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FOBEWORD , 

This reportr which is one of a four-part final reportr presents 
the data obtained with a rocket motor boundary flow sampling appara- 
tus developed by Aerotherm in conjunction with the Jet Propulsion 
Laboratory, The reports in the series are: 

Part I Summary 
Part I1 Data Analysis; Correlation, and Prediction 
Part I11 Data Report 
Part IV Development of Experimental Hardware and Technique 

This effort was conducted for the Jet Propulsion Laboratories of 
the National Aeronautics and Space Administration under Contract No. 
NAS7-463. Mr. Donald L. Bond was the technical monitor for this por- 
tion of the program, 

The data presented in this report was obtained from the developed 
apparatus. Preliminary data of like nature (e cept for heat flux) was 
obtained during the development phase and is presented in Part IV. The 
data presented here is reduced in that much manipulation of the raw 
data, all of which was in oscillograph formp was required, The com- 
puter programs used to reduce all the data, with the exception of the 
heat flux, are described in Part IVe All of the data input to the pro- 
gram was checked several times so that the data reading errors have 
been kept to a minimum. In this regard the authors wish to express 
their appreciation for the efforts e tended by Mrs, Ellen Cherniavsky 
and Miss Shirley Larsen who aided in reading and checking the hundreds 
of traces involved. Mrs. Cherniavsky also developed several auxiliary 
data reduction proGrams for this effort, 

The tests from which the data was obtained were conducted at the 
United Technology Laboratory in SunnyvaleI California under subcontract 
to Aerotherm, The chemical analys s were conducted by the West Coast 
Technical Company in San Gabriel, California. All data reduction was 
accomplished at Aerotherm although redundant data reduction was made 
at UTC on the principal test stand parameters, 
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SECTION 1 

INTRODUCTION AND SUMMARY 

This report presents liquid rocket motor chamber boundary flow 
chemical and heat transfer data for a hydrazine-nitrogen tetroxide 
propellant system. The mixture ratio for the tests which yielded this 
data varied from 1.1 to 1.3. The copper heat sink chamber dimensions 
are approximately 2 inches in diameter by about 6 Inches in length. A 

stainless steel 10-doublet-high pressure-drop injector was mated to 
this chamber. Further details concerning the design are presented 
in Part IV and Reference 1. The chemical data was obtained by sam- 
pling the boundary layer gas through six flush ports drilled qt 3/4- 
inch increments down the chamber. The gases were collected in stain- 
less steel flasks and the chemical composition determined by a spe- 
cially developed mass spectrographic technique. The development o f  

this technique isalso presented in Part IV. 
are products formed in a combustion chamber burning N2O4and N2H4, both 
the collection and analysis of the sample gases were performed above 

Since water and ammonia 

100°C to prevent the condensation of these species from occurring. The 
heat flux data was obtained from calorimeters of the null point type 
installed directly opposite the sampling ports. These calorimeters 
indirectly measured a surface (chamber wall) temperature from which a 
heat flux was analytically determined. The theory of the null point 
calorimeter, the data reduction technique, and ramifications of the 
raw data interpretation, are presented in this report. The spatial 
distribution of the species concentration and heat flux in tQe boundaryl 
layer was obtained by rotating the injector relative to the chamber. 
Interpretation of the data thus relies on the degree to which candi- 
tions in the chamber can be reproduced from test to test. The depart- 
ure of certain key parameters from this ideal and the possible influ- 
ence this may have had on the data are also presented here. 

Since a finite number of injector elements cannot produce a truly 
uniform flow field in the chamber, the variation of heat flux and 
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chemical composition in the boundary layer should depend to a large 
,extent upon the injector element array design and other injector/ 
doublet characteristics. Such correlations of the data are presented 
in Part 11. 

Because of the large amount of data presented, this report has 
been divided into major sections and subsections (see margin tabs) 
to facilitate reading. Each of these sections is presented largely 
independently. The whole is tied together by the general remarks 
which follow. 

A "large portion of the heat flux data is repetitious and of limited 
interest. For these reasons it has been placed in an appendix (A) to 
this report and has been given only limited distribution. This appen- 
dix (approximately 300 pages in extent) gives the tabulated and plot- 
ted measured temperature and calculated heat flux response of each 
calorimeter for every test. Individuals wishing a copy of the data 
May obtain one from the Aerotherm Corporation or JPL. 

The data show, in general, a region in the chamber which is high 
in oxidizer and low in fuel. The rest an$ greatest percentage of 
the chamber boundary flow shows the opposite situation. 
nitrogen is a principal specie. The heat flux data does not show 
variation in the same regions of the chamber where composition changes 
are the greatest. Significant variations in heat flux are observed 
nonetheless. Difficulties in the data reduction procedure and un- 
certanties in the boundary conditions make the accuracy of the abso- 
lute level of the heat flux uncertain, 

Everywhere 
c <  
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SECTION 2 

GENERAL REMARKS 

The data portion of the report has been divided into four sec- 
tions the first of which (3.0) is devoted to the chemical composition 
data, and the second (4.0) to heat flux data. The third section (5.0) 
discusses the salient features of the motor performance and test stand 
system data and the influence of these variables on the data presented 
in the preceding two sections. The fourth section (6.0) formally pre- 
sents the data in tabular form. 

A complete set of data as originally envisioned was not obtained 
due to certain technical and budgetary problems. Originally it was 
desired to obtain chemical and heat flux data for the six axial posi- 
tions for every fifteen degree increment in circumferential position. 
A reduced scope of program resulting from technical problems, espe- 
cially with regard to chemical analysis, resulted in the reduced 
test plan shown in Table 2.1. The position schedule was varied such 
that the most detail would be obtained where ablation response showed 
the most variation. Note in this report that the data begins with 
run number 9--the first eight runs were part of the development ac- 
tivity (conducted at the $=Oo position) and are not presented here. 
All tests were performed for a nominal mixture ratio of 1.3 except 
for runs 23 and 31, which were accidently and intentionally lower 
respectively. 
ratio. Run numbers 29 and 30 were special in that only two of the 
six bottles were sampled. This was done in an attempt to demonstrate 
the existance or nonexistance of upstream sampling effects on local 
composition. Runs 27 and 28 were special in that different sampling 
durations were selected to obtain some preliminary data on the influ- 
ence of sampling duration on the measured composition. It was also 
originally intended that the influence of sampling rate on the chem- 
ical composition be explored but this was not possible under the 

Run 32 was a repeat of run 23 at the desired mixture 
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uced scope. Some theoretical remarks on this last subject area 
can be found in Part PI. The manner in which the tests were conduc- 
ted is described in Part IV, 

\ 

The mount of data was also limited by certain instrumentation 
failures, Notably two of the six heat flux gages failed after in- 
s%al%a$iosa in the motor on the test stand and no heat flux data is 
available fo the second and only some f om .the fifth station. Heat 
flux data from the si th position, near the throat, is clearly non- 
repeatable and therefore subject to question. A discussion of this 
particular data and possible reasons for the data trends are presented 
in Sections 4 , 4 .  

in chemical specie data are also missing, Although for every 
f l a s k  two microtube samples were prepared, in a few cases both micro- 
tubes developed leaks and therefore no composition data could be ob- 
tained, Such leaks were evidenced by oxygen and nitrogen present in 
a four t o  one ratio and by low mass spectrometer pressures. These 
obviously erroneous mass spectrometer results have not been presented. 

The azimuth position, 4 ,  used to describe the pertinent experi- 
mental Configuration is measured counter-clockwise from a mark on 
the injector (see Part 11) when the injector face is viewed (iaeat 
looking upstream)," The axial position is measured from the face 
of the injector. 

- ___ - - 

7 %has convens ion conforms to the position indicating dial supplied 
on the motor case. It is the mirror image of the convention used 
in previous JPL programs. 
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Run - 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
2 4  
25 
26 
27 

28 

29 

30  

31 

32 

* 
+ 
** 
++ 
xx 

*** 

Inj e 

P o s .  

0 
30 
60 
90 

1 2 0  
1 5 0  
1 8 0  
1 9 0  
200 
210 
220 
230 
24 0 
250 
260 
270 
300  
330 

0 

0 

0 

0 

0 

260 

TABLE 2 . 1  

PROGRAM PRIME TEST PLAN 
** 

S amp 1 i ng 
Time 

1.0 
1 .0  

.6 
1 .2  
1.7 
1 .2  
1.1 
1.4 
1.05  
1 . 4  

,98 
.58 
.67 
.92 
.86 
.62 

1.0 
g4++ 

Bottles 
S amp led 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

* 
Mixture 
Ratio 

1 . 3 1  
1.29 
1 . 2 5  
1 .28  
1 . 3 1  
1 .27  
1 .28  
1 .24  
1.25 
1 .29  
1 .28  
1.29 
1.30 
1 .28  
1.13""" 
1 . 3 1  
1 .29  
1 . 3 1  
1 . 3 1  

I. gXX ALL 1.29  

.9 2 6 x 6  1.29 

.92 3 & 6  1.30 

.92 ALL 1.12+ 

.92 ALL 1.29 

Remarks 

Effect of sampling 
duration 
Effect of sampling 
duration 
Effect of upstream 
sampling 
Effect of upstream 
sampling 
Effect of mixture 
ratio 
Repeat of 23  

desired O/F = 1.3  

desired O/F = 1.1 
desired time = 1.0 seconds 
desired time = 0.5 seconds 
desired time = 2.0 seconds 
injector known to have oxidizer leak in external coupling 
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SECTION 3 

BOUNDARY FLOW COMPOSITION DATA 

The boundary flow composition data is presented three ways. First, 
the axial distribution of the species mole fractions determined in the 
flasks by the mass spectrometer are presented for given injector posi- 
tions (increasing run number). These are presented in Figures 3.1-a 
through 3.1-x. In the species plots only the six principal species 
are presented. The complete determination is presented in the data 
of Section 6. The data in these figures were renormalized for the pur- 
pose of interpretation. The second and perhaps more meaningful way 
in which the data is presented is by distribution of the three principal 
atoms present, hydrogen-H, nitrogen-N, and oxygen-0. These are pre- 
sented in Figures 3.2-a through 3.2-x in the same fashion as those of 
Figures 3.1. The third presentation is the radial distribution of the 
principle atom fractions for the six stations--Figures 3.3-a through 
3.5-f. The atom fraction data has also been normalized. 

Two methods were used for reducing the raw mass spectrometer data. 
These two techniques were a least square curve fitting procedure de- 
veloped at Aerotherm which uses the entire cracking pattern available 
for the species of interest (described in Part IV), and the more con- 
ventional peak stripping technique in which only the principal and per- 
haps one secondary peak from the cracking data are used. For the pres- 
ent system of species it is possible to obtain a unique solution with 
the second technique provided it is assumed that the peak at the mass 
number of 4 4  is due solely to carbon dioxide. In principle at least, 
it is possible that nitrous oxide could be contributing to or completely 
producing the peak at this mass number. This aspect is discussed fur- 
ther in Section 6. For the vast majority of the data the two techniques 
produced nearly Ldentical results. In a few cases, the least square 
error procedure produced questionable results, and the data results 
from the second technique, shown by solid symbols in the figure, are 
to be preferred. Where no solid symbol appears, it may be inferred 
that the two techniques agreed. 
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SECTION 3.1 

SPECIES aXIAL PROFILES 

The species data of Figure 3.1 show that fairly consistent spe- 
cies data were obtained. In the majority of the figures smooth curves 
can be drawn to connect the data points both axially as shown and cir- 
cumferentially (not presented). In general the data is characterized 
by high nitrogen content and--in a high percentage of the positions-- 
high ammonia content. The ammonia tends to disappear for axial sta- 
tions near the throat of the chamber. Presumably it is vaporized or 
decomposed because of the higher wall temperatures in this region (re- 
fer to Part XI for a more detailed discussion). At some radial posi- 
tions (i.e.f 4=30° ,  and 4 = 2 2 O o ( - 2 7 O 0 )  little ammonia is found. 

r 

As pointed out in Section 6, the data in general can be viewed as 
either nitrogen rich or water lean. Again a deeper treatment is found 
in Part 11. 
theoretically (refer to Section 6). In a few instances extremely high 
water was detected (Figure 3.1-0 and x). 
are so isolated that some doubt must be cast on their validity. There 
seems to be some general tendency for the water and nitrogen concentra- 
tions to increase as the ammonia concentrations decrease. 

Generally about twice as much water would be expected 

These three data points 

Because the presence of ammonia is so highly temperature dependent 
(as shown theoretically in Part If), and since wall temperature was not 
precisely controlled run to run, it was elected not to present the 
circumferential distribution of species since for this reasonl apparent 
trends could well be due to factors other than injector design param- 
eters. For this purpose, the atomic fraction data provides a less am- 
biguous set from which such correlations may be drawn. 





-9- 

f 
.

.
 1: 

.A 
." .., 

.
.

 
.A 

1;J 
... 

. .*- 
I

.
 

, 
I 

.. .,.. ~. 
.-. 

~ . 
I 

. 
... 

Q
 
s
 .
.

 
t

.
 

.*
.. 

.
.

 
.

.
'

.
 

i' 

B h 
.. 

, 
1

, 
' 

,
.

 
. 

Q
 

/ 





i 





-13- 

-Y 



'... i 

.., .. 
.. . 
.. 
.. .. ... 

. .. 



-15- 

-. . - 

.. 
.
 

, 



-16- 

.. .. 
. 

. . . 
. . . 

.
.

.
.

.
.

.
.

 ^
.

.
I

.
 



-17- 





-19- 





-21- 

.
.

 
! 



c ._
 



-23- 

.I 
j 



-2
4

- 

h
 

. 
.

.
 

I 
. 

.. 



-25- 



-2
6

- 

1 
.. 



-27- 

t
"
 

'
Q

)
 



-2
8

- 

i 

. 
.
.
.
 

i
 

i 



I 
.

.
L

.
.

.
 

.
.

 
.

.
 

1 
* 

.
.

 

i' 
!: 

- 
.. 

, 2 
L

.
 

. 
,

.
 

.. . 
. 

'
.

$
 

.
.

 
.

.
 

.. . 

.r 
. 

. ,-
r
 

, 
.. 

. 
..,. 

.. .. 

b
 

c 
'

*
 

l 

Q
 



-30- 

4
 

t- 

. r-i 

m
 . 



-31- 

/
-
 

c 



-32- 

SECTION 3.2 

ATOMIC FRACTION DISTRIBUTION 

The axial distribution of measured atomic fraction data for a 
fixed azimuth position is presented in Figure 3.2-a through 3.2-X. 
For the most part the data shows highly consistent trends. For most 
graphs the boundary flow is predominantly hydrogen rich ( -50-60% Hf 
near the injector end and nitrogen rich near the nozzle. For some $ 

positions the boundary flow appears to be nitrogen rich for all axial 
positions. 

The high concentrations of water noted in Figures 3.1-0 and x 
give correspondingly out-of-character atomic data adding to the evi- 
dence that the data is not valid. Again, reproducibility of the data 
seems good. Run 9 and runs 30 and 31 data are in quite good agreement 
near the injector and fair for positions near the nozzle. The sam- 
pling influence tests (Figures 3.2-u and v) data also compare favorably 
with that from run 9. The data from Figure 3.1-v (run 30) compares 
within +2% with the data from Figure 3.1-a (run 9) for the major atoms 
(H and N). From these observations it can be concluded that not only 
is reproducibility quite good but moreover that little effect of up- 
stream sampling is evident in the data. 
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SECTION 3.3 

CIRCUMFERENTIAL ATOMIC FRACTION DISTRIBUTION 

The circumferential data is presented in three sets corresponding 
to the three types of atoms present. Figures 3.3-a through 3.3-f pre- 
sent the hydrogen fraction distribution for the six axial locations, 
3.4 those for nitrogen and 3.5 those for oxygen. These figures show 
the trends mentioned previously--that the major fluctuation in chemical 
composition occurs in the 180° to 300°+ region (the angular spread 
largest at the position closest to the injector). It is seen that 
the reproducibility of the data is fair (compared to the magnitude of 
the fluctuations caused by changing injector position). The oxygen 
fraction is found to be fairly constant--the highest level is found 
in the region of greatest fluctuation of H and N. The variation of 
the atom fractions is seen to be quite complex. The three dimensional 
atom fraction "surface" that may be visualized is very "wrinkled" in 
the regions near the injector and throat and in the quadrant bounded 
by 180' and 270'. While the H and N surfaces are heavily "wrinkled" 

I 

I 

the oxygen is fairly smooth although the percent changes in oxygen 
varies significantly (by factors of 2 or more). One should bear in 
mind that although the oxygen mass fraction does not change signifi- 
cantly, the species in which it appears do change significantly in 
the "wrinkled" regions. Referring to the Figure 3.1 it is seen that 
in this region (near the throat) significant free oxygen, 02, is 
found. This fact is highly significant in understanding the ablation 
produced by the injector. 
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SECTION 4 

HEAT FLUX DATA 

This section of the data report discusses in some detail the heat 
flux data which was obtained in the program. The discussion is based 
on a graphical display of the spatial distribution of the heat flux 
data at a common point in time measured from ignition. Only a selected 
few examples of the time dependence of the heat flux are discussed. A 
complete set of the time dependent heat flux data is presented in Ap- 
pendix A (both tabular and graphical). The data discussion is pre- 
sented in the first subsection 4.1. Those readers interested in the 
details of the theory of operation of the calorimeter employed, the 
analysis technique used to calculate the heat flux data, and ramifi- 
cations of this technique on the accuracy of data, can find such in- 
formation in subsection 4.2. Other qualitative remarks on the absolute 
level accuracy of the data are presented in subsection 4.3. Finally, 
the unusual data trends obtained from gage number 6, located in the 
converging section of the chamber, are explored and possible explana- 
tions for data are given in subsection 4.4. 

The heat flux data has a 180' phase shift due to the fact that the 
calorimeters were located across the chamber from the sampling ports. 
The data presented here have been shifted so that the positions reflect 
the sampling port locations (i.e., the sampling data and heat flux data 
conform to the same injector orientation). 
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SPATIAL-DISTRIBUTION OF HEAT FLUX IN THE CHAMBER 

The heat flux data obtained in this program is presented in Fig- 
ures 4.1-a through 4.1-e. The data obtained from heat flux gage num- 
ber five is suspect as the gage was not operable during a majority of 
the tests. 

Heat flux gages 1, 3 ,  and 4 show a fair degree of repeatability 
and for this reason it is to be believed that most of this data is 
valid. This is not the case for gage number 6 (Figure 4.1-d) where 
no repeatability was obtained. There is some reason to bel&eve that 
the rcSlative data (run to run) is valid for some of the tests for 
this gage and this is discussed further below, An explanation for the 
behavior of this gage is deferred to subsection 4.4. 

Because of these difficulties a meaningful axial distribution of 
the' experimental heat flux data cannot be presented. 
trends may be observed in this regard. There is a farily constant 

However, general 

heat flux in the chamber tending to be somewhat lower at the injector 
end and a significantly higher heat flux in the throat region. These 
trends are to be expected. The correlation of these axial trends with 
theoretically predicted heat flux is presented in Part 11. 

Superimposed on these general axial trends are circumferential 
variations presumably due to nonuniform flow conditions in the chamber 
and this variation is shown in Figures 4.1-a through 4.1-e. Contrary 
to the chemistry data, the heat flux data shows the most circumferen- 
tial fluctuations in the 40° to 200° sector of the chamber and is rel- 
atively constant in the region where the chemistry data is most 
"wrinkled". A particular low heat flux point is found at or near the 
8 0 °  position for every axial position. 
the data in the preceeding section, little correlation in these varia- 
tions can be found. In fact for significant composition changes there 

When this data is compared witk 
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is little change in heat flux. Moreover, as shown in Part 11, this 
rather remarkable finding can be substantiated theoretically. The 
cause for the factor of three variations in heat flux that is ob- 
served in the data has not been uncovered at this time, nor have cir- 
cumstances permitted investigation of this data feature to any degree. 

In Figure 4.1-a-c the spread of data points at 80" and 180" is 
possibly due to mixture ratio differences (see Section 5) with the 
following exceptions. In Figure 4.1-b the data from run 9 is obviously 
low. For the first two runs insufficient gain was applied to the os- 
cillograph for the calorimeter signal so that accurate data for these 
two runs was difficult to obtain. This may be the reason for the run 
9 data being so low in the figure. In Figure 4.1-c the heat flux gage 
4 data is seen to be low for the last series of runs (28-31). An in- 
strumentation error is suspected for this particular gage in these 
runs, but it is impossible to demonstrate it with certainty. The cal- 
ibration for this set of data was normal. Another possible explanation 
for these data is presented in Section 4.2. 

Some of the results from gage number six are believed to be usable 
on a relative basis. In particular, the data from runs 15-26 were ob- 
tained under repeatable motor and system conditions and appear credible. 
In runs 9 and 10, the data suffered from the oscillograph gain error. 
In runs 11-14 too much gain was applied and the galvanometer was driven 
off scale early in the firings. The unknown effects of the ignition 
tranisent introduces an additional uncertainty to this particular data. 
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SECTION 4.2 

HEAT FLUX DATA REDUCTION PROCEDURE 

This section of the data report describes the procedures and un- 
derlying theoretical concepts used in obtaining the heat flux data pre- 
sented in Figure 4.1. First, general remarks regarding the null point 
calorimeter that was used to obtain the data will be made. Next the 
analytical techniques used to calculate the heat flux will be discussed 
and finally some remarks about the interaction between test details 
and theoretical presumptions and their effect on the data will be 
made. Circumstances did not permit a thorough evaluation of these 
factors so that a theoretical assessment of the probable accuracy of 
the heat flux data cannot be made at this time. 

4.2.1 Calorimetric Principle 

The null point calorimeter principle used in this program, the 
design details of which are presented in Part IV, were developed a 
number of years ago. 2'3* 
a one-dimensional slab subjected to externally applied and uniform 
heat source, there exists a void geometry for the slab such that tem- 
perature of the void surface nearest the source is the same as the 
temperature of the surface far from the void. It follows, of course, 
that the actual surface temperature near the void is higher than the 
surrounding surface. In particular, the theory developed fo r  this 
situation shows that for a cylindrically shaped void or cavity, with 
axis normal to the surface, and for sufficiently great elapsed times, 
that the particular void geometry producing the above relationship is 
where the radius of the cavity is the same as the distance between the 
void and surface (i.e., R/E = 1). The calorimeters for this program 
were designed to this specification. 

The principle is based on the fact that in 

* 
Numbers in parenthesis refer to items in the references. 

.). . 
,I *.. 
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4.2.2 Data Reduction Technique 

The knowledge of surface temperature response in a one-dimensional 
slab is sufficient information to analytically determine the heat flux 
causing the surface temperature variation. By applying Laplace trans- 
forms to the Fourier conduction equation, the heat flux at the surface 
can be related to the rate of change of the surface temperature without 
any knowledge of the temperature distribution within the slab. W. E. 
Kennedy (Manager of the Systems Development Department at Aerotherm 
Corporation) had,previous to this program, derived such a relationship 
and had constructed a computer code to calculate heat flux from 
such temperature datat4). This work formed the basis of the reduction 
procedure used in this program. 

It was found that the calorimeter signal traces from the engine 
data could not be read with sufficient precision such that smoothly 
varying heat flux data could be obtained. To rectify the situation, 
the temperature history was least square fitted to a parabolic equa- 
tion 

T = a f i + b  

where T is temperature and T is time 

This form of the response equation was suggested by the theoret- 
ical surface temperature response equation for a one dimensional slab 
under constant heat flux. (5) 
a copper heat sink motor provided that the chamber conditions are 
steady following ignition. The temperature and flux data presented 
in Appendix A reflects this smoothing procedure. A typical example 
of the results such a curve fitting procedure produced is shown in 
Figure 4.2. 

The constant flux situation exists in 

All the data was plotted in this manner to facilitate the detec- 
tion of errors and to ensure a good curve fit. A l l  the curve fits 
were as good or better than that shown in Figure 4.2. It follows 
from these curve fits that the calorimeters are indeed responding as 
would a one-dimensional slab. 

Notice in Figure 4.2 that the gage temperature is not constant 
prior to ignition. This temperature variation prior to ignition has 
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proved to be an important consideration and has led to the realization 
that insufficient data was acquired to accurately determine the heat 
flux as the following considerations will bring out. 

To make the following discussion meaningful it is necessary to 
review the events which took place in the tests prior to ignition. 
Following calibration, the case and motor block were heated to about 
300OF. When the apparatus reached the operating temperature the cham- 
ber and sampling system was evacuated and then the sampling system 
hot helium purge was turned on. This purge was done in order to 
prevent the sampling system from being contaminated with air before 
the test. 

There exists some doubt about the temperature of the helium purge 
gas due to the fact that temperature measurements made of the helium 
showed temperatures lower than the block temperature while a sensor 
mounted on one of the pneumatic valves heated by the gas registered 
temperatures significantly above the block temperature (see Section 6). 
Judging from the gage response the helium temperature was in the range 
of 3 5 0 ° ( o r  about 30° to 5 0 °  hotter than the block temperature). At 
about 10 seconds before firing, the helium pressure was increased to 
350 psia to prevent a surge of gases into the sampling circuit during 
the ignition transient and these jets of hot helium emminating from the 
sampling ports probably impinged on the gages. Also, about one to five 
seonds before ignition, the injector was purged with room temperature 
nitrogen. Depending upon the flow pattern in the motor,this purge 
gas may or may not have cooled the gages. In the ignition transient 
there was a short period (about 100 MS) when only oxidizer was injected 
into the chamber (oxidizer lead) and since the gages were at the bottom 
of the chamber, a significant cooling occurred as the oxidizer was 
vaporized by the hot surface. 

Unfortunately the oscillograph recordings of the events started 
only shortly before the ignition transient so that just a portion of 
the foregoing effects on the gage temperature was obtained. The 
significance of this procedural error did not become apparent until the 
testing was completed. The difficulty comes about because the data re- 
duction procedure (i-e., the application of the transform theory) 
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presumes the slab (i-e., the calorimeter) is at a uniform temperature 
before heating begins. 
an illustration. 
the calorimeter as shown in the sketch of Figure 4 . 3 .  If this slab 
is subjected to a constant heat source it would at some later instant 
in time have a temperature distribukion like that shown by the dashed 
line above the undisturbed temberature Tb. 
gas impinges on the calorimeter surface before the foregoing heating 
takes place, (because of the contact resistance between the calorimeter 
and the main mass of the motor at temperature Tb) the calorimeter 
would be heated above Tb as shown by the right hand portion of the 
solid line labeled "A". If following the gas heating, it were sud- 
denly cooled by cold nitrogen gas, then a temperature profile ''dip" 
would result as shown by the left portion of line "A". Application 
of the constant heat source would then cause the upward portion of 
the curve on the extreme left. (The temperature of the surface would 
be different of course than that from the first curve.) Yet another 
profile could be drawn if for some reason the calorimeter were chilled 
below Tb before the helium gas heating event took place. 
shown by the line labeled "B" . The dashed-dotted lines show effectively 
what was done in the data reduction procedure. The temperature history 
started just before ignition when the calorimeter temperature was be- 
low Tb (the block temperature) and this implied as stated above, that 
the calorimeter was everywhere at this temperature at that instant. 
As the foregoing discussion makes clear--this probably was not the 
case. Since heat flux at the surface is given by: 

The situation is perhaps best explained with 
Consider a one dimensional slab which represents 

Now assuming that hot helium 

This is 

q = k d T /  dx x=O 

it is obvious that the three profiles "A" "B" and the one resulting 
from the technique used in the data reduction program will result in 
different heat flux being calculated. 

The observations prompted a brief attempt at correlating the poor 
repeatability noted for runs 9, 27-30 which were all conducted at the 
same injector position and mixture ratio. A significant variation in 
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the initial temperature of the calorimeters for the different runs was 
noted. Table 4.1 summarizes these initial temperatures for each gage 
for every run as well as the recorded block temperature. When the 
heat flux for these runs is plotted versus the difference between the 
block temperature and the gage initial temperature, an unmistakable 
trend emerges as shown in Figure 4 . 4 .  The higher the temperature 
difference the lower the heat flux. There also seems to be superimposed 
on this effect the absolute level of temperature since in this corre- 
lation, run 9, which had the lowest block temperature, also has the 
lowest heat flux. Note also in Figure 4.1-c the agreement between 
run 32 and runs 28-30 which had - the same AT. The cause of the low 
initial temperature of the calorimeters is unknown. It could pos- 
sibly be the result of slight leakage of the propellants or injector 
purge gas into the chamber. 

From these results it seems apparent that the scatter in the 
redundant data is more probably due to the lack of precision in the 
data reduction than from variation in test stand parameters or instru- 
mentation errors. Certainly it is clear that in future tests with 
this equipment, that calorimeter data should be acquired well in ad- 
vance of the firing. It would also probably be wise to orient the 
chamber such that the gages are not on the bottom. 
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SECTION 4 . 3  

HEAT FLUX DATA UNCERTAINTIES 

Several factors peculiar to the application of the foregoing 
techniques to the apparatus in this program should be considered. 
only qualitative remarks can be made at this point since circumstances 
do not permit a detailed analysis. 

First, the boundary conditions in the actual test for each calor- 
imeter depart from 
underlying theory. 
are evident in the 
gradients occur in 
gradients produced 
flux in the copper 
effect on the heat 

the uniform one dimensional ideal presumed in the 

data in the circumferential direction. High axial 
the throat region as well. The surface temperature 
by these flux gradients in themselves cause heat 
in a nonradial direction. The significance of the 
flux data is imknown. 

Gradients in heat flux as high as 200 Btu/ft2 sec/ft 

The flow in the chamber as noted above is principally radial and 
not one dimensional as required by the theory. The calorimeters were 
isolated from this effect by building an air gap between most of the 
calorimeter body and the surrounding chamber. The calorimeter does, 
however, contact the chamber at its rearmost portion. Because of the 
radial flow of heat this portion of the chamber will be cooler for a 
given flux level than a corresponding one-dimensional body. The ef- 
fect on the calorimeter response is believed to be quite small. Since 
predicted chamber temperature distributions show very little tempera- 
ture response at this distance from the inner surface (Refer to 
Part IV). 

Another point of uncertainty exists because of manufacturing tol- 
erances in the calorimeter construction. Particularly sensitive is 
the distance between the thermocouple "bead" and the surface. This 
distance was to be 0.01 inches to keep the criterion of R/E = 1. 
Allowance has to be made for manufacturing inaccuracies, because blind 
holes were drilled in the ca1orimetL.:- body and the thermocouples were 
brazed in these blind holes. 
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The theoretical results of reference 2 can be used to estimate the 
error in surface temperature due to R/E being less than unity. Figure 
2 in this reference plots the temperature difference as a function of 
R/E for parametric values of the plot numbers, at/E . For time 
greater than 0.05 seconds olt/E2 is very large ( -70 )  so that 
approximation at/E2 = 03 can be justified. 
through these curves one finds that 

2 

as an 
Fitting a straight line 

For a 10 percent error in R/E (i.e., R/E = 1.1) 

1.04 TC 
- N  

03 
T 

or 4 percent error in temperature. More importantly, 
for the Biot number means that for times greater than 
the derivative: 

the large value 
0.05 seconds, 

will be an even closer equality. It can be concluded that manufactur- 
ing tolerances will affect the absolute level of temperatures-- a 10 
percent error in the distance E causing a 5 percent error in the pre- 
dicted surface temperature. However, the temperature gradients dT/dT 
are much more precise. The gages have not been sectioned, therefore 
the actual value for the distance E remains unknown. 
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SECTION 4 . 4  

HEAT FLUX DATA IRREGULARITIES 

It has been noted that particular problems exist with regard to 
heat flux gage number six--the gage located in the chamber converging 
section. In addition to the obvious nonrepeatability, the gage exhib- 
ited other data pecularities. These pecularities include: 

1. An apparent increase in temperature and heat flux response 

2. 
between the first and last tests. 
A rapid decrease in heat flux following the ignition transient. 

Figure 4.5 presents a comparison of the data from the first firing 
(run 9) with one Of the last which shows these data trends. Note that 
for the run 9 data the flux is nearly constant but for the other - 

runs there is a significant decrease with time. This decrease is 
greater.than the inferred increase in wall temperature would create 
as the following simple analysis points out. 

The simple film analog equation for heat transfer in a boundary 
layer with no chemical reactions and equal diffusion is given by 

Differentiation of this equation with respect to timapresuming con- 
stant edge recovery enthalpy, h , yields 

re 

dT 

Substituting in approximate values for the transfer coefficient 
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and the calculated gradients from the temperature and flux curves 
from Figure 

dT peUeCH = 0*2 r" cp = 0.5 r" -300 ; N 150 

yields 

300 15 

and the calculated heat flux decreases at a rate over a factor 10 
greater than the measured temperature increase would lead one to 
expect. 

This heat flux gage was removed from its chamber in order to ex- 
amine the gage thoroughly. Visual examination of the gage and the 
region surrounding the gage location in the chamber converging section 
showed what appeared to be black globules attached to the surface. 
These globules appear to be copper oxide which apparently only formed 
on the hotter portions of the chamber (since the constant diameter 
section did not show such formations), As noted previously the por- 
tion of the calorimeter above the void is at a higher temperature 
than the surrounding mass and probably for this reason a globule was 
found in the very center of the calorimeter face. A photograph of 
the gage face magnified 300 times is presented in Figure 4 , 6 p  and the 
presence of the formation is clearly seen. It is suggested that the 
presence of these surface contaminants is res onsible for the gage 
response, however, analysis to support this hypothesis have not been 
performed. 
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Figure 4-6. View of Heat Flux Gage No. 6 Surface 
Showing Surface Contaminate at Center 
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SECTION 5 

MOTOR AND TEST STAND SYSTEM PERFORMANCE DATA 

In this section brief discussion is given of the principal motor 
and test stand parameter data and what the effect of the variation of 
these parameters may have had on the data presented in the preceding 
sections. Within the range of each of the parameter studies, little 
or no consistent effect on the data is found. 

5.1 DATA SUMMARY 

A summary 05 the mocor and test stand system parameter data is 
presented in Table 5.1. The complete data set is presented in the 
next section. For the most part the data is seen to be quite consis- 
tent and fairly constant. A percentage deviation study has not been 
performed on the data,however the fuel and oxidizer flow rates have 
been correlated with the JPL flow rate data and it is seen that the 
bulk of the flow rate data falls within a 2% tolerance. The oxidizer 
flow characteristic data is presented in Figure 5.1 and that for the 
fuel in Figure 5.2. This data was plotted without making density cor- 
rections. A casual examinatin of the fuel and oxidizer temperature 
data in Table 5.1 and comparison with the data in these figures leads 
to the conclusion that such a correction would not reduce the data 
scatter significantly. In at least one run, notably run 27, the sig- 
nificant departure from the mean can be noted (Figure 5.1). As pre- 
viously noted, run 23 suffered from a loose fitting between the oxi- 
dizer connection and the injector. This resulted is an effective low 
O/F ratio. Run 31 was run with an intentionally low ratio. 

* 
The C efficiency for the motor is fairly good, runing about 95% 

of theoretical. In the last five runs, (28 through 32) the chamber 
pressure measurement was lost. For these runs chamber pressure and 
was inferred from the measured flow rate and the injector pressure 
drop characteristic. 
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F i g u r e  5 . 2 .  Injector F u e l  F l o w  Characteristic 
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This procedure does not tend to be precisely accurate and prob- * 
ably accounts for the fact that the C efficiencies exceeded 100% 
for these runs 

5.2 INFLUENCE OF PARAMETERS ON CHEMISTRY AND HEAT FLUX DATA 

Since it was not possible to precisely control certain of the 
parameters, it was decided that a preliminary investigation should be 
made concerning the effect of these same parameters on the heat flux 
and chemistry data. The two parameters studied were oxidizer to fuel 
ratio and sampling duration. A third possibility for investigation, 
the effect of upstream sampling, was considered, however it's effect 
(as mentioned earlier) was found to be insignificant. The two param- 
eters studied also appear to have little effect on the heat flux and 
chemistry data, however the data is ambiguous in this regard. 

The effect of mixture ratio is presented in Figure 5.3. In the 
upper part of the figure the effect on the heat flux 
station is shown. From 1 . 1 t o  1.3 there is almost a 
increase (from 30 to about 55 Btu/ft2-sec). However 
in the test series (except for run 23)  was 1.244 and 

for the first 
factor of two 
the lowest O/F 

it can be seen 
that the mixture ratio effect between 1.244 and 1.3 is less than the 
scatter in the data due to other unknown factors.* It can be seen 
from the heat flux figures (e.g., 4.-c) that any mixture ratio effect 
is even less apparent for stations further down the chamber. 

The lower half of Figure 5.3 shows selected chemistry which am- 
biguously does and does not show a mixture ratio dependence. However, 
the data does show clearly that for upstream stations (open symbols), 

* 
The only system parameter which has been found to possibly have a 
bearing is C* which is highest for run 29. 
and nearly equal C*. 
due to the manner in which C* was obtained for these runs. 

Run 28  and 30 have lower 
However, this consideration is not conclusive 
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Figure  5.3. E f f e c t  of Mixture Rat io  on Se lec ted  Chemical 
and H e a t  Flux D a t a  
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there is little or no effect on the hydrogen or nitrogen atomic frac- 
tions. Also, it clearly shows that for these stations there is some 
effect on the oxygen fraction as it gradually increases from .01 to 
.06 as O/F goes between 1.1 and 1.3. For the axial positions near 
the throat, the situation is not clear with runs 28 and 29 conflicting. 
Run 28 shows little or no effect and 29 shows significant effect on 
H and N (agreeing with run 9 in this regard) but no effect on 0 (dis- 
agreeing with 9). Again the net'conclusion, as far as the data of 
this program is concerned, is the same as that for the heat flux. 
There is more uncertainty in the data due to other causes than there 
is due to mixture ratio. 

Sampling duration was one of the less well controlled parameters 
as reference to Table 2.1 will show. Fluxuation in the sampling dura- 
tion is due to certain malfunctions of the automatic sequencer control- 
ling the test--certain channels being more adversely affected than 
others. Two tests were run to bracket this variation at one injector 
position. The results are presented in Figure 5 . 4  which compares the 
axial atom fraction distribution data for one injector position. 

These results are quite interesting although inconclusive except 
for one fact. It appears that, along with mixture ratio, the atomic 
composition is largely uneffected by sampling duration for the stations 
nearest the injector. Beyond this the situation is not clear. The 
data presented in the figure shows that for a short sampling time 
(run 27)  there is a crossover near the injector station and all down- 
stream stations have high nitrogen and low hydrogen compared to data 
from sampling duration of about 1 second in length (run 9). In this 
later run the crossover doesn't occur until near the throat. For 
the long sampling time (run 2 8 )  no crossover at all occurs and hydro- 
gen is everywhere higher than nitrogen. Now this trend could well 
be illusionary as the following considerations make clear. First 
the run 27 data is suspect because of its injector flow characteris- 
tic. Secondly, run 27 data appears quite like run 23 data (they are 
the only runs to show "early crossover") and the injector flow was 
known to be fouled up for run 23. The sampling durations for 27 and 
23 were quite different. Thirdly--Run 31 data agrees with that from 
the long sampling time--Run 28 (see Figure 3.2-t and 3.2-w) and presumably, 
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as shown previous1 
not significant. Now,as Table 
9 and 31 are about the same, 
really inconsistent in s o m ~ w ~ a  
data variation has b 
If reliance is placed on the t 
show little influenc: 
then it would appear 
that sampling duration va~iati 
or no effect on the measured composition, - 
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SECTION 6 

DATA COMPILATION 

The formal tabulation for the data obtained in the program is 
presented in this section. This includes both the motor and test 
stand system data as well as the boundary flow composition and heat 
flux data. The heat flux is presented for a specific time. The full 
response of the calorimeter is presented in Appendix A. 

The data presentation w a s  performed by a computer so that some 
symbology compromise was required. A nomenclature section precedes 
the data. In the presentation, a page was reserved for each run 
which gives comments about the data reduction. 

The composition data (determined by the mass spectrometer) shows 
the species that the least square curve fitting procedure required to 
arrive at the best fit for the data. Some of the species so obtained 
are subject to question. In particular this is true of the oxides of 
nitrogen--N20, NO, and NOZ. Equilibrium calculations show these spe- 
cies are present in only trace amounts, if at all. Further, high reso- 
lution studies by West Coast Technical showed that C02 and not N20 is 
responsible for the 44 peak. As discussed in Part IV the source of the 
C02 contamination is unknown. Thus the presence of such species must 
be regarded with some suspicion. The oxides of nitrogen were used in 
the computation of O/F but not C02' The reason for omitting C02 is 
that the C02 is probably coming from some source external to the con- 
bustion chamber. The oxidizer to fuel ratio data that is presented 
in this section is discussed in Part 11. 



DATA PRINTOUT NOMENCLATURE 

A. Gas Analysis - Engine Performance (page one) 
- thrust coefficient - cf CF 

CSR - C*ratio - (c*/c* ideal) 

CSTAR - C* 

F - Thrust 

IS - I  - specific impulse (oscillograph) 
s1 

I SB - I  - specific impulse (ballistic analyzer)* 
s 2  

ISR - I  
‘r 

- specific impulse ratio (Is/I 1 
‘ideal 

O/F - oxidizer - fuel ratio 

- chamber pressure (oscillograph) 

- fuel pressure at injector 

- fuel tank pressure 

- oxidizer pressure at injector 

- oxidizer tank pressure 

- chamber pressure (ballistic analyzer)* 

- pc 

- pf 

PC 

PF 

PFT - P  

PO 

POT 

PCB 

PNPC - Pn/Pc - motor pressure ratio 

PSR - ps/po - shroud pressure ratio* 

PW 

TB 

flt 

- 

- Po,t 

- pc 

- water pressure at injector 

- motor temperature during sampling 
- pw 

- Tb 
WF - if - fuel flow rate 

wo 
ww 

FB 

TS 

- oxidizer flow rate 

- water flow rate 

- thrust (ballistic analyzer) * 
- helium supply temperature (for case heating) 

- wo 

- wo 

- Ts 

- Fb 

* Not recorded for the runs presente-d. 



T V 1  - T  - valve #1 temperature 

- oxidizer temperature 

- f u e l  temperature 
- To 

- Tf 

TO 

TF 

B. Gas Analysis - -(Page 2) 

H - H  - atomic hydrogen 

H2 

HO - HO - hydrogen peroxide 

H20 - H20 - water 

- hydrogen - H2 

H02 - H02 

HNO - HNO 

HN02 - HN02 - n i t r o u s  acid 

HN03 - HN03 - n i t r i c  ac id  

HN - HN 

0 - 0  - atomic oxygen 

02 

N - N  - atomic n i t rogen  

- oxygen - O2. 

- N2 - ni t rogen  N2 

NO - NO - n i t r o u s  oxide 

N20 - N20 - ni t rogen  monoxide 

NO2 - NO2 - - ni t rogen  t e t r o x i d e  

NH3 - NH3 - ammonia 

A - A  - argon 

c02 - co2 - carbon dioxide 

N2H4 - N2H4 - hydrazine 

HE - H e  - helium 



C. Oscillograph Readings - (Page 3 )  

- throat area 

- flow rate calibration 
- At 

- cf 

AT 

CF 

- ideal C* - cg (ideal) CSI 

FB - F  - force (thrust) (ballistic analyzer) * 
- fuel density - Pf FD 

WF - if - fuel flow rate 

wo - io - oxidizer flow rate 

F - F  - force 

- - ideal specific impulse Is (ideal) IS 

- oxidizer density OD 

- ambient pressure PAM 

P1-P6 - P1P6 - bottle pressures 

- P o  

- 'a 

- pc 

- pc 

- Pf 

- Pf,t 

- chamber pressure (ballistic analyzer) * 
- chamber pressure 

- fuel pressure at injector 

- fuel pressure at tank 

- oxidizer pressure at injector 

PB 

PC 

PF 

PT 

PO 

PV 

PN 

PW 

TB 

PS 

TS 

- 
- P  - oxidizer pressure at tank 

- 'n 

- pw 

- ps 

- Ts 

o,t 
- nozzle exit pressure 

- cooling water pressure 

- motor temperature 

- shroud pressure* 

- supply temperature 

- Tb 

- fuel temperature 

- oxidizer temperature 
- Tf 

- To 

TF 

TO 

T1 - - valve temperature - 
Not recorded for the runs presented. 
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0 * 0 3 ! :  46 .390  

C.30:: C e 4 7 8  

0.333 3.c03 

C a 3 C 3  11.655 

3.030 14.739 

0.G33 e 3 0 0  

3 2 . 9 2 9  35.312 O e C O O  

0 . 3 0 0  0.033 

3 e G C O  

C).OC3 

0,626 

0 . 3 c 3  

32.352 

0 e c q c  

0.000 23.876 

3 0 4 4  

c * 0 5 0  o e c o 3  

3 a C ) C O  3.202 

O a O 3 C  

4 1  e 4 &  35.84  39.07 36.81 5C.15 3 3 r 9 1  

lr63 

2 . 1 7  

6 8 3 3  



i 

PAGF 3 CF 
QUP! RUMRE9 9 

P F  3 5 5 3  %3%ds14 P V  2 e @ 5  5 3 f e b S  

Ij'+ O B 9 0  126241 P s 0 9  4 8 5 0 5 5  

TS 1115 4 e J 6  PO -Q*83 4013 

. r  

T F  -1 S O 3  3 r 9 9 '  T 1  le29 4 r 1 2  

P 1  

? 3  

P 5  

BOTTLE PRESSURE 

le06 . 2 5 r 0 6  P 2  

3 * 9 7  25.12 P 4  

1.39 2 5 ~ 5 %  P 6  

RALLISPPC A N A L Y Z . E R  D A T A  



PACE 4 OF 4 

" 3 T T L E  1, PEAY 16  OFF SCALE, P E A K  20 H I G H  

'CT'LE 3 Q I S C P R P E ?  CUE TO EXCESSIVE 3XYGEPi C!3>YTE>IT 

P':TTLE 3 ? F A Y  1 5  OFF SCALF,  PEAK 20 H I G H  



8 

e528 P) 

s 

IS8 

wo 

PSR 



GAS 

H2 

H20 

02 

N2 

NO 

N20  

NO2 

NH3 

N2H4 

A 

HE 

##+** *+*+~+*+*+* *~++*Y** *  %~****U++3+9+%+++*+++++++ 
Y * * 
I) 
i6 
# 

* 1 2 * 
# 

Y 370332 2 3'0 700 40 40536 * 
190929 

J 

Y 11.163 140145 0.400 * 
# 1.634 1.131 0 e 000 0.000 J * 
* .460088' 47.0508 69.429 00000 50.098 J + .  * , 
* 01000 0.000 04003 O.6OO OeOOO 

* 2 0 460 0.719 0.000 0.000 0 000 0 0 000 

.* 0.000 0.000 0.000 0.000 0.000 11.776 

U 

* 

* 0.000 11.0 377 20738 4.985 0.000 110356 ' /  

# 

Y 

U 00000 0.000 00000 00021 0 OOUO 0 0000 * 
U 0 0 0 9 3  0.221 ~ O*OOfI 2rQS1 0*00-6 1 o 209 
U 
U 1028b le116  0.862 l e 5 4 1  0.000 1.091 
U 
++Y****Y*+*w+~+#**+*~~u*%~*%*U%~~**U%*~u~~****%*+U~*+*u~~****** 

PRESSURE 31.44 38.82 39.82 35.55 44.29 33066 
( P S I A )  

H20 



QF 4 

W a F 

P I a 
, 

PW 12.41 

P 

WO 

TS 

P 

TF 

P 

P 

16 

i ’ ,  

t A  

P IS 
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COMMENTS ON DATA AND DATA REDUCTION 

RUN NUMBER- 10 

I 

O/F ANALYZED BY ELEMENTAL COMPOSITION 

NO SHROUD PRESSURE PS MEASUREMENT 

INJECTOR COOLING WATER WW FLOW RATE NOT MEASURED 

NO BALL IST IC  ANALYZER DATA 

NOZZLE. OVEREXPANDED 0 THRUST LOW 

HEAT FLUX VALUES WERE DETERMINED A T  1 SECOND FROM OXIDIZER LEAD-IN 

NO HEAT FLUX FOR STATION 2 . 

SAMPLING DURATION 0 1000 SECONDS 

MEAN SAMPLING TIME 0 1.9 SECONDS 

BOTTLE 1 PEAKS 17 AND 44 HIGH 

BOTTLE 2 PEAKS 15 ,  28 AND 32 HIGH, PEAK 14 HIGHER THAN USUAL 

BOTTLE 3 PEAKS 14, 1 5 1  28s 32 AND 44 ALL HIGH 

BOTTLE 4 PEAK 18 HIGH 

BOTTLE 6 PEAKS 15 ,  17 AND 30 HIGH, PEAK 14 LOW AND PEAK 16 e 

HIGH AND SLIGHTLY OFF SCALE 



AE'IDfHE??? P Z O J E C T  7 C 3 9  

INJFCTOR POSITICY1 - 63 

DATF OF FIRI: . 'C - 1 / 1 5 / 6 9  

DATb. REDUCTfOh! RESULTS 

HEAT FLUX 
R T U I F T 2 - S E C  

74.1 

172.0 

0.0 

e 9  
i '  

O e 9 3 3 0  

1 4 8 7 3  (PSIAI 

S Y S T E t A  D A T A  

P ? E S S d ? E  ( D S I A )  TE"PE?ATURE ( D E C e F )  

r t  4 6 7 0 2 9  3FT 9 3 9 e 4 9  T!3 1 5 0 e 0 3  PO 4 5 e l 3  

& 

' /  ( I  

32 4 9 1 8 5 2  P O T  969ePP TS 2 9 6 e 9 2  TF 3 B a 6 h  



r . -  
.IC.', 

, -  .. I 

"2 - 

. ?  
L 

,, - I- t . *  

'. L 2  

2-4 

:? 

11.37 25.66 5 5 . 2 3  47.82 5 S 0 ' 2  
. , - r  32.5 .. 

I * ,. . 
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PUR RUYRER 11, 

O S C I L L O G R A P N  D A T A  

I:.' F 7 0 e C i )  3 9 3 . 0 3  -(p C 

P C  2199 49980  PO 

PF 3 . 5 5  127012 P v: . 
P w 1 8 3 5  123074- PN 

PS 0.00 0 ~ 0 0  P T  

.. .-' 
w 0 f60.00 1007000 .,% . fB 

T S  

P 1  

p 3  

P 5  

30 

FD 

T O  

ROTiLE PRESSURE 

Oe32 2 4 e 8 7  P2 

0037 25800  P 4  

0 8 3 6  25012 P 6  

3ALLISPIC A N A L Y Z E R  D P T A  

-0111 12837 

1.86 493.95 

0831 24.97 

( 2 0 3 4  2 4 e E 7  

O m 3 1  24.75 
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' 70CKET '10TC'I ROUi\lOAf=?Y LOW DATA PEi?UCTfON 

.J"L C O " : T P A C T  - NAS7-463 AEROtHERE.1 PROJECT 7 0 0 9  

D u b !  ';\;Il'>'RER - 12 IMJECTOR POSITION - 90 

FI ' ? I ' !G  'IUVRE'i - 20 DATE OF FI[Rlf!C - 1/10/69 

I 
DATA REDUCTION RESULTS 

p . X I A L  STATI[ I )N ( I $ J *  I O/F I N  P0UR;DARY LAYER HEAT FLUX 
BTl!/FTZ-SEC 

led280 

1.7780 

2 . 5 2 8 0  

3.2780 

4.0280 

4 e 7 7 8 0  

0 0 1 0 5 5  

0.1321 

0.1812 

003128 

0.2057 

oeoooo 

72.8 

000 

' 427.0 

E V G  I " E  PERFORb!ANCE PARAMETERS 

ISR n e n 4 2 2  PRPC 000817  CF 1 0 1 2 6 6  

IS 192.11 ( S E C )  F PC 160.12 tPSIA1 

PRESSURE ( D S I A )  * 9 i ' PEXPERATURE (DEGoF) 

DF 4 6 9 a R O  P F T  0 4 3 . 3 2  TR 342el.9 TO 45613 

D'3 496*5P POT Q B 9 e O 8  f S  2 T 4 3 e 2 5  



G A S  

* ~ * ~ ~ ~ ~ * * * 9 * 9 ~ ~ * * ~ * 9 * ~ ~ ~ ~ ~ * * ~ ~ ~ ~ * * ~ ~ ~ ~ * ~ * ~ ~ % * * ~ % * * . # . ~ * * ~ ~ ~ * ~ ~ % ~ ~ *  

* 
* 
* 
* 
* B O T T L E  NUMBER 

* 1 2 3 4 5 6 
* 
* 
36 

t/ * 1 5  I 127 10.408 R o B l 2  19.147 2 9 e 8 6 2  0.000 

i+ 3 Q 94P 78544 111338 16e449 7e838 o€!ooo I / ' .  

* 
* , 
* o c o o o  3 e O C O  o c o o o  0.000 0.070 OO@OO J * 

J/  
u 
* .  5 3 s 4 8 8  340247 29.982 35eI.81 47r758 i ) o o o o  

* 08327 Om527 0 ~ 4 8 5  O e 2 9 3  01223 O e ' 3 Q O  
* .  
* 266049 4 6 a 5 2 5  49.137 27e476 12.922 O I O O O  

* 0,000 o a 1 1 o  0 m 000 0.000 Om090 00000 

* O e l 6 ?  Oe067 0.022 Om694 0'. 168 Om080 

46 C e A P 9  Qe538 0,421 0 ~ 7 4 5  le060 OB000 

3I 

/ 
F *  

* 
.#. 

3I 
* * x ~ * * x * ~ ~ * ~ Y * ~ * ~ ~ ~ * * ~ ~ * * * * * * * ~ % ~ * * * ~ * * ~ * * * * * ~ * 9 * * * * * * * ~ ~ ~ ~ ~ - ~ 3 6 * * ~  

P R E S SUR E 3 2 e 3 6  42.56 478s69 4'985'3 4 6 d 5  44.89 
( P S I A )  

o / v  O e O 3  0006 0016 0 ~ 1 7  0.07 O m 0 0  

'-1 2 c 4 R e 9 2  16.94 7eOO add81 31e80 ow00 



. 
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RUrY NUMBER 12  

OSCILLQGRAPH DATA 

O U A Y T  I T Y  R E A D I N G  CAL Q U A N T I T Y  R E A D I N G CAL 
( IN. ) *  ( I f \ l b )  

MOTOR 

h' F 68.70 3 8 3 ~ 0 0  F 1.63 49.19 

PC 2.92 4 9  80 PO 3183  125147 

P w 1.37 1 2 3 + 7 4  PN -0 b 13' 12.37  

. "  
160100 1007r00' T B  wo 1.47 4.97 

TS 0.66 4.r 16 ,' TO 10.98  3.69 

I 

T F  1o093 3 r 9 6  t'l 1.55 3.97 
(i. 

, I .  

B O T T L E  PRESSURE 

P 1  0170 24.87 P 2  1.11 2LoR7 

P3 1131  25100 P4 1.32 24187 

P 5  1 .25  25.12 P6 1.22 24.75 

; * *  BALLISTIC A Y A L Y Z E R ' D A T A  

V I  SCELLANEOUS DATA 

PA\*  14e700(PSIA) IS 228r09tSEC') 

OD 92*048(LR/CUFf) C S I  

FD 63*735('LR/CUF A T  

5780e40(FT/SEC1 

0 s 44 ( SO I Pi 1 

* CPS FOR WF AND WO 



PACE 4 OF 4 

c)/F AFIALYPED P Y  ELEMFNTAL C O M P O S I T I O N  

Y O  SHROUD PRESSURE P S  MEASUREVENT 

%;'!JECTOR C O O L I N G  WATER N!< FLOb! R A T E  NOT MEASURED 

?lr) R A L L I S T I C  ANALYZER DATA 

C A L  I P , i l A J J O Y  F?O CHROFvlEL CCNSTANTAN THERk4OCOUPLE.S I S  k O N - L I N E A R  

H E A T  FLUX VALUES  ERE DETERYINED A T  I s E c o r a  FROM OXIDIZER LEAD-IN 

M E A T  FLUX GAUGE 1 WENT OFF SCALE. READ PREMATUR'ELY A T  Om65 SECONDS 

H E A T  F L U X  FOR S T A T I C Y S  2 AND 5 

? G Z I L E  OVEREXPAFJDED - THRUST LQW 

SA"/I'L 1 E?;C OUR A T  % O N  199 1 a 2 SECO4DS 

''cA.\! - S4lqPLIl ' iG P % V E  - 2m15 SECONDS 

Q.7 l -TLE 1 -- P E A K S  12-16 RERUN A T  END OF P r i A C E  BUT P R E V I O U S  

V A L U E S  F9)n 1 1 4 . 9 1 5 8 1 4  WE!?€ USED 

B O T T L E  6 D I S C A R D E D  DUE TO E X C E S S I V E  O X Y G E N  C O N T E X T  



1 5 1 r 3  

n v.3 

44962 
, 

1 6 3 0 1 2  ( F S I A )  

SYSTEtq D A T A  





c 

PACE 3 CF 4 
RUN NUlvBER 3.3 

OSCILLOGRAPH DATA 

i3'F 

PC 

P F  

6 7 e 7 3  3 f ? 3 s o o  F l o 6 3  50.94 

3.87 125.47 2 8 9 2  4 9 e 8 0  PO ; 

I 

3 e 5 7  12783 PV 

= '51 l e 3 9  1 2 9 ~ 7 4  P N 

0.00 92.37 PT 1 r P 6  4 9 3 9 9 5  

1 6 2 a 0 0  lOO7rOO f B  w 0 

TS 

la52 4.97 

-0.92 3 . 6 9  

TF 

A 

2.03 3997 

BOTTLE PRESSUR 

l e 7 3  24.87 1 e 4 4  24~87 P 2  

1.96 25e00 F 4  * 1 9 8 7  24-1.r&?7 

hen? 24.75 l e e 6  P6 

R A L L l r 5 P X C  ANALYZER DATA 

1 4  BI 7 3  ( PS I A 1 I).C3[LE?.: FF! 

'" 1 SCELLANEOUS DATA.  

2 2 7 e 6 7 ( S E C )  

576Ge99(FT/SEC) 

c 81 44 ( s (? I ?I 1 

33 

FD 



" F A '  SA""L&'!G T1"E 2 e 4 3  SECONDS 

n 2 T T L E  3 ?F.IECTF3 CUc TO F X C E S S I V E  O X Y G E Y  C O Y T E R P  

" 3 T T L E  4 ? F A Y S  2 0  AND 40 SEEP HIGPE9 " P A N  USUAL 

" r J T T L E  5 CHAYGED S E Y S  ON P E A K S  1 6 s  17 AND 3.8 T O  ESUAL 13 = READING 



PACE 1 OF 4 

R O C Y E T  ‘ I@?C? 90UYDARY Fbn’:’ C A Y A  r7E3UC:fIOM 

JC’L C 3 ’ q T Q A C T  - hAS7-463 AEROfHER!J PRCJEC? 70C9 

F I i ? I Y G  ?!U?Af?ER - 22 DATE OF F I R f Y C  - 1/13/69 

P X I A L  S T A T I O r J  ( f Y : r  1 C/F I N  ROUiY3ATIY LAYE!? HEAT FLUX 
BTU/F?2-SEC 

1.0290 

1.0 7780 

7797 

0.2 

2 .5280  0.136R 1 3 3 r 4  

4 . 0 2 8 0  3 o 4 6 4 6  010 

4.7780 0.3754 533.6  

E?IG I?:€ PERFORYANCE D A R A Y E T E R S  

@ I F  1.2714 CSTAR 554Wr / F f / S )  CSR 0.9576 

IS[; 0.8550 P!’{PC 0.0819 CF le1334 

IS 195.13 (SEC) F 81117  ( L E I  PC 161.10  (PSIAI 

IS” 0.00 (SEC) FB G e O O  (LF3). PCR 1 4 ~ 6 9  (PSIP.1 

SYSTE‘F! D A T A  

PF 4 7 2 e 3 7  PFV 9398137 TR 3 ? 5 , 8 3  T O  4 4 r 9 6  

FI! 501e52 POP 969e07 f S  258.22 9°F 468114 



PAGE 2 OF 4 

H2 

Y 2 0  

02 

N 2 

420 

V H 3  

'h! 2 H 4  

A 

YE 

* / * 0.000 26.209 17.83) 26.229 26.235 

9 0.000 110502 6.157 5.700 130194 8.829 22.3952 Y 

Y 

Y 0.000 0.000 C.000 O@OOO 0.400 0.000 IC' 

4$ 

Y 0.000 47.613 48 a 143 62. 590 55.849 64.566 b' 

* 0.000 0.683 OaQOO 00234  0.176 0.321 

Y 0.000 11.377 27.075 4. 183 20816 2.440 v'' 

* 0.000 0 a 340 O I O O O  * 60037 0.065 0.0019 
U 

Y 

* 
* r  

U 0 000 1.210 0,043 00044 Oaf13 0.020 * 
Y 0 000 1.062 Oil78'r 0.980 1 148 1.426 * 
~ ~ 9 9 * ~ ~ * * ~ * * * , ~ + 0 * 9 * Y * ~ U u ~ * ~ * ~ ~ ~ * u ~ # u * ~ u ~ + ~ U * * ~ ~ U * ~ ~ * u u * * * U * u Y Y  

, 
ri F S SCJ!? F 33.34 42.79 41.46 46 a 53 43.83 43.40 
( P S I A )  

U / Y  0.00 1.02 1.04 0.58 0.76 0.52 

O/% 0.00 001.1 0.04 0 0 0 4  0.12 0.06 

H20 0.00 31.40 37.11 59.10 42.75 61.83 



C l J A Y T  I T Y  

P! F 

PC 

PF 

PS 

wo 

TS 

TF 

* 

P 1  

p 3  

0 5  

P A Y  

00 

FD 

PAGE 3 OF 4 
RUF! NUjNBER 114 

OSCILLOGRAPH D A T A  

R E A Q I Q C  CAL C?lJAr\ lT I T Y  R E A D  I i\!C C A L  
( I N .  I *  ( I b! . 1 

&JOTOR 

6*.80 3P3.00 F 

2.94 49.80 PO 

3059 127.12 P V  

1.35 123.74 PN 

0.00 12.37 P T  

159.00 1007.00 TB 

0.80 5 .00  T O  

-0.94 3.77 Tl 

BOTTLE PRESSURE 

0 0 7 4  24.87 P 2  

le06 25.03 9 4  

l o 1 5  25.12 P 6  

BALLISTIC A N A L Y Z E R * D A T A  

14*69(PSIA) 

YISCELLANEOUS D A T A  

14*690(PSIA) IS 

92*062(Lq/CUFT) CSI 

h?rh47(LR/CUFT) A T  

* CPS FOR !dF Ah!@ h'0 

1.65 49.19 

3 r R 7  125.47 

lae9 502.30 

-0.11 12.37 

l o g 6  493.95 

1.34 5.27 

-1 . 10 3.26 

lo53 3.01 

1.13 24.57 

1.28 24.e7 

1.16 24.75 



C O Y V E N T S  Oh: D A T A  A h D  D B T A  R E D U C T I O N  

R U N  NUMRER- 34 

O/F A Y A L Y Z E D  PY E L E V E N T A L  COtv ’POSITION 

’40 SHRCUD PRESSURE P S  MEASUREMENT 

I V J E C T O R  C O O L I N G  WATER W N  FLOW R A T E  N O T  MEASURED 

h : Z  B A L L I S T I C  AFIALYZER D A T A  

C A L I B R A T I O N  FOE CHROMEL C O h S T A N T A N  THERMOCOUPLES IS NOR-LIhEAR 

H E A T  FLUX V A L U E S  WERE D E T E R M I N E b  A T  1 SECOND FROM OXJDIZER L E A D - I N  

HEAT FLtJX GAUGE 1 WFNT O F F  SCALE R E A D  P R E P A T U R E L Y  A T  0.75 SECONDS 

“UO H E A T  F L U X  FOR S T A T I O N S  2 AND 5 

Y O Z Z L E  O V E R E X P A N D E D  - T H R U S T  LOW 

d 

S Y ’ D L I N G  D U r i A T I O N  l r 2  SECOYDS 

:“FA:: S A M P L I X G  T I F E  - 2.2 SECONDS 

~ O T T L E  1 BOTTLE D A T A  DISCARDED- VICRO TUBE LEAK 

“ 5 T T L E  6 PEAK 47 WAS C U T - O F F  T H E  T R A C E  SO C O U L D  NOT BE RECORDED 



PAGE 1 DF 4 

90CK.ET W T O R  R3UrYDASY FLO'r! DATA REDUCTION 

J D L  C3'!TQACT - NAS7-463 AEROTHERM PROJECT 7009  

r ? l j \ !  P * ~ V R E R  - 1 5  INJECTOR POSITlON l e 0  

r I ' ? I ; \ l G  NUMFE-!? - 23 DATE OF F I R I N G  e 1/13/69 

DATA REDUCTIOR RESLJLTS 

P X I A L  S T A T I O N  ( I?!. 1 O/F I N  POUPlDARY L A Y E R  HEAT FLUX 
B TU / f  TZ-SEC 

le0280 08 f4P2 41.8 

1.7780 OeOOOO 010 

2.5280 

3.7780 

0.3007 

007157 

12505 

105.0 

4 . 0 2 8 0  0 8 3'32.6 0.0 

4 , 7 7 8 0  Os4400 *. 477.6 

Eh!G I N E  PERFORMANCE PARANETERS 

IS? 0 e F 8 3 2  PRPC O e 0 8 3 0  CF 1.1773 

' f! 0 0 . 2 3 5 0  (LR/S) b!F 0 0 1 8 2 9  (LR/SI WLJ 0.0030 ( L R / S )  

DSR 1.0009 

S Y S T E G  D A T A  

P'IESSURE ( P S I A I  * r' '' d,TEYP€RATURE .(DEG@ 

DF 4 7 0 e 3 7  P F T  9 4 5 e 3 8  TB 3 3 5 0 0 9  T O  5 2 r C 3  

DO 4 O l e 1 6  POT 962822 f§ 236.37 f F  3 9 . 2 0  

P .i 2 1 5 ~ 6 1  TV;l e01 
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G A S  

~ * * ~ ~ * + - ~ * * ~ * ~ * * * * * * ~ * ~ ~ ~ * % * * * ~ * ~ * * ~ * * * ~ * ~ ~ * * ~ * ~ * ~ * % * * ~ ~ * * * * * * ~ * - %  
* 
* MOLE FRACTION * 
* 
* BOTTLE NUVBER 

3c 1 2 3 4 :  5 6 * I 

* 23.268 0.000 2 1 0 2 l 3  i9.4e7 27 444 23.495 

3c 6.903 0.000 13.362 6.917 10.456 

?e 0.000 3.000 C.OOO 5.603 1.048 0.000 

* 36.512 0.000 36.907 51.176 43.852 45.216 

* 00807 0.000 1.113 1.276 0.734 

0 2R.870 0.000 21.702 7.765 12.446 9 346 

0.591 0.000 0.986 0 . 4 2 9  0.389 0.301 

SC 0.667 0.000 2 . 4 6 5  6. 134 1'. 8 8 1 2.817 

20379 c.000 20228 1.211 1.745 2 a 266 

* 

I /  

/ 

* 
# 

150797 7 
00759 /- 

* 
* 
* 
SC 

* 
# 

* 
4+ 

* 
* 
* 0 * 9 ** 9 * * 9 * * * * * * * * i t  * * * * * % ** * * ** * * * * 9 *+t i t  * * c *us( * **+*?I. * * * 4! * +: * ;t +$ * 0 

P?FSSIJ?E 33.23 43.51 41.32 46.42 43.72 4 3 . 2 9  
( P S I A )  

I + / & (  1.42 0.00 1.38 0068 1.12 1.05 

3 / hl 0.07 0.00 0. 14 0017 0.12 0.16 

Y 3 0  17.45 0.00 15.58 43.27 25.60 26.47 
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RUN NUMBER 1 5  

OSCILLOGRAPH D A T A  

READING C A L  
( IN.) 

GUANTITY R E A D I N G  CAL QUA N T I T Y 
( I N r  I *  

MOTOR 

bl F 

PC 

PF 

PW 

PS 

KO 

TS 

68.50 383.00 F 1.67 5 0 r 4 0  

2 r 9 7  4 9 r 0 8  PO 3 r 9 0  122020  

3.62 1 2 5 r 9 0  PV 1.93 4 9 1 r 0 0  

l r 6 2  1 2 3 r 3 3  Plu 

ob00 12.27 P T  

161.50 l b o ? b o O  T B  

Or59 5 . 0 0 .  TO 

le23 5 r 7 6  

-1 r 13 2r99 

TF -1.01 3b74 f l  1.43 3r01 

+ 

BOTTLE PRESSURE 

P 1  

P 3  

P 5  

0.74 24r87 P2 

1.06 2 5 0 0 0  P4 

1.15 2 5 0 1 2  P6 

l a 1 3  25.313 

1b29  24.07 

1416  2 4 r 7 5  

BALLISTIC ANALYZER-DATA 

1 4 e 5 8 ( P S I A )  FB C o O O ( L B a )  

YISCELLANEOUS DATA 

D A Y  

00  

FD 

91e482(LR/CUFT)  CSI 57?8e05(FT /SEC)  

* CPS FOR F F  AP'D \*IO 



* 

P A M  4 O f  4 

CO'LlPENTS ON DATA APSO D A T P  REDiJCTfON 

RUN NUMRE9- 1 5  

C / F  ANALYZED B Y  ELEMENTAL COMPOSITION 

A!C? SHRDUD PRESSURE P S  MEASUREMENT 

1P;'JECTOR COOLING WATER FLOW RATE NOT MEASURED 

NO P A L L I S T I C  AI\!ALYZER DATA 

C A L I S R A T I O N  FOR CHROYEL CONSTANTAEL: THERPOCOUPLES bJON-LINEAR 

HEAT FLUX VALUES WERE DETERMINED AT 1 SECOND FROM O X I D I Z E R  L E A D - I N  

'10 HEAT FLUX FOR S T A T I O N S  2 AND 5 

?,JOZZLF OVEREXPANDED THRUST LOW 

SA"PL I YG DURATION 1 1 SECOVDS 

VCAh< SA'.'PLINC T I M E  - 1.85 SECONDS 

FOR L I B  2 3 s  RUN 1 5  - A L L  THERMOCOUPLES WERE RECALIBRATED 

ALL E N G I Y E  DATA EGe PE, PVF, FORCE ETC WERE RECALIBRATED BUT NOT THE 

TEntPFRATURES EG. TB, TSP,  TSV1,  TLO, T T F  

R g T T L E  2 QOTTLE DATA DISCARDED DUE TO E X C E S S I V E  OXYGEN CONTENT 

'?OTTLE 4 -0 PEAKS 3 2 9 4 0 t 4 4  LOOK H I G H  
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ROCKET MOTOR ROUNDARY FLOW DATA REDUCTION 

JPL CONTRACT - NAS7-463 AEROTHERV PROJECT 7009 

Ruri YLJYRER - 16 INJFCTOR POSITrON * 190 

FI9IKG MUMRER 9 24 DATE OF FIRING - 1/13/69 

D A T A  REDUCTION RESULTS 

A X I A L  S T A T I O N  ( I N .  1 O/F I N  BOUNDARY LAYER HEAT FLUX 
6 T U / f T 2 = S E C  

100280 0 0 1 2 7 5  

1.7780 

2.5280 

3 . 2 7 8 0  

4.0280 

4 0 7 7 8 0  

c)/F 162444 

IS9 008883 

001824 

0 . 2 2 5 5  

ENGINE PERFORMANCE PARAVETERS 

CSTAR 5 4 9 8 0  ( F T / S )  CSR 

PNPC 0 0 0 8 1 9  CF 

000 

134.1 

13305 

0.0 

547.7 

019489 

1.1879 

IS 2 0 3 0 0 2  (SECI F 85014 ( & . E l f  PC 161.33 IPSIA) 

I SR O e O O  ( S E C )  FB 0600 (LE1 PC8 14.57 (PSIA) 
I 

,* , 

SYSTEM DATA 
I .  e 

. ,. . 
PRESSURE ( P S I A )  TEMPERATURE‘ ( D E G o F )  

PF 472r8R PFT 9 4 5 e 3 7  TB 336r55 T O  5 2 0 9 0  

P ‘,I! 190.93 
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G A S  COMPOSITION RUN NUYRER 16 

G A S  

H2 

! i 2 0  

2 2  

'! 2 

'4 2 0 

I.! L i  3 

V2Y4 

A 

c02 

HE 

9 ~ * * * ~ * * ~ * * * * + ~ * # + * * * 9 ~ * * ~ ~ * u u ~ * * u u * * * ~ * ~ * * * * * * u * * * * * * * * * * ~ u u * *  

* MOLE FRACTION 
9 

.K 

3t 
* BOTfLE NUMBER 

* 1 2 3 4 5 6 
* 
* 
* / U 23.642 18.732 19.191 2 1 r 5 3 5  23.555 22.016 

9 6.519 5.856 6.445 7.325 8.155 9.719 d' 
* 
.K 

/ * 0.112 0.450 3.283 0.000 0.618 0.345 L' 

* .  /' * 32 .034  28 .548 28.092 33.218 33.424 38.449 * 
* 0 , 4 7 2  0.064 0 0 2 1 8  0.340 0.157 0 a 2 4 4  

* 35.520 4 1 r 9 5 0  40 .574 32 .931 29.642 23.702 

* 0 363 0.321 0.207 0.161 0.246 0.264 

* 2.096 1.445 2.020 3.283 3.862 3 e 4 2 5  

* 0.362 0.350 0 * 0 9 @  0.000 0.109 0.245 

* 1 .884  2.279 2.067 1.302 1.226 1.586 * 
# 9 ~ 9 ~ * + + * + % . K * * * ~ * Y * * ~ * * * * * * * * ~ + * * * * . K * ~ * * * * * * * . K * ~ * * * * * * * * * * * * * ~ *  

\ / * 
* 
* 
* 
* 

P?ESSU?F: 43.92 42.18 501ai  46.16 49.49 4 5 1 0 1  
( P S I A )  

Y / N  1.60 1.76 1.75 1.56 1.56 l e 3 3  

0 / Y 0.07 0.06 0.07 0.07 0.09 0 8.10 

CrZO 10.99  5.50 5.78 12.00 10.90 18.98 



PIAGE 3 OF 4 

Q U A N T I T Y  

w F 

PC 

* PF 

PW 

PS 

wo 

- PS 

TF 

+ 

P 1  

P 3  

P 5  

PR 

P A Y  

OD 

FD 

RU9' NUMBER b'6 

OSCILLOGRAPH DATA 

READ1 i\!C CAL QUAN T I T Y  R E A D I N G  CAL 
( I & @  ) *  Sh. 1 

MOTOR 

70aOO 3 8 3 r 0 0  F le69 50040 

z S 9 a  49008 PO '3.91 1 2 2 0 2 0  

3 0 6 4  125e9Q P V  l a 9 0  4 9 1 0 0 0  

l e 4 3  123833 PN -0010 12427 

= 0000 P f  1 0 8 9  4920'49 

0e92  TO - l e 1 2  2r99 

-fa01 O 74 T l  1 *?0 4 r 5 7  

BOTTLE PRESSURE 

1. 

l e 3 9  . 25rlb2 Pb 1822 24075 

BALLISTIC ANALYZER D A T A  

1 b e 5 7 ( P S % A )  FB' O I O O ( L B 0 )  

MISCELLANEOUS DATA 

1 4 0 5 7 0 ( P S % A )  1 
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COM41ENTS Ok i  D A T A  A h D  DATA R E D U C T I O N  

RUN NUMEER- 16 

G / F  A X A L Y Z E D  B Y  E L E M E N T A L  C O M P O S I T I O N  

r\!G SHROUD P R E S S U R E  PS MEASUREMENT 

I Y J E C T C I ?  C O O L I N G  WATER W W  FLOW R A T E  NOT MEASURED 

h i 0  B A L L I S T I C  A Y A L Y Z E R  D A T A  

N3 H E A T  FLUX FOR S T A T I O N S  2 AND 5 

C A L I P R A T I O N  FOR CHROMEL C O X S T A N T A N  T H E R V O C O U P L E S  N O N - L I N E A R  

V E A N  SA'- :PLING T I ' 4 E  2.6 SECONDS 

SA'AFLING D U R A T I O N  9 1.4 SECONDS 

U O Z Z L E  OVEREXPAUDED - THRUST LOW 



1.329c: C o 1 2 5 5  

1 . 7 7 C O  C; e 1 5 3 3  

2.52R3 002314 

3927 .93  0.3019 

4.229 '3  G.@OCC 

4 . 7 7 e 3  0.6132 

E' GI "\E FEI?FORvAI ' !CE PARA ' * 'ETERS 

. HEAT.  FLUX 
STU/FT2-SEC 

6 3 . 6  

0 e C 

14303 

151.9 

3 e 0  

584.0 

S Y S T E V  D P T P .  



C 3 7  

U t  ._ 

PAGE 2 C-F 4 

4c 

?C b:OFE Ff?ACT f0"J 
TIS 

9 

4c E C T T L F  UtJ*"FIEC 

c 1 2 3 4 J 

9 

6 c 
i c  
i: 

J * 23 2 5 6  25.241 230C09 23.737 '3.309 12.104 

* 5.737 7.939 io.e92 11.675 O I O i I O  17.982 

9 S.3Q5 0.000 0.198 9.030 0.030 3.699 

* 29.7c3 2a.288 3 2 . 6 2 5  2 9 . 9 6 9  G.Go3 48.622 

* 0 0 230 0 . 3 2 5  0.174 0.286 Om.D(39 le307 

+e 0 . 3:jC 3.2G3 3r03C 3.05!0 0.000 90610 

* 3 4  . 3 0 9  33.721 24.499 16.134 3.000 12.875 

it 0.150 0.074 0.232 0.158 0.000 0 .946  

9 7.262 6.645 5 0 494 7.645 0.033 3.125 

j t  z .?55 3.QCO 2 . 1 3 4  Om0.30 c.323 C.303 

4c 2.P20 2 e 764 2a778 13.424 3 . 0 3 0  1.726 

+(. ,$ +e -!6 Q si. f' ++ 3c 0 * 9 n ?C se d:-.:P -8 de -E * * * *K 0 46 *.* * *+ -K*s4)* +I-* 4* ** * **+ n JI w .# F1) 0 * * * * 3 0 9 I * *+I -:& 

' /' 

J' 
/ 

/ 

a 

* 
4k 

x 

i) 

3t 

46 

< '  * 
i F  

* 
6 

3/' ? e 3 7  C.CQ 9.12 C.15 *(.++**+ 0.19 



t 
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h 
V O S C I L L C C ? A P H  D A T A  

I? E A 0 I I\ G C A L  
( I " .  1 4 

c 

4 

: ' F 

PC 

PF 

P !4 

p.5 

KO 

TS 

TF 

73.00 3 8 3 . 0 3  F 1.65 53.43 

h 
D 

3.01 49.08 PO 

3.63 125.90 P V  

le43 123.33  PN 

0.00 12.27 P T  

160.00 1007.00. T B  

le05 5.00 T O  

4.31 122.20 

A - 
1.91 491.00 

3 
-0.11 12.27 

D 
l e e 8  492.49 

1 

0.03 1C07.03 

-1 e 10 2.99 

1.66 3.01 -0 0 96 .3.74 T l  

B O T T L E  PRESSURE 

P 1  

"3  

D 5  

0.74 24.87 p 2 .  

O o S 6  25.00 P4 

3.90 25.12 P 6  

I 

Y 

!?ALLISTIC A ~ A L Y Z E ?  DATA 

1 4 a 5 5 ( D S I A )  
r 

F!? 

, 
L 

','I SCELLANEOUS D A T A  

c 2 7 f i r 5 1 ( S E C )  

5793e57(FT/SEC) 

0 4 S C I N 1 

? A '? 

$3 D 

FO 
" 
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1 

? / C  A ” . A L Y Z F D  F Y  ELF’b’E’ T A L  COI ’POSITIOY 

C A L  I R i A T I O ’ V  F03 CH2OYEL CONSTAhTAN THERVOCOUPLES NOY-LINEAR 

‘13 F A L L I S T I C  A’\!ALYZFR DATA 

U E A T  FLUX VALUFS iJERE O E T E R ~ I N E D  A T  1 SECOND FROM OXIDIZER LEAD-IN 

:.:”  AT FLUX FO? STATIONS 2 AND 5 

’ :S%%LE OVFREXPANDED = THRUST LO!:’ 1 

“ “TTLE 1 - PEAK 20 LCOKS HIGH 

~ X T L E  5 RCTTLE:  ~ A T A  AVAILABLE 
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ROCKET MOTCR ROUNDARY FLOW DATA REDUCTION 

JPL CONTRACT - NAS7-463 AEROYHERM PROJECT 70C9 

pu?; WUNRFr;! - 1 8  INJECTOR P O S I T I O H  - 210 

F I ; i I " . G  ~ ! U V E E ?  - 2 6  DATE OF F I R I Y G  - 1 / 1 3 / 6 9  

e 

D A T A  REDUCTION RESULTS I 

A X I A L  SToTIOY ( I N 0 1  O/F IN EOUr?!DP.RY LAYER HEAT FLUX 
BTU/FT2-SEC 

0.6124 

0.2671 

70.3 

0.0 

3.2790 0.2778 160.4, 

EhG IN€ PERFORMANCE PARAk.'ETERS 

PCP 1 4 . 5 6  (PSIAI I SP. 0.00 ( S E C )  F8 c.00 (LR) 

S Y S T E ~ I  'DATA 
# 

"RESSUR€ ( P S I A ) '  5 ,* . TEYPERATURE (DEGrF) 

L6L.05 PFT 930059 TH 336.55 PO 52.90 

PO kQ3e59 ? O f  c 4 2 e 5 6  T S  2 6 4 e 5 5  TF 4 5 a 7 2  

f V l  2 7 9 e 5 4  
_. 
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GAS 

H2 

H 2 0  

0 2  

Y 2  

“20 

v 3 2  

“H3 

U2H4 

A 

C O 2  

HE 

* + * + + t * * * + + ~ + * + * 0 * + u + * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * * # u * ~ ~ ~ ~ ~ u % ~ ~ u % ~ ~ ~ ~ ~ % * ~ ~ i ~  
* 
* KCLE FRACTION * 
i+ 

46 ROTTLE NUlv’8ER 

* \ I  2 3 4 ’  5 6 
* 

I * 
* I 

* 25.840 24.316 0.000 30.706 00000 18.244 J’ 

/ * 11.221 10.108 0.000 9 040 0.000 11.419 

* 3.060 0.964 oecoo 0 0 3 0 0  0.000 0.000 

* 53.458 38.383 0.000 510501 0.000 52.251 

* 0.275 0.347 .01000 0.S73 0.000 0.958 * 
* 0.000 0.000 0.000 00000 3.0’30 10.461 

& 2 .587  21.221 0.000 6.041 0.000 1.437 ./’ 
* 0.171 0.148 0.000 0.427 0;ooo 0.357 

U 1.718 2.173 0.000 0 0 689 3.003 1.447 

* 0.300 0.C61 3.OCO O O O C O  0.000 O.OOC) 

* 1 .657  2r275 0 .000 1.019 0.000 3.422 

* ~ * ~ u ~ 9 * ~ ~ + + ~ * * ~ ~ ~ * * ~ ~ ~ * ~ ~ u ~ ~ % ~ * u ~ ~ - * ~ * ~ ~ ~ ~ ~ ~ * u ~ ~ u * * * * * u ~ ~ ~ * ~ % * ~  

* 
46 

,’ 
r/’ 

* 
* 

* 
* 
# 

* 
* 
* 

I 

o? F SSiJ? E 46.64 42.17 48r36 43.41 42 .95  39.56 
( P S I A )  

U2C 

0.74 1.34 0.00 

0.15 0.12 0.00 . 

0.89 0.00 0.54 

0108 0.00 O r 2 7  

40. 19 17.48 . &*QO 37.73 oeoo 46.56 
.# . 

8 ) .  4 ,  * 

I 
I 



. 

W A N T  I T Y  

W F 

P C  

PF  

P w 

PS 

wo 

TS 

TF 

s 

P 1  

P3 

P 5  

; * ,  

PH 

F A :J 

00 

FD 

RUN NUMBER 18 

OSCILLOGRAPH D A T A  

PAGE 3 OF 4 

R F 4 r ) I N G  C A L  Q U A N T I T Y  R E A b I N G CAL 
( IN. ) *  ( I N .  1 

VOTOR 

68.10 3P3cOO F 

3.00 4 9 r 0 8  PO 

1.44 123.33 PN 

O I O O  12.27 P T  

160.70 1007.00 TB 

0185 5100  TO 

-0.95 3 0 7 4  T l  

1061 50.40 

3.91 122.20 

1.89 4 9 1 0 0 0  

00.13 12.27 

1.85 492.49 

1.24 5.76 

-1.12 2 0 9 9  

1.62 3.01 

BOTTLE PRESSURE 

lo28 24087 P2 1.11 24.87 

l e 3 5  25eOO P4 1.16 24.87 

1.12 2 5 r 1 2  P 6  - 1.01 24.75 

BALLISTIC A N A L Y Z E R  * D A T A  

1 4 e 5 6 ( P S I A )  FB O c O O ( L t 3 . )  

avISCELLANEOUS D A T A  

1 4 e 5 6 0 ( P S I A )  I 5  2 2 7 0 9 6 ( S E C )  

9 l r 4 1 1 ( L O / C U F T I  C S I  5776 B 20 ( FT [dEC 1 

63a6596LR/CUFf) A T  0144(SQ1[N)  

* CPS FOR WF AND \do 
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C O V E K T S  Oh DATA AND DATA REDUCTION 

RUN NUMBER- 18 

O / F  AhALYZED R Y  ELEREKTAL COMPOSITION 

~3 SHROUD PRESSUSE PS YEASUREMENT 

I YJECTOR COOL'I  NG W A T E R  \r:w FLO?;' R A T E  NOT MEASURED 

Y C  S A L L I S T I C  ANALYZER DATA 

C A L I P 2 A T I O N  FOQ CHROMEL CONSTANTAN THERPOCOUPLES I S  NOR-LINEAR 

F O S S I e L E  PROELEM I N  HEAT FLUX GAUGE S I X  Ab!D/OR I T  S C A L I B R A T I O N  

MEAT FLUX VALUES WERE DETERMINED AT 1 SECOND FROM O X I D I Z E R  L E A D - I N  

4 ' 0  HEAT FLUX FOR S T A T I O N S  2 AND 5 

YOZZLE OVEREXPANDED THRUST LOW 

SA''PL1NG DURATION 1.4 SECOVDS 

v E A V  SA4"PLINC T I M E  2 r 3  SECONDS 

POTTLE 1 - OXYGEN LOOKS HIGH 

ln-3-A ?EJECTED DUE T O  EXCESSIVE OXYGEN CONTENT 

.m 

. . .  ,k , . 
I ,' . 



. . . . . . . . . .  . . . .  _I__- __ . . . .  ...... , . -  ' ,. ? . . :  
_-I 

1 .  . ........_. 
1s 

I S B  

WQ 

PSR 

- .  

PF 

PO 

PW 

TF 5 ."- SQle8 PO A 

331e 

-. -. i I_r._ ___ .. _____- ___.___.-_-- ..... _I ........ - ..................... ,--. .... 
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GAS 

H2 

H20 

02  

- N2' 

N20 

NH3 

GAS COMPOSITION ___ RUN NUMBER 19. -.: - ___ - _- .- _-__ 

* 
U 
* 
Y * 
U 
Y * 
# 

i f  
# 

it 
U 
* * * 
U 

...... 9 1 1 . 3  ........ 3 . 4 7- , 

........ - -  I 

- 6  

l..7 ,to8- _. - .  

Om008 12*406-- - 11-;osr - 0 ;  000 15.720 

oeooo 
- 

1 149 

. -  .u7_ -+ _-_ .___ ._ . - - -_ - I  ___-___ - . _. -.I_ 

0.220 0.272 , 00000 0.706 
, - -. - - -A 

., 1 

0.292 
, _ - - _ - _ - _ _ _ _ - - _ _  d 

. >  

* 0 e 000 
- T - _ _ - - - _ - l .  U 

* 0 e 000 - 4.837, 40 171 0.912 0.000 0.000 

A . 
HE 

--. 

PRESSURE 
(PSIA) 

H/N 

O/N 

H20 

* * 
. . .  c . . .  , /, .,.* . .  .., . .  ' * )  . -.*' . -2- .... L .. ..-- -(-i-.- ... -.-.L --._. ... --_ .. ___--.' ........................ ..- i 

. .  
, I .  . ,  . .  .~ 

t .  . 
0.000 0.575 , 0.389 13.305 ' _  0.000 10664 

-0 e 08 

oeoo 

-0 .Ooo 
****** 

0.1 

48061 

.......... ........... - . . . . . .  .~ 

........... _A_ ........ -- _---.- .--.--. L -.--_. ~ --. ..... -- ......... - ............ -- 

. . .  . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . .  

b 



.- 

QUANTITY 

. __ . . . , MOTOR .- 

__ ~ -. - 
PC 2. PO-- 3.89 123.20 . 

PF 

wo - 

$ 

6 

P 1  

P3 

P5 

P8 

PAM 

OD 

FD 

- . . . . . . ._ - . 

9 t i  



. . . . . . . . . . .  

. . . .  

- 

,- .-.La -- --_ - _. 
COMMENTS ON"DATA AND D A T A  REDUCTION---- 
........... . . . . . . . . .  - . .. -._-. .. ---- .. ................. 

RUN NUMBER- 19 ' . .  

- -. .- 

... __ . . . . . . .  .. . _. . .  . .  
e i '  

O/F ANALYZED BY ELEMENTAL COMPOSIT ION ,_-__ _. 

. .  
- 1 -  NO SHROUD PRESSURE PS MEASUREMENT - - ._ _ _  - 

- ... INJECTOR COOLING WATER WW FLOW RATE NOT MEASURED _ _  - _ _  - 

t 

_ .  ---. --- NO B A L L I S T I C  ANALYZER DATA __._-_-_ __ _I---___ 

.., 

2 NOZZLE OVEREXPANDED THRUST L,OW 1 ___________c-_____-._ __  

HEAT FLUX VALUES WERE DETERMINED A T  1 SECOND fROM O X I D I Z E R  l E A D = I N - - - - -  

NO HEAT F L U X  FOR S T A T I O N S  2 AND-5- _- : x ,  

SAMPLING DURATION 098 SECONDS ~ , 

. .  I. 

- --A MEAN SAMPLING T I M E  - 1.08 SECONDS' ~-,...l-- _ _ _ _ _ _ _ - _ _  . ........ . , .  
BOTTLE 

BOTTLE 

BOTTLE 

....... e- -..--..-.-----.--.L-. .............................................. -.- _- .- 
4 .  

. . . . .  ^. ..... .2 __._.ICl_n  ̂ _ _ _ _ _ _ _ _ _  __  -._ - ____ ....... ---.- . .  



w t 



PAC QP 4 

GAS 

"2 > 

H20 

62 

N2 

N20  

. .  

NO2 
- ...... ..... 

NH3 

* 
U 
U * * * * * * * * * 
U 
U 
* 

* I  

1 

__ - __ ~ - . -  . -  
15 I) 369- 16,257 ---- 27.559 180?06 80607  

- 
2.446 1.670 0.460 0.207 0.000 

- -._ - _ _  - - .  - I--_ _I-^ - .- - 
64 592 62;97? 54.451 64.836 72.837 

, .la - . -. - ..... *. ....... .._.I^_-_._ ..: I-. ...... __ __-__.--._ ..-.-...-.- :______-_I----. ... I \..- . ... L ........ - .--- .,. 
1. 

I 

1.185 1.593 
. . .  .- . . . . . . . . . . . . . . . . . . . . .  .............. ....... .. - .  I _. -. .- -- 

HE * 1.111 2.283 009?4 
U . _ . .  
***+*+~*lt**+u+*+**+~**u****u9#~*u**u***u********~****u**~~*u*** 1; 

** , I . . .  .... - .. - _- id. 34 . . . . .  . . .  
PRESSURE 15.02 1 6 . f f  ~ 19027 18.03 A Is,? 

PS 1 A I ....... : .. _- I ..... __-_.___ _.- ._____.___.___I______.__I. . ..._-.___- L+. ____ __. ..... - . .-A 
H/N 

O/N 
J 

H20 59.69 59.74 34r52  !'00041 22032 ...... 
1 

.- .I ._ _ _  _ .  - -- -- r- 

. - . . . .  . -  .-._ ___&._____ . __ -_ __. .___.____I .__  ............... ._. .... 1.- . -- _- 
..I 

......... - .l.- . . .  .- 

. . . . . . . . . . .  - ........ 

' .  . i ... .- ................ ..... .-___ -.--. . . .1 ...... ........ .__ .. ____-  . . . . . . .  .--. ............ ' .  

. . . . .  



. . . .  . -  

P 1  
-__ -. ....... .................... ._ . - -. . . 

P2 . - '0007 2 5 0 0 0 ,  

P5 

PB 

PAM 

OD 

FD 

..... - ... -. ................... 
0.13 . P 

.--.-...-I----- -_ . . .-__.___.L-___ - ......... - .... - - -  

. . . . . .  - . . . .  ... ._ - . _. . . . . . . .  . 

B 44 
. . . .  ............ -..- .... .... 

0) 

- ...... -_ -_. - . . . .  ... 



. . . . . . . .  -- . . . . . .  

COMMENTS ON 

RUN 
. .. 

- .  - -. . - 
. ,  NUMBER- 20 . 

............ -- ......... . . . . . . . .  

....... . . . . . . . . .  - _  

...... - ........ .- .. - . .  ....... - .... . -. 

- - - --- -I_. O/F ANALYZE0 BY ELEMENTAL COMPOSITION _ _ _ _  _ _  , __ _ _  
NO SHROUO PRESSURE PS M E A S U R E M E N T _ - - _ - _ - - -  . . . . . . . . .  

.- .......... - .- 

INJECTOR COOLING WATER WW FLOW RATE NOT MEASURED_-- _ _ _ _  
* 
"2 - NO B A L L I S T I C  ANALYZER DATA - -_ - - -------- --I_ .---__ 

NOZZLE OVEREXPANDED = THRUST LOW _ _ _ _ r _ _ _  + - - _ _  - ....,+A 

HEAT FLUX VALUES WERE DETERMiNED AT 1 SECOND FROM O X I D I Z E R  LEAO-IN -- ' 4 

NO HEAT FLUX FOR STATIONS 2 AND-I)- .--: -I -4 

SAMPLING OURATION 058 SECONDS ' -_ -__- __.-- -----. - --  -4 

MEAN SAMPLING TIME l o 6 2  SECONDS--~---- ,, --__-- - -- - - - -  &i 

5 

. r, 
b 

1 1  
i 

I. < .  __-_ - - _  . -_-_-_--_-.--.---I - .i --"-I- -A - -  
1 

. - - . ....... ... _- _. ... . 

. . ,. 
. - -.. ............ ...... ----,. . --__I-.--I_._. .. f f - - - -  .. -... - -  . .  - 

. .  
- . . . . . . . . . . . . . . . . . . .  _.... . . . . . .  - 

.- . . . . . .  ~- ........ 

.. . .  -. - - . _ ....._... ^_.__ * .--_ _I. - ..... ._  __ .  ...... --- ... - 
__. 

..... - .. . _ _  

. . . . . . . . . . . . . . .  . . . . . .  - . . .  

. . ,  

. . . . .  . . . . . .  .I..__.______IX._._______ .... _-_, . ___-_ ....... .- ---..- - 
. . . .  
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ROCKET YOTOR ROUh!DAHY FLOW D A T A  REDUCTION 

J P L  Cgh!TPACT - fiAS7-463 AEROTHERh‘; PROJECT 7009 

7 u y  b ; u y n E R  II 2 1  I i Y J E C T O R  POSITION - 240 

F I ” I \ ! G  \!Uh’t?Er? - 29 DATE OF F I R I N G  - 1 / 2 3 / 6 9  

D A T A  REDUCTION RESULTS 

A X I A L  STATIOP, :  ( IN.  1 O /F  19 BOUNDARY LAYE2 

1.0280 1.2142 

1.7780 1 2243 

2.5280 1.1172 

3.2780 0.6410 

4.0280 0 0 5 1 4 6  

- 4.7780 0 0 9 2 3 6  

E:dC I l i E  PERFORMANCE PARA!*!ETERS 

C / F  1 0 2 9 5 0  C S T A R  5627. ( F T / S )  CSR 

IS? 1.3372 PNPC 0.0782 CF 

IS 736.37 ( S E C )  F 99.11 ( L R )  PC 

HEAT FLUX 
RTU/FTZ-SEC 

66.2 

0.0 

78.0 

* 

0 0 9 7 4 6  

1.3514 

164.98 ( P S I A I  

ISP C ) b O T ?  ( S E C )  FR 0 O 3 C  ( L Q )  PCR 14.79 ( F S I A I  

SYSTEY DATA 

PqFSSURE ( P S I A )  TEbtPERATURE (DEGaF) 

PF 47o.77 PFT ” 9 9 3 r 3 5  % , a  ’ 7’6,. 3 2 3 . 4 8  TO 4 0 0 9 8  

D3 5 1 9 . 4 9  P O T  460 e 5 9  T S  37.2.81 TF 35.76 

9 ..I f05e89 T V I  3 5 5 ~ 0 8  



PACE 2 OF 4 

G A S  CO?.4DOS I T ION RUN NUMBER 2 1  

G A S .  

* -!c * ;+ y 3l f; * * * ?F ++c 4) ?( 0 ‘: .!+ i$ % * ** * x u *2t 2t 46 it *+ * *u zt c * * it * #** ***I * *-E*** * I .n st*+** 

* W L E  FRACTION 
* 
* 
9 
0 BOTTLE NUVRER 

+ 1 2 3 4 5 6 

i t  I ‘  

it 6.326 1C.238 1 2 0 8 4 8  17.974 20 .598  10.005 
it I 

* 14.979 31.234 34.795 12.433 12.975 19.676 

i+ 0.000 la756 00000 0.296 00211 C.OOO 1 * 
* 72.466 54.817 49.590 67.373 61.591 6 6 0 2 9 2  ’ 

46 3 . 8 6 9  0 .621  0.655 01307 0 . 2 0 9  0 0 5 5 8  

* 0.000 0.000 0 0 8 1 3  0.220 0.000 0.168 

* 0.000 0.000 00000 0.’000 2.341 0.000 v 
*. 
* 0.499 0.000 0.000 9.216 0.434 1 145 

* 0.250 0.165 0.115 0.000 0 . 4 8 2  0.332 

* 1.617 1.165 1.081 1.174 1.155 1.820 
i t  
it i 6  * 36 * * it ++*it i$ * I C  * ** ** * * it +t ** 9 ** * * ** ** * 4f 9 * .K * it * **iC,C * Y*  * * **it?$%* * ** ** 9 * 

* 
it 

/ 

& 

* 

* 
*. 

4t 

* 
* 

PRES s u i  E 18.02 2 1 . 5 3  23.79 23.79 21.54 21.68  
( * S I P )  

u / ?.I 0.20 0.74 0.93 0.45 ’ 0 . 5 9  0 . 4 6  

Li20 ei.29 34.40 23.54 6 5 . 5 2  54.73 6 2 . 6 0  



I RUN NUMBER 21 
PAGE 3 OF 4 

OSCILLOGRAPH D A T A  

W A N T  I T Y  R E A D I N G  C A L  QUANTITY READI lUG C A L  
( I N .  I *  ( I N .  1 

? 
MOTOR 

PF 3.67 126.69 PV l a 8 6  508.49 

P w 0.73 124.79 PN 00.15 1 2 0 5 2  

PS o b 0 0  12.52 P T  * 1.97 496.73 

wo 161000 1007000 TI3 1.57 4022 

3 
BOTTLE PRESSURE 

b 

, 

P 1  O m 1 2  24.87 P2 0.26 25.00 

P3 0.36 25.00 P4 0 . 3 6  25r00 

p 5  0.27 25.00 P6  0.27 2 4 r 6 3  

BALLISTIC ANALYZER D A T A  

MISCELLANEOUS D A T A  

P A bt 14.790 ( P S I  A 1 I §  227087(SECf 

on 92.389(bR/CUFT) CSI  5773034(FT/SEC) 

FD 670962(LR/CUFT) A T  Oe44(SQIN) 

+t CPS FOR h'F AbiD WO 
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3 /  F AYALYZED B Y  ELEVEidTAL COVPOS I T I O N  

( ' 3  SHYcOUD PQESSURE PS VEASUREMENT 

I YJECTOR COOL I NG b!ATER W W  FLOW RATE NOT F4EASURED 

h!3  P A L L I S T I C  ANALYZER DATA 

'I3 HEAT FLUX Fori S T A T I O N S  2 AND 5 

SA'I'.DLING DURATION 0 0 6 7  SECONDS 

R.OTTLE 1 - PEAKS 449 4 5 9  47 SEEM ABNORMALLY H I G H  

~ Q T T L ~  2 - OXYGEN P E A Y  ABOUT FIVE TIMES A S  HIGH A S  REST OF SERIES 
d 

SOTTLE 6 - PEAK 47 I S  EXTREMELY H I G H  
! 



P A G E  1 OF 4 

ROCKET MOTOR BOUWOARY FLO!$! DATA REDUCTIDPI 

J P L  CgNTRACT - NAS7-453 AEROTHERM PROJECT 7009 

I N J E C T 3 R  P O S I T I O N  - 250 

DATE OF FIRING - 1 / 2 3 / 5 9  

DATA REDUCTION RESULTS 

A X I A L  STATIOW ( I N 0  1 O/F I N  BOUNDAQY L A Y E R  HEAT FLUX 
BTU/FT2-SEC 

0 . 3 3 8 9  

0 6 5 2 9 3  

3 .2780  0.5180 6 4 0 8  

. 4.0280 

4 . 7 7 8 0  

000000 

2.1348 

0.0 

' 5 5 4 . 6  

ENG I:'!E PERFORPANCE PARA'.IETERS 

Q / F  1 . 2 8 3 5  CSTAR 5 6 0 0 .  ( F T / S I  CSR 0 0 9 6 9 2  

'v! 0 0 1 2 3 3 2  ( L R / S )  WF 0 . 1 8 1 7  ( L B / S )  W't: 3.0000 ( L B / S )  

35'1 1 . 0 0 3 0  

SYSTE51 DATA 

PRESSURE (PSIAI - h ,' . TEYPERATURE ( D E G a F I  

QO 5 2 6 . 2 3  POT 9 5 5 . 5 0  TS 259.20 T F  3 8 0 0 9  

P ':J 108038 T V l  340.62, 
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GAS CO’APOSITION RUN NUM8ER 2 2  

CAS 

t i2  

H20 

0 2  

Y 2 

N 2 0  

NO2 

VH3 

N 2 Y 4  

A 

C Q 2  

HE 

* 9 * * * u ~ * * + + + * + * * Q + ~ u * * ~ * ~ # ~ ~ + u ~ ~ * u u * u ~ * ~ * u ~ ~ ~ u * ~ * u * * * * * * * # * * ~ * ~  
* 
* ROLE FRACTION * 
9 

* BOTTLE NUMBER 

* 1 2 3 4 5 6 
* 
* 
9 

* 25.4R8 26.543 22.757 20.417 0.000 7.985 * 
* 11.611 12.051 15.153 7.444 0.000 17.311 U’’ * 
* 0.000 0.3co 1.453 c)boo3 c b o c g  

u 
* 52.328 49.068 53.563 64.182 Ob000 60.399 

* Om479 0.382 0.3213 0.000 o * o o o  1.740 

* 01309 O.C)OO O l O O C ,  0.733 0.000 9.283 

* 
* 
* 
+ ’  7.071 9.082 1.804 2 6 4 5  ob000 O . O O D  I /  * 
* o b 0 0 0  0.221 0 0 6 8 6  0.461 O a a O Q  ob000 * 
* 0.479 0.202 0.357 0.083 O b O C C  3.398 * 
# ob!)oo c.000 0.000 C.194 0.000 0 0 0 0 0  

5 0 3 4 9  2.382 0.000 2.889 * 2 541 2.446 
* 
# 

i t  * .I+ 9 ** st x- ?t 46 * * * +!- * * * * 0 ** *** ;Y * * * ii * Yr ++ *+* * * ** ** **Y * * * * ?c * *o * **:e* 9%- ** i: 

D? ESSlJR E 2 8 . 2 2  27.78 29.79 29.54 26.54 2E.09 
(PSIA) 

Y / ‘: 9 . 8 4  3.97 0.75 0.49 0.00 c.37 

H20 39.29 33.03 400’82 62.66 0.00 59.63 



P A G E  3 OF 1 
RUN NUMBER 2.2 

O S C I L L O G R A P H  D A T A  

C U A Y T I T Y  

w F 

PC 

PF 

P C I  

PS 

!A$! 

T S  

TF 

: -  

p 7: 

FD 

REP,DING C A L  OUAN? 1 T Y  
( I N a  I *  

MOTOR 

68000 383.00 F 

2r99 4 9 0 4 0  PO ' 

3 r 5 9  126.69 ev 

O r 7 5  124.79 PN 

0000 12.52 F T  

1 5 8 n S 0  1007r00 T E  

O r 9 6  4.25 T O  

- 0 1 9 6  4.02 T 1  

E O T T L E  PRESSURE 

3 0 5 4  2 4 0 6 7  P 2  

0 " 5 3  25.00 P 4  

0 e47 2 5 r 0 0  P 6  

FALLISTIC A ? ! A L Y Z E ?  ' D A T A  

i4879(PSIA) 

"!I S C E L L A Y E O U S  D A T A  

1 4  B 7 9  0 ( D S  I A, 1 

9 2 8  291 (LP/CUFT 1 CSI 

6 3 s Q Q l ( L P / C U F T )  A T  

IS 

C P S  FOR V'F AF!D V!O; 

I O 7 2  56.31 

4.03 126.91 

1.85 5 0 6 . 4 9  

00.17 1 2 0 5 2  

l a g 5  4 9 6 r 7 3  

la56 4.22 

-0 m 90 4 0 1 3  

1079 4.08 

0.51 25.00 

0 0 5 9  2 5 0 0 3  

0.53 2 4 r 6 3  

FE! O o O G t L B c  
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3 / F  AXALYZED BY ELEME>JTAL C O Y P O S I T I O N  

h!O SHROUD P'IESSUPE PS YEASUREVERT 

I ' !JECTOR C33LIr \ !C WATER h'W FLOW RATE NOT YEASUREQ 

Y3 E A L L I S T I C  Ar\!ALYZER DATA 

HEAT FLUX VALUES WERE DETERMINED A T  1 SECOND FRb'4 O X I D I Z E R  L E A C - I N  

Y O  HEAT FLUX FOR S T A T I O N S  2 AND 5 

' : 3ZZLE OVEREXPANDED - THRUST LOW 

S&'/'PLING DURATION 0 0 9 2  SECONDS 
* 

QOTTLE 1 - PEAKS 45 AND 47 SEEM MORE THAAI if10S'4ALLY HIGH 

E 3 T T L E  3 - PEAK 20 READ AT A SEriS OF 10 St44LL PEAK 

qOTTLE 4 WOTE READ 15-16-17-18-20 A T  G A I N  1 0  ALTHOUGH TRACE 

WAS A P O S S I B L E  READING ERROR R Y  WEST COAST TECHNICAL 

QOTTLE 5 NO BOTTLE DATA A V A I L A B L E  

"CTTLE h - *EAK 44 H I G H  
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qOCYET u O T C ?  ROUh!DAi?Y FLI)'*I D A T A  R E D U C T I 3 N  

J3L C3F!TPACT - h ' A S 7 - 4 6 3  AEROTHERPJ P R O J E C T  7 0 0 9  

I N J E C T O R  P O S I T I O N  - 260 

D A T E  OF F I R I P i C  - 1 / 2 3 / 6 9  

D A T A  ? E D U C T I O N  R E S U L T S  

L X I A L  S T A T I C I N  (I:\!. 1 O/F I N  BOUMDARY L A Y E R  H E A T  F L U X  
B T U / F T 2 - S E C  

1.1195 

0.8725 

43.5 

0.0 

2.5280 1.0590 26.4 

1a278C 0.4696 26.9 

4 . 0 2 8 3  

4 .7780 

3.0000 

0.0000 

0.0 

i 4 2 5 . 3  

E V G  I ?.:E PERFCRVANCE P A R A P E T E R S  

? ' I F  1.1259 CSTAR 5 6 5 5 .  ( F T / S I  C S 8  0.9708 

IS? 1.0329 PhiPC 0 . 0 7 6 9  CF 1 .34€!5  

I S  217.25 ( S E C I  F 91e.79 ( L a )  P C  153.13 ( P S I A )  

SYSTEM D A T A  

PnFSSUQE ( P S I A )  - b ,- . TF>fP*ERATURE ( D E G o F  1 

4 6 4 . 5 7  P F T  933.74 TB 3 2 6 . 6 9  TO 42.17 

413.2F! POT 960.59 T S  2 5 1 0 6 5  T F  4 0 0 4 2  

cc 

Dc: 

p ',*,I 1CFi.89 T V l  320.99, 



PACE 2 O f  4 

GAS COqFPCS I f I OIU RUN WJMRER 23 

* /’ 

4c 64.526 6.302 23.77P 13.145 0.000 0.300 

it 0.003 6 . 2 5 6  3 . 7 3 8  0.030 0.000 0.300 

j e  17.244 6 2 0 4 4 7  5 0 . 0 9 5  56.770 0.000 O o G U 3  J 

* 
* 

< * 
* 0.726 0,105 0 . 3 9 0  0.336 On000 0.300 

* 8 . 4 2 9  4.918 4.868 5.027 0.QOO 0.000 v 

* 0.000 0 .648  0.257 0 . 0 5 9  O . b O 0  0.000 

* 0;ooo 1.169 0.242 0.330 0.300 cl.oor> 

* 2.566 1 5 4 1  5.059 4 . 1 5 9  Or000 o.co0 

+t 

% . 
* 0.000 0 . e 3 9  0 ,156  0.020 0.000 3.000 * 
* 
* 
* 
~ h ~ ~ X * 3 * 4 c + * * + + * * : : * ~ * * * ~ ~ + t ~ ~ * ~ * * * * + ~ * * ~ ~ ~ * ~ % * * * * * ~ * ~ + ~ ~ ~ + * * * * * * ~ *  

”? cssu-i E 22.75 22.79 2 5 . 5 4  25.79 26.29 24.64 
(PSIA) 

4 / y 3.77 0.47 0.80 ‘3.69 **+*+* 0.00 

0 / h! 1.47 0.14 0.29 0.11 **+*++ 0.00 

-47.95 50.74 3 1 . 6 9  47.55 **#*** ****** 



PAGE 3 O F  4 
R U Y  NUYBEQ 2 3  

DSCILLCGRAPH D A T A  

G U A Y T  I T Y  QEADINC CAL QUAiVTITY R E  A D  I &G C A L  
(IN. I +  ( I N ,  1 

K I T O R  

6E.24 3 8 3 r 0 0  F 1.62 5 6 . 3 1  I>! F 

PC 

PF 

P S  

w 0 

T S  

' M  
TF 

& 

P 1  

P 3  

P5 

P R  

2.79 49.40 PO 3.13 126.91 

3.55 126.69 PV l o f ! h  509.49 

0.73 1 2 4 0 7 9  PN -0 o 24 ' 12.52 

0.30 12.52 PT , '  1.85 496.73 

139.70 1007.00 T B  1.69 4.22 

0.88 4 .25  TO -0 0 90 4.13 

-0 e 9 3  4 . 0 2  T 1  1.59 4.08 

BOTTLE PRESSURE 

0031 2 4 0 8 7  P 2  0.31 25.00 

0 . 4 3  25.00 P4 0.44 25.00 

0.46 2 5 0 0 0  P6 0 .39  24.63 

S A L L I S T I C  ANALYZE? .DATA 

1 4 0 7 9 ( P S I A 1  FR O c C I G ( b B . )  

PISCELLANFOUS D A T A  

p ,q I,? - 1 4 e 7 9 0 ( P S I A )  IS 229e5O(SEC)  

OD 9 2 @ 2 9 1 ( L R / C U F T )  cs  I 5 8 2 5 e 1 3 ( F f / S E C )  

FD h3eR20LLP/CUFT) A T  O e 4 4 ( S Q I N I  

+t CPS FOR !JF AND !*+'(I 



P A C E  4 OF 4 

COV' 'EUTS 0'1 DATA AND D A T A  ? E D U C T I O N  

RU?! r\!U'ulPEF- 23 

'::: SHROIIT: PPFSSIJRE PS MEASUREVENT 

I ' . .JECTg? C 3 3 L  I R C I  WATER 'NW FLOX R A T E  NOT P.'EASUWED 

n ?  q A L L I S T I C  Ap iALYZEr i  DATA 

' I E C 0 P 9 E D  DATA FOR H E A T  FLUX S T A T I O N  6 WAS W A V Y  AND I ; \ ' P O S S I B L E  

TO R E A D  

" F A T  FLQX V A L U E S  WERE DETERPJIVED AT 1 SECOND FROP4 O X I D I Z E R  L E A D - I N  

'IS QEAT FLUX FOR S T A T I O N S  2 AND 5 

'.!OZZLE CVFRFXPA%DED .. THPUST LOW 

S A ' " L I ' ? C  DL!?ATIOI\: O e P h  SECONDS 

" F A h  SA"PL1:JC T I F ' E  ... 2 r @  SECONDS 

F18;5T TIJhl OF A S E i i I F S  -- T H E i i E  Y A Y  e €  A WATER DROfiLE'.' I Y  THE 

DACYGr?OU\3  C h T A  FRO\? U T C  

= ? T T L r  1 - O F - A K S  179 18, 4 4 ,  4 5  SEEAq H I G H a  P E A K S  19 AUD 4 4  A R E  OFF 

SCALF9 I e E e  A R E  R E A 9  AT GALVO 4 W I T H  A H E I G H T  S P E A T E R  THAaV 75' 

= 3 i T L E  7 P E A Y S  3 2 9  3 4 9  47 t i I G H a  P F A Y  18 YlJCt '  LOL!E? ThA'J CP! ? E S T  

3 F  S E E I E S  

3 0 T T L E  3 - P F A K  14 AROUT 1.5 fJt4'ES A S ' H I . G Y - A S  R E S T  OF S E R I E S ,  P E A K  

3 4  ALS.7 H I G H  

Q F T T L E  4 - P E A <  3 1  APOUT HALF AS H I G H  P S  R E S T  OF S F r i I E S e  

O C T T L E  5 - R E J T C T E D  DUF TO E X C E S S I V E  OXYGEN C0: lTENT 

273TTLE 6 - r i E J f C f E D  DUE TO E X C E S S I V E  OXYGEN CO"TEP1T 



P A G E  1 O F  4 

AERDTHERV P R O J E C T  7 0 0 9  

I N J E C T O R  P O S I T I O N  - 270 

D A T E  OF F I R I N G  - 1/23/GS 

D A T A  R E D U C T I O ? '  R E S U L T S  

11% I A t  S T A T  I G>: ( 1': 1 O / F  I N  BOUKDA!?Y L A Y E R  

1.0283 

1 . 7 7 8 0  

2.5283 

3 . 2 7 8 0  

400280 

4 . 7 7 8 0  

0.8Ch9 

10 1 9 9 3  

C.8013 

1.2625 

2.1198 

4 0 2 4 2 7  

H E A T  FLUX 
B T U / F T Z - S E C  

6005 

48.7  

0.0 

E:\!GI \ E  P E R F O R G A N C E  PARP,?ETERS 

O/F 1 0 3 0 9 A  C S T A R  5 6 6 3 .  ( F T / S )  C S t i  0.9821 

IS? C.9895 P N P C  0 . 0 7 7 6  C F  1 0 2 7 8 4  

SYSTEF-;? D A T A  

PD 5 2 2 . 4 4  P O T  0 6 5 0 6 8  T S  2 5 2 . 7 3  TF 49r75 

1SO.90 T V 1  3 3 3 4 3 8  - .  ,, .-.I 
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G A S  CO'."POS I T I ON RUN h!UVRER 24 

C A S  

C Q 2  

* 
* MOLE FRACTION 
w 
* 
9 BOTTLE NUMBER 

* 1 2 3 4 5 6 
* 

I * 
.K 

* 11.793 -11.495 14.728 6.597 3.458 2 . 1 1 6  

It 14 243 13.738 17.212 15.198 8.945 8 * 556 

* lr35F 5.613 O O O O C  1.428 3.777 10.637 

* 65.012 61.519 513.021 71.893 77.266 73.313 

* 01281 0.269 1.733 1.112 1.815 2.247 

* o b o 3 c  0.coo ~ b o o o  0.030 c.000 0.383 

.n 2.960 2.526 1.332 ob000 a b O a 0  3.300 

* 0 .098  '2.590 3.000 ob000 0100G 0.220 

* 3r70F! 1.108 3.602 0.511 1.735 lac06 

* 'j 
* 
* 
w 

* 
w 

* 
i t  

* 
* 0.058 0eP99 ob000 3.000 3.000 c b o o 0  
9 

?t 3.454 2 240 3.368 3.258 2.999 1.517 * 
+? 't K ;b +$ %-+ i$* I t  -% +t -K X ?t K %-% Ib ?f 3 i C  i:- * -!f Ii +? 3C * +f 3i Q 3 *** .It .K .K % +f it *it* ?c ** *9 it- 0 * ) $ S I .  8 Yr -E -!fit *-3 

? / '?I 0.45 0.47 0 . 5 6  0.29 0015 0.14 

3 / 3.12 0.19 3.15 0.13 0.11 3.21 

i - i  2 7 62.96 56.30 5 1 r b l  76.42 91.06 82.93 



P 

PAGE 3 OF 

OUAUTITY 

F 

PC 

PF 

? 1,1 

P S  

l.!3 

T S  

- 
TF 

RUN NUMBER 2 4  

OSCILLOGRAPH D A T A  

R E A D I N G  C A L  QUART I T Y  
(14 .  I *  

MOTOR 

6 E r 5 2  389.00 F 

3.07 49.40 PO 

3.65 126.69 P V  

0.69 124.79 PN 

O b 0 0  12.52 PT 

1 6 2 1 5 0  1007.00 T B  

0 . 8 9  4 r 2 5  T O  

-0185 4.02 T l  

* 

BOTTLE PRESSURE 

0 a04 24.87 P2 

0116 2 5 1 0 0  P 4  

O b 3 4  25r00 P 6  

I;ISCELLANFCUS D A T A  

l L e / ? 3 0 ( P S I A )  IS 

9 2 r 1 9 3 ( L P / C U F T )  C S I  

h ? r 5 3 7 ( L ? / C U F T )  A T  

READING C A L  
( IN . )  

F9 

1.68 5 6 r 3 1  

4000 126.91 

-0.15 12852  

1 8 8 6  496.73 

1.33 4.22 

-0.89 4.13 

4b08 le71 

0.09 25.30 

0.19 25100 

O b 1 6  2 4 r 6 3  
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I / F  A?ALYZED PY ELE+’E?;TC;L COMPOSITION 

‘ ‘ 0  SHROUD PRESSURE PS YEASUREWENT 

I ’L’JECTO;? COCLIYG NATER \,‘\$I FLOW RATE NOT YEASUIIEI) 

’\IO R A L L I S T I C  ANALYZER DATA 

HEAT FLUX VALUFS WERE DETERMINED A T  1 SECOND FROP O X I D I Z E R  L E A D - I N  

NO HEAT FLUX FO3 S T A T I O N S  2 A K D  5 

r:ZZZLE OVE?EXPA%DED - THRUST LQW 

SA‘.’PLIF!G DURATION - 0 . 6 2  SECONDS 

“EAY S A V P L I Y G  T I V E  0 le70 SECONDS 

9 3 T T L E  1 - PEAK 1 8  OFF SCALE 

RC)TTLE 2 - PEAKS 31, 3 4 9  47 ABNORMALLY H I G H  

QQTTLE 3 - PEAKS 2 8 ,  3 2  L06EQ THAF: USUAL, PEA6 2 0  T1:‘ICE AS H I G H  AS 

TEST OF S E R I E S 9  PEAKS 16 AND 40 OFF SCALE 

P.CJTTLE 4 - DEAK 47 ABOUT TWICE AS H I G H  AS REST I N  S E R I E S  EXCEPT 

BOTTLE 2 

?OTTLE 5 - PEAK 34 IS HIGHER THAN USUAL EXCEPT 24-3 

cl3TTL.E 6 - PEAK 30 I S  ABOUT 7 TIIJES HIGHER THAN REST I N  S E R I E S ,  

PEAK 32 1s H I G H  AND PEA& 34 I S  EXTRAORDINARILY LARGE, PEAKS 

3 4  AND 44 ARE F A I R L Y  H I G H  Or4 T H I S  S E R I E S  
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8 C C Y E T  m*30TGF BOUNDAI),Y FLO'.' DATA '?EDUCTION 

AERQTHERV P R O J E C T  7009 J3L C3m<:T-?4CT - N A S 7 - 4 6 3  

? ~ J V  ::[j*:.'Eri - 25 I N J E C T 3 R  P C S I T I O N  - 300 

F I ? I ' \ G  V l J V P E 8  - 33 D A T E  OF F I R I Y C  - 1 / 2 3 / 6 9  

D A T A  R E D U C T I O N  R E S U L T S  

L h X I P L  STATIO% I I N r  1 O/F 1r.j ROUNDP.RY LAYER HEAT F L U X  
S T U / F T 2 0 S E C  

1 . 0 2 9 0  

l r77&?0  

2.5280 

012018 

0 0 3 9 2 0  

002273 

3.2790 0 0 3 3 8 9  14210 

4 . 0 2 8 0  016822  010 

4.7780 015903 ' 606.0 

ENG I ? i E  PERFORMAkCE PARAMETERS 

? / F  1 . 2 9 4 3  CSTAR 5 6 5 2 .  ( F T / S )  CSR 0.9790 

IS? 9 . 9 8 0 2  PNPC 0 . 0 7 6 9  C F  1.2713 

IS" 0000 I S E C )  F B  O I C O  (LR) PC!?  1 4 . 7 3  ( P S I A I  

!,! 3 0 . 2 3 6 1  (LR/S) k:f 011924 ( L R / S )  WY o I o c o o  ( L R / S )  

S Y S T E M ' D A T A  

P ? E S S U r l E  ( 3 S I A Y  ' i ,TE'APERATURE ( D E G a F )  

DF 414.64 PFT 9 3 E . 6 5  TE 3 4 0 8 5 8  TO 4 3 e 7 7  

23  5 ' 3 R I t ? 5  POT 9 4 5 . 2 9  T S  2 7 6 r 4 5  TF 3 9 e 2 6  

D ', 3.' 9 7 ~ 0 9  T V 1  3 5 9 6 2 1  
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G A S  C3'.'DOS f T I Oh RUN ?IUr.'PEl? 2 5  

C A S  

c92 

i-i E 

* * j $  * * yr g * * -'t)t. ** * * i s  9 i t  3: ** * 0 * 4 % ** 0 ** ** 9 0 4:- * J$ **** * * x  * i t  -:e 3 yr ' t  *46 ii rt i c  ii .K ?C 0 K .3t +e 
u- 
* P O L E  F Q A C T I O N  
.K 

Y 

* P 0 T T L E f.! U "' E E R * 
* 1 2 3 4 5 6 

I 3t 

* 
* 17,065 1 6 . 2 8 0  2 4 . 2 7 6  2 5 . 7 3 4  1 9 . 0 2 7  2 1 . 1 5 2  

# 5 . 2 5 6  5 . 3 1 3  1 0 1 0 2 9  11.719 1 2 . 7 2 8  E a 3 8 5  

.re 2.573 4 . 2 2 7  0 . 4 8 6  0 . 5 2 9  2.066. 4 . 6 4 4  

* 35 .527  4 1 . 7 2 6  3 9 , 9 8 3  48.113 5 5 , 8 6 2  5 2 . 5 7 0  

* 3 . 2 2 9  3 . 1 7 1  0 0 1 1 9  0 0 0 6 0  0 . 3 5 9  3 . 1 6 6  

i t  3 4 . 8 1 7  2 9 . 1 4 6  2 3 . 2 7 6  9 .963  5 . 0 3 9  P.330 
4t 

* 0.521 c . 4 7 3  0 1 5 1 C  0 . 5 0 1  0 . 1 3 9  0 . 6 7 5  

* 1.381 o a e e  0.789 0 . 6 9 3  1 1 8 4 7  2 . 0 1 7  

* 3 . 4 4 3  0 . 4 5 6  3 . 0 5 0  0 . 1 9 3  3r515 3 . 5 4 1  

re l r l P 9  1 . 9 1 6  1.477 1 . 6 1 3  1.615 1 . 5 1 5  

i t  

* 
# 

u- 

# 

u- 

* 
4F 

# 

+e 4:- * * 0 c -:C*?C.% * 'C*  <e ie  +b 4:- 5:- 3b*9 K O  0 .I$ #i$+ * *+t re** i t  r e - x i t  ** * ++ ** * 0 3 t i ;  7% +i 3:- +e-:(. -%*+ i"r i t  3; * +-x i: 

3 7 5 s sui: E 3 4 . 1 3  2 9 r 2 2  3 2 . 2 3  3 2 . 4 9  3 4 . 7 3  3 1 . 2 3  
("SIA) 

y / :\I l r 3 P  1.16 1 .37  1.01 3.67  0 .75  

O / ' !  0 .09  Ob12  0.18 0.11 3 .15  3.15 

;J 2 ,:: 19.9R 27.10 1 7 8 7 9  31.01 4 5 . 9 4  4 1 . 9 0  
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II. 

OSCILL9GRAPH C A T A  

OUANT I T Y  READ1 PJG' CAL CUAYTITY REA5 I Y G  CAL 
( I ? .  ) *  ( I ) ! .  1 

hICTOR 

PC 

PF 

T S  

T F  

+ 

P1 

P 3  

P 5  

6 Q r 3 0  383.00 F .  1 0 6 6  56.31 

3.04 49.40 PO 4.1'3 125091 

'3063 126.69 PV 1.82 5013.49 

0.65 124.79 P ?! -0 16 12.52 

0000  12.52 PT 

161.00 1007.00 TB 

l a 1 2  4 0 2 5  TO 

00.94 4.02. T 1  

BOTTLE PRESSURE 

0.77 24.87 p 2  

0 0 7 0  2 5 . 0 0  P4 

0.80 2 5 r 0 0  P 6  

: a ,  

RALLISTIC ANALYZER D A T A  

PR FB 

1.73 4.22 

-0.89 4 0 1 3  

0.57 25.00 

0.71 25.00 

0166 2 4 r 6 3  

OaOO(LBr) 

M I  SCELLANFOUS D A T A  

D A % 1 4 0 7 3 0 ( P S I A )  IS 2 2 7 r 8 8 ( S E C )  

3D 92c193(LH/CUFT) C S I  5773r62 (FT /SEC)  



PAGE 4 OF 4 

? / F  ; \ Y A L Y Z E D  B Y  E L E Y E ' V T A L  COb ' iPOSIT ION 

RO S H 7 W D  PRESSURE P S  YEASUREPENT 

I Y J E C T O R  C O O L I N G  WATER W W  FLOllJ R A T E  NOT VEASURED 

?!3 P A L L I S T I C  ANALYZER DATA 

H E A T  F L U X  V A L U F S  14ERE D E T E R M I Y E D  A T  1 SECOND F'IOY 3 X I D I Z E P  L E A D = I N  

''>a YEAT FLUX FOR S T A T I O N S  2 AND 5 

'.!OZZLE OVEREXPANDED - THRUST LO::' 

SA'JPLI't!G D U R A T I O N  I r O  SECONDS 

' 4FAS S A M P L I N G  T I V E  2 r 1 0  SECONDS 

4CITTLE 2 - PEAK. 20 ABOUT H A L F  AS HIGH AS U S U A L  

4 O T T L E  3 - PEAK 29 READ OR G A L V O  16' M A Y  BE I N A C C U R A T E  S I h I C E  PEAK IS 

S V A L L  
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?OCYET 'AOTO!? ROUNDARY FLOI?J DATA R E P U C T  I O N  

AEROTHEllV PROJECT 7 0 0 9  

INJECTOR P O S I T I O N  - 330 

D A T E  3 F  F I R I N G  - 1 / 2 4 / 6 9  

D A T A  REDUCTICR RESULTS 

LtXIAL STATIOP! ( I'!o 1 C / F  I N  R O U R D A R Y  LAYER 

loC280 0.4160 

1.77130 0.2921 

2.5283 013418 

7 9 2 7 8 0  0 3 7 0 0  

4 . 0 2 8 0  - Or4838  

4 . 7 7 8 0  0.6278 

> -  

E V G  I?:E PERFORPANCE PARAYETERS 

C./F l o 3 1 C 1  CSTAR 5 5 8 7 ,  ( F T / S )  CSR 

IS9 c . 9 7 0 3  PNPC 0 . 0 7 7 9  CF 

IS 220.89 ( S E C )  F 93.48 ( L B 1  PC 

HEAT FLUX ' 

BTU/FTZ-SEC 

87.6 

0.0 

1 3 9 . 4  

154.0  

000 

; 6 3 0 1 6  

SYSTEM' D A f A  

PRESSURE (PSIAI 9 a- + .,TE&ERAPURE ( DEGeF I 

D F  4FC.89  PFT 9 4 3 0 5 2  -re 335e49  T O  40e99 

03 514.66 POT 9 6 5 6 5 2  T S  2 5 9 0 8 4  T 39645 

p I;,' 170.63 T V 1  3 5 5 0 6 1  
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G A S  COk'POS I T I Ob! RUN NUYRER 26 

G A S  

~ ~ * ~ 0 ~ * * * 0 ~ * * * - ! $ + ~ ~ * * * * ~ * * ~ * * * * U ~ * ~ * ~ * * * ~ * . n * ~ * * U * ~ * ~ * * * * ~ * ~ ~ * * * U ~ ~ #  
* 
* MOLE F R A C T I O N  * 
* 
* BOTTLE NUMBER 

* 1 2 3 \ 4 ;  5 6 

* ' 27.828 'Z.0.604 22.506 23.929 23.643 22.133 ' 

* R.911 11,470 13.827 12.224 12.355 14.849 

.re 1.309 0.593 0.245 0.513 0.516 2.209 

3t 54.197 42.630 41.725 47.547 52.016 52.121 

* - 1 

st 
* I 

* 
* 
Y 

Y 

st 0.000 O.@OO 0.002 o b o c o  0.076 c.232 ' * 
4(. ob000 20.001 15.731 9.922 2.238 4.399 
w 
* 1.523 .0.063 0.103 0.185' 0.297 0.688 

* 3.214 2.362 3 . 5 4 5  3 . 2 8 1  5'. 8 19 0.647 
$I 

c 

.n 

.K Q.213 0.030 c b c @ o  o b ~ o o  0.030 0.268 * 
* 2.801 2.265 2.310 2.394 3.335 2.363 
Y 
i e  d t  Q 45 ,'e -!$ Yr Yr ** * -%* ?e i+ 35 K -I:-* * 0 * * * * *** * ** * * ** * Y 3i 9 * * * *** * *?t * * * i t  0 .n +$.IF 0 44. * * * 0 * 

22.35 22.13 26.64 2 5 . 8 9  240 14 26.21 

O / Y  0.10 0012 0.14 0.12 0.12 ,0117 

C! 2 *? 43.92 24r5€! 21039 31056 43.22 37.13 

I 
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OSCILLOGRAPH DATA 

R E A D I N G  CAL QUAN T I PY 
( I N @  I *  

READ 1 NG CAL 
(%Nm 1 

Q U A N T I T Y  

WF 68r60 3'83~00 . F  le66 136833 

3s94 126991 

1886 508949 

-Or14 12552 

le86 496.73 

e63 4s35 

-8 m 90 4.13 

PC 3 r 0 4  49 I 40. PO 

PF 3 r 6 %  92beb9 PV 

$ 0 2  124r79 PN 

O e O O  P f  

163m30 $007'000 TF3 

Orp94 T 

PW 
t 

PS 
1 

wo 

PS 

6 
TF Is91 4s11 

E PRESSURE 

P 1  

P 3  

p 5  

O r 3 0  2 5 r O S  

0145 25800 

0 @ 4 6  24~63 

Or31 4 a 8 7  P;z 

0 6148 2 5 ~ 0 9  P 4  

Oe38 2 5 r 0 0  Pb 

c 
; A ,  

?E? 

BALLISTIC AiVALYZER 'DATA 

f4e64(PSIA) FB 

PAM 

QD 

FD 
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COY~l ’Et \ iTS Ob, D A T A  AKD D A T A  REDUCTI ON 

RUPI NU3!BER- 2 6  

C / F  A K A L Y Z E D  B Y  ELEMEF4TAL C O M P O S I T r O N  

SH?OUT! P R E S S U R E  PS YEASUREMENT 

I r \JE,CTSR C O O L I N G  WATER h‘k’ FLOY R A T E  NOT YEASURED 

Y9 S A L L I S T I C  A V A L Y Z E R  D A T A  

H E A T  F L U X  V A L U E S  WERE D E T E R V I N E D  A T  1 SECOND F R O q  O X I D I Z E R  L E A D - I &  

rm H E A T  FLUX FOR STATIONS 2 AND 5 

VGZZLE,  O V E R E X P A Y D E D  = T H R U S T  LOW 

S A ‘ / * L I N G  D U R A T I O N  0 0.8 SECOqDS 

h”EA.h! S A M P L I N G  T I M E  0 2.0 SECONDS 

F3GTTLE 1 0 P E A Y S  319 329 3 4  H I G H *  P E A K  16 O N E  T E N T H  A S  H I G H  AS REST,  

PEAK 17  A L S O  LOWER, PEAKS 45 AND 47 ARE VERY H I G H  

B O T T L E  5 - P E A K  1 5  LOWER T H A N  REST-ABOUT HALF AS H I G H  

E 3 T T L E  6 - P E A K  20 LOW B Y  A 9 O U T  F A C T C R  OF T E N $  PEAKS 40 A K D  47 

ARE LOW 



F I R I Y ' G  n!U'.",RE9 - 3 5  BATE OF FIRING Q 

D A T A  REQUCTION RESULTS 

100280 40ao 

OeOOOO 5 3 B 9  

3 r 2 7 8 0  10086 

4,0283 Om9509 Q e O  

4 e 7 7 8 0  Oe2989 60514 

ENCSKE PERFORMANC P ARAbR E T ERS , 

O/F f a 3 0 7 8  CSTAR 5 5 8 9 s  ( F f / S )  CSR 0,9552 

IS'? O s 9 5 0 5  PNPC Qe0-767 CF be2639 

IS 2 1 6 ~ 4 3  ( S E C )  F PC 

SYSTE?! D A T A  

i 



E '  
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545 

H2 

H 2 0  

0 2  

N2 

?!20 

UH3 

N2H4 

A 

HE 

* x - * * i ) c 9 + t  *i$-::-*+*?(ftQ + * ~ * + i f - ~ + * * * ~ * * O I * * + * ~ * ~ ~ * s t * * * * * * ~ ~ ~ ~ * ~ ~ ~ # ~ * * ~ * *  
i f  

+ VOCE FRAC'fllON * 
* 
* BOTTLE NUPBER 

* 1 2 3 4 5 6 
4f 

* 
* 
* 
* 190000. 100206 OIO60 2 0 . 8 2 5  15.544 29.916 

st 6.402 2.604 0.000 8.912 6.783 7r314 

% 0.000 6.513 0.000 0.891 60090 Or000 

* 34.a2e 59.647 0.000 55eOQ7 62.516 53.544 

* 0.701 Or223 0.000 0.309 O I 2 5 0  0.546 

* 34.436 17.682 or000 9r440 4r329 1.689 

* 1.237 0.037 0.000 00 146 0.091 0 e 349 

* 0.459 0.809 O I O O O  1.243 1.405 5r091 

* 2.933 2.074 0.000 3 r 2 3 2  2.987 4e547 

I 

9 

* 
* 
* 
if- 

* 
* 
sc 
i+ 4t * * ** * * ** $6 i c  * * *.)+-*if ** * * * *+* ** * ** +* * )i 9 *# ?e * * * *** * ** x-* **4r ** * ** 0 * ** .K 

P R E S S U R E 19.36 18.13 18464 18.39 17.13 19.07 
( P $ I A )  

1.47 0.57 ****** 0.73 0.44 0.77 

0.06 0.11 ****** 0009 0.14 0.07 

P2r) 16.59 5 9 . 9 0  -0 I 00 47.12 6 0 . 9 5  40.11 



C3UANT I T Y  

WF 

PC 

PF 

P w 

PS 

wo 

T S  

1 

T 

Pa, 

P 3  

P 5  

Pt? 
. i .  

; *  

OD 

FD 

QEADING 

O e 0 9  23,88 ' 2 4 r 6 3  

MISCELLANEOUS DATA 
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COhIVENTS OPi DATA AND DATA R'EDUCTiON 

Rub! tvURRER- 27 

C / F  ANALYZED'RY ELE?4ENTAL COMPOSITIOIV 

'13 S H R O U ~ )  PRESSURE FS VEASUREb4ENT 

IYJECTOQ COOL I r \ lG V A T E R  w?:' FLOY R A T E  ~ O T  L~EASURED 

Kc) 8 A L L I S T I C  ARALYZER DATA 

HEAT FLIJX VALUES WERE DETEf lMINED AT 1 SECOND FROM O X I D I Z E R  L E A D - I N  

"C? HFAT FLUX FOR S T A T I O N S  2 AND 5 

Y3ZZLE OVEREXPAqDED - THRUST LOW 

SA'.AFLIUG DURATION - a 5 4  SECONDS 

"^FAN S A V P L I N C  T I M E  0 la9 SECONDS 

PEAK 3 4  H I G H  I N  T Y I S  GROUP OF MASS SPEC DATA 4 

" '=AKS 14, 15, 20, 2 9 ,  40 AND 45 ARE ALSO H I G H E ?  THAN USUAL IN T H I S  

GROUP 

EOTTLE 1 - PEAKS 3 0 ,  31, 45 AND 47 H I G H  

??CTTLE 2 - PEAK 3 2  H I G H  

P 3 T T L E  3 - N O  BOTTLE DATA A V A I L A B L E  

BOTTLE 4 - PEAK 14 OFF SCALE AND H I G H 9  PEAK 16 H I G H  

7GTTLE 5 - PEAKS 32 AND 40 HIGH 

7 0 T T L E  6 - PFAY 2 0  H I G H  



I 
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GAS 

H2 

H28 

N 

N20  

NH3 

A 

H 

* * *+Y++++++** *u+*++~**#u*~* *#~~uuu~uu~*#~*~u%**~*#+uu*u~**~* *~+  
U 
U 
U 
U 
U BOTTLE FdUMBE 

U 1 2 3 4 1  5 

* 18.661 190704 24.068 0.000 29.935 / 

* 
I U 

U I 

U 

* 
U 

U 10 . 213  9.597 100645 12.216 0.000 l?a?Ol J 

U 27.411 30,703 39,118 41.166 01000 43.020 

U 0.171 0,118 0.045 01085 0.000 0.321 ' 

U 
/ U 42.346 38.691 24.758 1b.als 0.0430 151060 

U 
I )  0 * 590 0.410 0.52 0,424 0.000 0.054 
9 
* 0.544 01V73 0.906 0eOOO 0.904 * 
**+++++u+Y++u~*++**Y~******#~u*u***u~**~***u*****u*u*~**u*%*u*~ 

PRESSURE 68.44 54.4 63.62 5 2 a  53.0 58r93 

H/N 1.89 la74 1.39 1.131 -Or00 le24 

O / N  011 0.09 a 10 0.1 =0.00 0.17 

H20  -0011 5.42 17~33 18186. 

/ 

0.00 19066 



. .. 

QUANt 

l e  

5 

WO 

T 

4 r 3  

4.09 

. . I.. . _  



c 
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AND DATA REDUCTION 

RUN NUMBER- 26 

O/F ANALYZED BY ELEMENTAL COMPOSIT ION 

NO SHROUD PRESSURE PS MEASUREMENT 

INJECTOR COOLING WATER WW FLOW RATE NOT MEASURED 

NO B A L L I S T I C  ANALYZER DATA 

HEAT F L U X  VALUES WERE DETERMINED AT 1 SECOND FROM O X I D I Z E R  L E A D - t N  

NO HEAT FLUX FOR S T A T I O N  2 

NOZZLE OVEREXPANDED - THRUST LOW 

SAMPLING DURATION 1.9 SECONDS 

MEAN SAMPLING T I M E  - 2.1 SECONDS 

PEAK '34 H I G H  I N  THIS GROUP OF MASS SPEC OATA 

PEAKS 1149 1 5 ,  2 0 9 2 9 ,  40 AND 45 ARE ALSO HIGHER THAN USUAL 

I N  T H I S  GROUP 

BOTTLE 3 .. PEAKS 28r  3 2 ~  AND 40 H I G H  

BOTTLE 4 - PEAK 34 H I G H  

BOTTLE 5 NO BOTTLE DATA A V A I L A B L E  

BOTTLE 6 - PEAK 14 HIGH, PEAK 40 LOW AND PEAK 13 S L I G H T L Y  OFF SCALE 





.-. 1 1 2 5 E 

c.332 

3.030 

C.303 3.c23 

4 . 6 9 3  2 . 3 C 3  I?. 3 3 3  

0.2c0 

c 0 $30 

3.CC.S 

Z . 3 C 3  

0.C33 

3 . 3 9 3  0 . 3 5 0  

0.000 0.OSO 
+ 

4 0 3 6 6  

3 . 3 2  0.03 U / '  

0 .'a0 

'3030 c r S'J 



( r .  

PASE 3 CF 4 

':I F 

PC 

P i:, 

P S  

l;r 3 

PS 

TF 

+ 

P I  

2 3  

P 5  

Pi? , 
; 6  
, *  

r n  u . . I  

FT? 

l a h G  5 0 e 7 6  

BOTTLE PRESSURE 

oeoo  P 2  0147 25.00 

-0e09 25c51 p 4  I Or33 2 5 e 0 3  

3.00 2 5 e 6 4  P 6  De54 2 l + r  7 5  
I 

I 

I 
SALLXSTIC ANALYZE? Q A T A  

FE 

I 



P A C E  4 OF 4 

R A T E  

A T  1 5 E CS u D 

,'E;. ~ A T L I \ : G  TIYE - 1.56 SECCNDS 

O C T T L E  2 - P E A K S  1 5  A R C - 3 2  H I G H  

I 

r: X I D I 2 E !? 

< 

SUSPECT 



, I  
I 
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CAS COMPOS 17 1 3 

GAS 

H2 

H20 

N 

N20 

MH3 

HE 

*******+******w+*****%****%I)u*~*it*****~***%u*~*****~***%~***~u* 
9 

Q) M RACT 1 
U * * 
9 

I) 1 

I )  0000 00000 00000 0 0000 

00000 0000 00000 00000 

* 0,000 e 000 0 0 000 0 0 000 

* 0.000 0 0 000 00083 00000 00000 

U 00000 00000 00000 0.000 

* 0.000 0.000 00000 00000 

0 .ooo 0 0 OOQ 0 0 000 0.000 0.000 

* * 
u 
it 
U 

* 
U 

U 

* 
.u * 
*******~*~%*~u************u*w**~u********~**~*~*~**%*********** 

PRESSURE 15.33 1 5 0 1 1  260815 15.611 14.62 28.23 
( P S f A )  

0.00 0.00 1.54 ****U* =oeoo -0000 

/N 0100 ****c+w -0000 -0 0 00 

H20 8000 *)+***I) 11. **c+*U* 0.00 0000  



F 4  

e 
Y 

WF 

P 

s 

WO 

?=s 
e 
TF 

4 

4 

. .  . . .. . 



AG QF 4 

O/F ANALYZED BY ELEMENTAL 

NO SHROUD PRESSURE PS MEASUREME 

INJECTOR COOLING WATER WW PLOW RATE NO? MEASURED 

NO B A L L I S T I C  ANALYZER DATA 

HEAT FLUX VALUES WERE BETERMIN ~~~~ FROM O X I D I Z E R  LEAB-IN 

NO HEAT FLUX FOR STATION 2 

NOZZLE OVEREXPANDED - TH 

SAMPLING DURATION 092 

MEAN SAMPLING TIME e l e  

BOTTLE 3 - T H I  
1 



0 

lrt7 

2.52 

0% 



CAS 

H2 

H20 

02 

N2 

N20 

NO2 

NH3 

A 

e02 

HE 

U 
9 
U 
# * 
I) 
U 
U * 
U 
U 
U * 
U * 
I) 
U 
U * 
* 
U 
.y 
U 
U * 
44 

U 
Y 

1 

28.032 

4.203 

0.042 

31.514 
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