10

Tot
Man H
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300

290 - L
-
280 P iy SR B

270

250 -

240

‘

b e e

14
e

MAY |JUNE [JULY [AUG. |SEPT.[OCT. [NOV. [DEC.

230

— — — Estimated
Actual

al o T
ours 12.5 §12.7 | 13.3] 14.0
X 10-3 _ _ |

MILESTONES:
1. Start Test Program
2. Complete Task III Tests
3. Complete Task IV Tests
4. Complete Task V Analysis
5. Submit Final Report for Approval
6. Distribute Final Report

Figure 19, Doliar and Manpower Expenditure Record
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