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1.0 INTRODUCTION
1.1 Background

Transpiration cooled nosetips (TCNT's) with hemispherical
and OGIVE shapes have been designed, fabricated and tested by
Aerojet over the last 10-15 years. These nosetips have all been built
from 347 stainless steel and used the discrete injection platelet
concept with water as the coolant. The most recent work involving
these nosetips was conducted during the Advanced Ballistic Re-Entry
Vehicle (ABRV) TCNT Development Program and is reported in Refer-
ence (1). The test results from this program showed the ability of
the nosetip to survive in high aerodynamic heating and snow field
density environments and also indicated that the basic nosetip
analyses techniques were fairly accurate. Follow-on studies at
Aerojet to the Reference (1) work have included investigations of
alternate materials, shapes and coolants for TCNT applications. The
alternate materials investigation resulted in the selection of
molybdenum as a candidate nosetip material and a test plan to
empirically evaluate the material using the AEDC Track G facility is
contained in Reference 2, Aiternate shapes to the hemispherical
configuration used previously were evaluated both analytically and
empirically and a flat face small corner radius design was found to
yield significant coolant savings compared to the hemisphere. This
work was reported in Reference (3).

The impetus for the work relating to alternate coolants,
reported herein, were studies which indicated that other coolants
have the potential for significantly reducing the amount of nosetip
coolant required compared to water (References 4 and 5). ALRC has
evaluated several different coolants for potential coolant weight
savings compared to water (Reference 6). These studies led to a
coolant screening test program (Reference 7) which was conducted in
the Acurex/Aerotherm arc plasma gencrator (APG) test facility in
hiountain View, California. The results of these tests (Reference 8)
led to the selection of propylene glycol as the best potential coolant
candidate for Track G evaluation among the 5 coolants tested.

Although the available data on coolant effectiveness for

TCNT re-entry vehicle applications is very limited, the Reference




(4) and {5} studies identified, and to some extent verified, the
pertormace improvement potential of ethylene glycol 4w compared to
water.  The bulk of the test data ic contained o Noeterence (4) and
was dorived trom plasma arc heater testing ot weiry low pressures
(.07 tm) Lt ot the temperatures of interest (1¢ 0Ld L), The later
test sceriee ot Keferences (7) ond (8) were ol-c o ol totel gas

temperatares i the range of 10,000 R, whicn o0 coograte o mnduce

.

coolant pyrolysis and thus produce some coolant wioctic decomposition
and  edcoular dissociation  effects., The to-1 toe-sures  were
significantty higher than those o! the previous to o 1 at).  Data

from these tests indicated that both ethylene iy ol and propylene
glycol were superior to water as transpiration coclanis in the high
temperature regime  |{ 10,060 °R). The ratio o cthylene  and
propylenc glycol flow rate to water fiow rate for cquivalent TCNT
surface toimperatures were approximotely 503 ona 20 respecuively,
and thus propylene glycol was selected for the Al Lo track G tests.

The Track G test series was conducted utiiizing two 0.65
inch nose  radius  hemispherical nosetips.  The niternal hydraulics
design fuor these nosetips was a modification of an cxisting design to
allow for reduced coolant mass fluxes consistent with the anticipated
roduction in required coolant flow rate. Three tests were conducted
for this test serics, with a cell pressure of 350 Torr and range
entrance velocity of 17,000 ft/sec. The coolant mass tlux was the
indepcndaunt paraineter which wao varied tor the test

1.2 Test Objective and Goals

The objective of the test scries waes to define the magnitude of
the coolant  reduction possible with propylene glycol compared to
water.  Additionally, goals of the test scries were:

I 1o obtain photographic data relating te cuolant atomization
and vaporization compared to water,

L. To obtain test data  to update the  boundary  layer
blockage /downstream  cooling/internal  cooling  compater  model  for
propylene glycol,

The test objective and  goals  have  becenn met,  the  coolant
reduction possible with propylence glycol at these test conditions s

o

approximately 507




1.3 Test Conditions and Contigurations
Three tests were conducted with two propylene glycol cooled
nosetips in the Track G facility at AEDC. The track conditions for

these tests were as follows:

Cell Pressure 350 Torr
Cell Temperature 530“R
Launch Velocity 17000 ft/sec

Clear Air Conditioi.s

The two nosetips were made by Aerojet from 347 stainless steel
platelets. The nosetips were hemispherical with nose radii of 0.65
inches, a 17¢ base half angle and 0.62 inch base radii. (A pre-test
nosetip photograph is shown on Figure 3).

1.4 Test Data Results

Results from the propylene glycol cooied nosetip testing are
summarized on table I.

The flowrates measured on tests 4749 and 5751 were significantly
lower than the lowest water flowrates previously recorded for the
hemispherical nosetip (\vexit = 0.10 Ibm/sec). On these tests
recession was a maximum of .050 inch. The thermal code predicted at
or near melt temperatures over a substantial portion of the nosetip,
although the code predicted a relatively cold stagnation region. Code
improvements in the stagnation region are recommended and the
possible form of these improvements have been identified. The code
apparently does a very adequate job of predicting the downstream
temperature, based on the observed recession. However, the thermal
test data in this region was obscured by flarc from the model holder.

On test 5768 thc meusured temperatures were equal to or slightiy
higher than on the two previous tests in the stagnation region. This
may have been due to local flow blockage, a result of previous testing
(Test 5749) with this nosetip. The data from station 29 on test 5768
are the best data from the test scries, and indicates a hot region
near the base of the nosetip. This hot region was predicted by the
code and may have been present during the previous tests, but was

obscured by flare.




Based on the observed rclatively constant stagnation region
temperature with Track station and some indications of a delay in
coolant flow initiation, the nosetip may have been pre-heated to some
unknown temperature at the early track stations. Additional and in
particular lower sensing level thermal data are needed on future track
tests to aid in data analysis and computer code correlation. Also,
data on the high temperature characteristics of propylene glycol are
needed in order to further improve the cooling code predictive

capabilities.

2.0 TECHNICAL DISCUSSION
2.1 Coolant Selection

Propylene glycol was selected as the best candidate
alternate coolant for water based on the test results reported in
Reference (8). In addition to water and propylene glycol the coolants
evaluated in the Reference (8) work were ethylene glycol, glycerol,
and tertiary amyl alcohol. The cooling performance of these fluids
relative to water is shown on Table 1. A comparison of propylene
glycol and water physical properties at ambient temperature is
provided on Table Il. The data contained on Table Il show some
marked differences between the two coolants at ambient temperature.
In addition to the room temperature property differences, coolant
molecular dissociation differences between propylene glycol and water
are expected to have a dominant influence on coolant effectiveness.

The difference in critical pressure between water and
propylene glycol is significant because with water as the coolant, the
Track testing yields nosetip boundary pressures (for the baseline 350
Torr cell pressure and 17,000 fps launch wvelocity) which are below
the critical pressure; while with propylene glycol a significant portion
of the cooling is done above the coolant critical pressure. The
curves of Figure 1 show the Track G nosetip pressure distributions
at Track entrance, the 2/3 point (40 ms) and track exit. These data
show that the boundary pressure is above the critical pressure of

propylene glycol for surface distances from the stagnation point of

0.40 to 0.52 inches, dependent oun location in the Track.
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TABLE 1

COOLANT SCREENING CANDIDATES

Toest Flutd Pertormance Relative to \Water®
Water 1.0
Propylene Glycol ~ 0.2
Ethylene Glycul ~ 0.5
Glycerol >1.0
Tert-amyl Alcohol ~0.3**
'wCoolant for Equivalent Surface Temperatures

W\Va ter

** Flowrate data questionable

TABLE II

PROPYLENE GLYCOL AND WATER PROPERTIES
COMPARISON AT AMBIENT TEMPERATURE (77°F)

PROPYLENE WATER
GLYCOL
Molecular Weight 76.09 18.02
Critical Temperature, °F 665.6 705 .
Critical Pressure, psia 882 3206
Normal Boiling Point, °F 369.5 212
Heat of Vaporization (at NBP) 306 970
Btu/tbm
Density, Ibm/ft3 64.8 62.4
Surface Tension, Ibf/ft . 0025 . 0049
Viscosity, Ib/ft-sec .030 .00055
Specific Heat, Btu/lb °R .060 1.00




The viscosity ratio at room temperature between propylene
glycol and water is 55:1. The relatively high viscosity of propylene
glycol results in laminar Reynolds numbers throughout the flow
metering region of the nosetip. The change in viscosity with
temperature for this coolant is also considerable, which when coupled
with change in laminar flow control results in significant changes in
flow rate with temperature at a constant pressure drop. The
influence of temperature on flowrate is shown by the curves of Figure
2. For both ground test and flight applications this increased
sensitivity to temperature changes must be evaluated. Thus,
although propylene glycol appears attractive from a coolant utilization
standpoint, some significant operational ditferences between propylene
glycol and water are expected (Sece References (6)and (9) for further
discussions of coolant selection criteria and effectiveness charac-
terization).

2.2 Nosetip Design
2.2.1 External Design

The external design of the nosetips used for the
alternate coolant testing was the same as used on the nosetips of the
Reference 1 study. The nosetips were made from 347 stainless steel
platelets which had been diffusion bonded to form a nearly monolithic
structure. The nosetip contour, a hemispherical nose radius of 0.65
inches with a half angle of 17° and 1.24 inch base diameter, was
selected to provide a direct comparison with the previous data. Two
nosetips, SN G-10CT and G-11CT, were fabricated for the test pro-
gram. A pre-test photograph of nosetip S/N G-10CT is shown on
Figure 3.

2.2.2 Internal Design

The two nosetips had identical internal designs.
As with all ALRC nosetips, coolant flow control and distribution is
achieved by through etched passages in the platelets. Flow control is
accomplished in .0008 to .0019 inch thick metering platelets which
generally use a branching network to meter and deliver the flow to
the distribution passages and thus to the nosetip surface. On ALRC
nosetips this metering occurs well below the surface, i.e., out of the




heat affected zone. A 0.200 inch setback from the surface is used on
the current generation of 0.65 inch nose radius nosetips.

As with all previous ALRC nosetips, flow
collection manifolds were included as an integral part of the design.
These collection manifolds allowed the nosetips to be cold flow
calibrated to define the relationship between pressure drop and
flowrate in each of 15 independent hydraulic sections. The
relationship between hydraulic section number, nosetip surface
distance, and exit flow rate is shown on Table Ill, The collection
manifolds are machined off the nosetip when the contour is machined.

2.3 Cold Fiow Test Results

Both nosetips were cold flow tested at ALRC prior to being
shipped to AEDC. The cold flow test results from nosetips S/N
G-10CT and G-11CT are summarized on Figures 4 and 5, respectively.
The nosetips were flow tested at nominal pressure drops of 100, 500,
and 1000 psi with water and at a pressure drop of 1000 psi with
propylene glycol and the flow from each of the 15 axial nosetip
hydraulic sections was collected and measured. The data shown on
the figures is presented in terms of the measured section flow rate
over the design (predicted) section flow rate at a pressure drop of
1000 psi for both water and propylene glycol. For nosetip G-10CT
the data show that most hydraulic sections flowed from approximately
.65 to 1.35 times the predicted value. Vith the exception of Section
1 (which has a design coolant flow rate which produced
overcooling compared to the ideal value by a factor of greater than
5), section 7 and section 14, the propylene glycol flow distribution is
more uniform than the water flow distribution. The median flow
factor was approximately 1.1 for water and 1.0 with propylene glycol.
On a total flow basis the measured flow was 9% higher than that
predicted for water and 12% higher than that predicted for propylene
glycol.

The flow factors shown on Figure 5 for nosetip S/N G-11CT
show similar results to those for nosetip S/N G-10CT, except that the
flowrates with propylene glycol were less than the design values in
the first four hydraulic sections. This lower than designed flow in

the stagnation region on nosetip G-11CT may have contributed to
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some increased stagnation point recession between Track stations X34
and X40 on test 5751 compared to test 5745 with nosetip C-10CT. The
measured test stagnation region data indicated only slight temperature
differences between the two tests.

2.4 Test Matrix and Test Conditions

The Track G test matrix for the two nosetips is shown on
Tabie IV. The oniy operational difference between the three tests
was the coolant flow rate. The flow rate on Test 5749 was
significantly less than planned in the latter portion of the Track, as
can be seen from Figure 6.

A flowrate increase was planned for the second test based
on an evaluation of the data from the first test which indicated
temperatures above the design values, as implied by some observed
material loss. However, this increased flowrate was not realized. On
the third test, test 5768, a substantial flowrate increase (somewhat
greater than desired) was achieved. The test flowrates, as =&
function of time for all three tests, 5749, 5751 and 5768, are shown
on Figure 6. Also shown on the figure is the minimum water flowrate
from the previous test series. The pronounced difference in shape of
the three curves is caused, in part, by the different propellant
loading combinations wused in the AEDC coolant pressurization
subsystem. The lower coolant flow rate for these tests (particulariy
tests 5749 and 5751} compared to the test with the reference water
cooled nosetip is evident from an inspection of the figure. For test
5749 the propylene glycol flow rate reduction relative to water was
approximately 66%. (This compares to a flow rate reduction based on
the coolant screening tests of 80%). On test 5768 the flow rate
reduction compared to the minimum water flowrate test varied from 40%
at 5 ms to 14% at 55 ms. Neither the water nor the propylene glycol
nosetips had the optimum coolant distributions needed to make direct
comparisons of actual coolant requirements. Basesl on the data from
tests 5749 and 5751 a coolant reductiori of over 50% appears possible
with propylene glycol, as will be discussed in the following sections.

The loyic path used during the testing compared to the
pre-test logic diagram is shown on Figure 7. The first test (5749)

was successful in that the flow rates were less than one half the
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water flow rate and test data were obtained. The second test (5751)
was planned to have increased flow rates compared to the first test,
however the actual flow rate was within 102 of the test 5749 flow rate
(Nosetip S/N G-11CT used on test 5751, was not recovered after the
test). A review of the test data - laser photographs, x-ray photo-
graphs, and thermal plots - indicated that this test was essentially ‘a
repeat of test 5749, except at Station 41 ({Track exit). At this
station the photographs indicated substantially more material removal
than was observed on Test 5749 (See Figures 12 and 13). This may
have been due to a further 15% flow reduction at this station on test
5751 compared to test 5749, Because of the nearly identical flow rates
on tests 5749 and 5751, additional information regarding temperature
versus flow rate was not obtained from Test 5751. However, the
ability to essentially repeat the thermal behavior on two nosetips
tested at the same conditions did provide valuable verification of
nosetip-to-nosetip thermal performance repeatability.

The free stream and nosetip stagnation conditions for these
tests as predicted by ASCC-80, are shown on Figure 8. As can be
seen the Mach number, stagnation enthalpy and stagnation pressure
decay significantly during the test, and, consequently, cause a
decrease in heating rate. However, the coolant flowrates also decay
significantly during the test. These two influences, decreasing non
blowing heating rate and decreasing coolant flow with time, tend to
compensate one another. The combined effect is a predicted increase
in peak heating (considering blowing and cownstream cooling
influences) from Track entrance to Track exit stations on tests 5749
and 5751 of approximately 9% ana an increase in peak heating on test
5768 of 13%.

The non-blowing heat flux distribution predicted by
ASCC-80 at range exit for the initial and final nosetip shapes are
shown on Figure 9. The influence of the observed shape change
which occurred during the test (5749} had a significant impact on the
heating rate in the near stagnation pont region (to a surface
distance of .15 inches). The final shape from test 5749 was identicatl
to the initial shape for test 5768.

11




2.5 Track Test Results

The resuits from the Track G tesis include both nosetip thermal
and recession data, in addition to the nosetip flowrate and test
condition data presented previously. Thermai data was available from
three stations, 1C20, (C29, and IC41 on test 5749*%, from stations
1IC11, 1C20, 1C29 and IC41 on test 5751 and stations 1C20 and 1C29 on
test 57681. The data from these three tests arc summarized on the

following table V2.
TABLE V

NOSETIP TEST DATA SUMMARY

NOTE: ND = No Data
A1l Temperatures + 200°R
* Sensing Level = 3000°R
** Sensing Level = 2430°R
Station Temperature Data, °R
Test No. Nosetip S/N Flow Rate, 1bm/sec ' IC4 Icn 1C20 - 1C29 141 Comments
Configuration Ent. Exit (15 ms)] (25 ms) : (40 ms) (55 ms)
5749 G10CT/Hemi sphere .15 .038 ND ND 2400-2700 {2160-2520{2350- .045" Material Loss
Propylene Glycol Stag Stag i2750 Over Most of Tip
Flare flare iStag Much Flare
5751 G11CT/Hemi sphere 134 .036 ND 2380- 2340-2700 ’2300-2700?2250- Nosetip Not Recovered
Propylene Glycol 2740 Stag Entire  |2650 Temperatures and Flow
Stag 2700 Spots{ Tip Rates Similar to Test
2430 at 10-20° Entire 5749, Flare all
Ring : Tio Stations
at
20-30° |
5768 G10CT/Hemisphere .23 .09 NO A1l Be- :2400-2800 |2600—3000 ND Second Test on Nosetip
Propylene Glycol Tow iNear Near G10CT, Station 29
Sense ICenter** {Center Data Best of Test
Level* 2340- Series, No Flare
: 2900
Base
Region AJ
As can be seen from the data contained on the above
summary table, tests 5749 and 5751 vyielded very similar results.
During both tests there was a significant amount of flare. The
station IC41 data on test 5749 and Station IC11 and IC41 data on test
. 5751 are probably the best data on those two tests and indicated

Note ! See Tables V, VI, and VII for descriptions of station locations.
Note

A comprehensive data compilation may be found in Reference 10.
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2400-27060°R temperatures. Data rtrom test 5768 show Station 1Cz0
peak thermal data are similar to that observed in the previous tests,
even though the coolant flow rates were significantly higher. Station
IC29 data from this test indicates higher temperatures then evidenced
in the previous tests. However, these higher temperatures are
localized at the stagnation point and in the base region. A cold
surface (below the 2160°R sensing level) was indicated between the
stagnation region and base region. The IC station 29 data from test
5768 at is probably the best thermal data of tne test series.
However, Test 5768 was conducted with a previously tested nosetip
(nosetip G-10CT was also used on test 5749). The x-ray photographs
show a substantial local material loss occurrea on test 5768 at an
angle of from 5 to 25° off the stagnation point, extending over a
circumferential distance of approximately 30°. This mass loss was
probably caused by local flow starvation due to internai or external
flow blockage, a consequence of the carbon deposited on the tip
during cool down on the previous test. Thus the higher measured
temperatures on test 5768 may have been a result of local coolant flow
reductions, even though the total tlow rate was higher than on
previous tests. The use of a previously tested nosetip posed two
problems which should be avoided in the future: (1) the flow
distribution was altered from the as-built condition and; (2) the
material toss on the second test was difficult to define because of a
lack of a valid reference point. The first of these two problems
could be partially overcome by a thorough cleaning and dehydration
immediately following the test. (Currently the AEDC test facility is
not setup to do this}. The second problem may be overcome by
defining a nosetip contour reference point on the nosetip stem. This
reference point should be at the origin of the nosetip hemispherical
arc radius and ail recession measurements should be referenced to
this arc. For substantial nosetip coolant slot blockage or
non-hemispherical shapes resulting from previous tests, light
machining and electro polishing would both remove the blockage and
provide a better defined nosetip contour, i.e., allow improved
subsequent recession measurements and produce more nearly designed

heat flux profiles.
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2.5.1 Tests 5749 ¢nia 5751

Data from tests 5749 and 5751 are contained in
Appendix A. These data include laser and x-ray photographs, and
image converter camera thermal plots. As was mentioned previously
the thermal test data is somewhat distorted due to model flare, a
probable consequence of the low flow rates on these tests. These two
tests were essentially identical in terms of coolant flow rates and the
resulting thermal response. The nosetip used on test 5749, S/N
G-10CT, was recovered and thus post test inspection was possible.
The nosetip used on test 5751, S/N G-11CT, was not recovered and
thus no post test inspections could be performed. For this reasonr
the analysis concentrated on a discussion of test 5749 however, the
data was treated as a composite from tests 5749 and 5751, A post
test 5749 photograph is shown on Figure 10 and pre and post contour
comparisons are shown on Figure 11. The post test photographs
shows some local axial depressions on the nosetip surface in the
downstream region. The pre and post test contours shown on Figure
11 indicate up to about .050 of material was removed. Material
removal appeared to be greatest near the stagnation point (S = .075
to .150 in.) and near the 45° (sonic) point. In flight nosetip con-
tours for Test 5749, shown on Figure 12, indicate that some very
minor shape change may have occurred as early as Station X7 but
that most of the shape change occurred between Stations X18 and
X28. Inflight nosetip contour data for test 5751 is shown on Figure
13. These data indicate similar shape changes occurred on test 5751,
except at Station X40. The Station X40 contour shows more material
removal on Test 5751 than on Test 5749. This may be the result of
lower flow rates at X40 on Test 5751 and lower than design stagnation
region hydraulic admittances. The composite thermal data from all
available stations is shown on Figure 14 along with the predictions
from the downstream cooling (DSC) code at Stations IC11 (15 ms) and
IC41 (55 ms). These data indicate the prcdicted temperatures are
lower than the measured temperatures in the stagnation region.

However, the model predicts temperatures in the melt region over

14




much of the nosetip, which appears consistent with the observed
recession data.

Temperature data downstream of approximately S = .3
in. is not available. The observed model flare, the temperature
sensitivity range of the IC units, and the melting point of the 347
stainless steel nosetip combine to obscure the real nosetip surface
temperature. Therefore, the data analysis and computer code
calibrations were limited to ascertaining if the observed test results,
including measured recession, post test nosetip inspection ({Test
5749) and thermal trends were in general agreement.

The stagnation point thermal data shown on Table V
indicates nearly constant temperatures between Stations IC11 and
IC41, The expected trend would be increasing temperature with
increasing Track station number due to the nosetip thermal transient
response. However, Station IC4 data (5 ms) is needed for a better
assessment of early time heating to accurately define nosetip thermal
response. Also, determinations should be made of the actual flow
rate initiation at the surface of the nosetip to define the length of
time, if any, that the nosetip remains uncooled.

The measured nosetip recession and post test
inspection indicated the nosetip surface was at or near the melt
temperature over most of the surface at some time during the tests.
Temperature predictions made using the downstream cooling code were
shown on Figure 14 and indicated that the nosetip was at or near melt
at 55 ms over most of the surface (S > .35 in}. At 15 ms (Station 11)
the prediction indicated melt conditions from S = .63 to S = .75
inches. This should be a conservative prediction since it is based on
a steady state analysis, For both times the code predicted a
relatively cold stagnation region. The stagnhation region has
historically yielded higher test temperatures than the various codes
predicted. The current nosetip thermal performance code (DSCC), is
amenable to calibration based on mechanistic relationships. The code
could thereby be correlated with the stagnation region thermal test
data, thus enhancing the applicability of the code. Two possible
techniques could be used for this calibration. One technique would

be to reduce the amount of cooling cffectiveness in the stagnation
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regiorn based on considerations of the amournt ot coolant flow which is
predicted to remain in the boundary layer. This assessment could be
based on coolant to boundary layer momentum ratic considerations. A
second technique, which could be used in conjunction with the first
technique, is to use a stagnation point roughness augmentation factor
which decreases with distance as the influence of uniform blowing
mitigates the surface roughness influence.

Stagnation  point  surface roughness  heat  flux
augmentation factors of 2 to 3 are predicted by the ASCC-80 code tor
the nosetip. When the aownstream cooling code was used to correlate
results from the ABRV Series |l tests (Reference 1) a smooth wall
assumption with local blockage based on vaporized coolant fiow
provided the best correlation in the downstream regions, but
underpredicted the stagnation point. Data exists (Reference 11), ana
was cited in Reference (1), which suggests that blowing mitigates
roughness influences. However, the reduction in roughness
augmentation s probably a cumulative effect and may require 3 to 10
injection points and subsequent boundary layer buitdup to reduce the
augmentation to zero. Thus, calibration of the code at the stagnation
pocint in a mechanistic manner appears to be an achievable goal for
future consideration,

The downstream cooling code has been modified to
include propylene glycol properties in addition to water properties.
However, high temperature characteristics, such as energy absorption
due to chemical dissociation, were not available. Therefore, to
characterize the cooling capability of propylene giycoi estimates of the
effective energy absorption relative to water were made based on
molecular bond energy estimates. For high temperature boundary
layers an effectiveness of 1.5 to 2 times water was estimated. The
downstream cooling model thus used propylene glycol properties for
the analysis but used an effective heat capacity for the high
temperature region of 1.5 that of water. In addition, since the track
tests were conducted at pressurcs above the critical pressure of
propylene glycol over a substantial porlion of the nosetip, the coolant
vaporization calculations were suppressed. These modifications to the

code resulted In the predictions previously shown on Figure 14,

16

|




Thesce predictions, when moditica to include the updated stagnation
region model discussed previously, should yieid results which provide
adequate correlation to the existing test data. Further model
improvements to better characterize high temperature propylene glycol
cooling effectiveness and operation above critical pressure are, of
course, recommended. However, test data for a wider range of
conditions and of better quality than is currently available is needed
to justify much additional modeling effort.
2.5.2 Test 5768

Test 5768 was the second test using nosetip S/N
G-10CT. The flowrates for this test were substantially higher than
on tests 5749 or 5751. Higher flow rates wcre used in an attempt to
reduce a suspected nosetip early heating problem due to fiow
initiation delay or blast tank effects. Thermal data was available from
only two Track stations, 1C29 and iC41, on this test and the data
indicated the same or siightly higher temperatures in some local
regions near the stagnation point and at the base than were measured
on Tests 5749 or 5751. However, the use of a previously tested
nosetip and the reduction of model flare possibly contributed to the
observed higher nosetip temperatures. The altered shape caused by
recession on Test 5749 changed the heat flux distribution as was
shown on Figure 9 ana the coolant flow distribution was also altered.
(Cold flow results indicated a 102 decrease in hydraulic admittance
(flow rate) as a consequence of test 5749),

The thermal data from test 5768 is shown on
Figure 15 together with the downstrcam cooling code predictions for
Stations 1C20 (25 ms) and 1C29 (40 ms). The data show the hot
stagnation region and, for Stationn 29, a hot region near S = .6
inches. The rniodel predicts a hot region rnrear S = .6 but, as on
Tests 5749 and 5751, dues nol predict e not stagnation region.

The inflight and post test nosetip recession data
for test 5768 are shown on Figures 16 and 17, respectively. A post
flight photograph is shown on Figure 1u. The data on Figure 16
show negligible shape change (.00 in.) during the test. However,
comparison of the post test nosetip profiles from test 5768 (Figure 17)

with the post test profiles from test 5749 (Figure 11) indicate some
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material loss in a local circuimicrential region 5 to 25 from the
stagnation point. Based on the inflight laser photoygraphs (Appendix
B) this material loss had started prior to Station [C11 and was
probably the result of local tlow starvation. As mentioned
previously, the determination of recession on a previously used
nosetip with prior recession is difficult. A reference arc based on
the original nosetip radius with the reference origin located at the
original center point of the un-recessed hemisphere will greatly
enhance the recession data usefulness. The apparent lack of any
further recession on Test 5768, except for the local region near the
stagnation point, tends to support the temperature prediction of
reduced heating on this test compared to tests 5749 and 5751. The
measured higher temperatures near the stagnation region on this test
are probably caused by local flow starvation in the observed area of
additional nosetip recession. The high temperatures near the base
region may also have been present on tests 5749 and 5751, but were
masked by flare on those tests.
3.0 CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations resulted from the
testing and data analysis of the propylene glycol cooled nosetips.

3.1 Conclusions

0 Propylene glycol appears to offe~ a signiticant (~50%)

increase in cooling efficiency compared to water.

o The cooling code provides a fair corrclation with the
test data, however, a larger and more precise
empirical data basc is needed to further improve the

code.

0 Additional code updates for stagnation region heating
are needed and basic analytical or empirical studies
of high tempecraturc propylene glycol properties
{including super critical pressure operation} are
required to allow increcased confidence in code extra-

polations to flight conditions.
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3.

2

o The Track G data acquisition systems don't currently

provide sufficient temperature measurement stations
and a suffticiently low threshold temperature to allow

the resolution desirable for data correlations.

o Repeat tests of nosetips that have had significant

shape change and/or whose flow distribution has been
altered significantly from the as built condition may

produce unreliable data.

0 The properties differences between propylene glycol

and water, particularly the viscosity, need to be

evaluated from a systems standpoint.

Recommendations

0 The nosetip test data base should be expanded to

provide more detailed information on the cooling
effectiveness of propylene glycol. The tests

shouid include both Track G (with increased thermal
data resolution)and also more basic tests (or analytical
efforts) to quantify the decomposition kinetics of

propylene glycol.

o Various cooling code updates and calibrations to an

improved data base shoulu take place as data become
available (some basic code improvements could begin

without further data generation}.

o A study which includes long term storage

and flight systems applications should be initiated for

nosetips using propylene glycol.

0 Re-test of nosetips for detuiied data trend definition

should be limited only to those whose surface contours

and hydraulic behavior are well defined.
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TRACK G LOGIC

TEST #1
M, <1/2 W Hy0
//
TEST YES CORRECT PROB.
PROBLEM? RE-TEST AT
CONDITION #1
NP
NO W <1/2 W
C -- C
HZO
TEMPERATURE TEMPLRATURE >
Ho P YES o oA TNES 5
OBTAINED? | OBTAINED?
INSPECT TIP EVAL. DATA INSPECT TIP EVAL. DATA
RETEST AT RETEST T0 RETEST T0 RETEST TO
CONDITION #1 YIELD PREDICTED YIELD PREDICTED YIELD.PREDICTED
TDESIAN-STAG PT TOESIAN-STAG PT TDESIAN-STAG PT
CORRECT PROS. CORRECT PROB.
RETEST AT YES | TEST PROBLEM? Yes, But TEST PROBLEM? YEs RETEST AT
CONDITION #2 Obtained CONDITION #2 |
NO / NO
717
DESIPED ﬁc YES
ACHIEVED?
TEMPERATURE TEMPERATURE
) DATA '/ / /XES NO OATA YES
OBTAINED? 4 OBTAINED?
y
NSPECT TIP EVAL. DATA INSPECT TIP EVAL. DATA
RETEST AT RETEST TO RETEST T0 RETEST TO
CONDITION #2 YIELD PREDICTED YIELD PREDICTED YIELD PREDICTED
TDESIGN-SIDEWALL TDES 1GH-STDEWALL DESIGN-SIDEWALL

| [ i 1 J
YA

EVALUATE AVAILABLE DATA
AND ISSUE TEST REPORT

Figure 7. Track G Test Logic
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APPENDIX A

TEST 5749 AND 5751

LASER PHOTOGRAPHS

X-RAY PHOTOGRAPHS
THERMAL PLOTS

SEE TABLES V AND VI FOR DESCRIPTION
OF TRACK STATION NUMBERS
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TEST 5749

LASER PHOTOGRAPHS
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Figure A-2.
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ré A-4. Laser Photograph Test 5749 Sta. 1
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M Figure A-6. Laser Photograph Test 5749 Sta. 27
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Figure A-8. Laser Photograph Test 5749 Sta. 35
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TEST 5751

LASER PHOTOGRAPHS
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Figure A~10.
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Figure A-12. Laser Photographs Test 5751 Sta.




Figure A-13. Laser Photographs Test 5751 Sta. 1




Figure A-14. Laser Photographs Test 5751 Sta. 21
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Figure A-15.




Figure A-16. _Laser Photographs Test










TEST 5749

X-RAY PHOTOGRAPHS
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Figure A-19.

-~'0Q...'.

X-

Y

Photographs Test 5749 Sta. X-1
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Test 5149-X10

Fiqure A-21.  X-Ray Photographs Test 5749 Sta. X-10
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Figure A-22.  X-Ray Photographs Test 5749 Sta. X-15
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Figure A-10. Laser Photographs Test 5751 Sta. 2L
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Figure A-23.  X-Ray Photographs Test 5749 Sta. X-23
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Figure A-24. X-Ray Photographs Test 5749 Sta. X-34
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Figure A-25. X-Ray Photographs Test 5749 Sta. X-40




TEST 5751

X-RAY PHOTOGRAPHS
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Figure A-26.  X-Ray Photographs Test 5751 Sta. X-1
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Figure A- X-Ray Photographs Test 5751 Sta. X-7
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Figure A-29. X-Ray Photographs Test 5751 Sta. X-15
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Figure A-30.  X-Ray Photographs Test 5751 Sta. X-28
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Fiqure A-31, X-Ray Photorraphs Test 5751 Sta. X-34
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Figure A-32.  X-Ray Photographs Test 5751 Sta. X-40




TEST 5749

THERMAL PLOTS
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TEST 5751

THERMAL PLOTS
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APPENDIX B
TEST 5768
LASER PHOTOGRAPHS
X-RAY PHOTOGRAPHS
THERMAL PLOTS

SEE TABLE VII FOR DESCRIPTION
OF TRACK STATION NUMBERS
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TEST 5768

LASER PHOTOGRAPHS
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Figure B-1. Laser Photographs Test 5768 Sta. 2L
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 Figure B-2.  Laser Photographs Test 5768 Sta. 8
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iFigure B-3. Laser Photographs Test 5768 Sta. 11

93




‘w

Figure B-4.
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Figure B-5. Laser Photographs Test 5768 Sta. 19U
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Figure B-7. Laser Photographs Test 5768 Sta.




Figure B-8.  Laser Photographs Test 5768 Sta. 29L







Figure B-10.  Laser Photographs Test 5768 Sta. 32
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Ficure B-12.




TEST 5768

X-RAY PHOTOGRAPHS
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Test 5768-Blast Tank

Figure B-13.  X-Ray Photographs Test 5768 Blast Tank




Figure B-14.  X-Ray Photographs Test 5768 Sta. X-1
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Figure B-15.




Figure B-16.  X-Ray Photographs Test 5768 Sta. X-10|
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Figure B-17. X-Ray Photographs Test 5768 Sta. X-15




5768 Sta. X-13
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Figure B-18.




Figure B-19. ° X-Ray Photographs Test 5768 Sta.
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Figure B-20. X-Ray Photographs Test 5768 Sta. X-28
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Figure B-21.  X-Ray Photographs Test 5768 Sta. X-34
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Figure B-22.
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X-Ray Photographs Test 5768 Sta. X-40
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TEST 5768

THERMAL PLOTS
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Thermo Plots Test 5768 Sta.

Figure B-21.
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Figure B-22. Thermo Plots Test 5768 Sta. 29
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Figure B-23.
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Image Converter Photo Test 5751 Sta. 4]
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figure B-24.
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Figure B-25. Image Converter Photo Test 5749 Sta. 20
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Figure B-26. Image Converter Photo Test 5721 Sta. 20
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j Figure B-27. Image Converter Photo Test 5768 Sta. 29
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Figure B-28. Image Converter Photo Test 5751 Sta. 25
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Figure B-29. Image Converter Photo Test 5749 Sta. 29
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