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FOREWORD

This report is one of a four part final report which describes
the research conducted with a liquid rocket motor utilizing hydrogen
and nitrogen tetroxide propellants with which heat transfer and chem-
ical composition data were obtained. The development of the experi-
mental hardware is the subject matter of this particular document.
The subject matter of each in the series are:

Part I - Summary

Part II - Data Analysis, Correlation and Theoretical Predictions
Part III - Data Report

Part IV - Development of Experimental Hardware and Technigue

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 and William H. Tyler were the technical
monitors.

The work reported here is based largely on a compilation of the
progress reports issued during the course of the program. It repre-
sents the culmination of contributions of many individuals both in and
outside Aerotherm Corporation. Particular credit is due to West Coast
Technical Company's Dwight Fisher for cooperation and help in solving
the vexing sample analysis problem, to United Technology Center's
Leo Linn and his technical staff headed by Bill Cooper for the success-
ful conduct of the test program, and to the technical monitors for their
guidance and understanding during these difficult portions of the con-
tract. To these and to all the others who contributed ideas, sugges-
tions, and devoted labor which in the end lead to successful resolution
of the projects goals, the author expresses his sincere gratitude.
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SECTION 1

INTRODUCTION

The study of boundary flow composition in a rocket motor combus-
tion chamber appears to be a subject not too extensively investigated
although exhaust stream sampling is performed on a relatively routine
basis. A major problem is the severe environment in which the system
for obtaining the boundary flow gas samples must operate. Because
there existed a lack of suitable equipment with which the problem could
be investigated, the Jet Propulsion Laboratory undertook the develop-
ment of such equipment with the view of generating valuable data for
injector designers confronted with providing high performance injec-
tors for both albative and nonablative rocket motor chambers.

Aerotherm's role in this research program has been to 1) develop
the manufactured hardware into a working research tool, 2) acquire
and reduce the data produced by developed apparatus, and 3) analyze
and correlate the data to injector design parameters. This part of
the final report (Part IV) is concerned principally with the first of
these activities. Besides the development of the actual research hard-
ware this report describes analysis used in supporting the hardware
development, the development of certain data reduction computer codes,
and the development of technique for the chemical analysis of the gas
samples taken with the equipment.

This research activity began at Aerotherm in July of 1966. It was
scheduled to be completed in a l2-meonth period. The program was sig-
nificantly delayed however first by production delays of certain of
the valve and injector components, then by problems at the rocket site
both with regard to the thrust stand instrumentation and the appafatus
itself. The most significant delay was the result of the determination
of the chemistry of the collected sample--a problem which was totally
unexpected. With these delays the development effort spanned a period
2 years in duration and the prime testing (the second activity) was
not initiated until late in 1968,



SECTION 2

RESEARCH EQUIPMENT DEVELOPMENT

The Jet Propulsion Laboratory as part of its Advanced Liquid Pro-
pulsion Studies (ALPS) program undertook rocket motor boundary flow
research to provide data and increased understanding of combustion
chamber processes so that injector design techniques, for example,
could be improved.

In the mid 1960's a sampling scheme was conceived which employed
a unique-zero-leakage, minimal-dead-volume valve which had been de-
veloped for propellant flow control on the Mariner Program. Using
this valve as a basis for the research equipment concept, the Jet Pro-
pulsion Laboratory proceeded to have constructed a copper heat sink
combustion chamber and suitable injector, the latter embodying certain
design features established in the ALPS program which provide excep-
tionally good stability, repeatability and ruggedness--all highly use-
ful features for a research program. The combustion chamber was
machined to house six of the zero leakage valves at approximately equal
axial increments between the injector and combustion chamber throat
at the same azimuth. A separate housing attached to the chamber con-
tained gas actuation mechanisms for these valves. Provision was
also made in the combustion chamber for six heat flux gages located
directly opposite from the sampling ports. These heat flux gages and
all requisite valve parts were designed and manufactured when Aerotherm
was introduced into the program. This section of Volume 3--the devel-
opment of the research equipment hardware--is concerned with providing
a record of the effort expended by the Aerotherm Corporation in the
development of the apparatus past the initial hardware construction
phase to the point of making it a useful research tool. The principle
objective of the development activity was to produce a research appara-
tus that would operate in a known, repeatable fashion such that the
acquisition of meaningful data would be assured. The description of
the accomplishment of this objective has been divided into subsections



which correspond to the principal hardware development phases. Sub-
section 2.l describes the development of the sampling system, includ-
ing the zero leakage JPL valve, its problems, and the system which
eventually replaced it; subsection 2.2 describes the development of
the heat flux gages which replaced the original gages damaged during
installation and which embodied certain improvements thereto; subsec-
tion 2.3 describes the development activities which were incidental
to the aforementioned objective but were nonetheless important to
successfully achieving it, and subsection 2.4 describes the final
developments leading to the actual use of the apparatus and the pre-
liminary firings which were obtained therefrom.

The heat sink combustion chamber was machined from a solid piece
of high purity copper to give a chamber diameter of two inches, a con-
stant area length of 5 inches and a wall thickness of 1-1/2 inches.
The injector can be clamped to this chamber in such a fashion that it
can be rotated between firings to any desired position. A 1/2 scale
drawing of the chamber is presented in Figure 1. Detail A of this
figure shows the essentials of the hard seat valve concept less the
actuator details. The relative locations of these sampling valves and
heat flux gages are shown in the cutaway views. Because an adaptor
flange is required between the injector face and block mounting flange
the actual distance from the injector face to the center of the first
sampling station is slightly in excess of one inch.

The injector, shown in side view in Figure 2, features long tube
orifices arranged to form 10 doublet pairs such that a relatively uni-
form cross-sectional mass flux distribution in the chamber is produced.
The jet emanating from these long tubes has a fully developed turbulent
velocity profile combined with a large pressure drop which tends to
make the jet insensitive to upstream disturbances thereby yielding an
injector with repeatable characteristics. Moreover this injector has
been found to yield high C* efficiencies both in work reported here

. , . (1,2)*
and in previous testing at JPL.

*Number in parentheses refer to reference at end of text



2.1 SAMPLING SYSTEM

The development of the sampling system initially posed the great-
est uncertainty in achieving the objective of acquiring meaningful data
with reliable and repeatable equipment. Although it was found possible
to achieve sampling with the zero leakage-minimal volume-hard-seat
valve, significant disadvantages,as far as the requirements of this
program were concerned, prompted the development of an alternate sam-
pling system, It is concluded that a modified form of the JPL hard-
seat-valve would be appropriate for those situations where the soft
seat material currenﬁly available would be damaged or destroyed by
chemical activity with the sample gases.

This subsection describes the effort expended in making the JPL
valve successfully operate in a rocket motor environment and also de-
scribes the evolution of the sampling of flow rate control method from
the use of a porous sintered element to a more conventional drilled
orifice. Supporting experimental and theoretical detailed studies
are presented as they applied to the development of the sampling
system.

2.1.1 Hard Seat Prototype Valve Development

The development of the sapphire-ball-hard-seat-valve proceeded in
two stages. The first stage was the operation of a full scale proto-
type valve in a system simulating the environment in which the valve
was to be operated. The second developmental stage involved resolving
the problems associated with the successful operation of six of these
modified hard-seat-valves in the chamber. This second stage is dis-
cussed in Section 2.1.3.

One of the stated objectives of the program is to provide a samp-
ling apparatus which operates in a known, repeatable fashion and in
such a way that the acquisition of meaningful data is assured. To
effect this objective, tests of the sampling valve components, backup
valves, and the overall rocket motor-sampling system were conducted.
These tests were made to ensure proper mechanical operation and survi-
vability of the sampling system.



A flow testing circuit was constructed at the Aerotherm Labora-
tory with which the prototype hard-seat-valve and other sampling sys-
tem components could be tested using various commercially available
gases. A flowmeter, thermocouple and pressure gage instrumentation
made possible an accurate determination of flow rate. Figure 3 pre-
sents a schematic of the flow circuit.

Several salient features of the flow circuit should be noted.
The design philosophy was to have one leak tight circuit which could

1
i

be used for testing several different components. Thus, the components

tested in this circuit included the copper-block-JPL-valve assembly
with stainless-steel-block-actuator assembly, sintered-plug flow con-
trollers, back-up valves, and other circuit components. The supply

gases for the circuit were either helium (for leak testing components)
or a mixture of helium and nitrogen (for flow characteristic determi-
nation). A 50/50 mixture (by mole fraction) of the gases was chosen
to simulate the density of the combustion products at the combustion

chamber wall temperature.

The resistance-heated coil of tubing shown in Figure 3 was used
to raise the test gas temperature to at least 300°F. By heating the
test gas in this manner (and simultaneously heating the valve body)
those valves with soft seat material (such as the sampling cylinder
shutoff valve) were evaluated for contamination and durability char-
acteristics.

The downstream side of the components could be: a) connected to
a sampling bottle for contamination evaluation, b) connected to a
check valve for vacuum testing, c¢) unconnected for leak testing.

A two piece test block was constructed in which the JPL sampling
control valve (Figure 4) was inserted. This test block modeled the
copper rocket motor combustion chamber and the stainless steel upper
valve housing. When connected to the flow circuit, the test block
enabled testing of the JPL valve under hot conditions for both mech-
anical integrity and leakage characteristics.



In the JPL valve design, shown in Figure 4-a, the gas flow is
controlled by a precision sapphire sphere (ball) which contacts a
spherical stainless steel seat. Such a design has the potential for
controlling the high temperature gases to be taken from the rocket
motor boundary flow. The Jet Propulsion Laboratory has had much ex-
perience with valves of this type and has found them capable of exhibit-
ing zero leakage characteristics under less severe operating conditions
than those anticipated in this program. In the particular design under
evaluation, the ball is held to the seat by a small return spring and
is disengaged from the seat by a gas actuated piston-pintal arrange-
ment. The design is noteworthy, especially in comparison to standard
gas valves, in the extensive use of O-rings. O-rings are found in the
piston assembly, around the seat assembly, and between valve housing
components. Operational difficulties were encountered which have been
traced to these O-rings and also to the proper seating of the ball in
its seat. These difficulties will be briefly discussed in the follow-
ing paragraphs.

The evaluation of the JPL valve was first limited to cold flow
testing. In the attempt to demonstrate the operation of the valve for
these less stringent conditions, several problem areas were uncovered.
These problems fell into two categories: 1) O-ring distortion and
2) contamination.

Initial tests with the valve were encouraging. The most signifi-
cant problem appeared to be a tendency for the actuating piston to
hang-up (probably O-ring seizure). The seizure problem was largely
eliminated when the piston return-spring force was increased (by
stretching the spring) and when the piston-shaft O-ring was lubricated.
However, the leakage characteristics of the valve became increasingly
degraded asvtesting progressed and completely satisfactory performance
of the valve was not achieved even for the cold flow condition.

Significant leakage between housing components was observed and
this was traced to a lack of sufficient O-ring groove depth in the
‘copper test block. The internal O-rings were also found to be highly
susceptible to damage during assembly. Leakage past the seat was the
most difficult problem. Various causes were uncovered but the princi-
ple one, was contamination. Contamination arose from adjacent parts



rather than from improper assembly procedures. It was found necessary
to ultrasonically clean all adjacent parts, especially those upstream
of the seat. A predominant source of contamination was found to be
the cage for the sapphire ball. Microscopic examination of the ball
showed the existance of both an 0ily substance and minute metal part-~
icles on the ball surface. Both contaminants were traced to the cage.
It was also discovered that the metal particles even produced mirco-
scopic chipping of the sapphire surface when trapped between the ball
and the seat.

Another source of performance degradation was also traced to the
sapphire ball cage. The clearance between the cage walls and the sap-
phire ball which it encloses is only several thousandths. When this
clearance was increased to prevent cocking the ball away from the seat
then the tangs forming the cage were weakened to the point where it
was difficult to assemble the valve without bending the cage tangs
which then also prevented the ball from seating properly.

Following the cold flow testing the prototype valve was reassembled
using ultra clean procedures and tested under conditions more repre-
sentative of the chamber environment. The valve body was heated to at
least 300°F and the inlet side of the valve was pressurized to about
150 psia. The gases were also heated by a resistance heater although
the temperatures produced by the heater were far below what were to be
experienced in an actual firing. Table l-a presents a summary of the
range of conditions which were produced for the prototype testing. Gas
pressures and temperatures and valve body temperatures were recorded
and the downstream side of the valve was either evacuated or opened
to atmosphere in these tests.

Some of the test results obtained during the development testing
are presented in Table l-b. In these tests, pressures and temperatures
were measured over a period of time and after the valve had been cycled

many times.

The tests were repeated several times after the valve had been
disassembled and reassembled to preclude the possibility of having ob-
tained excellent results from a fortuitous and unique assembly.



The data presented are results from time - leakage tests in which
the pressure rise in a small volume downstream of the valve is measured
over a period of time. Prior to these tests, the valve assemblies had
successfully passed bubble and "snoop" tests.

The leakage rates demonstrated by the prototype valve in this pres-
sure rise data were low enough to guarantee successful performance dur-
ing a firing. In the firing sequence the valve needs to be in a good
shutoff condition for only several seconds before the sample is taken
and further, the pressure in the sample bottle after a firing is about
three atmospheres. Under such conditions the leakage gases would be
a trivial fraction of the mass of gas collected during the sampling
process.

One of the potential problem areas confronting the sampling scheme
was the possibility of contaminating the boundary flow sample gases in
the process of collecting the sample. This contamination can be of
various forms. Two potential sources of contamination were (1) the ac-
tuating gas for the valve (the actuating gas could contaminate the
sample by leaking past the piston "O" ring seal) (2) leaks to the
ambient.

Chemical reactions between the sampling gas and component parts
can also change the sample composition but this could not be investi-
gated because of the limited temperature range of the sample gas heater.

In the contamination test a gas mixture of known composition was
heated and supplied to the upstream port of the valve at high pressure.
The downstream side was connected to a small sample bottle and evacua-
ted. The valve body itself was heated to simulate the actual conditions
to be encountered in the rocket firings. The valve was actuated sev-
eral times during which the valve was open for about one second per
cycle. The sample bottle was removed from the system and analyzed by
gas chromatography for molecular composition. The results, presented
in Table 2 show only a small level of contamination was detected.

The prototype valve was subjected to a severe heating test to
ascertain the susceptibility of certain valve components to thermal
shock, distortion from impulse heating, and mechanical failure. In
this test an acetelyne torch was directed at the upstream port. The



downstream port was connected to an evacuated bottle. When the valve
was actuated, the acetelyne torch flame was drawn into the interior of
the valve. This internal heating was maintained for about one second.

The valve was then placed in the flow circuit for evaluation.
Although actuation was found to be normal, a good shutoff condition
could not be achieved. Upon disassembly it was found that the ball re-
turn spring had collapsed and partially fused together. The ball and
the stainless steel seat appeared to be in good mechanical condition
s0 that, on the basis of this test, thermal shock can be largely ruled
out as a problem area.

These results reinforced the conclusion drawn from the results of
the earlier tests--~that is, it appeared unlikely that the JPL valve
would withstand the rigors of rocket-firing-sampling for several tests
in a row and would require tear-down and build-up operations frequently,
perhaps at the end of every test.

Several vulnerabilities of this wvalve design concept were noted
during this development period. As borne out by the difficulties out-
lined above, the sapphire ball and stainless steel seat are extremely
susceptible to minute foreign object adhesion which prevents the ball
from attaining the extremely small seat tolerances necessary for leak-
free operation. In some cases foreign particles can even cause sur-
face damage to the sapphire ball. During operation with the rocket
motor the valves would probably have to be disassembled for cleaning
after each test firing because the scale formed on the combustion cham-
ber walls during the firing and sampling sequence will probably flake
off and enter the valve. Not only is the sapphire ball damaged by
foreign objects, but the impact forces on the ball from both the seat
and the pintal (which pushes the ball off the seat) cause surface mar-
ring. This surface marring prevents the ball from seating properly
when it is reassembled since the position of the ball relative to the
seat cannot be reproduced and the ball must be replaced. Similar com-
ments apply to the seat itself since the surface finish of the seat
can be damaged when the ball seats upon a foreign object. If the valve
seats are frequently damaged in this fashion, then valve seats would
have to be replaced because the seats can only be lapped a few times
before the land becomes excessively wide.



Certain experimental and theoretical studies were conducted in
parallel with, and in support of, these experimental studies on the
hard seat valve. The combined results of these efforts led to a modi-
fied hard seat valve design. The performance of the valve was found
to be effected by the flow rate of gases through the valve. In the
next section these experiments and analysis will be described.

2.1.2 Sampling Flow Rate Control and System Analysis

Considerable attention was given to the problem of properly con-
trolling the rate at which the sample gases were to be drawn from the
boundary flow in the rocket motor. Factors considered included bound-
dary flow disturbance, sampling time duration and sample receiver size.
Attention was also given to the method of flow control and the durability
of the controller to the severe environment which could be found near
the vicinity of the chamber wall. Originally flow control was to be
accomplished by a sintered porous element. Following an evaluation
of the above factors this method of flow control was discarded in favor
of a drilled-orifice. Subsequently certain modifications to the hard
seat valve design were also made. These facets to the sampling system
design are described in the following paragraphs. .

2.1.2.1 Sintered Element Flow Characteristics

Several grades of sintered elements were ordered from Pacific Sin-
tered Metals and copper holders for these elements were constructed.
The initial tests of the sintered elements were with elements tested

by JPL previously and used only N, as a test gas as per JPL test con-

2
ditions.

The sintered elements were tested over a range of pressures ex-
pected to encompass those pressures to which the elements would have
been exposed in the motor. Five grades of sintered elements were
tested and are identified by their commercial grade number. The ele-
ment configuration tested corresponded to that for the original element

location as shown in Figure 4-a.

The data obtained in these nitrogen tests is presented in Table 3.
Comparison of this data with vendor data is shown in Figure 5 where good

-10-



agreement can be noted. The volumetric flow rate, V,in Figure 5, is
that obtained for standard conditions, i.e.;

vV = rht/ps 2-1

This data provides the means for selecting the proper grade of sintered
material for controlling the rate of flow into the sampling bottle.

For a 100 cc size sample bottle, and a one second sample duration

time, the volume flow rate of nitrogen equivalent to the actual gases
is about 20 (in®/sec.), and for a 150 psi pressure drop a grade of sin-
tered materials of 100 appears to be appropriate. For the 300 cc size
bottle, grade 40 would be appropriate. This sizing procedure must be
approximate since the flow can vary 20% from element to element of the
same grade and moreover the pressure drop characteristics of the samp-
ling circuit and the mean gas temperature in the element can not be

established with certainty.

The equivalent nitrogen flow rate was obtained in the following
manner. From Reference 3 the Reynolds equation for flow in porous
media is given as:

5

= gpu + Bpu? 2=2

using the first term of this expression (the viscous influence term)

a proportionality expression can be readily derived which relates flow
rate and viscosity for two different gases flowing through the same
media:

fy

The preceding flow rate is obtained for the calculated gas flow rate,

2-3

CIC
Q =

mg, needed to £ill the 100 cc bottle in one second and the appropriate
thermodynamic data.

The gases in the bottle were assumed to have a molecular weight
of 20 and to be at a temperature of 300°F and a pressure of 50 psia.

-11-



The viscosity data for nitrogen, Vs was obtained from Reference 4 and
that for the gas from the Aerotherm Chemical Equilibrium program for
the mean chamber composition (O/F = 1.2) at a presumed mean temperature
of 800°R and pressure of 150 psia (vg = 3.7x10"4 f£t2/sec).

A precise analysis of the physical situation is difficult as the
following considerations show. Initially the sampling flow is at the
wall temperature since the sample is drawn from the gas next to the
wall. Since this occurs about one second after the firing commences,
the gas at that time is already hotter than 760°R. As the sampling
progresses the wall and plug front face temperatures continue to rise
and further the sample gas is drawn from a volume of gas whose bulk
mean temperature is higher than that of the wall. Superimposed on
these variations in temperature are local variations of molecular weight
and other properties due to local concentration variation.

It was desirable to demonstrate that sampling rates of this mag-
nitude did not disturb the flow field to the extent that the gases
collected would not be representative of the undisturbed flow near the
wall. Aerotherm had originally suggested that a suction ratio,

ppup/peue, of 0.001 was an appropriate value for the sampling rate to

assure low disturbance of the gas composition next to the wall. With
this suction value and the specified propellant flow rate (wT=0.4 1b/s),
the fill time was found to be much greater than the run time suggested
by JPL (six seconds). This can be shown as follows. The mass velocity
through the porous element is found to be (using the foregoing suction
ratio)

4

& 1.3x10 - (lb/s=-in?)

u
PpYp
The volumetric flow rate can be obtained by dividing ppup by the density
of the gas (conditions as above) and multiplying by the cross-sectional
area of the sintered element. Thus:

v

u A
Ppip Bp/Pg

oo~ 2

1 x 10 “ (in%/s.)

<
n

=12~



Comparing this volume flow rate with that calculated previously it can
be seen that the time required to fill one cylinder is approximately
2000 seconds, which is several orders of magnitude greater than the
run time. This unacceptable result led to further detailed study.

It can be shown (see Appendix A) that the mass flux in the laminar
sublayer taken in through the porous plug is given approximately by the
following expression:

pglg = 60u/d, 2-5
Using the previous gas viscosity value and dp = 0.158 inches
o.u_ = 1x10™3 (1b/s-in?)

8 S

Thus, compafing this rate with the rate determined previously, by re-
moving the entire laminar sublayer (a slight disturbance to the flow
field) the sampling times will still be much greater than the firing
time.

The conclusion made from these preliminary results was that filling
the sample cylinders in several seconds with the initial sample design
(sintered plug) would disturb the flow field somewhat since a suction
ratio of about 0.1 would be required. For such a suction rate the sam-
ple will be taken from regions well into the turbulent boundary layer.
There are significant changes in composition and gas conditions in the
laminar sublayer. Thus withdrawing gases from a region larger than
this sublayer means that the gas composition obtained is not truly rep-
resentative of the wall condition (because of unequal diffusion effects)
even though there is only a moderate disturbance to the boundary layer
flow field. The estimate of this effect was deemed to be outside the
scope of the effort at this stage in the program.

Since the greatest temperature drop between the boundary layer
edge (presumably at flame temperature) and the wall occurs in the lam-
inar sublayer, it follows that the gases entering the sampling system
will have a high mean temperature. Accordingly a more detailed aero-
thermodynamic treatment of the entrance condition and the porous plug
response was performed. This detailed treatment is described in the

next subsection.

-13-



2.1.2.2 Sintered Element Thermal Analysis

The Aerotherm Real Gas Boundary Layer program (Reference 4) was
used to calculate heat transfer coefficient and boundary layer thermal
property data for the theoretical mean-gas-composition to be found in
the rocket motor. The gas composition data was generated by the Aero-
therm Chemical Equilibrium program.* Figure 6 presents the composition
data as a function of the oxidizer to fuel ratio. The design point
mixture ratio is 1.22, as shown on the figure, and it is for this comp-
position that the boundary layer program was run.

Figure 7 presents the most pertinent results from the boundary
layer calculations. The boundary layer was presumed to start at the
injector face and to be laminar initially. Transition to a turbulent
boundary layer occurred somewhat less than halfway down the chamber
where the calculated momentum thickness Reynolds number equaled 300.
It is seen in Figure 7 that the boundary layer is quite thin. As a
consequence even very small flow rates remove the laminar sublayer
across which the greatest temperature rise in the boundary layer is
found. It was found that approximate calculations(using the flow
rate required to f£ill a 300 cc sample bottle) showed about one third of
the displacement thickness was removed. This means that such sampling
rates disturb the boundary layer somewhat (and hence the flow field
adjacent to the port as well). It was felt, however, that the effect
of such disturbances on the local O/F ratio would not be large. Since
the use of the smaller sampling bottles reduce the possibility of ob-
taining erroneous data in the majority of the tests, 75 cc sample
flasks were used.

Comparison of the heat transfer predicted by this program with
that measured experimentally at JPL, using the same motor configura-
tion and propellant, is favorable as shown in Figure 8. The predicted
values are somewhat higher than the experimental data taken from Ref-
erence 1. When the difference in wall temperature between the pré—

dicted and experimental cases is considered the discrepancy is about

*A more extensive description of these programs and their use in these
types of problems is presented in Part II.
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30%. More recent data, Reference 5, shows the same discrepancy is
found in the high heat transfer region near the throat. More detailed
predictions are presented in Part II.

The sintered element was analyzed theoretically using the Aero-
therm Axisymmetric Transient Conduction computer program, Reference 6,
in conjunction with the results obtained with the aforementioned boun-
dary layer program. In performing this analysis it was assumed that
the sintered plug was in thermal equilibrium with the gas entering
the plug. The validity of this assumption is generally accepted be-
cause of the high surface area to volume ratio which is characteristic
of sintered materials,

In the computer solution an approximate value of contact resistance
of 3.0 (ft%?-sec. °R/Btu) was chosen for the interface between the sin-
tered element and its holder and between the holder and the motor wall.
The sampling gas was assumed to be in thermal equilibrium with the front
face of the sintered element and solid copper properties were used for
the sintered element. Even with such optimistic assumptions, the sin-
tered element was found to have temperatures in excess of the melting
temperature of copper in less than one~half second after initiation
of sampling (initiation of firing was assumed to have occurred three-
quarters of a second earlier). Figure 9 shows the predicted tempera-
ture distributioniin both the element and its holder.

A solid copper plug with a small hole through the center was an
obvious alternative to the sintered element since some means of sup-
port for the ball return spring (see Figure 4) had to be provided;
Accordingly, this design was analyzed next. The thermal entry length
theory of Reference 7 was applied to obtain the flow of thermal energy
from the gas to the walls forming the plug passage. The predicted
response of the solid drilled plug showed that this design approach
would survive the hot environment but other practical problems were

encountered. For one, the ball check return spring becomes extremely
hot (near the melting point) and means other than the spring held ball

for containing the collected sample obviously had to be provided.
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The foregoing considerations led to the conclusion that the sin-
tered element could not be used in the original location as shown in
Figure 4-a. The findings suggested that it was unlikely that the plug
could be designed such that the sampling gases were cooled in passing
through the plug to the point that the spring did not lose its temper
without the plug itself failing. However, by reducing the flow rate
requirements through the use of smaller sampling bottles the likeli-
hood of the ball-return spring melting would be reduced. Aerotherm
therefore recommended that the drilled~solid-plug design (in conjunc-
tion with smaller sampling bottles) be used. The gas analysis subcon-
tractor indicated that a 75 cc sampling bottle size would be adequate
for determination of the sample chemistry and as noted previously, this
size was used for the test program.

The design modifications are shown in Figure 4-b (which can be
compared to the original design in Figure 4-~a). In this design, the
'plug was brazed into the motor wall to ensure high thermal energy trans-
fer between the plug and the motor wall. Note that by brazing the plug
in place one of the "O" ring seals was no longer needed. The other
seal, located nearby, was relocated in a cooler region to prevent vul-
canization of the "O" ring material. The high wall temperatures pre-
dicted for the motor wall in the vicinity of the plug made the survival
of such soft materials at that point unlikely. Figure 10 shows the
predicted wall temperature distribution at the end of six seconds of
firing. For the sampling station farthest downstream (near the throat)
temperatures of about 1200°R are predicted near the sampling port.

The recommended upper limit for such materials is about 200 degrees
less than this.

The sintered element was moved to a point downstream of the JPL
control valve where it both controlled the flow and ensured that the
sampling gas emerge from the valve at a temperature no higher than the
environmental temperature of the motor (300°F). It was believed that
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such a design would allow the use of a remotely actuated positive shut-
off valve with a teflon insert. Because of the environment to which
the ball return spring is exposed, it was felt that its performance

was marginal to the extent that the use of such a positive shut-off
valve was advisable.

The sintered elements were eventually replaced by drilled orifices
when bits of metallic contamination in the teflon pintal tip in the
Whitey positive shutoff valve were detected and this contamination
was traced to the sintered element. These orifices were constructed
of copper slugs approximately 3/16" OD and 3/4" long in the center of
which a hole 0.0125 inches in diameter was drilled. These slugs were
crimped into 1/4" holder tubes that formed part of the sampling system
tubing connecting the sample cylinders to the motor block.

2.1.3 Development of the Final Hard Seat Valve System

Following successful completion of the prototype testing and de-
velopment in which successful operation of the valve was demonstrated,
the modified sampling system design as shown in Figure 4-b was construc-
ted. The following subsection describes first the assembly of the
modified system--in particular the hard seat valves in the rocket motor--
and then the operational experience gained in the use of these valves
in the developmental rocket firings. The description of the firings
themselves is deferred tp Section 2.4.

The JPL sampling valve components were thoroughly inspected and
ultrasonically cleaned, and the six seats were hand lapped according
to lapping instructions received from JPL to achieve perfect seating
of the sapphire ball on the stainless steel seat. The assembly of the
JPL sampling valves proceeded without significant difficulty although
assembly was frequently vexing because of the relative inacessibility
of sampling system parts located in the combustion chamber. This was
particularly true for the number six port (near the nozzle throat).

The O-ring seals between the cbpper chamber block and the stain-
less steel valve body block could not be made to seal properly. To
solve this problem the depth of the O-ring grooves were decreased by
milling the copper motor block.
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It was found that the valve-seat-ball cage piece for valve number
six was brazed into the chamber at a skewed angle. This caused binding
of the ball in the cage and successful operation could not be obtained.
To solve this problem the cage tangs were milled off and a new "float-
ing" cage was constructed. This prevented binding and seizing and
yielded the most reliable valve of the six. Any future valve construc-
tion of this type should incorporate the floating cage concept. The
chamber wall was also modified to accept an O-ring along the shank of
the ball seat assembly for all six valves.

Six pneumatically actuated valves were connected in series with
the JPL valve to give positive shutoff to the sample gases once they
were collected in the sample bottles. For each sampling circuit there
was a cylinder, cylinder-toggle-valve, positive shutoff wvalve, pressure
transducer connection, and connecting tubing. The sampling cylinder
pneumatic shutoff valves were actuated through a common manifold. A
description of these pneumatic valves is given in the following sub-
section. The components and the instrumented chamber, and sampling
cylinders were assembled into the case and taken to United Technology
Center for set-up on the rocket test stand. A preliminary firing was
performed to "shake down" the equipment and the sampling valves were
not actuated. In the first developmental firing the sampling valves
were actuated in an operational shake-down of the sampling system,
however, neither pre-firing pump~down nor case heating was performed.
In subsequent firings, conditions representative of the main test se-
quence were reproduced as vacuum pump down and case heating were per-
formed. The following paragraphs summarize the results of these experi-
ments.,

Following the second firing, attempts to obtain shutoff of the
hard-seat sampling valves were not successful. Upon disassembly of the
sampling valves a large amount of greenish blue powdery residue was
found throughout the sampling system and small volcano shaped mounds
around several of the sampling ports was observed. The substance was

(8)

subsequently identified as copper nitrate (Cu(OH)NO3 The presence

-18-



of this substance was hypothesized to be a result of a surge of N204
into the sampling system during the start up transient since the JPL
valve check balls were held against their seats only by the ball re-~
turn springs. It was felt that this problem would be eliminated by
vacuum pump-down of the sampling system which would hold the ball
tightly to the seat prior to firing and by a reduction in the amount
of oxidizer lead-in prior to ignition.

This test demonstrated the susceptibility of the hard seat concept
to contamination. As noted previously, any minute particles trapped
between the stainless steel valve seat and the synthetic sapphire ball
will prevent the ball and seat from mating to the tolerances necessary
for good sealing. The results of this test showed that the formation
of precipitates in the chamber contaminate:the valves. The leakage
caused by the contamination was so severe the proper valve seating
was obtained only after the valves were disassembled, thoroughly

cleaned, and the seats relapped.

In the third firing the sampling valves failed to operate (see
Section 2.4.

Following the fourth firing the JPL valves again could not be made
to seal although actuation could be accomplished. "Post mortum" exami-
nation showed high contamination of all valves in the seat region with
a powderish blue and black residue which prevented the sapphire balls
from seating properly.

In the fourth firing one of the JPL valves had been replaced by
the alternate "purge" sampling system design. The purge system opera-
ted satisfactorily, and because of the continuing contamination problem
with the hard-seat valves, it was decided to convert the apparatus to
the purge system completely and firing number four was the last one in
which the hard-seat JPL valves were used.

2.1.4 Purge Sampling System Development

After it became apparent that the hard-seat-sapphire ball valve
design would cause undue operational expense and uncertainty because
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of contamination susceptibility, alternate sampling systems were studied.
The alternative studies started gradually, beginning as a backup to the
hard seat valve to provide redundant shutoff capability in case of fail-
ure of the sapphire ball return spring. The discovery of a valve suit-
able for this application led to a "purge" type sampling system design
employing many of these valves. First a prototype system was construc-
ted which replaced one of the hard seat valves and finally the entire
sampling system was converted to the purge design as described in the
following paragraphs.

2.1.4.1 Backup Valves

Backup valves were mentioned previously as components which were
tested in the flow circuit. Because of the operational uncertainties
in applying the sophisticated JPL controlled ball check valve to the
rocket mdtor environment, several standard commercial valves were con-
sidered for backing up the JPL valve. The following remotely controlled
sampling cylinder shutoff valves were evaluated:

1. Hoke-440 series, stainless steel-teflon plug
2., Whitey, stainless steel-teflon plug
3. Skinner-V56 series, stainless steel-teflon plug.

The Hoke valve (HV), which is of the bellows type, is guaranteed
to be leak tested to 0.005 MCFH (cubic feet of helium leaked per hour
at a helium density produced by one micron of pressure at standard tem-
perature). Such a leakage rate is several orders of magnitude lower
than required by this program and this valve was chosen as the standard
for valve comparison. The HV is capable of being provided with an air
actuator for remote control. Unfortunately, the envelope of the HV
air-actuator-valve unit is large in comparison to the space available
within the rocket motor case. The Whitey valve (WV) was smaller but
had unknown leakage characteristics. The same was true of the Skinner
3-way valve (8SV).
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As previously indicated, these valves were considered for various
alternate sampling systems. Figure ll~a - 11-d show views of these
systems. At first the intent of all of these alternate systems was to
remove from the JPL valve design the operational requirement of sealing
leak-tight for the 1/2 hour or so after a test run when the cylinder
is full and the chamber is at atmospheric pressure. The system shown
on the right in Figure ll-a was the one used in the previously des-
cribed developmental firings with the JPL valve.

The three valves were leak tested under static conditions more
severe than would be encountered in actual use on the rocket motor.
The two soft seat valves showed a significant leakage rate under these
conditions. The pressure upstream of the valve was maintained at about
the combustion chamber pressure of 150 psi and the downstream side was
evacuated to about 0.35 mm of Hg. The results of the test are shown
in Table 4.

In the course of determination of the optimum sampling system it
was necessary to have a consistent means for evaluating the leakage
characteristics of various system components, since this leakage has
a direct bearing on the test data accuracy. It was initially believed
that the determination of the gas composition in the sample bottles
could be performed at an accuracy level of about 2 percent (i.e., the
mole fraction determination would have about a 1 percent spread for
each specie). It can be shown that the leakage rate of the entire sys-
tem cannot exceed 100 MCFH (micron-cubic feet per hour) when the sample
bottles are in the system (i.e., not shut off from the system by the
bottle valve) for 30 minutes if such accuracies are to be achieved.

It is seen that the valves tested easily met this requirement.
However, the cylinder shutoff valve must be leak-tight for at least a
24 hour period in which case it is seen that only the needle valve
could be used with certainty. However, since it is known that needle
valves are subject to galling damage, the sample cylinders were equipped
with toggle valves with teflon plug inserts which could be readily closed
after a firing.
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2.1.4.2 Purge System

The purge system concept for sampling the boundary flow was intro-
duced to overcome certain of the deficiencies inherent in the original
sampling concept. One of the design features of the original concept
is the small volume between the chamber wall opening and the sample-
gas-flow-control-valve seat. Ideally this wvolume should be vanishingly
small to avoid collecting nonrepresentative species prior to the samp-
ling event. Because of the proximity of the valve seat to the chamber
wall, the use of high temperature and, . hence, nonsoft material was
mandatory.

Another way of avoiding collecting nonrepresentative gases is to
continuously purge the sampling system with an inert gas up to the '
instant of sampling. This approach has been used successfully at Aero-
therm in connection with arc plasma stream sampling. After the hard
seat valves continued to demonstrate contamination susceptibility, a
pilot purge system was designed, constructed, and successfully tested.
A complete purge sampling system was then designed, constructed and
successfully operated.

The purge-sampling system is simple in concept. It consists of
several remotely actuated valves connected to a manifold which in turn
terminates at the chamber wall orifice. One valve connects to an inert
gas supply, the other to the sampling flask. Prior to sampling, the
sampling system is purged with the inert gas by opening the purge valve.
The purge pressure is regulated so that the purge gas flow rate is very
low such that the boundary layer flow is not significantly disturbed.

A prototype purge sampling system was created by removing the in-
ternal parts of the number four (4) JPL sampling valve and putting the
helium purge control valve in parallel with the sample shutoff valve.
Both valves were pneumatically controlled and capable of operating
while at elevated temperatures. A two stage purge supply control .was
employed using standard solenoid valves. It was deemed desirable to
employ a high pressure, high flow rate initially to prevent a surge of
nonfepresentative gases into the sampling system during the ignition
transient. (A low flow purge might not have sufficient time to effec-
tively scavenge the nonrepresentative gas species before the sampling
event. Such a phenomenon has been encountered in the arc plasma samp-
ling work.)
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Following the successful operation of the prototype purge samp-
ling system, the same concept was duplicated for the other sampling
locations. The original valve actuator housing block which mounts to
the copper chamber was replaced with a similar stainless steel block
which was appropriately drilled to serve as a compact manifold to
which the pneumatic valves were attached.

A schematic of the purge system is shown in Figure 12, There are
3 fluid circuits and two electrical control circuits to the system.
One of the fluid circuits is for the sampling gas itself which goes
between the chamber wall orifice and the collecting bottle. The other
two fluid circuits are for helium. One helium circuit for the purge
gas and the other helium circuit to actuate the pneumatic valves - valve
(a) to control the sampling gas flow and valve (b) to control the purge
flow into the sampling circuit. The two helium circuits are, in turn,
controlled by solenoid valves which themselves are controlled by the

automatic sequencer in the firing control center.

It is to be expected that a simple concept such as the purge sys-
tem should perform without difficulty and this indeed was the case.
An initial problem with pneumatic valve hang-up was experienced be-
cause of thermal stress induced binding. This was remedied by the
simple expedient of tube bending and by adjusting the housing for the
valve actuating diaphrams.

The purge sampling system was designed to provide flexibility in
the sampling operation. It is possible to sample each port individu-
ally or in any combination, through the use of hand actuated control
valves on the sampling and bleed pneumatic actuation circuits shown

schematically in Figure 13.

" The motor chamber was drilled at five other circumferential and
longitudinal positions. Sampling circuits were not constructed for
these alternate positions pending the outcome of tests investigating
the effect of upstream sampling.
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2.1.5 SUMMARY AND CONCLUSIONS

From the operational experience gained with the JPL valve concept
under rocket firing conditions, comments on the behavorial character-
istics of the valve under such conditions can be made.

The principal judgments that can be rendered on the JPL hard-seat-
sapphire-ball valve concept can be summarized as follows: The JPL
valve concept can be made to operate in the environment of a rocket
combustion chamber but its sensitivity to solid particles in the gas-
eous environment makes it unsatisfactory for repetitive sampling at
short intervals for some propellant combinations.

This comment is supported both by development testing work done
with the valve and with the hot firing experience reported above.
There are several important conclusions which can be drawn from this.
In a sampling system where the environment is so severe that valves
which use soft materials are impractical, the disadvantages of contam-
ination susceptibility becomes less important and the sapphire-stainless
steel combination may well be the only practical solution. For such
a situation the present design should be modified in the following
ways:

1. The valve should be designed for rapid assembly and

disassembly.

2. The seat should be well exposed to permit rapid lapping
and easy visual inspection.

3. The sapphire ball should have positive opening and
closing action. (This could possibly be done by
fusing the sapphire ball onto the actuating pintal.)

4., The actuating piston and all O-rings should be well
removed from severe environment.

5. The seat and ball should be protected as much as
possible from contamination.

2.2 HEAT FLUX GAGE DEVELOPMENT

The heat flux gages originally procurred by the Jet Propulsion
Laboratory for installation in the motor were damaged beyond repair
in the process of installation in the chamber because of the high
temperature braze required by the particular design concept employed.
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Aerotherm Corporation contracted to make the replacement gages
employing a proprietary manufacturing process.* Manufacturing dif-
ficulties required by the application constraints resulted in abandon-
ment of this process and the final heat flux gages were made by a
conventional furnace brazed technique. In the following paragraphs
the development of these replacement heat flux gages are described.

A portion of a gage drawing, presented in Figure 14, shows some
of the construction details. Each unit is designed to be replaceable
in event of failure as each gage is bolted to the back wall of the

chamber and sealing takes place at this cool (relatively) back wall
surface.

The basic calorimeter was made from a round copper slug 1/4" in
diameter. An insulating air gap .005 inches across was machined into
the slug so that the heat flux through the gage would be one-dimensional
and the temperature data thereby ammenable to a one-dimensional analy-
sis. A 0.020 inch hole was drilled into this slug to accept the
chromel-alumel inconel sheathed thermocouple wire. The juncture of
the thermocouple (the bead) was positioned such that after final mach-
ining (after installation) of the face, the bead was located .01l inches
from the surface.

Aerotherm originally intended to manufacture the heat flux gages
by a relatively new electroforming technique. Many gages of this type
were made by Aerotherm without the failure rate experienced with the
gages made for this project. Three sets of gages were produced which
failed either in the final manufacturing process or during calibration
testing.

One of the failed gages was sectioned and microscopically exam-
ined. This examination disclosed that poor bonding existed between

*This work was not initiated until the developmental firings were com-
pleted so that heat flux data was not obtained until the prime test-
ing phase (see Part III).
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the copper body of the gage and the electroformed tip and more import-~
antly between the sheathed wires of the thermocouple and the electro-
formed copper. The bond between the thermocouple wires and the copper
apparently failed as it is weakened under stress induced either by

the final machining or brazing operations.

Rather than continue to build strengthened gages of this type
and risk building gages having improper response because of poor junc-
tions and discontinuities with the electroformed material, it was de-
cided to sacrifice precision of junction location possible with the
electroformed technique in favor of the more positive brazed construc-
tion which had been used successfully in the past in rocket motor in-
stallations. " Accordingly, several prototype brazed gages were success-
fully built and tested. However, difficulties with the revised manu-
facturing process were encountered both with regard to the brazing
process and with the leadout junction potting compound. However,
with perseverence, six gages were produced which survived the calibra-
tion testing.

The set of six gages were calibrated against a slug calorimeter
using a hydrogen-oxygen torch heat source. These calibration tests
were principally intended to show functionality and demonstrate dupli-
city of response, gage to gage. They were not intended to provide
absolute calibration since neither the boundary conditions nor the
driving potential which exist in the motor can be readily duplicated.
The gages were then installed in the rocket motor and final machining
of the interior surface was accomplished such that the gage surface
was continuous with the rocket chamber surface. This was accomplished
by casting an impression of the motor combustion chamber and using
this impression as a machining template. '

*Two of these failed after installation in the rocket motor--See
Part III.
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2.3 MISCELLANEOUS DEVELOPMENTS

2.3.1 Assembly of Injector-Instrumented Chamber-Case

Several basic modifications to the equipment were found necessary
in order to properly assemble the unit. It was found that the chamber
diameter was undersized so that the injector face would not properly
mate with the chamber. The case was found to be oversize for the
chamber and an adapter ring had to be manufactured to fit between
the nozzle and the case. Several other minor case modifications were
also found to be necessary to provide instrumentation access and
mounting of the position indicating dial.

2.3.2 Thrust Stand Assembly

No outstanding problems were encountered during the installation
of the instrumented chamber assembly at the United Technology rocket
stand in Sunnyvale, California. The case was bolted to the thrust
stand cradle thereby permitting thrust determination. Transducers
for monitoring sampling cylinder pressure were installed and a thermo-
couple was installed downstream of the number six pneumatic shutoff
valve for determination of sampling gas temperature at that point.
Figures 15 and 16 present two views of the assembled apparatus on the
thrust stand.

2.3.3 Instrumentation

Several modifications were made to the temperature instrumenta-
tion. It was discovered that an erroneously high temperature signal
was being generated by the thermocouple attached to the stainless
steel valve body due to a combination of high thermal resistance of
the stainless steel, external heating of the thermocouple, and con-
tact resistance between the thermocouple and the valve body.

The situation was rectified by relocating the thermocouple to
the bottom portion of the copper chamber which was drilled to receive
the thermocouple bead.

A sensor was also placed on the number one pneumatic sample valve
body to ensure that valve temperature limits were not exceeded. Another
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thermocouple was located in the hot gas supply line to monitor the
temperature of the incoming gas.

A pressure tap was placed in the spacer shroud downstream of the
nozzle exit to measure the static pressure in this region.

2.3.4 Tast Stand Improvements

Several modifications were also made to the test stand at the
United Technology Center to increase the accuracy with which certain
motor performance data were determined. In addition to the increased
amount of equipment and instrumentation, refinements in propellant
feed control and instrumentation were also carried out by UTC personnel.
This refinement involved replacement of regulating valves with valves
having smaller capacity and hence better control for the small flow
rates required by this program. Pressure gages were also relocated
and recalibrated to afford the console operator improved and more
direct control over tank pressurization. The flow turbine meters
were checked and one was replaced with a newly calibrated unit. The
flow meter instrumentation was modified to permit direct readout of
the a~-c signal. (Previously, a rectified signal was transmitted to
the recording oscillograph.)

2.3.5 Motor Heater

Difficulty was experienced in the first series of preliminary
tests in obtaining the desired motor-sampling system temperature. To
avoid problems with water condensation during sampling, the system
is designed to be heated to 300°F which exceeds the saturation tem-
perature of water at the pressures in the sample flasks. Originally
the sampling system motor was to be heated by hot gas circulated
throughout an enclosing sheet metal case. The use of the pneumatic
valves which have soft material in the actuating diaphram and seats
(which have an upper service temperature of about 350°F) severely
limited the temperatures to which the gas could be heated.

Subsequently, the experimental apparatus was provided with an
electrical heating system to assist the hot gas supply in obtaining
the desired temperature. A set of resistance heaters was strapped
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to the motor and provided with a thermal heat path to the chamber by
the use of thermal putty.

2.4 PRELIMINARY ROCKET MOTOR FIRINGS

All tests of the research apparatus in which the rocket motor
was operated were conducted under subcontract at the Sunnyvale test
site of the United Technology Corporation. This facility is of the
pressurized tank propellant delivery type with all operations con-
trolled by an automatic sequencer capable of being programmed in a
flexible and convenient fashion. There were a total of sixteen firings
conducted in the development period of the program. The first was
utilized for a shake-down of the test facility and to uncover any op-
erational difficulties with the motor itself. The next eight firings
were used in both development of the sampling system and to acquire
preliminary sample data. The remaining seven firings were used by
the testing subcontractor to tune the pressurization/flow control
system so that a more accurate and repeatable mixture ratio could be
obtained. The following is a chronological description of the devel-
opmental firings.

The initial testing of the research apparatus (which utilized
the hard seat valves) was very successful in terms of mechanical op-
eration. The firings went smoothly as no hard start or combustion
chamber instabilities were detected.

2.4.1 Sequence of Events With Sampling

The sequence of events used in the first three sampling runs is
shown in Table 5. The detailed items for firing the motor are not
presented since these are standard operating procedures.

The test was begun by heating the motor block and sampling system
to 300°F and then pumping down the unit to near vacuum to remove all
foreign gases and condensed liquids. A standard roughing pump was
used for the latter operation. Following the set up of the propellant
feed system the motor firing was initiated (time 0). At 1 (one) sec-
ond following firing initiation, the ballistic analyzer (digital inte-
grator) for Pc and thrust was gated on and at 3 seconds it was gated
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off. The sampling valves were activated open at 1.5 seconds and
activated closed at 2.5 seconds. The JPL and pneumatic valves were
activated simultaneously. The firing was terminated at 4 seconds.

The more complicated procedure followed for the firings using
the purge sampling system is presented in Appendix B.* The procedure,
which is largely self explanatory, is divided into three phases:
1) pre~firing, 2) firing and 3) post-firing, each of which prescribes
the special functions which need to be performed in addition to the
details normally associated with firing a liquid rocket motor.

2.4.2 Firing Two

It was the principal objective of this test to demonstrate the
successful operation of the sampling system under the severe condi-
tions imposed by the rocket motor. Neither vacuum pump-down of the
sampling system nor heating of the unit was attempted as this would
have increased the severity of conditions--which was deemed unwise
for the first attempt. The sampling bottles were filled with gaseous
N2 at atmospheric pressure.

Successful demonstration of valve mechanical operation in the
rocket motor environment was achieved in this test. Gas samples were
collected in all six bottles.

The firing again was smooth, although proper motor mixture was
not achieved. Subatmospheric pressure at the nozzle exit was again
determined precluding an instrumentation fault. It was decided that
the spacer shroud, aft of the nozzle had a sufficient length to diam-
eter ratio to cause ejector pump-down phenomena and the shroud was
ventilated to remedy the situation.

*This procedure was used for all firings of the prime testing portion
of the contract. ’
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2.4.3 Firing Three

Following the first two relatively successful firings in which
the principal objectives were attained, on the third firing it was
decided to attempt sampling under conditions as severe as would be
encountered in the prime test program. The accomplishment of this
objective was thwarted by an unexplained failure of the sampling valves
to actuate. Only one gas sample was obtained and that one because the
number four valve failed to fully close after the pump down sequence.

The firing itself went well but again subsequent data analysis
indicated that the desired motor conditions were not obtained.

Two of the most likely causes for the sampling valves to not ac-
tuate appeared to be: 1) actuating piston seizure, and 2) loss of ac-
tuating signal. Post firing analysis of the valves indicated no mech-
anical failures in the valves and successful operation was obtained in
a heated oven. Post firing check of the electronic equipment such as
the automatic sequencer and solenoid valves indicated that no circuit
discontinuities existed. Other less likely possible causes were ex-
amined such as lack of sufficient actuation pressure but none proved
to be at fault.

The fact that the sampling valves were successfully actuated a
short time before the firing during the vacuum pump-down and the fact
that this actuation was accomplished while the system was hot, tends
to indicate that a temporary loss of actuation signal did occur.

The vacuum pump down procedure and the reduction in oxidizer lead-
in time apparently eliminated the massive contamination observed after
the second firing. Only trace amounts of the greenish-blue deposits
were found and instead the commonly observed black precipitate, copper
oxide, was observed.

2.4.4 Firing Four

The principal goals of this test were: 1) obtain samples under
conditions representative of those for the prime test program, and 2)
demonstrate the purge system of sampling. Both of these goals were

successfully realized.
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In the previous test (Firing 3) the JPL sampling valves failed to
actuate. 1In this test all systems performed their mechanical function
and samples were obtained from all six sampling ports. In this test
certain precautions were taken to attempt to eliminate the CO2
ination detected in previous tests (see Section 3.0). Sampling cyl-
inders were helium leak-checked and thoroughly rinsed and oven baked.

contam-

Several deficiencies were noted during the conduct of the test.
First, the temperature sensor on the valve body indicated a surpris-
ingly rapid tempeature rise. Faulty sensor mounting was suspected and
subsequently confirmed as noted previously. Mixture ratio problems
continue to plague the operation of the test. Post test data reduction
indicated CO2 contamination problems persisted.

2.4.5 Firing Five

Following the successful operation of the prototype purge sampling
system, a conversion of the equipment was made to permit this method of
sampling at all port locations. This firing had as its principal goal,
the checkout of the purge system under normal operating conditions.
Test stand improvements were made in addition. These consisted of pro-
pellant pressurization instrumentation and valve changes, the reloca-
tion of the body temperature indicating thermocouple to the bottom of
the motor, and the addition of a liquid nitrogen cold trap on the motor
pump down circuit to prevent backflowing of pump o0il into the chamber.

The firing proceeded normally and successful operation of the
sampling system was accomplished. However, several new difficulties
were encountered, the most serious of which was the loss of helium
pressurization due to excessive consumption of helium during the pre-
fire purge operation. It was fortuitous that valve actuation was ob-
tained since post firing examination disclosed that insufficient actua-
tion pressure existed in the helium supply bottle. Because of the lack
of sufficient helium pressure some doubt must be cast on the validity
of the data since proper purge operation seems doubtful.

An additional problem was that the body temperature could not be
brought to the desired temperature even when the case was wrapped with

insulation.
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2.4.6 Firing Six

This firing and the three subsequent firings were originally in-
tended to display the repeatability of the sampling system and to gain
confidence with the technique. This goal was defeated by the continu-
ing mixture ratio problem and more importantly by the gas analysis
problem described in the following section.

Prior to firing six, the equipment had been modified with the in-
stallation of electrical strip heaters. The excessive helium utiliza-
tion was eliminated by modifying the duty cycle and restricting the
flow for all but the impulse period. All "O-rings" in the entire
apparatus (including the 18 pneumatic valves) were replaced with ethyl-
ene propylene in an effort to combat the CO2 problem. The entire sys-
tem (sampling purge and motor) was passivated with a nitric acid solu-
tion and helium leak-checked. Instrumentation was modified to:

1) permit display of flow turbine a-c signal instead of the amplified
d-c signal used previously; 2) record additional temperatures.

This firing was successful in all aspects except for the mixture
ratio problem which for this particular test was 10 percent from the
desired value. This problem seemed to be a consequence of equipment
tolerances, and/or operator interaction. Plans were made to combat
this problem by conducting tests without sampling and to make additional

system changes.

2.4.7 Firing Seven

Firing seven caused the most concern in the test series in that
the automatic sequencer failed after having opened the sampling control
valves. The firing proceeded for about 10 seconds before it was real-
ized that something was wrong and the manual shutdown control could
be actuated. Samples were obtained but some doubt as to their valid-
ity must be cast since some portions of the sample were collected .
with an unchoked sampling flow control orifice (that is, sample flask

pressure approached chamber pressure).

It was discovered that the power supply to the sequencer was mal-
functioning. It is possible, but not clearly so, that such malfunction

occurred during firing three, in which test, valve opening did not occur.
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No structural damage to the motor could be ascertained and mea-
surements of the throat were within drawing tolerances. It would seem
from this that the current firing time of 4 seconds is quite conser-
vative.

2.4.8 Firings Eight and Nine

In the last two developmental firings all systems worked satisfac-
torily save for the control on mixture ratio which produced an O/F
about 5 percent low.

2.4.9 Mixture Ratio Check-out Firings

The problem of obtaining the desired motor propellant mixture
ratio plagued the experimental program from its dnitiation. To rec-
tify this situation a series of additiohal firings of the motor were
conducted by the subcontractor once the propellant system modifica-
tions mentioned previously were completed. These firings were per-
formed without heating the unit, or collecting samples.

These tests successfully demonstrated that repeatable operating
conditions can be realized. Desired mixture ratio values were obtained
as well as a range of preselected mixture ratio values. The tolerances
were within one percent as shown in Table 6.
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SECTION 3

SAMPLE CHEMICAL ANALYSIS

In this section the techniques devised for the chemical analysis
of the samples collected from the experimental apparatus are described.
Initially it had been naively presumed that the chemical determination
would be routinely simple since only common gases were expected. The
most difficult specie was thought to be water but it had also been ex-
pected that this compound could be redundantly determined either theo-
retically or thermodynamically by the mixture pressure-temperature
characteristics at the saturation point. Preliminary results quickly
dashed this optimism and the sample chemical analysis unexpectedly be-
came the dominant problem area of the project. To summarize--the
evidence of this problem area was: first, data repeatability for the
same sample could not be obtained; second, the data departed signifi-
cantly from theory; third, substantial amounts of ammonia (an unexpec-
ted specie) were found which due to solubility in water precluded the
use of techniques initially presumed to be applicable.

The unfolding of this problem area, the solution to it and de-
tailed discussion of the techniques used are described in the following
paragraphs. This activity progressed in parallel with the development
of sampling system--rocket apparatus during the firings at UTC.

' As the solution to the problem progressed more and more rocket
sample data became available. The following discussion is not neces-
'sarily in chronological order as most of the various attempts to solve

the problem proceeded concurrently.

Two methods are currently favored in the industry for determining
gas composition. These two are mass spectroscopy (MS) and gas chroma-
tography (GS). The two methods apply entirely different principles to
detect and quatify the gas specie present in the sample being analyzed.
In the mass spectrograph the specie molecules are ionized and acceler-
ated in a magnetic field, and separation is based on charge to mass
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ratios of these ionized molecules. In the gas chromatograph the sep-
aration is affected by preferential adsorption and liquid film par-
titioning of the species by a variety of media. Various detectors are
used for identifying and quantifying the separated species but that
most commonly used is the thermal conductivity detector.

Each method has its advantages and disadvantages. The MS is the
most direct and least expensive method and was favored initially for
these reasons and initial sample analysis was conducted on mass spec-
trometer equipment. As the following paragraphs make clear, the re-
sults from these initial samples showed the mass spectrometer to have
some significant shortcomings.

3.1 INITIAL MASS SPECTROGRAPHIC DATA COMPARISON

Table 7 presents a summary of the data from the gas analysis per-
formed on bottle number 6 from firing -2, (run-l) and bottle number 4
from firing -3 (run-2). The data was obtained from two different mass
spectrometers--each a different type and at a different location. The
two sets of data appear to be not only dissimilar but to be completely
uncorrelated. However, in the first run (firing -2, run-1l) a general
pattern is discernable in both analysis--high Nz, some hydrogen, and
traces of other gases. In the second run some of the discrepancy is
apparently due to a difference in experimental technique. For this
test the gas samples were collected in small stainless steel tubes
instead of the 300 cc bottles used in the first run. This change in
size was made to determine proper sampling cylinder size. The entire
contents of the small tube were introduced into the MS at low pressure
in the SRI test so that any liquid water was vaporized. This could
possibly explain why a much greater percentage of H20 appears in col-
umn 3 of the table.

There also appears to be some correlation with time. 1In the run 1,
test (a) was conducted before (b) whereas for run 2, test (b) was éon—
ducted before (a). If one conjectures that a microscopic leak existed
in this bottle, then, because of preferential leakage of the hydrogen,
the disparity in ratios of hydrogen to nitrogen, for example, would be
explained. To insure that such leaks did not occur again, all sample
bottles, with valves attached, were helium leak-checked.

.36



It has been pointed out in previous sections that the appearance
6f CO2 gas species in the sample was not an expected result. The quan-
tities of CO2 that were detected are relatively small--on the order of
a percent or less. Nonetheless its presence in the analysis caused
increased lack of confidence in the results.

It was imperative that these difficulties be resolved and a choice
of gas analysis method be made before the prime testing was initiated
so that valid O/F data could be generated in the program. The reso-
lution was attempted by:

1. Reviewing the experimental technique used by the mass

spectroscopist.

2. Conducting comparative tests with mass spectrometers
and duplicate tests with gas chromatographic equipment.

3. Conducting an intensive research and contracting test-
ing organizations and research groups, etc.

4, Obtaining laboratory standard gas mixtures for
reference.

5. Conducting experiments designed to uncover the source,
if any, of the co, contamination.

3.2 OUTSIDE RESEARCH

Considerable effort was made in the search for gualified labora-
tories to perform analysis employing techniques suitable for the prob-
lem at hand. Firms were also sought for supplying precision gas mix-
tures having about the same composition as that obtained on an average
from our tests which gas mixture could be used for a calibration stand-
ard.

Most firms and research centers declined to attempt the analysis,
or to supply such a gas standard. One firm claimed it could be done
with a combination of gas chromatography, titration, and thermal-
diffusion separation. The cost was prohibitive and the firm had never
done this type of test before. Several research organizations such as
SRI suggested a form of wet chemistry approach which was, admittedly,
limited in accuracy by the small sample size involved. Such a tech-
nique was attempted by the JPL Laboratory and a discussion of this
experiment follows.
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Several gas chromatography and mass spectroscopy equipment manu-
facturers were contacted also without success. Knowledgeable individ-
uals at the Universities of Stanford, Santa Clara and California at
Berkely were contacted and although interesting discussions ensued,
nothing of tangible value to the problem at hand was forthcoming.

3.3 TEST RESULTS FROM WET CHEMISTRY

Chemical analyses or tests were performed by JPL personnel on
two of the sample flasks obtained during the preliminary firings. 1In
this analysis a technique was employed which combined both the mass
spectrometer and wet chemistry. In this subsection a description of
these tests, the test results, and a comparison of the results with
other data will be presented.

One possible way of avoiding the apparent problem of determining
the amount of water in the sample with a mass spectrometer is to sep-
arate the water from the sample and then determine the water concentra-
tion through gravimetric techniques. This is basically the procedure
followed at the Jet Propulsion Laboratory in the analysis of the flask
(7-1) which had previously been analyzed repeatedly on another mass
spectrometer. The gases from the flask, which was heated to put all
compounds present (NH3, Hzo in particular) in a vapor phase, were
passed through a liquid nitrogen trap in which the ammonia and water
were captured. The gases passing through the trap were then analyzed
on the mass spectrometer and the composition determined. Next the
trap was heated to the vaporization temperature of ammonia and the
evolved gases (largely NH3) were next analyzed on the mass spectrometer
following a determination of their volume. Finally, the residue was
weighed and titrated to determine the mass of water and ammonia. The
original volume of sample (at a given pressure and temperature) was
also determined. These data allow a determination of the original
sample using standard chemistry relations including the thermodynamic
properties of aqueous ammonia solutions. The data reduction was per-
formed by Aerotherm and the procedure followed to reduce the data is
presented in Appendix C.
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A summary of the resultant JPL data in terms of relative concen-
tration of the various species is shown in the leftmost column of
Table 8. Table 8 compares this JPL data with the concentration data
from the same flask as obtained from a mass spectrometer (of differ-
ent manufacture than the JPL unit) where no separation of the water
and ammonia was attempted. While there was no water and ammonia sep-
aration in these latter tests, the flask was heated to vaporize the
condensibles. The second and third columns from the left in Table 8
give this unseparated data. Run "b" is a repeat of "a" performed at
a later period of time. Ideally these three leftmost columns should
agree precisely.

There is considerable variation between the "a" and "b" runs in
themselves—--the principle variation is found in the nitrogen and ammo-
nia values. No explanation for this variation is obvious at this time
except for "inlet phenomena" which could, presumably, be a non-
repeatable event. The "a" and "b" data bear little resemblance to the
JPL data. The fact that all the noble gases are greatly reduced sug-
gests a leak may possibly have existed in the flask valve. However,
this does not explain the difference in the water-to-ammonia ratio
between the two. The leakage possibility is also somewhat discounted
by the results from the cold tests (column "c¢"), and the JPL non-
condensible analysis, the rightmost column. Presumably these two
columns should also agree since column "c" data was obtained from
flask 7-1 at, or near, liquid nitrogen temperature.* An examination
of the nitrogen mole fraction data from these two runs tends to indi-

cate that little or no nitrogen had escaped.

*The WCT non-condensible data does not agree with the JPL non-condensible
data possibly because of the particular cooling technique used at WCT
(there exists some question as to how cold the valve end of the flask
was at the time of sampling in the WCT test). This is evidenced by the
appearance of H,O0 in the WCT results which should not occur, of course,
had 1) the sampfe been properly cooled, or possibly, 2) had all the
residual water in the M.S. inlet system been removed.
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3.4 GAS CHROMATOGRAPHY ANALYSIS

In the search for qualified laboratories contact was made with
the Dye-Oxygen Co., a supplier of precision gas mixtures, which, by
reason of extensive experience with gas mixtures such as those in this
study, seemed qualified both to attempt analysis of the rocket motor
samples and to supply the desired laboratory sample standard. This
laboratory was supplied with two of the sample flasks from the prelim-
inary rocket firings. The intent was to obtain agreement between the
Dye-Oxygen laboratory technique, which employs a research grade gas
chromatograph with proprietary columns, and the Jet Propulsion Labora-
tory mass spectrometric-wet chemistry analysis technique--reported
previously.

This effort was frustrated by the inability to resolve a signifi-
cant and ill-defined peak with large tail-off found during the eluding
process. This peak was initially identified by Dye-Oxygen personnel
as NO2 based upon the point in time in which it eluded from the gas
chromatograph column(g). Such a finding was in complete contradiction
to all previous mass spectrometric analyses in which only trace quan-
tities of NO2 were detected and even these were suspected to be a con-
sequence of the curve fitting procedures employed. It was also con-
trary to the observation that when the sample flasks are exhausted
into the glass inlet system of the mass spectrometer a brownish colored
gas (characteristic of NO,) is not observed. To further study this
curious development, the substance producing the mysterious peak was
trapped and analyzed further. The compound was subsequently identi-
fied as being principally nitric acid, HNO3, which exhibits the same
elution times as NOZ' This was confirmed by injecting dilute nitric
acid solutions into the gas chromatograph.

The determination of nitric acid came as much of a surprise as
NO2 since there has been no indication of nitric acid in the mass_
spectrometer results that had been obtained even though the possibility
had been considered. Reaction of a trapped portion of the peak with
sodium bicarbonate produced only a trace amount of carbon dioxide prov-
ing that only a small portion of the peak was due to nitric acid.

Infrared spectroscopic analysis of the peak compound by Dye-Oxygen
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personnel was largely inconclusive because the water molecules pres-
ent made interpretation difficult. An educated guess by the labora-
(9) based on the evidence at hand, is that the peak

was caused by a mixture of gases, predominantly hydrazine, with trace
amounts of HZO' N02, and nitric acid, HNO

tory personnel

3 If it is presumed that
the peak is largely hydrazine, then the approximate analysis of bottle

8-4, shown in Table 9, is obtained.

Such a large percentage (50%) of hydrazine is unexpected. Although
no reason can be found at this time that makes such a composition im-
possible, it is highly unlikely. If unreacted hydrazine is streaming
down the rocket motor chamber walls and if the walls are cooler than
supposed, then it can be argued that the hydrazine does not decompose
and large proportions of hydrazine could possible be drawn off in the
sampling process.

This analysis does have a favorable characteristic. The hydrogen-
to-nitrogen atomic ratio is reasonable; that is, the ratio of the sum-
mation of hydrogen atoms to summation of nitrogen atoms in the various
species is less than the two-to-one ratio found for fuel alone
(ZH/IN < 2). Presumably, with some oxidizer reactions taking place
as evidenced by the appeararnce of nitric oxides, there should be less
than twice as much hydrogen as nitrogen unless some quite unusual dif-
fusion or recirculation-condensation phenomenon is occurring. Table
10 gives a sampling of the ratios that are obtained from the prelimi-
nary analyses. In this table the first column gives the source of
the composition data (from three of the five organizations that have
attempted this analysis). The second column gives the sample number
--a two-digit number, the first of which specifies the run, the second
the position in the motor starting from the injector end. The third
column gives the ratio of hydrogen-to-nitrogen atomic summations and
the fourth, that for oxygen and nitrogen. The last column is the sum
of the preceding two columns entries which theoretically should be
equal to 2.0. The degree to which this entry departs from 2.0 can
possibly be interpreted as a measure of the inaccuracy of the analysis.

The reason for this is based on a simple balance with the presumption

of equal diffusion of all species everywhere in the combustion chamber

and during sampling. Thus we have that the number of nitrogen atoms,
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N, can be thought as being the sum of two groups--those associated
with the fuel N(H) and those with the oxidizer N(O).

Thus we may write:
N = N(H) + N(O) 3-1

For either N(H) or N(O) there is twice as much fuel and oxidizer,
respectively, such that N(H) and N(O) can be replaced by:

N=g-+g— 3-2

where H and O are the summation of fuel and oxidizer atoms, respec-

tively. Dividing by N and showing the summation explicitly results
in:

8= 3-3
It is apparent that although the hydrogen-to-nitrogen ratio for
the gas chromatography analysis appears to be reasonable (row number
one of Table 2), there remains some question about the analysis since
the 'SUM' entry does not equal 2. Admittedly there exists the pos-
sibility that the assumptions necessary to deduce this factor of two
is not justified--on the other hand, the WCT mass spectrometric
analysis of bottle 7-1 (row number 3) is substantially in better agree-
ment with the hypothesis. The JPL mass spectrometric-wet chemistry
analysis is obviously in complete disagreement with the hypothesis
and the foregoing data. The remaining two entries were chosen to show
that the variance in the results from the bulk of the analyses on the
mass spectrometer is such that both extremes (2<SUM<2) are supported.
Two conclusions were drawn from the foregoing observations. These
are:
(1) Some physical process occurs in the analysis process
which produces erroneous results. Here the analysis

process is meant to include the technique whereby
samples are brought into the equipment.
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(2) The physical process involves the hydrazine-ammonia
decomposition phenomenon, complicated by the presence
of water and the oxides of nitrogen.

The data of Table 10 suggest (but it cannot yet be concluded)
that the supposition is not quite right which postulates that the
ill-defined peak in the GLC analysis is mostly hydrazine. If, for
instance, it is assumed that the peak is due to a mixture of half
water, half hydrazine, then the summation of the ratios does equal
2, Of course, this presumes the instrument's sensitivity remains
unchanged for this mixture compared to pure hydrazine.

Because of these difficulties and uncertainties the comparison
of results from the same bottle between D/0 and JPL was not completed
as intended especially since,as is apparent in Table 10, there appeared
to be little hope that agreement could be obtained.

3.5 COMPARISON OF MASS SPECTROMETER DATA

While these comparative and exploratory chemical analyses were
being conducted, the bulk of the data continued to be analyzed at
West Coast Technical using the mass spectrometer alone and performing
the analysis as carefully as possible using conventional procedures
for introduction of the samples into the MS. This work continued be-
cause in the opinion of the Aerotherm staff the MS offered the best
hope of problem resolution because of the inherent simplicity of both
the technique and physics involved. The results presented in Section 5
include this data. Furthermore the results from this laboratory's
MS seemed more credible than the data obtained elsewhere. [In the fol-
lowing paragraphs a detailed examination of this data (the majority
of which is taken from Section 5) will be presented.] The results of
this study led to a modification of the sample preparation procedure
(described in the next subsection) which led (apparently) to a success-
ful resolution of the problem.

All the samples taken from the preliminary firings were for one
position of the injector relative to the chamber. Except for varia-
tions in mixture ratio from run to run the same composition should be
found in the same bottle position run to run and moreover a reasonable
trend should be apparent bottle to bottle for a given run.
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A comparison by run for a given sampling station (bottle number)
is presented in Tables 1ll-a through 11-f. Much of the contents of
Table 11l-a for station 1 have already been discussed. The additional
data shows the large variation in composition noted previously. This
randomness is generally found for all the stations although there
seems to be some improvement in consistency towards the latter runs
and for stations nearer the throat. In fact there is good repeata-
bility between runs 7 and 8 for the last (6) station in Table 1l1l-f.

Several qualitative trends were noted in the mass spectrometer
data. First the data appeared to be "better" when the ammonia con-
centration was lower and this situation tended to occur for stations
nearer the throat. Second--it was noted that the data appeared to
be "better" when there was agreement between the sum of the specie
partial pressures and the measured inlet pressure on the mass spec-
trometer. These two factors contributed to the evidence suggesting
that an inlet phenomenon was involved in causing the difficulty. Ac-
cordingly, considerable effort was expended to improve the method by
which samples were introduced to the spectrometer. The next subsection
discusses these activities.

3.6 STANDARD SAMPLE PREPARATION DESIGN CONCEPTS

A principle limiting factor in the acquisition of meaningful gas
analysis data seemed to be the manner in which the sample was brought
into the mass spectrometer used for determining gas composition. Water
and ammonia are particularly difficult substances to analyze in this
regard because of their polar properties which cause them to easily
adsorb. These and other problem areas which were considered in the
preparation of gas samples will be discussed in the following para-
graphs. )

Originally it was thought that the samples obtained in the rocket
firings could be analyzed directly from the flasks into which the sam-
ples were collected during the firing. Since the samples were at
relatively high pressure, samples were taken into the analyzing equip-
ment by slightly "cracking" the valve on the flask. In effect, the
sample gases were throttled in the valve to the desired pressure which
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in the case of mass spectroscopy, was typically 30mm of mercury pres-
sure--a near vacuum. Typically, the inlet system on the mass spec-
trometers have been at room temperature at this low pressure. These
two conditions lead to the possible--although as yet unsubstantiated--
existence of the following problems.
l. Mass fractionation of the heavy molecules in the
throttling process
2. Adsorption of water and ammonia on the cool inlet
system.

An article was obtained which contains confirmation of these ad-

hesion problems with mass spectroscopy.(lo)

The article also confirms
opinions expressed in other quarters concerning the "memory" phenom-
enon wherein (it can be conjectured) the background correction to the
peak data does not properly measure the true number of residual mole-
cules adhering to the inlet system which are susceptible to "libera-
tion" by an incoming sample. Thus, for example, nitric acid may be
trapped in the inlet system and not detected while certain other
molecules are simultaneously overdetected. For such polar compounds
a mass spectrometer with a conventional inlet system can require lit-
erally hours of "pre-conditioning" with representative mixtures before
good quantitative data can be obtained. It was obvious that to get
away from the first of these problem areas a nonflowing sampling sys-
tem would be desirable and for such a system, isothermal conditions
are desirable to prevent thermal diffusion from causing concentration
gradients. The second problem area could possibly be reduced by op-
erating the inlet system at high temperature and at the samllest
possible volume. Various experts in the field of gas analysis also
pointed out the desirability of analyzing the entire sample i.e., in-
troducing the entire sample into the analysis equipment.

A number of techniques were considered for introducing and pre-
paring samples which could overcome these difficulties. There is
little point in dwelling on systems which, although considered at some
length, were discarded in favor of an obviously superior technique so
that the former will be mentioned only in passing. The methods con-
sidered but discarded include:
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1. Direct Sampling Analysis -~ where either a gas chromato-
graph or a mass spectrometer is connected directly to
the rocket motor

2. Heated Sample-Injection -~ which is basically an elaborate
form of hypodermic syringe and which could be used with
or without the septum method of injection commonly used
on gas chromatography analysis (with this method a known
volume of gas at a known temperature can be directly in-
jected into the analyzing equipment.)

These techniques were discarded in favor of a more simple tech~
nique. This method has been labeled the Micro-tube sampling system.
The principle involved is that a sample is introduced into a metal
tube having a very small bore under controlled conditions and the
sample is then sealed off by crimping the tube. The tube is reopened
at the analyzing equipment and the entire contents of the tube is
taken into the equipment. The tubes are nickel alloy with a 3 mil
wall thickness and an outside diameter of 0.064 inches.

Experiments were conducted on sealing such tubes once they are
filled with the sample gases. These experiments were performed on
the above tube size as well as on 0.125 inch 0.D. tubing with a 0.02
inch wall. It was possible to obtain helium leak-tight seals (by
crimping) using moderate pressures and with a commerically available

crimping tool. The leak rates obtained were as low as 10"'8 atm-cc/sec.

Two techniques for opening the sealed tubes were investigated.
These two techniques were 1) opening the tube by slicing one end open
or completely off, and 2) opening one of the sealed ends by crushing
the seal perpendicular to the crimp line. This has been found to open
the seal provided no strong mechanical welding had taken place. A
prototype guillotine assembly demonstrated that successful tube open-
ing could be accomplished but some sealing of the cut-off end during
the guillotining process was noticed.

On the basis of these results the de-crimping method for opening
the tubes was selected and a device employing this principle was con-
structed.

Figures 17 and 18 shows the completed de-crimper assembly. Con-
structed entirely of stainless steel and glass (save for the operating
handle), the unit features all welded construction. The microtube
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containing the sample to be analyzed on the left of Figure 18 is in-
serted in the tube (the end pointing away from the unit is inserted
first) and the fittings tightened to effect a vacuum-tight seal. On
the right is the thermal expansion bellows and glass connecting tubing
which attaches to the leak chamber on the mass spectrometer. A plunger
within the housing, connected to an actuating knob by a leak-tight
bellows, first contacts the crimp, normal to the crimp line, and

then opens the crimp as the motion continues. The de-crimper assembly
was mounted inside of a temperature controlled box so that it could be
be heated to the same temperature as the mass spectrometer (about
200°C).

The principal problem associated with the microtube approach
was to assure that the tubes are filled with a representative sample
from the supply whether the supply be a gas bottle of known composi-
tion (a sample standard) or a flask from the rocket motor containing
unknown gases. Several problem areas which required attention were
1) mass fractionation of the lighter species during the filling pro-
cedure, 2) thermal diffusion caused composition gradients, 3) adsorp-
tion of polar molecules on the walls of the filling system. The last
two of these problem areas was adequately eliminated by filling the
microtube in an isothermal environment at elevated temperature. The
first problem area was thwarted by avoiding a flowing system as much
as possible. This was accomplished by allowing the microtubes to
come into equilibrium with the sample source. This also means, of
course, that the pressure in the tubes is equal to that of the source.
In the case of direct injection into a mass spectrometer it was ini-
tially thought that such a pressure level would, in general, be too
high. To reduce the pressure in the microtubes to the desired level,
a system of ballast flasks was constructed into which the microtubes
could be exhausted and with which the microtubes could be brought into
equilibrium at the reduced pressure.

The microtube filling apparatus is shown in Figure 19. The essen-
tial features of this apparatus are a sample source, microtube, ballast
flask array with connecting manifolds, and shutoff valves, pressure
gage, vacuum pump lead and connecting tubing. The whole assembly is
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contained in an oven capable of heating the apparatus to 300°F. Sam-
ples are drawn into the apparatus from the rocket motor sample flasks
in the foreground of the picture (the horizontal bottle lying on the
shelf). The microtube is located directly above this bottle and micro-
tube samples are obtained from this length of tubing. In the back-
ground are the ballast flasks with which the pressure in the micro-
tube can be reduced below that existing in the sample flask. The
desired pressure in the microtube is about 1/2 atmosphere. The tubing
and valve at the left (leading out of the cabinet) go to the sample
standard cylinder. The valve and tubing on the right (leading out of
the cabinet) go to a vacuum pump with which the entire system is evac-
uated before processing begins,

Because of difficulties in obtaining Helium leak-tight fittings
with stainless steel, almost all fittings on the apparatus were welded
with the exception of sample flask and microtube attachment points.
Certain sections of the apparatus were constructed of 1/8" tubing and
fittings (near the pressure gage and microtube attachment) to keep
the charging volume as low as possible. It was thought that leak-
tight fitting joints could be obtained but because of the close coup-
ling involved, final Helium weep leaks had to be silver-soldered shut.

The f£illing procedure was as follows:

1. Heat apparatus to 150°C.
2., Open all ballast flask valves

3. Pump apparatus to vacuum and close vacuum and ballast flask
valves

4. Open sample flask valve and equilibrate with microtube

5. Close sample valve and open desired ballast flask valves
and again equilibrate

6. Crimp microtubes and remove

Figures 20 and 21 show two views of a typical microtube. One is
a view of a crimped tube as it appears following the crimping opera-
tion in the oven-preparation apparatus and the other, the opened
crimped seal created by the de-crimper.

Three exploratory sampling tests were conducted with the micro-
tubes. Two of these tests were conducted to demonstrate that the
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microtubes provided a means whereby a molecule such as NH3 could be
reduced to N2 and H2. These tests were only partially successful.
The remaining test was performed to demonstrate that a microtube
sample at or near atmospheric pressure could be analyzed directly in
the mass spectrometer. This was a highly desirable feature since
considerable difficulty was experienced with contamination of the
samples due to leaks through the manifold valves in the ballasting
system. This test was quite successful.

Table 12 presents the results from these tests. Samples 1 and
2 show significant contamination since they were taken from a cylinder
of pure ammonia. The presence of water indicates a simple air leak
did not exist and the most probable source of this contamination is
the spectrometer itself. These two samples were at low pressure and
the results indicate that the relatively few molecules of sample pres-
ent cleaned the machine and the true sample was lost in the resultant
"noise." It is significant to note the tenfold decrease in ammonia
between samples 1 and 2. These two samples were taken simultaneously
and sample 2 was subsequently heated above 1000°F. It is interesting
to note and also unexplicable that there was no concurrent increase
in hydrogen with the ammonia decrease as would be expected. A minor
increase in nitrogén is observed, however.

Sample 3 was obtained from sample flask 7-2 at a pressure of
about 18 psia (at 300°F). There are two reasons for high pressure
microtube samples to be superior to the low pressure samples. The
risk of contaminating the sample in the valving and dumping operation
is eliminated and, secondly, the amount of sample is greatly increased
so that the signal-to-noise ratio in the spectrometer is improved.
This should eliminate the type of erroneous spectrometer response be-
lieved to have occurred in samples one and two.

The comparison between 3 and 7-2 was encouraging. For most_of
the specie the agreement is good--hydrogen, ammonia and helium in par-
ticular. In the case of water and nitrogen, the agreement is not so
good, but, interestingly enough, the values of sample 3 are more
reasonable than those from 7-2. They produce a hydrogen-to-nitrogen
ratio less than 2.0 as it is expected to be. The microtube technique
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seemed to offer a means for delivering samples to mass spectrometer
in a more positive, precise fashion than was the case with the large
sample flask where it was difficult to maintain the cylinder at the
desired environmental conditions. Therefore the microtube technique
was used on the prime testing portion of the program in the expecta-
tion that it would effect an increase in the quality of the data.
3.7 002 ANALYSIS

Several tests were conducted to attempt a verification of the

002 concentration and also to attempt to pinpoint the source of the
CO2 contamination which was detected in the preliminary tests.

3.7.1 CO2 Verification Tests

Two 002 verification tests were attempted. One was conducted by
a Varian-Aerograph representative on several of their gas chromato-
graphs without producing definitive results. The other was conducted
by Liquid Carbonic on a cold sample. The results of the latter test
confirmed the presence of C02. The same sample was then sent to WCT.
The results are shown in Table 13.

A sample of the N2 pressurization gas used at UTC for propellant
pressurization was sent to Liquid Carbonic for analysis and this analy-
sis showed that CO, was not present even in trace amounts.

3.7.2 Fuel Tests

A sample of the fuel used at UTC for this program was sent to
Lockheed. Research Laboratories in Palo Alto for analysis. The sample
was neutralized with a 50% normal solution of sulfuric acid in a nit-
rogen atmosphere. The gases evolved from this boiling procedure were
dryed and passed through an ascarate tube for CO2 removal. The re-
sults of this analysis showed that the fuel contains only about 0.1%
dissolved COZ'

3.7.3 "O"~-Ring Tests

Because all system components, which could possibly contribute
to the 002 contamination were examined and eliminated save for the
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O-rings--it was decided to conduct qualitative tests on the O-ring
material alone. Flasks containing water and oxidizer mixtures (to
form nitric acid) were made up, into which a piece of O-ring material
(Viton-A) was placed. Flasks were sent to Liquid Carbonic and to
WCT. The results obtained are shown in Table 14.

It was subsequently learned that Viton is not a recommended mate-
rial for use in systems exposed to nitric acid. An alternative mate-
rial, ethylene propylene was substituted for the Viton-A and the test
repeated at WCT. The results are shown in Table 15.

As a result of the favorable reduction in co, noted in Table 15
the Viton-A O-rings in the apparatus were replaced with ethylene pro-
pylene O-rings.
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SECTION 4

RESULTS FROM DEVELOPMENTAL TESTS OF
THE MOTOR-SAMPLING SYSTEM

The data obtained from the developmental firings has been reduced
through the use of an Aerotherm developed computer code (described in
Section 5. ‘

The computer reduced data from the developmental firings is pre-
sented in Appendix F. There are four pages of data per firing. The
first page of the four presents the local O/F determined from the gas
analysis and reduced engine and system data. The second page presents
the mole fractions of gas species present in each sampling bottle.

The next page presents the oscillograph data from which the perform-
ance parameters on the first page were obtained and also the principal
data reduction constants and coefficients which may change from test
to test. The fourth page is reserved for comments about the firing
and data reduction.

4.1 FIRING DATA REDUCTION

The run-0 data set presents the data obtained from the checkout
firing. The comment page and bottle data page normally part of the
program output have not been included.

The first page presents the engine performance parameters and
system data. Since no samples were taken there is no boundary flow
O/F data. The motor O/F is seen to be 1.1598 instead of the desired
1.2. The chamber pressure is low by about 10% when compared to the
results obtained from firings of similar injectors at the NASA-Edwards
facility. A comparison of the data from the first three firings With
the NASA-Edwards data is.presented in Table 16.

The run-1 data set presents the data from the second firing. Because
of the conditions under which the test was conducted and because of
the presence of a large amount of contamination it was elected to only
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analyze the gas in the number six cylinder. The purpose of conduct-
ing the gas analysis was principally to establish both the analysis
procedure and the accuracy level of mass spectroscopy for the gas
compositions to be encountered in the program. It must be noted that
the bottle oscillograph data on page 1-3 and the bottle pressure data
on page l-1 are correct for bottle six only. The fact that the pres-
sure data from the other bottles were ignored was a data reduction
oversight.

The O/F in the boundary flow calculated by the program although
of reasonable magnitude, cannot be considered an accurate measure of
2 in the bot-
tles prior to sampling and the possible initial N204 surge mentioned

the boundary flow composition because of the residual N

previously. Because the data was obtained cold (i.e., room tempera-
ture) only some of the water present in the boundary flow was obtained.
The gas analysis was also performed cold so that any water condensed
in the bottle was not detected. Thus the .22% mole fraction of HZO
reported is probably the vapor pressure over a liquid phase although

a subsequent analysis detected no water vapor at all.

The gas analysis of the bottle by the mass spectrometer showed
2O, 02, N2’ NO, NH3, A,
C02. The first five were expected based on preliminary chemical

the existance of 8 molecular species: Hz, H

solutions using the Aerotherm Chemical Equilibrium Computer program.
The presence of Argon is due to leakage past the actuating pistons on
the JPL valves since Argon was used for the actuating gas.

In the third firing, run number 2, the O/F in bottle four was
calculated to be 1.0875 as shown on page 2-1. This value is based on
a cold analysis of the bottle and the formulation based on redundancy
between H, O, and N mass balances which circumvents the necessity for
measuring H20 concentration. The gas sample data, page 2-2 again
shows the presence of C02.
4.2 ENGINE PERFORMANCE

Two of the most conspicuous features of the engine data presented
in Appendix F are (1) the departure of the O/F ratio from the desired
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value of 1.2, and (2) the reduced performance which is reflected in
low values for specific impulse,»IS, and characteristic velocity, C*.
Here attention is focused on the mixture ratio difficulty. When the
injector pressure drop characteristics are plotted as in Figure 22,
then it is readily discerned that a pressurization difficulty is in-
volved except in the case of run number 5 where the data completely
departs from the established injector characteristic. The other data
falls in line with the injector data taken at the Edwards JPL instal-
lation. In the number 5 run either a calibration was in error or the
injector became temporarily sedimented during the firing (as indicated
by some drop in both chamber pressure and flow rate).

The pressure tap in the downstream shroud indicate, for all prac-
tical purposes, ambient pressure; from which it can be inferred that
the ventilating holes placed in the shroud spacer are adequately pre-
venting asperation of the shroud. It was initially feared that the
ejector action of the exhaust jet would asperate the shroud downstream
of the motor nozzle exit and thereby reduce the measured thrust per-
formance of the motor. Therefore ventilating holes were drilled into
the shroud to prevent such asperation.

4.3 SAMPLE CHEMISTRY RESULTS

The sample chemistry data presented in the data reports in the

appendix is again largely self evident. The O/F ratios are seen to

be consistently fuel rich for the particular injector position (6=0°).
Figure 23 presents a plot of the O/F data. Other than the fact there
is this overall fuel rich characteristic, the data exhibits consider-
able scatter. The exception to this appears to be for the axial posi-
tion nearest the throat where some repeatability is found especially
between thevlast two runs where nearly identical results were obtained.

When the chemistry analysis is examined (second page of each data
summary report) a significant trend is found. For stations near the
injector end, the concentrations of ammonia are much higher than for
those near the nozzle end. Also for these ammonia rich samples, the
ratio of hydrogen atoms to nitrogen atoms is greater than the maximum
one would expect from the fuel alone--i.e., a ratio greater than 2:1.
This also coincides with a significant variance in the consistancy of
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the mass spectrometer pressure measurements. It is found that when
the ammonia concentrations are high, that the partial pressure summa-
tion of all species departs from the measured sample pressure by up
to 30%. This evidence suggests that there is a better than average
possibility that analysis difficulties are being encountered in the
mass spectrometer. This is substantiated to some extent by the fact
that no inter-laboratory agreement has been obtained with two differ-

ent mass spectrometers.

Note also in these data reports that the pressure of the number
5 bottle is much higher than the others. This is apparently a conse-
qguence of progréssive failure of the sampling circuit. In most cases
the higher sampling flow rate did not seem to produce a significantly
different sample which is encouraging since it is highly desired to
have the situation where the boundary layer chemistry determination
is not dependent upon the sampling rate.
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SECTION 5

DATA REDUCTION COMPUTER CODE

Preliminary results from this program were discussed in Section
4. The program (or code) was written in Fortran IV for use on the
Aerotherm in-house 1130. In the following paragraphs, the principal
features of the code will be outlined. A listing of the code is pre-
sented in Appendix E.

5.1 GAS ANALYSIS DATA REDUCTION

The local O/F ratio in the boundary flow gas is determined from
the gas analysis results of each of the sampling cylinders. The gas
analysis (either mass spectroscopy or gas chromatography {(see Section
2.5) yields the gas composition in the bottles in terms of mole percent
of each molecular species. From this data the code determines the O/F
ratio in one of two ways.

One way is to ratio the atoms of oxygen to the atoms of hydrogen.
Mathematically this may be expressed:

N
%X 4
o _%o j=1 5-1
F jyf N
Z “aX4
j=1

where ins the mole fraction of the jth molecule of the N molecular

1y is the number of atoms of the ith type (oxidizer
(0) or fuel (H)) present in the jth molecule. The molecular weight
ratio ?go/»zf is taken as that of the oxidizer N,O, and fuel H,H, in

order to keep the O/F in the propellant mass ratio frame of reference.

species present. o
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Because the amount of nitrogen in the chemical system is also
known, two more redundent ratios can be used to obtain O/F. Thus
the elemental O to N ratios and H/N ratios can also be used to deter-
mine local O/F. The data must be self consistent to the extent that
the O/F determined by three ratios must agree.

This redundancy makes it possible to obtain the local O/F without
the knowledge of the amount of condensed water in the bottles (if the
dissolution of ammonia in the water is ignored). The equations for
this waterless determination can be cast in two forms depending upon
which is the most convenient with regard to the amount of fuel or
oxidizer present.

770(2Rl + 2R, - 1)

O/F = : 5-2
zyf(4R1 - 2R2 + 1)
or
(2R, - R, + 2)
- %70 3 4 _
O/F—zzf(4R3+R4—2) >=3
where
N N
R, = z (0 x%5) z (apX5) 5-4
j=1 j=
and where
i=1l » a= b=f
i=2 - a=0 b=f
i=3 +» a=n b=0
i=4 » a=f b=0

The derivation of these equations are presented in Appendix D.

5.2 ROCKET ENGINE PERFORMANCE DATA REDUCTION

The performance of the rocket motor is described by commonly
accepted parameters--such as specific impulse and chamber character-
*
istic velocity,C . The data is reduced from the oscillograph tracings

using the appropriate conversion factors and calibration coefficients.
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The program averages the calibration step data (which is taken in the
linear regime of transducer operation) e.g.:

N
c=iz R, - B /s, 5-6
N ( i i
i=1
where
C = calibration constant
R = reading
B = base reading
S = signal
N = number of calibration steps

As can be noted the format of the printed results from the data
reduction have also been modified beginning with run 5. The oscillo-
graph channel redding and the associated channel calibration have been
presented together in a more readable format.

5.3 MASS SPECTROMETER DATA REDUCTION

A significant ﬁodification to the manner in which the gas analysis
data are obtained was affected during the course of the program. Ini-
tially, the mole fraction data was obtained from the laboratory per-
forming the analysis and this in turn was used to determine the oxidizer .
to fuel ratio in the boundary flow. The current technique is to take
the mass spectroscopy data directly (oscillograph traces) and obtain
from them the mole fraction data from which point the data analysis
proceeds as before. There existed two motivations for performing this
effort--one, the solution technique performed by the computer is more
powerful and more accurate than the hand cbmputations performed by the
analysis laboratory and second, the computer determinations provided
a more rapid data reduction and thereby makes possible the testing and
data reduction of several firings per day on a steady production basis.
The modification was made possible by the utilization of existing
Aerotherm computer codes for the matrix inversion process associated
with the least square fitting of data such as obtained from the mass
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spectrograph. In the following paragraphs a brief outline of the
technique will be given.

5.3.1 Mass Spectrographic Data

The data from the mass spectrograph used in this effort consists
of an oscillograph trace on which there are four channels recorded
each of which correspond to four different amplification levels of the
detected signal. An example is presented in Figure 24. The x-
coordinate of the trace relates to magnetic field strength or ulti-
mately mass number of the molecules in the sample being analyzed.

The trace, then, shows a series of rather discrete peaks as the dif-
ferent molecules are charged and then attracted to the detector.

In the charging process, where the gas sample molecules are bom-
barded with an electron beam, the molecules are generally disinte-
grated so that each gas specie, such as NH3 for instance, generates
peaks of varying magnitude over a range of mass numbers. This dis-
play is known as a cracking pattern. Each gas molecular specie,
such as_NH3, has a characteristic cracking pattern which has been
found to be largely independent of the equipment manufacturer. Be-
cause of the quantum nature of molecular structure, the cracking pat-
terns superimpose (i.e., certain peaks represent contributions from
more than one specie). The quantitative determination of each specie
involves the solution of simultaneous linear equations which solution
is described in Section 5.3.3.

5.3.2 Calibration

Besides the determination of cracking data which consists of
ratios of peak heights for the various mass numbers for each gas
specie, the relative effects of the different species must be ascer-
tained by calibration. For the work reported here all species were
independently calibrated relative to Argon. This calibration is
principally machine configuration dependent and does not vary with time
and machine adjustment. Such a calibration procedure presumes that
interactions between species does not significantly affect cracking pat-
terns nor the relationship to the calibration standard (in this case
Argon) .
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5.3.3 Determination of Gas Species Mole Fraction

The determination of gas species mole fraction as indicated pre-
viously is essentially performed by the solution of a set of linear
algebraic equations. If a particular gas specie is present in amount
X, and if the species at a particular peak has the calibration Ci

where j is the jth

J
peak for the ith species and where the calibration
constant is the product of the cracking pattern ratio and the argon

calibration:
Cig = Fig B4

then for a given peak having a peak height, Rj;

N
j=1

which produces a system of M equations, j = 1,M, for the M peaks on a
given trace. In general, since experimental data is involved, the set
is nondeterministic and moreover it is generally redundant in that
there are usually more peaks than unknown species.

In general such problems are best solved by the least squares
technique wherein the square of the largest residue from the set of
equations is driven to the smallest possible value. Aerotherm has de-
veloped computer routines for performing this operation using a rapid
matrix inversion technique. This routine is highly generalized and
was easily adapted to this particular problem.

The xi'in equation 5-8 that are determined by the least square
program, are physically partial pressure of the species in microns due
to the way the calibration is performed. The mole fraction of each
species is thus obtained from the relation

X

Xy = ——

i
i N
E: X,
i
i/= 1

5-9
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TABLE 1

JPL VALVE TESTS

a. Nominal Values
Valve Part Conditions
Test Valye
Description Housing Upstream Downstream
Temperature
Pressure |Temperature |Pressure|Temperature
(psia) (°F) (°F)
Cold 70°F 100. 70. 14.7 70.
psia
Cold-Vacuum 70°F 14.7-100. 70. 40.u 70.
Hot 300°F 100. - 170.-345. 14.7 140,-320.
psia
Activation Pressure All Runs ~ 150 psia
Note: Upstream port is on the chamber side - downstream
port is on the sampling cylinder side
b. Typical Test Results
Leakage Measurement
Test Operating
Description Cycles Time Interval Pressure Change
(min)
1. Cold 25 60 17 psi**
2. Cold-vacuum 25 60 35 mm Hg*
3. Hot 31 210 3.15 psi**

*Measured at upstream port

*¥Measured at downstream port



TABLE 2
VALVE SAMPLE CONTAMINATION CHARACTERISTIC

(a) Test Conditions

Composition Temperature Pressure
Test Gas N2/H2 - 50/50 300 F 100 psia
Actuating Gas Co, 70 F 100 psia
Valve Body —— 300 F -

(b) Test Results

Gas Percent Contamination
(Mole Fraction)

O2 0.37%

002 0.0055%




TABLE 3

SINTERED ELEMENT FLOW HANDLING -

Gas - N2 Temperature - 70°F Back Pressure - 1 atm.
Grade (ﬁii) (ﬁt f%ﬁ;zﬁiilec)
F-100 ‘ 75. 3.50

100. 4,62

150. 7.22

F-60 75. 5.59
100. 7.23

150. 11.02

F~40 75. 9.28
100. 11.88

F=30 75. 15.26
90. 17.56

r— 0.719 in. —’]
Fa— )

¥
0.158 in.

K




TABLE 4

BACK-UP VALVE LEAKAGE CHARACTERISTICS

Gas 50/50 He-N2 Driving pressure - 150 psi (gage)
Valve body temperature = 350°F
Elapsed time = 30 minutes
Volume = 1.27 in®
Valve Back Pressure Leakage Rating
(mm EHg) (MCFH)
Initial Final
Hoke needle
all stainless 0.27 0.60 0.03 0.005%*
Hoke bellows
soft seat , 0.30 2.25 1.95
Whitney
soft seat 0.35 2.70 2.35

*
Manufacturer quoted rating @ one atm. driving pressure



TABLE 5

FIRING SEQUENCE

Critical
Time
Event (sec)
Heat up apparatus and pump down sampling system
(firing # 3 only)
Pressurize Tanks
Arm instrumentation
Initiate firing 0
Gate ballistic analyzer 1.0
Open sampling valves and pneumatic redundant valve 1.5
(firing 2 and 3 only)
Close sampling valve and pneumatic redundant wvalve 2.5
Gate balistic analyzer 3.0
Terminate firing 4.0




TABLE 6

MIXTURE RATIO TESTS

Desired

Measured . Percent

Firing o/F O/F Error

10 1.25 1.24 -0.8

11 1.20 1.21 +0.8

12 1.20 1.20 0

13 1.20 1.21 +0.8

14 1.25 1.24 -0.8

15 1.15 1.15

16 1.20 1.20




TABLE 7

GAS ANALYSIS RESULTS
(Percent Mole Fraction)

Firing 2 - Run # 1 Firing 3 - Run # 2
Bottle 6 Bottle 4
a b a b
H2 13.65 2.87 1.9 16.5
NH, .14 - 1.4 7.39
H,0 .22 -- 72.8 1.32
N2 84.83 96.5 17.4 73.85
NO .08 .05 .9 .2
O2 .69 .06 4.0 .04
n
CO2 o 24 .37 1.4 )
a. Stanford Research Institute - CEC mass spectrometer
b. West Coast Technical - Hitashi~ P.E. mass spectrometer




TABLE 8

ANALYSIS OF BOTTLE 7-1

wCT
Gas JPL JPL*
a b c
H,y 4.1 18.26 20.46 37.39 40.9
H,0 30.1 7.51 10.72 11.75 -
0, - 1.32 0.03 0.02 -
N, 5.9 28.81 18.34 42.67 56.2
NH, 57.9 42,7 46.38 0.18 -
N,0 1.8 0.07 - - -
NO t* -- 0.01 - 0.01
NO,, - - - - -~
co 0.1 - - - 1.14
co, f 0.56 0.80 0.06 0.02
A t 0.06 0.01. 0.01 0.02
He 0.1 0.70 3.25 7.92 1.32
CH, t - - - 0.42

a. First test - data reduction by Aerotherm - hot

b. Second test -~ data reduction by WCT - hot

c. Third test - data reduction by WCT - cold (t << 70°F)
* t designates trace amounts

k% non-condensible analysis



TABLE 9

APPROXIMATE ANALYSIS  OF BOTTLE 8-4

GLC TECHNIQUE

(Presuming ill-defined peak to be N,H,)

ATOMIC RATIO ANALYSIS OF SELECTED COMPOSITION DATA

N2 - 30%
NO - 1%
NH3 - 7%
N2H4 - 50%
TABLE 10

Number Laboratory Sample %% %% Sum
1 D/O0 - GLC 8-4 1.436 0.064 1.500
2 JPL - M.S. 7-1 3.?1 0.437 3.747
3 WCT - M.S, 7-1(a) 1.78 0.11 1.89
4 WCT - M.S. 8-6 1.29 0.196 1.486
5 WCT - M.S. 8-2 2.72 0.108 2.83




TABLE

11

COMPARISON OF MASS SPECTROMETER ANALYSES

a) Bottle 1

ﬁ‘/ s |+ |+ | & | ¢ 7 |7 |7 | 7
CoLd | Hor Al HOT 3 | b QLD —P
TCL TFL
Ko /5.3 25:5 | 3885 | /154 | /2.9 | /£ 3 4./ 20.5 | 3Z4L | 4.9
He 0 0.7 - 7.9 /5.6 1. g 725 | 30/ | 10.7 | /7 -
Oz 74 - - o.7 = /3 - - = -
Mo | 579 | 325 | 257 (326 | /%6 | 297 | 59 | 73 | 42.7 | 54.2
M | /49 [33.3 | 2¢.7 | 300 | 54o | 42.7 | 5727 | 6% | 2.2 -
Ne O o/ - - /.2 0.6 o./ 15 - - -
b) Bottle 2
Bow Mo, 3 # 7 7 4
A2 l7.4 | 30-0 /5.3 | 10.§ 14.C
H20 0.5 | 35| 2.3 | 7.7 é.2
Oz - - - - 2. ¢
Mo | gus | 24,5 | 350 | 52 | 2o/
My | 35/ | 390 | /7.7 | g6 | 543
N0 - - /& - 2./




Table 11 - Continued

c) Bottle 3

Ko #o,| 3 d < é 4 7

Ha 76.2 | 2%2.9 | 20.9 | /6.7 /9.8 | /£-2
He O /3 1 /6.7 4.7 | 723 1.7 7.9

Vary 390 | 2.+ | J0.9 | 26.8 | 30.2 | 22.5
Nz | 29.5 | 34.4 | 39.8 | #5:7 | 45/ | s50.5
/VZO - - » /r? /'3 0¢ 2 o/

d) Bottle 4

/6//1//14’ 2 3 1 S é 7 g

Cold Ho7r

12, /6.5 70 75 /4.7 00 | JgA | Jb-3

H2O 3 | 1#9 - /" / 30 | 9.2 | g2/

M | 729 | 785 | o4 | 277 | 78.7 | 374 | 3.7

Ny | 74 | 737 | G£ | .3 | 327 | 22/ | 377




Table 11 = Conecluded

e) Bottle 5
— I
Fow Mo | 3 # 5 ¢ 7 4
A2, F2 | 30.3 | /77 3 25| 7e
MO | 2.3 | 7.4 | 73 | 204 | 7.¢ | #5¢
2 g - - - /o oL . L
i N, 0.7 | 343 | 237 | 237 4Q¢7 75 3
N3 2.9 | 24.3 | 459 | 4.0 | /2.9 | 273
| HNeo 2.3 - .7 . 3 - =
f) Bottle 6
fonre,| /| 3 < s é 7| £
A2, /3.7 | /78 | 20.2 | /3.6 | /4-7| /P2 /K?’"
A 2 2 3A| V¥ 257 /42| /4.3
["3 . 7 - - - - .3 £
Mo | 4.8 | 22.7 | 4.3 /99 ak.a 3.5 | et
" AHs_ A Y R B e N A /9.5 |
A O - 4.7 - /-0 /3 /3 /3
I Ao - = = 1T 7z - =
HNoe | = - = = [ zo [ zo | 727
| ]




MASS SPECTROSCOPY RESULTS

TABLE 12

Constituent Sample 1 Sample 2 Sample 3 7-2
(Flamed)
Hydrogen 0.00 71.78 6.62 10.8
Helium 0.00 0.00 4.64 3,1
Ammonia 11.54 1,51 46.79 50.6
Water 6.01 6.92 8.44 17.1
Nitrogen 65.93 71.78 31.33 15,2
Nitric Oxide 0.00 0.01 0.19 ————
Oxygen 14.19 16.69 0.04 o e o
Argon 0.80 1.24 0.17 o o e
Hydrocarbons as Butane 0.02 0.03 0.02 = o v
Carbon Dioxide 1.49 1,70 11,73 0.7
Nitrogen Dioxide 0.02 0.03 0.03 = o
Hydrazine s .o - o 2.5




TABLE 13

SAMPLE CO,, TEST

2
Liquid
Carbonic WCT
N2 71. 24,74
02 3.. 15.84
coz 2. 0.84
TABLE 14
VITON O-RING TEST DATA
WCT L.C.
HZO 0.99 -
N2 21.52 -
NO 0.12 -
02 ‘ 2.73 —_
A 0.27 -
CO2 0.96 -
TABLE 15
O~-RING MATERIAL TEST DATA
Viton-A E.P.
He 73.4 84,33
N2 21,52 14.01
NO 0.12 -
02 2.73 1.56
A 0.27 -
co 0.96 0.10




TABLE 16

COMPARISON QF MOTOR PARAMETER VALUES

RUN Pc o/F W & Wo W £

Dy84* 154 1.22 .402 - .221 .181
1 141.7 '1.1598| .404 .217 .187
2 147.7 1.1745| .4121 .2226 .1895
3 142.7 1.1638]| .4129 .2221 .1908

* run at NASA-Edwards (typical data)
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Figure 7. Predicted Rocket Motor Boundary Layer Properties
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Figure 1l-b. Combined Whitey Valve with Skinner 3-way
Solenoid Valve and Bleed Manifold



U

e
.
..

Figure ll-c.: Combined Hoke and Skinner Valve
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Figure ll'—d.‘ Skinner Valve Bleed System Alone
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Figure 18. De~Crimper and Microtube Assembly
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Figure 20. Microtube Showing Crimped Seal

Figure 21. Microtube Showing Opened Seal
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APPENDIX A

MASS VELOCITY IN THE LAMINAR SUBLAYER AND IN
THE SINTERED ELEMENT



APPENDIX A

MASS VELOCITY IN THE LAMINAR SUBLAYER AND IN
THE SINTERED ELEMENT

The starting point is taken to be the integral equation for the mass
flow per unit width in the laminar sublayer for the axisymmetric or 2-dimen-

sional case:

%

: jguo/(

[+

Nl}.

where Yo is defined to be the edge of the laminar sublayer. It is known

from experimental results that the non-dimensional distance to the edge,

yz , is practically a constant

T %Y

Further it is also found that the non-dimensional wvelocity goes like y+, i.e.:
+ . -+
u" = 59//6Gp =y

Using these results, transforming to the non-dimensional variables, and pre-
suming constant density (open to question for the rocket motor situation) it
follows that:

x* r
»m U y Uy u*tdy?
; 65 “ _7/) e7)
)g'f
,h LV +\2
z=//£yo// (12
from which it follows:\

mx 6O UE

The mass velocity for the sintered element is obtained directly by specifying
z to be like the element diameter:

e, u, :960///0/
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APPENDIX B
FIRING PROCEDURE

The following sequence of operations and checks are to be
performed for each firing.

PRE-FIRING SEQUENCE

Seq.

No. Operation

1 Rotate injection to proper position

2 Circuit and sequencer check

2.1 Verify 150 and 350 psia solenoid valve actuation

2.2 Connect 150 and 350 psia purge lines to case, verify
80-psi-purge~actuation-circuit solenoid valve actua-
tion; connect line to case and with 150 psia purge on,
verify flow in chamber

2.3 Verify 80 psi-sampling~-valve-circuit solenoid valve
actuation

2.4 Complete and check all connections necessary for the
foregoing procedure

3 Open sampling cylinder toggle valves

4 Secure case - begin heating to 300°F

5 Install nozzle plug, begin vacuum pump down,
open sampling valves

6 When chamber temperature (T.) = 300°F, close pneumatic
sampling valve, bring chambér to atmospheric pressure,
verify no rise in pressure in sampling cylinders

7 Pump chamber down (vacuum), release (2) nuts on pump
down fixture, open helium purge valves with 150 psia
supply circuit open; maintain 150 psia purge until
firing sequence




FIRING SEQUENCE

Seq.
No. Operation Time
1 Actuate 350 psia heliumpurge~supply-circuit with -10(1)
80 psi purge~valve~actuation-curcuit open
2 Begin firing sequence 0
3 Close 350 psi heliumpurge supply, open 150 psi 0.5
Argon purge supply
4 Gate ballistic analyzer 1.
5 Close 80 psi heliumpurge actuation circuit 1.4
6 Open pneumatic sampling valves 1.5
7 Close pneumatic sampling valves 2.5
8 Open 80 psi heliumpurge actuation circuit 2.6
9 Gate ballistic analyzer 3
10(2) Terminate firing 4

(1)

Approximate time

(2) 150 psi heliumpurge still operating

POST-FIRING SEQUENCE

1 Close toggle valves, remove sampling cylinders

2 Install nozzle test plug fixture with fitting open

3 Open sampling-valves2 purge lines to cylinders by capping
nozzle plug fixture

4 Remove cylinder pressure transducers

5 Cycle 350 psihelium purge to purge all lines

6 Close helium purge, close sampling valve

(2) 150 psi heliumpurge still operating




POST-FIRING SEQUENCE (Concluded)

Seq.
No. Operation
7 Install (6) sampling cylinders with toggle valves closed
8 Open 350 psihelium purge, open sampling valve; verify no
leakage at cylinder inlets
9 Close 350 psihelium purge, release pressure from chamber
10 Close sampling valves




APPENDIX C

DATA REDUCTION PROCEDURE FOR WET
CHEMISTRY GAS ANALYSIS



APPENDIX C

» ] DATA REDUCTION PROCEDURE FOR
L WET CHEMISTRY GAS ANALYSIS

1. Initial conditions (pressure and temperature of the un-
sampled flask) and sample flask volume
2. Non-condensible analysis
a. LN2 temperature
b. LNH3 temperature
3. Condensate analysis
Parts 2b and 3; made possible a determination of the mass of HN3
and H20 contained in the sample. This plus the data of 1 and 2a
is sufficient to determine the mass of all other species and hence
their relative amounts.

2. Analysis

Were it not for the presence of ammonia and water vapor at
the time (1) was obtained, the mass of the other species could be
obtained from (1) and 2a directly. It is necessary to account for
the presence of these vapors and this is complicated by the fact
that some of the ammonia is in solution with the water. The phi-
losophy for the data reduction is to subtract the moles of NH3 in
the vapor phase from the moles of gas determined by (1); where
the ammonia vapor fraction is determined from data on the vapor

pressure of ammonia-water solutions.

- If we designate the molar volume of the various gas phase
species as V then a molar balance can be written in which the
sum of the vapor molar volumes for each species equals the measured
molar volume of the sample, V.

ZVi =V (mols) (1)

When the sample pressure, Ps' was measured at temperature Ts cor-
responding to V, the water and the ammonia were condensed forming
an aqueous ammonia solution.



c-2
If x'is the mass concentration of the ammonia in the water then
the molar volume of ammonia in the vapor phase is given by dif-
ference

i . (2)
Va = (Wy - x Wec) 7772

where ch is the mass of water in the condensed phase. This must

- be equal to the measured mass of water less the water in vapor

phase or
Py
W,o=W- 1—,;-V7?w (3)

Qhere the paftial pressure of water vapor, Pw’ is a function of X;

and finaily
W - W
v =Y wC
w 2 (4)

ch when V was determined the bottle was actually devoid of
sample so that V must be corrected for the volume of the condensed
phase in the bottle at the time P, was determined. The volume of

~gas Vg in cc can then be found from the measured volume, v , by

XW .

where p is the density of the condensed phase in grams/cc. Then

v =.;E E% %S (moles) (6)
gf\P ]

where P° and Toare the pressuré and temperature for standard con-

ditions and Vm the molar volume for standard conditions-22.4 liters.

The molar concentration X depends upon the mole fractions of the

noncondensed species present since the absorption of ammonia in

water depends upon the partial pressures of the vapor (ammonia

and water) above the ligquid phase.



C-3

Two of the gas phase components N2 and Nzo were partially
removed in the liquid nitrogen trap and their STP molar volumes can
be determined from

Vi = Xin (7

where Ve is the molar volume of the trapped gas pumped off at
-300C <T<460C and Xi the mole fraction of the trapped gas deter-
mined by the M.S. If the nontrapped gases are designated by sub-
script "j", the unknown molar volume of those gases by V., and
the M.S. mole fraction data by Xj' then equation (1) méy be

written

vy ?xj + vtg.;xi + Vp(x) + V(%) = V(x) (8)
containing the explicit unknown Vj and X implicitly in V(via equa-
tions 2 and 5) The required defining relationship needed for a
solution is the ammonia vapor pressure characteristic for the
agqueous ammonia solution in which the vapor pressure for a solu-
tion of concentration x must équal

vV, (x)
P (x) = oo '8 (9)

Having found Vj from (8) the mole fraction of all species (considering
everything to be gaseous) is found from:

.
Xi“vt
when Vt is the total of all specie molar volumes:
1 X ch

V, =V +|— + =—
.t 7w Ta
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APPENDIX D

FORMULATION OF OXIDIZER TO FUEL RATIO EQUATIONS

1. EQUATION FOR O/F WITHOUT WATER

Two relations relating oxidizer and fuel atoms can be written
based on the fact that a proportionality exists between the number of
fuel molecules and hyrdogen atoms and oxidizer molecules and oxygen
atoms. These two equations yield a solution in terms of the knowns
N2 and H2 and O2 which eliminates the unknown HZO'

From the fact that N2 is in both the oxidizer and fﬁel in the
same atomic arrangement, then the O/F ratio is related to a nitrogen/
oxygen ratio. If we denote x as the fraction of hydrogen or oxygen

mole fractions bound as water, then:

Om + O, 0O zoa(ox.) 20% 2\|0

and similarly for hydrogen:

Hpm +20, . H]:[F]+
om+ 0, Lol o] @

where the 20x term represents the hydrogen contained in the water.
Putting these equations in terms of percent Oy yields

| +
ENNED
Q,, (1+X) 2\ |0

Hy, Z X £
O, (1+X) i | +X { ]

@



Solving (4) for x and substituting into (3) yields an expression for
F/O in terms of N,H, and O mole fractions (viz:)

)h[g+'%%, ()
" [s
5ok (4], -
g O
o)

which after several lines of algebra yields:

* 4(0) (') "4 @
[O] 2'<_ +Z( o)

- [.Q.T o
M |F
¥
_ Mo { g:) 1) +2 § (9

RGN

Equation (9) can be normalized with respect to H, such that:

Since

“h|o

+ﬂo

, O, \F
;)17?70 2(%)‘—’.*2(;‘2_) (19
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PAGE 1
// JOR

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0007 0007 0000

/7 DUP
#¥DFLETE PROD
D 26 NAMF NOT FOUND IN LET/FLFT

// FOR
*IOCS(CARNs1132 PRINTERsDISKsFLOTTER)
#ONE WORD INTEGERS

*#LIST ALL
C 7009 DATA REDUCTION PROGRAM
C

DIMENSION J(10)sLR(10)sLID(2Y1)
COMMON KRIKDs IMASICOsMASSITER»JoLBIMAS2
NEFINE FILE 1(100s1009sUsKRB)
DEFINE FILF 2{(100s100sUsKD )
DEFINE FILF 3(100+100sUsIMA)
PDEFINE FILF 4(100,100sU»ICO)
NEFINE FILE 5(2005100sUsMAS)
DEFINE FILE 6(100s100sUeMAS2Z)
101 FORMAT(2011)
102 FORMAT(15)
201 FORMAT(5X2011)
1 ICT=0
JMS=0
MAS=1
READ(2s101)JsLR
WRITE(2.201) JsLR
JCT=1
IF(J(B)) 951099
9 READ (2:102) JICO
JCT=?
GO TO 11
10 IF(J(6)=1) 13,913,112
112 IF(J(6)=4) 129134913
13 NTR=1
IF(J{4)=1) 4345555
56 IF{J(4)=4) 535445
54 JUMS=1
Jla)=3
4 NTR=NTR+1
CALL MASS({ICONTsNTRsKDsNRUN)
ITER=Q
JM2=1
6 CALL FILOR(JSWsLIDsNBOT)
IF(JSW) 24253
2 CALL FINEQ(N)
IF(ITER) 64356
3 CALL FILQ4(JSWsLIDsNTRsNBOTeJICOsJICPSJICR)
IF({IM2=3) RBeRs7
8 CALL MASS2({ICTsUM25JICBsJICPsNRUN)
IF(ICT) 18796
7 IF(ICONT) 55445 I
5 CALL COMP(JICOsJIMS)



12 CALL HEAT
TF{J(a)=1)
1% CALL PO
11 CALL COwv
la PAUSE
6O 101
AR
VARTASRLE ALLOCATIONS
KR{IC)=TFFF
JUIC)I=TFFO=7FFO

15915414

(JICO»JCTsUMS)

KD{IC)=TFFE

LRIICQ)=T7FEF=TFES6

IMALIC)=TFFD
MAS2 (IC)=7FES

JCTHD =004 JICOUT 1200462 NTB(I 1=004%
JSWHI 1=0047 NBOT(I )1=0048 NET }=0049
STATEMENT ALLOCATIONS
101 =00%64 102 =00%7 201 =005% 1 ~=0076 9 =Q0%F
4 =0ChA 6 =Q0FE 2 =00F7 3 =Q0FF 8 =0100
la =01313
FEATURFS SUPBORTED
NNE WORM INTEGFRS
InCs
CALLED SURPROGRAMS
MASS FILO3 FINEQ FILQ4 MASS2 cove HEAT PO
SWRT §COMP SFI0 SIOAT $101 PAUSE SDFI0
INTEGFR CONSTANTS
Om00uF 12004F 220050 320051 4=C052
CorE REQUIREFMENTS FOR
COMMON 28  VARIABLES 78 PROGRAM 236
EMD OF COMPILATION
/7 Dup
#STORE WS UA  PROD
CART - 1IN D007 DR ADDR 3953 DB CNT 001z

10
7

LIDCI
ICCNTHI
JICR(I

=(3GAA

201l1A

comv

(o)
]
fwd
(]
W
wd

ICC(IC)I=TFFC
J(CO3E=~ L
e oGk

)=C0uA

FLD



SURROUT INE FINEQ(N)
NIMENSTON 1Z(7)9CL(20)sX(20)9AL(20420) sM{20) s AUC(20)
SIMENSTON ICON(21) sNS(21)9IPNT(21) 9NPERM(ZL)

[ LR S RVA Be

q

o)

10

11

COMMON KRoKD» IMASICOSMASHITER
[PM=C

NPERM(1)=0

LSI=C

REACLIRYICOYLIIZ(IYel=2s7) s AUCSCLaXsAL
MalZ(2)

GC TO (314932) sJCON
DO 51 L=14N
IONT(L) =0
COOTC 331
N0 41 L=1,12
I=1CONMNILY
AL(IeI1=10,E20
DET=O.

19=0

PRN=1,

Al T=1.

N 18 Jd=1laN
ALTA==ALT

RIG=0,

PO 8 I=1,N

IRHO=1
IF(IR)2195473
IRHO=IRHO+]
IF(1=M{IRHO} 149804
IF(IR=IRHNI2195496
ALTA==ALTA

Ve ABS{AL(IeJ))
IF(v=RIG)I8sRs7
BI1G=V

ALT=ALTA

MIR+1)=1

CONTINUE
TF(RIG)2162199

LIEMOIR+1)

BRD=PRO¥AL(TsJ)
CLII)=CL{T) /AL (T sJ)
IF(J=N)10s16321

L=Jd+1

DO 11 K=LsN
AL{ToK)=AL(T oK) /ALIT s
IR=IR+1

N0 14 IU=1sM

DO 12  IRHO=1sIR
IF(IU=M(IRHO)) 12514912
CONTINUE

DO 13 K=LsN
AL(TUSKI=AL(TUsK)=AL{TIUsJI#*AL{TsK)
CLITUI=CL{TUY=AL(IUsJ)#CL(T)
COMTINUE

CONTINUE

60 TO 21

NET=ALT*PRD

I=M(N)



X{N)=CL (1)
17 1F{J=1)20+21518
18 L=J
JzJ=1
T=M(J)
X(J)=CLI(1)
DO 19 K=LeN
19 X(J)=X(J)=AL(TeKI®EX(K)
GC TC 17
DET=0,
IR=4
SNEG=0,

NG 26 I=1»sN
[FAX{IYEL00001) 33536936
33 IF{SMEGEX(I)) 46936436

46 SNEG=X{(1)
ISNEG=T
36 CONTINUE
IFISNEGILT 354947
47 1=18NEG
IPNT(I)=IPNT(ING]
IFLIPNT(I)=2) 94552494
52 IPM=IPME]
NPERM(IPM)=]
94 DO 44 L=1,L51
IF(NSIL Ywl) 444454544
45 1220
DO 56 L2=LsLSI
13=NS(L2)
IF(X(I3)54,00001) 4Bs56456
48 IPNT(I3)=IPNT(I3)&]
IF(IPNT(I3)=2) 89950489
50 IPM=[PM&]
NPERM(IPM)=13 .
89 12=1261
ICON(I2)=NS(L2)
56 CONTINUE
GO TO 49
44 CONTINUE
DO 301 L=1,21
IPNT(L)=0
301 NPERM(L)=0
IPM=0
LSI=LSIGL
NS{LSI)=1
12=1
ICON(IZ )=1
49 LOOP=L0O0PE1
DO 73 L=1l,s12
DC 71 L2=1yIPM
: IF(ICON(L)=NPERM(L2)) 7197271
71 CONTINUE
G0 TO 73
72 NPERM(L2)==NPERM(L2)
73 CONTINUE
DO T4 1L2=151PM
IF(NPERMIL2)) 76974975
765 12=12561
ICON(I2)=NPERM(L2)
50 TCO 74

™y
o

N
-

e



76 NPERM(L2)==NDERM(L2)
76 CONTINUE
JCON=2
1CO=1
IR=4
CALL DATSW{lsISWI)
GO TO (91+92) 91SWI
91 WRITF (33201 J(ICON(LYsL=1»12)
201 FORMAT(/1C1R)
CALL DATSW(2s154W1)
GO TO(35992)91SWI
$2 IF(LODP=20) 34,3535

35 1C0=1
ARITF(IRYICOI(IZ(I)al=2s7)9sAUCYCLXsAL
RETURN
END

/7 DUS
¥STORE WS UAa  FINEQ
N -



PAGF 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
ne30 2006 0006 o000

// SUP

®¥OELETE FUNXS

CART I 2004 CR ADDR  3DC1 OB CNT oon7

// FQR
BOMT WORD [NTEGERS
#LIST ALL
SURRDUTINE FUNXS(CoFaXsYsNeNDPyNC)
TIVMENSION F(Ll)
DIVENSION JU10)sLR(10)
COVMON KB gD IMAS ICO9MASHITERsJeLRIMASZ
101 FORMATI( RF10e4)
1 I=6
READ(I'MAG2)I(F(I)el=19NC)
3 Ca=y
RETURN
ENG
VARTARLE ALLOCATIONS
KR{IC)=TFFF KD{IC)=TFFE IMALIC)=TFFD
J{IC)=7FFo=7FFQ LR(IC)=7FEF=T7FE6 MAS2{IC)=7FES

UNREFERENCED STATEMENTS
1 3 :

STATEMENT ALLOCATIONS '
101 =0004 1 =0015 3 =002F

FEATURES SUPPORTED
ONE WORD INTEGERS

CALLED SURPROGRAMS
FLD FSTO sSuUBSC SURIN SORED SDFX

INTEGERCONSTANTS
6=0002 1=0003

CORE REGUIREMENTS FOR FUNXS
COMMON 28 VARIABLES 2 PROGRAM 52

END OF COMPILATION
// DUP

*#S5TORE WS UA  FUNXS
CART ID 0008 DB ADDR 47EA DB CNT 0005

ICO(IC)=7FFC

I{1

)=0000



// Jom
LOA NTIVE  CART SPEC  CART AVAIL PHY DRIVE
3337 5006 9006 000C

// Dup

ANELSTE con

CART 1D 0006 DR ADD®  4&4F2 DR CNT 0026

// Fon

e unTS [UTEASCS

SLTAT ALL
SURTOUTING COWV (JSWaJCT s d¥S)
S1eESION PREAD(I50) s WF (50)
DIMEVSION  13(5%)9X(13)915(3)91COMM(40) »J(10)914(6) »VID(21)sLID(2
11)

O KRN TV A ICOsMASs ITER 9 Jo LRy MAS?
121 FORMAT{4DA2)

201 FORMATY G4X11IHPAGE & OF 4//21X35HCOMMENTS ON DATA ANMD DATA REDU
1CTION//29X11THRUN NUMRER-T 2,
7z L//TTLAH=Y /7 7)
202 FORMAT(/1X3QA2) :
223 FOPMATI//10X3THO/F ANALYZED BY ELEMENTAL COvPOSITION
204 FORMAT(//L10OX3THO/F ANALYZED BY WATERLESS FCRMULATION)
205 FORWAT(//1CX23HH20 DETERMINED FRONM O/F)
206 FCRYAT(141)
207 FOPMAT(IZ 91 XI1elXI291XILe5(1XI201XEL0e4)/ BULXIZ2e1XELCe4))
208 FOPMAT (1392XI292XI3 44X (I139E1366)/ 5(129E1346))
I1CONT=0
1§8=4

ICO=J5.
GOOTO (992)9JCT
KA=]
Ke=]
PEAD(CAIKR) [34X
READIKATCR) T4 X e (X{I)al=1911)wIB
WRITE(39201) I3(1)
IF(J{1) Y4954
WRITE(39203)
50 TD 3
4 WRAITF(34704)
IF{J(3) 135243
8 WRITE(34205)
3 READ{2,101) ICOMM
IFCICO (1) =1644R) 19791
1 WRITE(34202)(TCOMMIT)aI=2940)
n0T0 3
2 IF(J(a)=]l) 42,459,499
499 [F(JMS) 429964472
47 JJd=0
17 Ju=JJ+1
REANCIS'ICOILCTISIBOT K2 (LIDIL) sVID(L) oL=1sK2)
IF{JJ=LCT ) 3393133
31 ICHT=1
[F(LCI=6) 339204723
20 1CONT=2
23 WRITE(Z2207)13(1) sIRCTsK2»ICONT s (LIDIL)sVID(L)sL=19K2)
IF{JJ=LCT) 17+18,18

)

o

7



PAAF

~

13 vAS=1
I=6
noo00 L=lelCl
NEAD(ITMAS) NC
PEAN(IIVAS)
S0 o8 [P 1.%0
READ(I'MAS

G e LI)(IP)‘F”P
WEITE(2,208)

Qe CoNvTIvUE

VRITE(34204)

SETUYN

r_‘\f\

VA”IA‘L

s MDP yNBOT

2') &

ALLOCATIONS

(LIND{IS)sIS=1sNC)

IZ201)sNBOTNDP (LID(IP)sPREAD(IP)yIP=1

FMP9OREAD(IP) yWF (IP)

s NDP )

{ICY=T7FFF KND(IC)=TFFE IMALIC)=TFFD ICC{IC)=TFFC
J<I~)- TFFOm7FF) LR(ICY=T7FEF MAS2(1C)=T7FEE PREAD(R 1=0062=00C0
VID(R 1=010A=00E2 FRP(R )=010C I3(I )=0113=010CE I5{I )y=0lle=011la 1
LIN(I 1=n159=0n145 [COMT(I J=n018A IS(I )=015R KA{I }=015C
LCI(T y=018F IRDT(I 1=0160 K2(1 y=0161 L{I Y=Q01ls62-
MROT(] 1=016E5 IP(I )=0165
STATEMENT ALLLOCATIONS |
121 =0174 221 =0177 202 =01AB 203 =01R0 204 =0Q1C8 205 =01EC 206 =01F
5 =N272 4 =0277 8 =0282 3 =026 1 20294 2 =02AD 499 =02B
20 =02F0 33 =02FC 18 =032A 98 =0367 9@ =03A0
FFATURFS SUFPORTED
ONE WORD INTEGERS
CALLED SURDROGRAMS
LD IFIx SRED SWRT SCOMP 5I10A1 SIOFX SIOIX SIOL SUBSC S
SNIX SNF shI
INTEARER CONSTANTS
0=016A 4=016R 1=016C 11=016D 3=016F 2=016F 16448=017
COARE REGUIPEMENTS FOR COVM
COmAv N, 18 VARIARLFES 3462 PROGRAM 582
EMD OF COMPTLATION
N
// DUP
#STORE WS UA COMM
CART ID 0306 DR ADDR 47CB DB CNT 0026



/7 JOR
LCG DRIVE CART SPEC CART AVAIL PHY CRIVE
oCge 0COoR 33009 20C0
/7 TR
¥ONE WORD INTEGFRS
#*[OZS{CARDs1132 PRINTER)
*LIST ALL
DIMENSION Pl4g)yN2(30)9RES(30)
SIMENSION X{2139C{11)eRULI1IPCII1INSI11) 98P (8)
DATA S/YHZ 'y tHZ20 ', 10 Pa N2 Vg WNH gt g IND t oL,

1 'A UPNEST '.'Cdz vy
KIN=2
KOUT=3
Ci7)=21e696
C(3)=e48975
Clb)124969
C{51=505.
C(6)=49298
C{7)=e4195
C(R)=e524
C(11)=140372
657 READIKINGT)Y C(91sC110)9C(1)
7 FORMAT(2F10.2)
WRITE(3453)
53 FORMAT(1H1)
INDEX=1

70 5O 75 l=1946

75 P(11=0s
DO 80 1=21430C

8C RES(I)=0.

READ(KINS1) IRUNSIBOT»MNUMs(NP(I)sRES(I)sI=1sNUM)

FORMATI(I392Xs12s3Xel2sXsb(1X912:E12 .6)/‘(1X012; 13, 6))

IF (IRUN) 679200912

12 D0 15 I=1sNUM
J=NPIT)

STF O (JR(4T=U)) 15415412

13 P(J)=RES (I}

15 CONTINUE
X(11)=P(44) _
Pl281=P(28)=X(11)%41017
Pl46)=P{46)=a0041RX(11)
IF (P(45)) 16916417

16 P(46)=0,

17 X{7)=P(46)/e37
P({30)=P(3D0)=X{7)
X{91=P(40)
X(8)=P(31)/4t73
P{17)=P(17)=e261%X(8)
P(28)=P(28)=e214%X(8)
P(30)=2P({20)=e313%X(8)
P(32)=P{32)=X(8)

IF (P(32)) 18418419

18 P({37)=20s

15 X(3)=P(32)

X(2)=P(18) .
PL1T)=P(171=e2251¥X(2) 4
IF (P(17)) 21192119212

[



[XS I 4V

Ny o

30

4

3¢

&)

ot

s N

L

-~
v}

N

o

Pl1T71=04

5i=P({17)})
IF (P(302)) 20920421
?(33)~.o

3
78 )) 22922923
L ]

20 30 I=1911
SUM=SUM+ XTI /CL I

D0 o4l I=1lelil

REir=xX(I1 /¢
PCIIY=R(1)/5U%#10040
;*,‘EIT—( TUT 92} IRUNSIBOT

FOTMATLIHO 17X;AH°UN 21395 Xs6HFLASK ¢12/1H »9X»THSPECIESs 14X
RHIEL PRESeSXe THPERCE \T)

UMz

SO B0 I=1e6

SUMssUM+PC ]

ﬁO &5 i=lseb

S2{1 ) =C(I ) /5UNMR100,

DO 90 I=1y8
WRITE (KOUT93) S{I)aX({I)eR(I)ePCITI)9SPI(])
D0 95 [=Tsell o
WRITE (KOUTe3) S(I)eX(I)eR{T)IePCH(T)
COIMATILIH sALe2XsF1l0e296X93(6XeF10e3))

L ]

“D 52 I=15

S5UM=SUM+PC(T)

DO 564 =185

PCi1Y=RPC(1)/SUM

SUM=2 ¢ %P ClL1 )43 %#PC{2)142eMPC{3)426%PLC{4)+4,4%PC{5)
HY=2 (2 o ¥FC{1)+24#PC(2) 426 %PC(5) ) /SUM
OX=({PC(2)42*PC{3))/SUM

\V\mz.%"ﬂmwmm } 7 SUM

5

15

200

VARTAT

vt

L

1z
21

54

.-
A

e~

Oz

D

-

U

U

i

RITE(3955) HY»OXeEN

‘O“”AT(IHO EXolHHIF T 459 12X 1HCsFTe596Xs 1HNIFS a5/ /)

ITNDEX2INDEX+]

IF (Iuﬁ X=4) TDe85485

INDEX=]

WEITE(29583)

GO 70 70

5708

END

LE ALLOCATIONS

PR J=005A=00GC0 RES(R i=2C096=005C X{R }=30AC=0(098 C(R 1=20002=03
{R 1=22104=00F0 SP(R 1=0110=01C6 DUM(R y=C112 HY(R 1=011¢4
(: 1=C1l3F=0127 KIN(I 1=0140 KOUT(I 1=Cl4al INDEX(D 120142
(1 1=C0las NUM{T 1=0146 I(I y=0147

ENT ALLGCATIONS

=J18as 573 =0 18R 1 =0lgg 2 =01A0 3 =01C3 55 =201CE 67
=079A 13 =02B0 1% =02C0 16 =02F0 17 =02F6 18 =23%5 19
=0399 2 =03A8 23 =0 3AE 30 =03CF 4QC =03F3 &C 2 0&16 65
=04A2 85 :

2536 200 =0540 10



SAGE 3

FIAT
CNE

1oC¢s

URES SUPPORTED
WORD INTEGERS

CALLED SUBPROGRAMS
FADDX  FSUBX
SCOMp sFl0 sl

JEAL CONSTANTS

«169600E 01s0152
0524000E 00s015¢
e 473000E 0030164
«230000E G1a0176

INTEGER CONSTANTS
2=017C iz
420186 a=

L33E REQUIREVENTS F

COMMON 0

SND CF COMPILATION

// XEQ

FMPY

CFx%

s o € o
W e B2 L)

1
11

n
-

(&N §)
G -}

cr

VARTAPLLES

FYPYX FOIv
53i101X SICF
576C0F SC={1Ss
C33CZE 01=C160
51.0CE I0=016C
CQCOCE C1=:.178

1=017E b

238 PROGRAM

/1

FCIVX
SICI

30 O
ks OO0

[S ISR @ IRV

<2

R EON &

(SRS RON &
[P RPN}

Ty

T in

C F
8cC S
2C=0156
GC0=0162
Cl=216E
Z1=n17A
2C=018

W Fs A

s (2O
W AN

[SEES R &
€ ¢ €

b

L]

[SEPNe]
M

[

4

g b
(O or)
-3 AN AN
: 2]

I | B

NI O

[GROE S

[y

()



-

PACE 1
/7 JoR

LOR DRIVE CART SPEC CART AVAIL PHY DRIVE
7000 0o0R QQ0e 0000

/7 DUP

®OACLETH ECHF
CART ID 000#8 DR ADDR 3118 DB CNT 0099

// FOR
#OME 40N INTEGERS
*1DCS(CARN 1132 PRINTERWPLOTTER)
*LIST ALL
NIVENSTON S(8) 9X(65)sY(65) 2 ICLBLI6) 92(65)9T(65)sXQ(65) sXT (651
TYLALT(10) s VLRL2(10) s XLBLI10) sHFAD(10) sSUB(20) s XFLUX(6)
2CALS(8) sCALR(8) 9¥EAD(65) s TEMW(65) s XREAD(65) s IXBLK (20) s IYBLK(20) s
ATHALK (20) s TSUBL(40) s XTRA(10)

NATA IXBLE/20%' '/y1YBLK/20%' 'y sl1HBLK/20%' '/yISUBL/&O*' 1/
DATA YLRL2/ ! VAT TEMP Y g tERAT!Y 3 'URE ' o'RISE's' DEG's'sFs
1,! !,I I/ N ) 4

NATA YLRL1/! ty! Yyt VO THEAT et FLU'9!'X RTY4'U/FT
112=SEty1Cy to! 't/ ‘ ‘

DATA XLBL/! ty! tyt ty! Pyt TIME g '=SEC! 9 'CMDS ! 9 ¥ '
10 O,! l/

NATA HEAD/! ty! 13 "MOTO" 9 'R HE'»'AT F's'LUX '"s'CALC's'ULAT'»
1VION Fyt 1/

NDATA COND2sRHOZ2sCP2sRHOLIsCP1sD/ +06 3 55940 3 040915 90480
1.90./

DATA ICLBL/&®t 1/

100 FORMAT(20A4 )

300 FORMAT(4Xy 2F6e2+2EQets12)

500 FORMAT(//10X4HTIME§SXTHREADING4X10MILLIVOLTS3XsBHTEMP. Fay 6X9
19HHEAT FLUX)

500 FORMAT(BXsFb, 306X;F6.3.6X9F6-2’6X$F8.2’4X’F1002)

700 FORMAT(15+3F10¢45215)

B00 FORMAT(I1543F10e49s15sF1044)

701 FORMAT(I13914XI1192XF54215X1204(F5429F540) )

702 EU’MAT<215,5(1x11.Fo.7 1)

703 FORVAT(///20X25HHEAT FLUX FOR STATION NOe12»1H=F842512HBTU/FT2=SEC
le ) -

706 FORMAT(//16X5HAXIALSX13HSAMPLING TIMEBXOHMsVe BASEBXOHTIME STEP
1/15X7THSTATION1OX7THSECONDS29X7THSECONDS/ 1BXI1ls 9XF10e2913XF6e2910X

2 Fé6e3920X12)
707 FORMAT(/30X11HCALIBRATION//5X3HRUNIXTHSTATIONLIX4HZERO2XIHNUMBER OF
1 14X154HREADING/STIGNAL /15XTHREADING3XSHSTEPS/)

T0R FORMAT{ 5XI294X11» FlOeb4os4XT194Xb4(Fbe292XFbel))
90N FORMAT(1H116X20A4)
21100 FORMAT (/10X 20A4)
DO 43 L=1s6
42 XFLUX(L)Y=0.
56 WRITE{(3s900) (HFEAD(I)sI=1s10)
REAND(29100) (SUB(I)sI=1420)
WRITF(391100) (SUB(I)s1=1,20)
READ(29s TOOINSTASZTIME yBASESDT 4IPLOTHIB
C IR IS THE NUMBER OF PQOINTS READ ON THE FIRST PART OF THE CURVE
WRITE(397N&INSTASTIMESIBASE DT s IPLOT
IPLOT=IPLOT+1
NT=NT+,00001 /2__



PAGE

1

87

86
]9

85

A

84

82

50

10

15

2 -~
1C1=1
1C2=4
I=1
Jci=1
WRITE (39707)

REAN(2s701INRUNSNSTASZROsNSTP s (CALR(L) sCALSIL)sL=IClsIC2)
WRITF (39708 INRUNSNSTASZRCsNSTP o (CALR{L) s CALS(L)sL=IC1lsIC2)

IF{NSTP=4} B5985486
IF(IC1=1)1895B9485
1C1=5
1C2=n
GO TO 87
CAL=D,
DO 88 L=1sNSTP
CAL=CAL+{CALS{L)=BASE)/{CALR(L)=ZRO)
FNS=NSTP
CAL =CAL/FNS - :
REAND(2+300) ZEROSXREAD(I) s TIMLsTIM2
XEAD(I)=(XRFAD( 1)=ZRO)#*#CAL+RBASFE
CALL TCRAL(XEAD(I)sTEMP)
TEMD=TFMP =460
T(I)=TEMP
TEMW(T)=TEMP
=1+1
IF{NCONT) 82984482
Nzl=]
WRITE(34500)
FXT=T(1)
DO 50 I=z1eN
TEI)=T{I)=FXT
DIT=0, '
CON1=0,
CON2=0,
Z{1)=0s
JOKE=0Q
Kl=2
KZ2=18
KN=1IB
Ji=2
J2=18
DO 5 I=1»8
S({I)=0,
DO 10 I=K1lsK2

Y{I) = (I=1}%#DT=DIT

X{I) = SQRT{Y(I))

S(1) = S(1) + Y(I)

S(2) = 5(2) + X{(I)*Y(D)

S(3) = S{3) + Y(I)*Y(I)

S{4) = S(4) + X(I)##5

S({5) = S(5) + Y(I)#%3

S(6) = S(6) + (T(I)=CON1)*X(I)
S(7) = S(7) + (T(I)=CONL1I*Y(I)
S(2) = S(R) + (T(I)=CONLI*Y(I)*X(I)
DC 15 1=1s8

S(I) = S(TI)/FLOAT(KN)

Al = S({2)%#5(2)=5(1)*5(3)

A2 = S(2)#5(3)=5(1)*5(4&)

Rl = S(3)%S5(3)=5(2)#5(4)

32 =

S(3)%#S(4)=5(2)#5(5) 13

NCONT



PAGE 3

20N

= S(2)%5(6)=S{1)%#S(7)
= §5(3)#5(7)=5(2)%*5(8)
Al*R2=A2%#R]
(C1l#¥R2=D1*A2)/D
~({C1%R1=D1%A1)/D
! (S{A)=R%S(2)-CHS5(3)1)/5(1)
20 25 I=J1sJ2
35 Z{I)=X{1)#(A+R#X (1 )+C*Y (1)) + CON2
IF (JOKFE) 37936437
24 ¥W1=1R
K2=N
CN=N=TR+]
J1=1R+1
J2=N
NIT=(R=11#DT
oMYl = TOIRY
Cong = Z(1IR)
JOKF=1
GO 7O 11
37 XQ(11=0.
Cl=e5%#SORT(341416*¥COND2*RHQO2¥CP2/DT)
C2=RHOL1#*CPI*D/(24,0%DT)
XT{1)=040
CaNw]
N0 30 I=24K
N=0,0
A=l
KX=1=1
DO 20 J=14KX
R=J
XX=(Z(11%#SORT (R=e§)=(Z(J+1)1+Z(J))/240%SQRT(A=140) )/ (A=B=05)#%#145
720 Q=N+XX
XQ(I)=Cl/8NRT(A=]140)}#(Z(1)+Q/31416)4C2#(2(I+1)=2(]=1))
XT(I)=XT(I-1)+DT
IF(XTUIY=TIVE) 40s41e4]
41 GO TN (42+40)sJC1

1
nl

N 3 I
Hou non

>

47 JCl=p

[SAV=1

XFLUX INSTA) =XQ (1=1)+(XQ(I)=XQ(I=1))/DT*(TIME=XT(I=1))
40 WRITE(34600) XT(I)s XREAD(I) sXEAD(I) ¢TEMW(I)s - XG(1)

30 CONTINUE
IF{IPLOT=1) 29998,2

998 XTMIN=XT(1)
XTMAX=XT(1)
XRMIN=XREAD (1)
XRMAX=XREAD(1)
TMIM=T(1)
TMAX=T (1)
IMIN=Z(1)
IMAX=7(1)
N0 101 I=2sK
XTUYINZAMIMNT(XTMINGXT (1))
XTMAX=AYAXT (XTMAX o XT(I))
YRMINZAMINLIXRMINGXREAD(I))
XRMAX=AMAX] (XRMAX% XREAD (1))
TMIN=AMINI(TMINST(IN)
TMAX=AMAXT(TMAX s T(I))
JVIN=AVMINLI(ZMINSZ(1))

101 ZMAX=AMAXT(7YAXeZ7 (1)) ,7f



AT 4

CALL “RID(T496a s XTMINgXTHAX s XRMIN g XRMAX s THBLK -] L
TIYRLKaXTRAY .
TALL LINE(YT9XREAN K65 ICLELXTRA)
TALL FINSH{XTRA)

TIVMEAMINT (TN 7V IN)
TUAXZAMAXL(THAX § 7V A )

CALL CRIM(TasbesXTH I“;XT‘ﬁX;T”INuT”AX.IHPLK;ISUBLsIXBLKsIYPLK,
TxTRA)
TALL
CALL

ALl

LINF(IXTeTeX

LINME (YT 97 s g=60 [TLTL 9 X

EINSH{XT?A) )

7 wCITE (34702

SALL DATSY (1541710T7)

IF (INICT=1) 8224564827

REAT(2,100) DU

I12NT=3

SEPITE (2410

VTIT?(?,Qﬁﬁ)

\,‘:"”‘-l

NG /25 [=14M
WRITE(292258)
FOBMAT (13,17

ID=1

FRITF(29827) MRUM9NSTAS7 (M) 1D

FORMAT(I391297X%sF15e6916%s11)

o070 %4

Zry

VAR TARLE ALLDCATIONS

26 s ICLEL 9 XTRA)
TRAY)

METAWXFLUX{MNSTAY

(SUR(T)sI=1920)

MSTRASTIMFE o AST 9 DTS IPLOToF YT,

ayq
RPN

NRUMNSMSTAYZ7 (1)
1 7XsF1546)

Q27

S{R )=000F=0000 X (R 1=0090~0010C Y(2 1=0112-0092 Z(R )=0194-0114
¥YT(R 1=031A=029A YLRNL(R )=032F=031C YLRL2(R )=0342=0330 XLBL(R )=0356=0344
XELUK(R )=039F=0394 CALS(R )=03AF=03A0 CALR(R 1=03BF~03B0 XEAD(R )=0440~03CC
YT2A(R )=0558=0546 TIME(R )=055A BASF(R 1=055C DT(R 1=055E
FHS(R 1=0564 ZERO(R 1=0556 TIM1(R 1=0568 TIM2(R )=056A
MIT(R )=0870 CONL(P )=0572 CON2(R )=0574 AL(R )=0576
22(R 1=057C Cl(R )1=057E DI(R )1=0580 DR )=0582
A(R 1=0588 COND2(R )=0584 RHO2 (R )=058C . CP2(R )=058F
CP1(R )=0594 Q(R )=0596 XX(R }=0598 XTMIN(R )=059A
XRVAX(R )=05A0 TMIN(R )1=05A2 TMAX(R 1=05A4 ZMIN(R 1=05A6
ICLRL(I )=058B=05B6 IXRLK(I 1=05CF=058C 1YBLK{I )=05E3=05D0 IHBLK{I )=05F7=05E4
I(I 1=0a21 NSTA(T 1=0622 IPLOT(I )=0623 IB(I 1=0624
JC1(1 )=0627 NRUNCT 1=0628 NSTP(I 1=0629 NCONT(1 1=062A
<1(1 1=062D K2(1 1=062E KN(D )=062F - J1(I 1=0630
KX(I )=0633 J(I 1=0634 I1SAV(I )=0636

NRESEREMCED STATEMENTS

n?

IMVALIN STATEMENTS
ERRPOR AT STATEMEMNT NUMBER 500

c 27

QUTPHT HAS RIEN

[=RUED)

// DURP
M3

1

OF COMOILATICN

SUPPRFSSGH

nUP SUPPRESSED

15

1=20635

IDIOTI(I
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17
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2072

3901
302

573
531

54

SURROQUTINFE FILQA4(JUSWILID oNTBsNBROTsJICOWJICP +JICB)

GFMERAL LFAST SQUARE CURVE FIT PROGRAM (FISLQ) / RMK PART
SIMENSTION ALPH{20) oJCT(2C) oS(20) 9T(20)sU20)aVI(20)9C(20)4A12092C)
#AC(20)eX(20)9Y(20) oFXY(20)9F(20920) sW(20)sH(20)9AUC(20)

DIMENSTION KI10)YsLBI10)sLID(20)

COMMON KR gKDs IMAYICOIMASHITER WK SLB

EQUIVALFENCE(X(1)sAC(L))

FORMAT(LAFE11e792F12e7)

FORMAT (14 /25 CURVF FIT CONSTANTS ===/10X26HF (XsY) = SUM( AIXFI(
IXsY) J/7{Z2XALls11e2H = ElGe7s8XAlol1l92H = ElGeT798XAlsI192H = El4,
27T

FORMAT(2XAL s [291H= Z144798XA1s1201H= FlaeTe8XAly129lHz Elé4e7)

FORMAT(IH /25H IMPOSED CONSTRAINTS === /10X34HG(SsTsUsV) = SUM( A

11#GI{SeaTelUsv! )} /12H 1 QUTBUTEXS (3H= ISHINPUT9(3H =) /27H D G
2089 TelUs V] GUSeTHoUsVITXIHSI2ZXIHTIIXIHULZX1IHY)
FOIMATLIZ296(1XE1265))

FORMAT( 1M s46H CURVFE FIT COVMPARISON AND SUPPLEMENTARY QUTRUT 7/
T7XIHX1I2X1HYIXEHWE IGHTEX23HINPUT = F{XeY) = OUTPUTSXALls6H1{XsY))
FORMAT (30X 91 9B8HIXsYIBXALs Il aBHIXaY)EXALa Il oBHIXsY)ALsI1le8HIXsY)
1)

FORMAT{G{1XEL1245) !

FORMAT (2 T7XF172e591XE1l2e501XF124891XF1245)

FORMAT(INM /23H MC CONSTRAINTS [IMPOSED )

SORMAT (17H END OF CURVYE FIT)

1C0=1

‘l.‘ﬂA:t’

READ(MAYICOININDP osNCoNDPSONCTINADPL s AUCICrALPHsA s JCT o8 e ToUsVaWeXs Yy
HEXY 9F s L sNCPaNCP o JoaNAUXFoNLF oNHT 2 IDKaNL 9 IMA

\_/‘A:_r?\

TALT=16577

IHLT=1A584

IF{JSW)ISN9451951

READ(MATINK)ASC

IDK=IMA

MCSaMNC

IDK=1

IF(NTEB=2) 3014301+303

{o=J1CP

GO TS 307

JICO=1CO0

J=4

JICR=ICO |

WRITF(LJ'ICOINTRANROT oNCo(LID{T)IsALPH({T) s I=2NC)

JICP=1C0O

IF(NC=9)502450245811

NCG§=0Q v

WRITE(338 ) (TALT I oALPH(TI)»I=1sNCS)

IFINC=9)50445C44503

WRITE(3s 7} {TALTsTsALPH{TI) s I=10sNC)

IF{NCT )B4 454452

NCP=NCRPC=NCT

WRITE(398)

DO 831 I=14NCT

GXY=Ce

NCD=NCP4+]1 .

DO 583 J=1eNC

GXY=GXY+A(NCPRy J)YHALPH{J)
WRITE{R9G)JCTLI Y oGXY 2sCINCP ) oS(I)eT(I)oU(IYovI])

GO TO 541

WRITE(3417)

/6



L1 MILM=NNReMANP
IF{NEUMIR219219551
TENAUXF )52 455245673
naTh A8

i

TN Ang =] o MAUXF

NG

VRTTELR 1IN0 IHLT
IFInAXF=1)1583054855
S8 WRITTU(Z3 6111 {IHLT el oI =29MAUXF)

hH M=
IvaA=] D
N
CIFANDT24072455E
EhE IR (MTID=NL 16N 5956
G N
50T 8q
ETOTFEINLFE=NL)ERsBR 489
Lo AN F
B OOFAN(MAYIMAYIFXY (I ) e (F(Jel) e =LaNChox({I)eY{I)sW(TI)sl=loNH]I)
INC=IMA
50 0 710 I=1gNHI
Natel
GXY¥=De
TF{MLFIA2e872494]
H1 Xl=Xx{1)
YizYitld
WIl=w (1)
Fve=oxXvY (1)
£NTC 63
57 SEADL 292)X1aY1]
CALL FUNMXS({FYsF{lel)eXTsY])
£3 OC &4 J=1aNC
H4 GXY=OXY+R ()Y #ALPH( L)
IF(MAUXFIBG 469465
68 TALL AUXFIXToYIsFYsGXYaHyALPHN)
WRITF(3912)XIoYTI oWl sFYsCXYoH(1)
IFINAUXF=1)7Ce 70468
AR WRITE(3812) (HIU) e J=2 9 NAUXF)
S0 T 70
69 WRITEF(3 9121 XIeYIowWIsFYsGXY
T¢ CONTINUE
NLEF=NLF=NHT
IF(MLFI21971957
Tl IF{NADPRIZ21921972
72 NHI=NADP
WRITE(3918)
Wi=0,
GO TO 60
MA=4
1CC=1
WRITFIMAVICCINSNDP oNCoNDPSeNCT s NADP s AUC s CoALPHa AP JCT9SsTaUsVaWeXaY
1oFXYsF ol anMCPaNCPCoJ s NAUXF oNLF aNHI 9 IDK oML 9 IMA
WRITEF(3s19)
18 FORMAT (/78X 24HEND OF CURVE FIT ROUTINE) .
RETURN
FND
ALSE
YETORE W5 UA FILQ4

2
fon

|7



~

SURRCUTINFE FILO3{JSWeLIDSNROT)

GFNERAL LFAST SQUARE CURVE FIT PROGRAM  (FISLC) /7 RMK PART 1
DIVENSTON ALPH{20) 9JCT(20) 950200 9T{20) U (201 sV (ZD1aCIZ0)19A12052C1)
#ACI20)Y e X(2019Y(20) or AY(20)9F{20920)9W (201 AUC(20)

NIMENSTION JJLID) LRI sLID{20)
COMMAYN KRBReKD e I¥MAs ITOsMASHY I TERJJWLB

1 FORMAT(915) '

7 FORMAT(IXF11e79251 247

3 OEOIVAT(L9AL AT

G4 FORVAT(1X19449A%) .

H FORMAT{IHIIXHIHGENFRALIZFD LFAST SOUARF CURVE FIT BRIGRAM = =  AF
1P0THESY /10 ) '

Ta FORMAT (30H UNACCERTARLE INPUT BFECAUSE OFI12/10X64H]  NO«CF CCNSTAN
1T% FXCEFNS NI40F DATA PTSGFELUS NCGOF CONSTRAINTS/LCKAE2HE NOLOCF D
FUSTANTS PLU5 NCaOF CONSTRAINTS EXCFEDS 20/10X44+73 CelF CONSTRAIM
ATS EXCFEDS NOoOF CONSTANTS/10X60m4  NO&OF CCASTANTS EXCEFLS 20 {
AFJLLY CONMNSTRAIMED SOLUTIOND)

18 FORYAT(6F1247)

1 FCRMAT{I1sF11laTe3F1247

IFIITER)Y %Zs54457
52 MA=z=u4
1CN=1
READ(MATICOINSNDP o NCINDPS o NCToNADP s AUCIC o ALPH A JCT oS o Tl aWaX e Yy
HFEAY oF o aNCPNCPC o JoNAUXF s NLF s NHT o IDK oA 8 VA ‘
54 MA=3Z
NML=2O
NL=10
INF=1
=1
IDK=1
IF(ITER)1AL 921427
161 [TFR==]TFR
Co TO 27
71 IF(JJ{9))56955956
55 1F=8
READ(IFIMAS) NCoNDPeNROT
NCT=0
SANP=D
MALM=0
NAUXF =0
J S\’\' =0
ITER=Q
NAUC=0
READ(CIFIMAS) (LID{I)eI=19NCQ)
50 TO &7
56 READ( 291 INCsNDPoNCT oNADP ¢ NALMINAUXF 9 JSW e ITERINAUC
5T TF(NAUC)IZ212421292153
213 REANLE 2+18)(AUC({T ) e1=1oNAUQ)
212 ITER==]TER
ANOPS=RNP
WRITE(345)
211 IF{JSW)I22923422

22 READ( 2515)(ALPH(I)sI=19NC!

23 IF(NALM)?269726974

24 NC 25 I=1sNALM

READ( 2431 (S8(J)sJ=1420)

25 WRITF(344){(S5(J)sJ=1920)

26 TF(JSWI30427430

27 IF(NDF+NCT=NCIZ2R 431429

28 WRITF(3s1a)L
CALL EXIT

29 L=3

4



IF(NCT=NC)I4Cs30028
27 NADD=MADDANDE

N 5, - P
IR A

2] MO =ENDD

PN

L=&
IF(NC=2013119311428
IFANCT IR g3k 937
NCPR=NC+]

I 321 I=NCIPRyNCEC
0 321 J=NCP s CRC

s
w P
e (ITFER 335,378 42336
2 2O 29183 (JCTOII oS (I s TITIosULTI)sV{T)el=1oNCT)
326 =]
) %4 T=14NCT
NCPRNCO+]
CANCRY=2Q,
SGo331 0 J=1aNC
341 AC{JI=0
TF(JCT (1) 133293224333
132 CALL FUNXS{CINCP I oACsStIINaT{I) sNeNDPeNC)
GO TC 334
3332 CALL TRINT(JCTOI)sCUINCP) sACHSI Tl oT (I ied(TI)avI(]))
334 D0 24 J=1eNC
T A(NCRyJI=pAC (YD)
35 TF{JSW)3h436451
36 JSwW==1
IF{NCPC=NC) 374374473
37 IF(NDP)E01+501 938
38 IF(ITER)IZR1 43819352
381 IF(JJ(9)) 56960959
60 DO &1 T=1yNDP: o
61 READ(IFIMASY X {(T1)aY(I)ewW(l)
GO TO 382
59 READ( 2e2)(x{IV oyl I)ow(I)el=1sNDP)
382 DO 39  I=1sNDP
CALL FUNXS(ICEIIYoF (1ol eX{TI)eY({I)oNeNDPeNC)
FXY(I)=C(])
DO 39  J=1yNC
39 A(leJ)=F(Jsl)
GO TO 5072
40 NCPC=NC+NCT
L=2
IFINCEC=20141941428
41 IF(NCTIO3 443432
43 DO 44 I=14NC
C{l1=0,
DO 44 J=14s1
44 A(l9J)=0.
NLF=NDP
NHT =ML
N=Q
G641 ITF(NLF=NL)45 46946
45 NHI=NLF
46 IFLITERIGAS 94659463
463 TF(NDP=NL 46694669454
464 [MA=IDF
READIMATIMAY (FXY (I o (F(Jol )l ad=loNCYox{IVaY(I)oW(I)sI=leNHI)
INF=MA
19



60 TO 466
465  IF(UJI(9)) 6T71e4 709471
476 N0 472 1= 9NHI
477 AFADCIFIMASY X(I)s Y(I)ewW(l}
GO TC 466
L71 NEADL 2923 (XCI e iI) oW (I al=loNHII
LAA DD 47T K=l aNHI
MaNel
IF(WIK))Lb6l s0b6]1 0462
a4hl Wikyzle0
67 CALL FUNXSIFXYIK)oF (1K) o X{K)sY{K)sNINDPsNC)
BOoeT  I=19NC
FIK=zF (] eK}*#W(K)
ClII=ClTI+FXY{KI#FIK
S0 47 U=l
T A(Ted)=All s J)+FIKEF( JoK)
IF(NDBwNL 149949448
4R IMA=ZIDK
WRITF(MAVIVAIIFXY (I o lF ol ) od=laNChox (L) oY (T oW (T ) oI=1oNHI)
IDK=1MA
MLF=NDP=N
ITFINLF)ILSG 949944])
49 70 50  J=1sNC
JP=+1
NO &0  I=JPyNCPC
50 A(Jsli=Al{lo)
501 IF{JSWIB02+519502
RD? INDA=IDK
WRITE(MAVIDAIASC
IDA=IMA
51 N=NCRC
MA=4
1C0=1 .
WRITE(MAYICOINSNDRsNCOINDPEaNCT sNADPsAUCYCrALPHIAIJCT 1S9 TaUsVaWeXsY
1oFXY2F ol sNCPINCPC o Js NAUXF oNLF o NHI s IDKsNL s IMA
RETURN
END
// DUP
#STORE WS UA FILQ3



JUQQVV:INF MASS{ICONT oNTROKZ s NRUNY

“I“F\SI MPEARK I3 9 IGALVIL 21 IGAIN(  3)sREAD(2)9BACK(50)
(R”)9”JVD(3)OSF\S(Q)’p(?O!SO)OGAL(Q)QGAIN(Q)OID(ZI)OIE(?I)'LID(

)l)ojnrAﬁ(Sﬁ)OIDATE(3)!NEP(30)ONBB(30)0<SPE(21)OWF(50)

TIMENSTON J{10) LR (10}

COVMMON KReKDs IMAZICOaMASH I TERW S LBIMAS2

TATA ID /=107949=14123,=141229=14094s=105104=10794+y=107661

=160123e=141239-1412239=10688s=141229=142729=140944=10G44y =10766

FmlnRC R =547 2= 1ANEL 4 =107069=14139/

TATA LT /=35209=10510s=352091084489164489106448y=106889=105C9
1A46Rym10ERR 1104489104489 16448310680 3)184403164489=32649=3520

FlELaR y=~18097 915448/

TATA TAL /16926568 :54416927659/

TATA GALIN 71e9l0a91004910004/
CRvATIIR1201392X3{14e2]29F 742, 5X1¢?X212p11013)

THAT{P2AZ 93X e I 1 a2 X2 {14921 20FR4394X)92Xs212911s!
.JAV'*19§791394X3’I4v?[29E7o?'J>)0?X7I?!II’I“3
FOGATI/720X3 (11098 X 19315/ / (10K 11Ce5X21109E1063) )
u(“"Aa(/’”X?I’-\«_,ZXH'I)//ZXB(14921 1 2XF1Deb02X) //}

FORVMAT(L1=  ERROR 203 242)

FORYAT(Z264 NG SPECIES DATA FOR PEAK 15y 14HPEAK DISCARDED)
EORMAT(/7//710XI5985X 15281264/ 7)

FORMATIIR 95X IB 95X e2A295XE1244) )

FCRvAT LLOX34HND GALY OR GAIN DATA  FOR RUN I596HBOTTLE I8)

FORMAT(L1O0XZ1HMO GALVO OR GAIN FOR 2A2)

FORYAT{/7/1CXITHNG FEAK DATA FOR  2A2.1X15HSPECIE AT PEAK 15//10X16
IHSPFCLIE DISCARDEDRY/ /)

213 FORMAT(//1ICX1ITHNG PEAK DATA FOR  2A241X15HSPECIE AT PEAK 185//10X20
IHSPECIE NOT DISCARDBED//)
214 FURMAT(//710X40HDEFLECTION LESS THAN BACKGROUND FCR PEAK 110e31(3Xs
iIF124¢31)
218 FORMAT(3COXAHSPECIE// lo(ex2Aa2))
KD=1
ICONT=0
1CON=0
[Su=
JC=1
DO A L=1s20D
KSPF (L) =0
DO 6 L2=1450
BACK(L? =0,
B F{Lel21=0,
IB=1 ‘
IP=1
20 IF(NTR=2) R49854R4
85 READ(Z2¢101INRUNSNBOT s ITYPE S (NPEAK(T) s IGALVI IV o IGAINY 1) sREADI(]
1)912143)sIDATESICARD
1=2
WRITE(TI TKDINRUNINROT I T YPF!(NPFAK(I)!IGALV(I)OIGAIN(I)!READ(I)’I'I
7331 IDATESICARD
G0 TO 86
R4 GO TO(BT79R5)s15W
a7 =2
READATIKDINRUNINROT » ITYPF’(NDFAK(z),IGALV(I),IGAIN(I)oQEAD(I)’I 1
293)9IDATESICARD '
GO TO 8%
86 IF{LR(T7)) 88698G 886
286 WRITE(3+201) NRUN!NBOT’ITYPEOIDATE9(NPEAK(I)aIGALV( IV IGAINI I}
IRFAD{TI) 91=21493)
86 D0 1L=1493
[FINPFAKILY) 18491 18

Py

P

\
bl

[S IR B W
Gr NG et

[ONG
[S2NRG S ~IRCU IR A G I
T

N3O NS NT NE NS N2 N NG bt R ks

bt bt s
-

N <

2/



Ny

3

-—

O s
-

2N

7L

24
G2
19
2a

37
33

09

I (TR ALV L)1) 11912911
(RITEA(39210) NRUNGNAROT

/\=30

Rz,

GO 70 15

L2=1CAaLvin)

A=GAL(L/) .

[F{IGATNY LYY 17912017

I=I?AIM( L}

:(ITY"F) G190 151
Hﬁcﬁill)g FRRINS . ®READ(L)
(iR CEAKLL Y
i

KILI ) 93594493

\Rf’NQDF)“*“FA((L)
READUIR ) cA/ReRFAD(L ) #1004mRACK (L2}
NQ(IU)ﬁ\PEAK(L)
IFIPREADIIP)I)IB2193224327
PREAN(IP)=D,.
WRITEF(39214) ROPFAKIL) 9RFADIL) 9RACKILZ )Y sPREADIIR]
1’321';)51
CONT INUE
IF(ICARD) 199720419
GC 7D (3Ry29) 4[5V

NREFs[R~]

1&w=2

GO T 20
NORe]Pm]

IFL]CARD=1) 954969495
[J0NT=]

15=0
KA=1
JC=1

IF(ICON)Y 30437430

IF{NTR=2) GR 998497

READ(Z2s 1021 TA» IR IRCL s (NUMPII) s ICALVII) o IGAINIT ) o BENS(I1eI=193)sID
1ATF o [ COMN

=1

WRITE(I'KRITAS IR IREL S INUMPITI) o IGALVITI )2 IGAINII)9SENSITIo]I®1932) 91D
ATESTCON

GO TO 309

?E\D(I' CRYTAYIBYIREL o INUMPUII) » ICGALV(T Yy IGAINII ) oSENS{IY9l=193)4]D

’L T 399
IF{IRFL) 3309939943309

3309 IF(LR(T)) 3308439992308

33

ca

3
D O

~
Kol

WRITE(392C2 1A IRy IRFLsIDATE o (NUMPIT Y s IGALVIT )2 IGAINIT) oSENS(T) 1
121493} ' ’

GO TO (49948945 ) s JC

IGAL=IGALYVIY)
TOAT=IGAINCL)
IF{IRAL ) 519524561
IFLIFEL) 53421453

22



"
pes3

Lo
s

b1

%h
49

PR
¢

366

348

73
43

42

41

46

234

26

GRITE (342111 1A,10
bl

o = oo

A =nAL1RAL)

TFITTALY 54458454
L

13\17") F1y2148%

? SAIN(TIAALY
‘(.DFL~()?‘cLzy ’

BREIMaSENS (1) A s #1004
[

4 i

TEANUMPL L) =N (L 1) 230424923

IFINRCADIL) Y 2649234924
CONT I NUE

JC=2

IF{ICON=Z) 28937429
COMTINUE

15=1561

0 3=le2l
IF(1A=L16448) 36935435
IF(lA=ID(LY 393243
[F{IR3=1E{L) 1393343
CONT INUE

WRITF (34203 ) 1Ay 1R

G0 T 48

LID(IS)=L

L=1

AS=z1,
ITFINUMP L)) 4402844
[2P=rUMP L)

DO G L2=14MDP
JTF(IRP=AND(LL2)) 94729
IP=(?

G0 TQ 73

CONTINUE
IF(SPFNS{L)=e01) 2484348427
LZ2=LID(IS)

WRITE(39212) ID(L2)sIF(L2) oNUMD(L)
18=18=1
G2 TO 48
LZ=LID(IS)
WRITE (39213} IDIL2) 9 IF (L2} aNUMPIL)
KSPE(IS) =1
GO 7O 48
IF(IRFL=1) 41942443
F{IPyIS)=PRIM
GO TO 46
F{IPsIS)=SENS(LI*ASHA /R #1100
GO TG 46
F{IPsIS)=SENS(L)#PRIMXAS
Lal&l
IF(L=3) 264259338
JC=13
L=1
GO TO 337
AS=SFNS (1)
GO TO 45
NC=1S
NCC=0

2.3



0 G L=l eNOP
e ND 5 L2=1eNC
I NP LYY 3479794347
£ [FIFILLZ2)) 4 9594
5 CoNTINUE

ERITE{39204)0 NPULL)
NCC=NTTE]L

LLLaNDPR=NCC

Li=tL

S0 77 we=Llebil
SREAGILZI=RREAD(L26]

DO 3TT LAm] NG
ST EL2eL3 1R (L2640 3)
TP NS L2 = B (L2RL)
BlLLLEL ="
oot 378
4 CONTINUF
TR DR RNOP=NCC
IF (ICONT=1) 999,998,999

T-
38R NTRa\TR=]
0549 N ARG =
ARG LGF{L)2140 _

293 DEAN(24103) IBsID s ITYRE Sy INDFAKI I 9 InALVEI o IGAINIT )y
IRFAMITIaI=193) oNUMP 4 ICARD '
IFLLALT)) 300145300243001
HRITFL39201)  [ReID W ITYPE ¢ NUME o (NREAKIT) o IGALVII) o IGAINTIY
TRTADCT w12l 43) ’
1507 N0 381 I=143
BOOMRY IP=] gNnP
IE (NP {IP1=NPFAK(I]) 281+382,3R1
127 WO IT i eRFAD(])
381 CONTIMUE
IF(ICARD) 2R44333,284
12, CONTINUE
IF(LP{8)) 30193334301
321 00 7 IP=lyNDO
WRITE(39208) IPsNPIIP)sPREADIIPIWWF(IP)
50 7 1S=14NC
I=LIDCIS)
IF{F{IPs1S8)) 49947499 .
499 WRITE(39206) ISsIsID(T)aIE(])sF{IRYIS)
7 CONTINUE
223 N0 334 [S=19NC
I=LI1D(I5)
NRA(IS)=ID(])
3734 NBP(IS)=IFE(])
WRITE(39215) (NRBBIIS) oNRP(IS)915=19NC)
273 =5

A}
L2
-
—

3

-

MASAV=MAS
WRITE(I'MAS) NCsNDPINBOT
WRITE (I'MAS) (LID(IS), 1S=14NC)

DO 8 IP=1sNDP
FrPp=NRP (1P}
WRITE(I'MAS) FNDPPREAD(IIP)sWF(IP)
8 CONTINUE
1=6
VASZ2=1
DC 10 IP=lysNDP
WRITF(I'ASZI(FI{IPsIS)IsIS=1oNC)
in COMTINUE
MAS?=]
YAS=MASAY
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[ANA NS

SUBRDUTINE (DOMD { JSy UMS)

TIMONGION T1(9)9I1202)9J01C)ovI(5)oVID(21) oNFO(21 )9 A(BYIBIG)
o 1}015(?1)9L19(21),I5(3)oOF(é) sWAT(5) sWATE(6) s VONRI{G)
IAENSION I3(6) e 14(5) PR sLB110)aP{2)eT{5)sCALRIB) I CALS(8])
1Ty

1
&

%
i
m

FelIX(10)912(2) )
Pl (IX(18)sIR(1) )y
»J CIX(23 oL IDLL) el IX{GLYIB(1) )y
,23<1)),(1x< 52)914(1)) : ‘
Vil (XX L6V D’l))s(YX'25)’Op(;)’s
)Q~AT(1‘)0(¥X’3")QPQ'1))
TATVE AT T ywD S ebiahB B2 41 Thob20b /) ]
caATA IE S =l 7Ly L]l739=161229=24094e=m]108]10s=]10T704s=] 0766
wlblE2yml4l2%,m16123 4210688,y =10122y=142729=1409G,=10Gb4, =10766y
~1NEN w1 B8N 2 4 =]14000 4= 1076064 =14139/
AL DT /2520 9= iNE109=382091504R e 1ALLB16LLEy=10688y=10509
16448 ,=10629,164648,16442,164648y=106R8, 1saaqgleha9.-326a,—352..
TibuebR em i 4082916448/
AT A 4-9/1“2,112,”1?,040;00z 1014201411391 10+1124001901190199221s)
1304040242403 +0/
/=EL5R ¢ 4T84 9=10301 =1 02829*1029Q9"102679‘1”256g“10283n'1
-J7%°9-"Qu/0~723uy-71°80~’210s-7?769*71819~6426/
A X (1202719149272 7 101291101 X9A204(2A241XeE10481))
i T(I?o"ll’S ZA291X9EL1NG5 )
_—
,

£)
ASs1TERY Js LB
A
1

P1x
AIvalencry (XX
1y

[x)
e 20
TA

flT(I?othZ.aofl! 13, 2510 e4)
o FATOIZ39IXTI 19 1XI291XI19601XI291XE10, 4)/ S(1XI201XE10441)
17 FORMAT (I 291 2XsA2 43X s 0F 5,291 29F 54287 5409F5e29F5409F542sF040
15 a2 0556096Xe11)
207 FORMATL//TI2AF 1064 )}
iy FOBMAT(IXIE F2XT{ELl44542X))
2CH FOQVAT(311093X2A?93X2A?9I13!251505}
208 FORMATI4LILINIZFE1545
207 ¢O>“AT(3¥3I“/1XW(ZA2ngF15 5e2X))
2CR FORMAT /710X 3(3XF10e4))
200 FORMAT(1H1,66Xs11HPACGE 3 OF 4/%35Xs11HRUN NUMBER 12//
132X917HOSCILLOGRAPH DATA//L0Xs BHQUANTITY 94X s THREADING4X 9 3HCAL
4 IXEHQUANTITYSXTHREADINMGEX3HCAL /24 X6H{ INg ) * ‘
AP79X54{INe )}/ /3TXEHMOTORY/)
210 FORMAT(/28X22HBALLISTIC AMALYZER DATA//12X2HPB4XF1Ce2y 6H(PSIA)21X,
lZH'”’AXoFIO 2954 (LEa )
2 FORMAT(LI2X9AZ94XF10e292XsF7e259XsA294X9F10e292XeFTa27)
3 FORMAT (/22Xs15HBOTTLE PRESSURE/)
4 FORMAT(//30X2HOF/6(5XEL12e4)//30X3H0OFR//6(BXELZ2e4)////30XIHWATZELSX
1F172e4 )/ /30XEHERROR/G(EXF12e4) )
215 FORMAT(//28Xs18HMISCELLANEQUS DATA//12X93HPAMI3XsF 10, 396H(PSIAJ0
112X 92HISs4XsF10e2e5HISEC)I/ /12X 92HOD 94X eF10e39IH(LB/CUFT ) s 9X03HCSI
29 3XeFl0e298BH(FT/SEC)I//12Xs2HFDs4XsF 104 3’9H(LB/CUFT)99X92HAT94X0
AF106296H{SQINY//30Xs10H® CPS FOR WF AND wO/1H1)
216 FORMAT(1I2XIHPI194XF10e292XF 702 99X1IHPI104XF10e292XFTe2/)
217 FORVMAT(LIOXIZ42XA202(3XFT7e2)s]594{(3XF5, ?n3xr5 01//10Xs
14 {3XF54293%F54012X11)

?\
2L
21

CONSTANTS

70 10 I=14959
1706 TX(I)-V

DC 1001 I=1442
1701 %X{1)1=040

1C0=JSW

26



UFa231le/(1844%12)
1=0
JA=1
KA=1
¥R
KC=?
LC=1
T¥=04
C=20724016/32,048
LBl=LB(1} &1
IFCJL2)) &&s6T7 9446
A6 LCI=Jd(2)
GO TD 68
57 LCI=5 _
68 READ(791047 I3 sPAMyPRASFE
WRITE(3e208) PAMsPRAFFR
PIA=DRALDAM
WMzl
K=(
Jw= l
WRITFE (3 709) 13(1)
L4 3 K’—'»K&l
ICl=1
1C2=4
DO 51 1=548
CALR(1) =0,
51 CALS(1)=0,.
50 READ(29117) 13(1)’NAME’ZRO§READQNS’(gALR(I)’CALS(I)’I'ICI’ICZ)QIMC
IF(NS=4) 36193614360
60 TF(IC1=1) 326145336149361
61 ICLl=5% .
1C2=8
GO TO &0
351 NRITF(KA'KB)IB(l)o\AMFoZQOyREAD’NSs(CALR(I)9CALS(I),I l’B)OIWC
IF(I3(1)) 3334334333
333 IF(NS) 331493324331
332 CAL=CALR(1)
GO TO 334
331 CAL=0
DO 30 L=1e¢NS v
30 CAL=CAL&ECALS(L)Y/(CALRIL)=ZRO)
FNS=NS
CAL=CAL/FNS
READSREAD=ZRO
334 GO TO (81,82’83’83083’83o83’83;83’839“4;85985'85’85085 86987987 87
19879871y K
21 FFM=READ/CAL
GO TO 40
82 FM=READ*CAL
GO TO 40
83 l=gK=2
R{I)=READ*#CALEPAM
GO TO 40
84 FOM=READ/CAL
GO TO 40
85 I=K=11
TM=READ#CAL
IF(IWC) 44549949445
445 KKK=KE1
WM=TMEWD /60 o #UF
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3

¢}

5}

o

o

ok

a1

441

344
145

3

a

56

31

71

LC T 642
WRITF(34217%)
I=Kk=15h
PR{TI=2READ#CALEPAM
a0 TO 344
IF{TV=14) G994995,998
TLII=(TMEH 01751 /40345
50 70 995
IF1THMmB ¢B) GQ79957499%96
TiTI=(THE64151 /40395
GO TG 995
Ti')‘(TM&7¢1)/1042

T {T)

GC IO {40y 6099939992 409 40) el
”J”Q5075‘QOR?*TM
FOM=FOM®ON/ 62047
G0 T2 &0
Fln=mgl304%TMELD 0B
FFMaPFFMRFD/ 624473
N0 T0 (G4lebbB)e UW
LR el
KK=Km] :
WRITE{(39212) IF(KK]oSREADsSCAL s [F (KKK IRFADSCALSSTH
JW=]
60 TO 443
Jul=2
SREAD=REAN
SCAL=CAL
STP\A:TPA N
GO TO 4473
GO TC (4614365 ) s JW
[i=]=1
WRITF (342160 T1+SREADISCAL[aRFADCAL
JHEL
[F({Km22) 443833414340
WRITF{34210) PRASFR
D=1
WT=FOMEFFM
QF X=FOM/FFM
CSI=(=333,33%0FX61953433)%0FXE4L80%
SIz=(=304*OFXE624 ) *AFXE19646
WRITE(39215) PAMySTIsODsCS19FDWAT
KfA=]
DO B0 L=1.22
READ(KAMKR) I3(1)sNAMESZROIRFEADINSs (CALR(I)sCALSIIYal=] 8),1(1
TFC LBUEY)Y 55645045556
WQITE(30717)I3(1)9&AMF02ROQQEAD0NS!(CALR(IlOCALSKI)?I 198)s1C1

¢ CONTINUE

SI1=FR/WT

S12=FM/WT
CSETR=G#P (1) ¥AT/WT
CsR=C38TR/CS1
SR1=811/51

SR2=2512/51
P{s)=P(&)/P(1)
CF=FM/(P{1)%*AT)
P(T7)=D(7)/PAM
WRITE(KC? KD)130Ily15opBA’FFMoFQMQWN,FMOWToSI1OSIZ,CSTROCSR!SRI’
1SR2s0OFXsCFeFBIPR P T
Je=J(a)el

AOTO(2596 71096961 ) 004
D0 72 L=1s6

28



SF (L)1 =0,
YAT{L )20,

T2 OWATE (L) =0,
40 70 A1

6 READ(Z91031 129 A1) IR (119VI1) o TA(Z)9IRI2)aVI2)9TA(BIIR(3)sVI3) ]
TACG) o IR{L) sV a) s TA(B) s IR(B) sV I(5)
Kx=KEn
‘?77"(VA'<R)‘Z,IA’1),18(1?¢V(1),IA(2);IB(Z)sV(Z),tA(B)QIB(S)oV(:),
1141 ax,Ia¢4>,»za>.1A<5>.Iﬁ<=).v<5)
Lizh
O O7 L=letll

7% LA=1421

A(LI=186443) 26925426

TAIL)=IDILAY) 343243

”(L‘—IF(LA)) 353343

3

o0 T”( Z 821sLR1
WRITE{39205 )L sLAIK2) IA(L)’IB(L},ID(LA)'IE(LA)1LID’K2}9VI"(K2)&V(L’
CONTINUE
=16LL
IF({K2=11(R) 16425425
S6 RFEAD(Z$107) IDUNQIL9K20ICO“T,(LIQ(L)0“1”(L)0L 19K 2)
[CONT=1CONTE]L
GC TD (95495993} 9 ICONT
94 J4=1 ‘
LC=1
GO TO 95
93 IF(JUME) 944893494
893 J4=5
GO 10 95
25 GO TO (29+428961429)J4
79 KM=4
REANDIKMYICOILCXaICoK20 LLIDILIsVIDIL) o) 1K2)
IF{IME) 9549541495
Hel LCI=LCX
95 CALL PP(K24.VvID)
28 0SUM=C,
FSUM=0,
SUMN=0. ‘
WRITE(KCIKD) LCIsICoKZy (LIDILY oVIDILYsLx1laK2)
WAT(IC) =0,
DO 4l=19K2
IL=LID(L)
IF(LID(L)=14) 18419418
19 WAT({IC)=VID(LI*100,
8 KL=NFOLIL)
IFN=KL /100"
FN=TFN
IFM=(KL=TFN%100) /10
FM=TFM
CMaKL=]FN#%#100=1FMx%10
J1=0(1)61
GO TC (35453)9LR1
5% WRITE(39206 L ILaNFOLIL) oKL »FNIOMeFM
25 QSUMsOSUMEOMaVIDI(L)
EQUM=FSUMEFM#VID(L)

1
NS

poery
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B
0ol

4He

UMM SUMNEFNHXVID(L)
LRZ2=LR(215]
S0 TO (Le55)e LR2
WRITELZ24204 1 La0SUMIOMIVIDIL ) oFSUMIFM 9 SUMNFN
TONTINUE o ‘ e
OFL1C)=2CHOsUM/FSUM
IF{OSUM=4001) &394394]
[F{FSUM=0,1 Gleblyat
MAN=SUMN/SESHM
RAC=CSUM/FSUM
RIICIal/ (6 a#TAN=2HRAQE Lo ) ¥ (20 ¥RANE2 4% FPAC=104 )
QoTe W
RAN2SUMN/OSUM
Mum“r5V SOSUM
T ISR/ (Lo P RANERAC=24 1% (2 *QA\-RAOGZ.)

wAT' (1C (’*3ob“-9%(IC)*FSUM)/(Z.*PP('C)-C‘)

YON D'IC) ;./WAN

WRITE {34203 10F1IC) 2CsQSUMyFSUM
G0 TG (349544340 941
OFL1IC)=PR(I0)

1=0

LC=LCAL
CIFLT=LCI 131931961

61

7/ DU
EETORE

WRITFIKCIKD ) OF oWAT +WATE9VONR
WRITE(39214) OF PRy WAT sWATE
RPETURN

CND

WS UA  COMP

Jo

#100.



SURROUTINE PO

DIMENGION 158(3), LID(21),vID(21) »IDN(21)sLB(10)
TIMENSION XU&6) 11l 9)sVC{AI21)e13(6)sPRIGYSFOF(G) s J18)
SIMENSTION NAME(2192) oID(2119IFE(21)sP{8)sT(5 aXFLUX(E] +sWATE(G6]
ITWONRLE ] gHANRE]

COMMON KAWKDs VAW ICOIMASI ITERsJs LB

DATE X /1407801 a77242667893427844402894e778/

DATA ID /=10794s=141233=141224=1409449=105109+1079449=1076E€
I =161239=141234=14123+=106889=14122s=14272s=14C049=10%04y =10T766
~lURDP gm154029¢~1606Ls=10T7669=14139/

TATA IR /—15?0s-‘C%lOy-35200164@8’16448i16448,-10688y-10509
l4en ymlCOERR 18048016048y 106448,y =10688y1644R,16448y~226644=3520,
tF 9"‘1‘47"), ylb/«bhp 4

A I0% /1697950292 19149159899s68109391 94912012341 792C918918921/
T?A’{;?X3H1L4 211Ce4Elb ots H

JRUNAT(/P2X3H1I1H2110y 21100

O?vAT(lH’;FQXlalAGE 1 OF &//771%9641HROCKET MOTOR ROUNDARY FLOW DA
A NENUCTIONS/ 910X e23HJPL CONTRACT = NAST=4634919Xe22HAERCTHERM PR
?CJ?&T 70087/ 210Xe 13HRUN MUMBER = [3426Xe20HINJECTOR POSITION =
11%9,//10X1EHFIRING NUMBER = 314422Xe17HDATE COF FIRING = 91291H/912
G2=s611/771) '

2;3"‘ C'C)"'?\AA"“( 77H--—-—--q-ppp

Y b
N) s g
(SR
Ny b
§OTOTY Y U0 et
C)><h
4

C3 It

7 ———————————————————— A S e e e S D T U ot (B s P i WS gy - o o — . o - dier S ——— e - - -
2=/ F50 Xv,?HPA A REDUCTION RESULTS// ’OXo;?HAX*AL STATION {INg)stX2
F1HO,F TN ROUNDARY LAYERGXGMHFAT FLUX/5SX11IHBTU/F~2~SEC /{1HO15XF6.
La g lOXFE girs 1HXFRG1)
2p7 FOUMAT(IUC/27X29HENGINE PERFCRMANCE PARA“E.FRS//luXéHO/F Féboebls
110X6HCSTAR FHa0y1X6HIFT/5)3X6HCSR Féhates//LCREHISR Foet s IOXTHPN
bi=ld 1FB ety G s 6HCF F6ets//1OXEHIS F6.2.1X6HtSEC)ax6HF ; Fbée
30 g LG (LRISXBHPC Foe2 s IX6H(PSIAY//10XAHISB F&u2sIXBHISEC I 4X et
SHFA FeeZ s lX4H (LB EXEHPCR Foel s LXEH(PSIA)//10XEHWO = Féebolia
SAM(LR/S)EIXTHWF Foels IXEHILR/S) ZXGHWW FhebolX6HILB/S)/ )
276 FORMAT(ICX96HPSP Féets/ /)
723% SCRMAT(1HO 32X 11HSYSTEM DATA//15Xs15HPRESSURE (PSIAI1EXs LOHTEMPER
TATURE (DEGGF) s/ /10XGHPF  FRe234X9s4HPFT FRGZ2s10X94HTB FEa294X94HTO
7 9F6e2//10X4HD0  FBe2 94Xy 4HPOT FBe2310Xs4HTS Fbhae2saXsaHTF F6e2y
3//20X 4 HPW  FR L2 26Xs4HTVY F6e2//)
224 FORMAT(IH1L66Xs11HPAGE 2-0F 4//15X1%HGAS COMPOSITICN»10X s 1OHRUN NU
MBER 12 v/ /) ‘
:?5 u?MA*{‘qx,63H¥4¥¥J**”*M%¥¥’*’¥‘¥¥“%%¥L**“%%%*%%**%*%**“*X%‘"V"&%¥
PR AT LS PR /75Xy BHPRESSURFEIX6(4XF6e2)/6X6HIPSIAY)
572G FORMATE  EX92A295XslH* 96 (6XFHe3) /16X s1H%)
230 FORMAT(1H1)
231 FORMAT(14X
1 63H*%%%%%%%*%*%%**%%*%%%**%%**%%%%*%%%*%*%%*%***%%%%*****%%
DapnarAR /1AXIHR /14X o LH#* 3 24X 9 13HMOLE FRACTION/14XylH®2/14Xs1H% )
7372 FORMAT(14Xs1lH# 924X 913HBOTTLE NUMBER/14Xs 1H*/5Xs8HGAS 2H %BX
1iHLls 9X91H2y SXs1HZe 9X9ltHbs 9IXs1HSy 9X91HE/L4X1IHE/LLA1H*)
239 FORMAT(/S5X3HH/NEXLL4XF6Ee2)//5X3HO/NGXEIUXFE42) /7 /5XAHH206XE (4XFhe2
1)
COF=92,016/32404R8
N o L=1s8
FOF (L1206
DO & L2=1421
4 VCiLsl2)=0,0
KA=1
KRz
KC=?
KD=1
READ(KC'KR) I3sI119159PRASEFEMaFOMaWMsFMalWTeSI15S512sCSTRICSRISRL s
1SR? yOFX s CFoFRyPRyP T

3



~ o B

IR

PP
[ R RN

;@b@w‘

K3 h b

TRLUla) =2 18417418
7001 Lmleb

REARIACHRDILCT o ICoK2 W LLIDIL2) o VIDIL2) 8L 221K 2)

N7 L2E14K2

ELITL?)

ITP=12x01)

ANMELTTs1)=1D01)

NAME LI TP =IF (1)

JCOTOy I T1eVID{L2)Y %100,
IF(L=LCTT 19393
CCONTINUF

L=l

TFAL=(1)) 149l%014
HRTTE{ %y 114) KON oaR{1)eP{5) sFFMeFOM
WRITE (2,118 14094 LCT 1T 4K2

EATIKCIRT) FOF 9 IVC(L204) sL22196) sWATEsVONR
o oToo1r _

READ(KCILE) FOFW(VID(L2)sL2=2196) sWATE  4VONR
NGOACE Lxleb

HNR L Y=VONP (L) /EOF (L) *COF

REANIKCILD) XFLUX

CWRITE(3522011301)913(6)913(2)913(3)5]13(4)413(5)

-

7/;“
39

Y

:9

22
.23

aR9

294
835
24

/7 DYP
*STNRE

WRITE(3,221) {X(LY 2o FOF (L)Y o XFLUX{L)oL=106)
WRITE 134222) OFXaCSTRsCUSRISRZIPI6)2CHTaSTI29FMeP (1) sSI1sFBePRAWFOMY

TEFM W

WRITE(34226) P(7)
WRITEI39223) PU3)sP(B)sT(1)eT(3)sP(2192(41aTI2)sT(4)sP(5)sT(5)
IFIJI1D)) 28442439 :
JREE=D
50 TO 38
JREP=]
IF(Jta)=2) 19924419
ARITE(34224) 13(1)
WATTE(39231)
WRITE(34232)
DO 23 U=1421
DO 20 L2=1s6
IF(VCILZeL)) 22470922
CONTINUE
GO TO 23 '
WRITE(39229) NAME (Lol )oNAME (La2) e (VC(L2sL)sL22146)
COMTINUE
WRITF(35225) PR
WRITF(39233) HNRsVONRIWATE
GO TO (8RR 24 )y JREP
JRED=z JREBEL
DO 895 L=146
SUM=0,
VClLy 4)¥=VC(Ly GIEWATE(L)
NO 896 Li=1s21
SUM=SUMEVC (L sl L)
DO &95 LL=l,21
VCILsLL)=VCILoLL)/5UM %100,
GO TO 19
WRITE(3+230)
RETURN
FND

WS ua PO
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SUAROL T INF

DIVENSTON

CO“" PATYN

Tt

HEAT

40 9 XQH
TC1D ) aSURIIZD) s XFLUX(6 ) oRAZZ(G) s CALSIB ) 2CALRIBIIXEAD{GTC) aNSP (S}
FeJItL0Y e TEMWGD)

s XRFAD{64O)

4C) o XTH

40)9YLELYILI0)YsYLBL2(10) o XLBL{10) 9HEAD

XBLKEI0) o YRLK{10 T oHBLK (10 SUBLI2D)
KBk D IMALICOIMAS I ITER JJsLBIMAS2

DATA XHLK/! Pyt s ! Cohy! tyl ty! 14¢ Yyl )
1t 1yt ty )
?ATA YRLK/' t 1 ’! ',! l,t I,' l.l 1,! 1

1! tyt vy

SATA HBLK /! Pgt ! vyt byt 1yt 1! 1,1 '
1 1 g0 1y

DATA SURL /Y ot ) tgt 1yt 1yt Tyt Pyt by
11 1yt ty! t, vy 1y Tyt byt byt ‘;

2 1yt 1yt 1y

fATA YLBLZY VoL TEMP I G EERAT! By VURE ! 9! Vet DEGYeteFe !
1,! !’0 l/

NATA YLBLIZY . ty! VY HEAT s FLUY o' X BT 'U/FT
112mSE Y g1 Myl L o

NATA XLEL/ Yyt ! V! VY P TIMEY 9 Y=SEC' 2 'ONDS Y ! y
1t byt vy ' .
NATA HEADA! tyl! T !MOTO 9 'R HE' 3 'AT Fry L UX "o tCALC o "ULAT Yy -
1'1‘!"‘\,;\( ‘,l l/ . X
DATA CONDZIRHOZ2CP2yRHOLoCP1sD/ 406 s 55940 s 00915 9Des?
lesOao/

100 FORMAT(20A4)

300 FORMAT(4AL42F64282EG4412) ,

800 FORMAT(//10X4HTIMESXTHREADINGGXIOMMILLIVOLTSEXSHTEMP « GX10HTEMP e R]
18E LXGHHEAT FLUX ; )

600 FORMAT( BXFHhe39b6XFba3s6XFhels6XFBa295XFBa294XF1042)

700 FORMAT(IB93F10e4s][5aF10s4)

701 FORMAT(I3914XI192XF547295XI244(F5429F5,0) )

702 FORMAT(21%546(1X119F942 1)

703 FORMAT(///20X25HHEAT FLUX FOR STATION
1 )

706 FORMAT(//1AXEHAXIALEBXI3HSAMPLING TIMEAXGHMeVe RASLBXSGHTIME STEP
1/718XTHSTATIONLIOX7HSFCGNDS29XTHSECONDS/ 18XT1y 9XF10e2913XF&e2910X

NOWI1291H=FBe2912HBTU/FT2=SEC

2 Fbe3420XI12)
7007 FORMAT(/30X11IHCALIBRATION//BX3HRUNLIXTHSTATIONIX4HZERQ2XGHNUMBER OF
1 14X18HREADING/SIGNAL /15XTHREADING3AXSHSTERS/)

708 FORMAT( S5XI2s4X11sy FlOehobaXIlotX4(Fea292XFbal))
709 FORWMAT (12X eFl5e6916Xs11)

900 FORMAT{1H116X20A4)

1100 FORMAT(/10X 20A4 )

KC=2

DO 43 L=146

XFLUX(L)=0,

J6=JJ(6)61

GO TO (56355356455 446) 4 J6

READ(29702) NRUNSNPSs(NSP(L) sCALS{L) sL=19NPS)
WRITELB+702) NRUNSNPSs (NSS(L)sCALS(L)aL=1sNPS)
DO 57 L=1sNPS .

IFINSP{L)) 61957461

1=NSO(L)

XFLUX(T)=CALS({L) -

CONTINUF
WRITF(34900)
REAND(24100)
JC1l=1
WRITE(341100) (SUB(1)sI=1,20)

READIZ29 700 NSTASTIME yBASESDT 9 IPLOT+FXT

35

413

55

61

57
56 (HEAD(I)sI=1910)

(SUR(I)eI=1420)



A6

28

A4

82

50
53

20

41
42

WRITE (3 TOAINSTASTIVE 9BASESDT y 1PLOT
1. NT=IPLOTAL

GO TO (35425435436 ) s [FLOT

Ta] .

REATLZ9709) T(I1eNCONT

TEM L I)ISTUIIEFXT =460

PEUNCONTTT 3R 939438

HER RS
GnoTh 37
“zg

L0 TGOB3

G e He 0NN
[EANSTA) Jatbyl
™

).\.L*l

1(2=a

i=1

WRITEF (397007

QFATOZ’?HI)N?UN!NSTA’ZQC!NSTF’(CALR(L?’CALS(L)DL?ZCIDICZ)'
WRITE (30 TORINRUNINSTASZIROINSTP o (CALRIL T s CALSIL) o1 =1C1sIC2)

[FINSTO=41 B5985485

NG AR L=1yNSTP
CAL=CALEICALS{L)=RASE)/(CALR(L)=ZRQ]
ENSENSTP

CAL =CAL/FNS

READ(29300) RAZZs7EROIXREAD(I N 9 TIMYIwTIMZ
XEAR(IY={XNFAD{ 1)=2R0I*CALGRASE

CALL TCRALIXEZEAD{I) o TEMP)

T(l1)=TEMP

CTEMW(I)=TEMP

I=I€,l

TF{NCONT) 8245449072
Malwl :
WRITF (24500}
FXT=T(1)

nO 50 I=1lsN
TUI)=T(1)=FXT

KQ{11=0.
Cl=eH*¥SORT(341416#COND2RRHOZHCP2/DT)
C72=RHOL*CPI*D/(2,0%#DT)
XT(11=0a0

Cahe]

NO 30 I=22,4K

Q=042

A=z]

KX=]=1

PO 20 J=1leKX

Pz

XXF(TUI)#SERT{Bamg B ) (T(IELIETIU) ) /240%#8GRT(A~140)1 )/ (AmB=yE)5n]led

N=Q&XX

XG(I1)1=Cl/SART(A=140)#(T(1)6Q/34141616C2%(T(I&1)=T(I=1)])

XTI =XT{]1=-1})&0DT
IF(XTLI)=TIME) 40441941
GO TO (42,40)94C1

JC1=2

ISav=]

XFLUX(NSTA)=XQ(I—l)&(XO(I)-XO(I*I))/DT*(TIMEwXT(I-l))

34

. NCONT



3

2

Lé

/7 SuUP
*STORE

,RITt(396ﬂO) XT(I), XREA“(I)’XFAD(I)yTEMW(I)'T(I)9XO(I}
CONTINUE

GO TO (3929493} 1PLOT

CALL GQAF’H(XTQXPEADOXRLK!YBLK’9.’6. QHHLKQSUBLOK’f))
CALL GRAPH{IXT#XO OXRLKQYBLK’gc960,HRLKDSVP‘LQK96)
GO TO 2

CALL uRAPH(XT!XO,XLHL¢YLBLla9o96-’HEADtSUBoK¢6)
CALL GRAPH{IXT TFMWOXLP» yYLBLz!Qo 16 sHEAD sSUBIK 36 )
WRITE(34703) NSTASXFLUXINSTA)
IF(NCONT=2) E6e46356

WRITF(KCYLD I X FLUX

RETURN

FrD

WS UA HEAT
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Arorn o

DIMENSTON X(D)oTl(B)oTZ(?)7T3(3)’W(3)’RF5(20)OIS(ZQ)ONUM(§)Q745)
NATA T1/%V 1H's'YDROVYHIGEN t/
SATA T2/ 7N'0'ITRO',’GEN vy L
DATA T3/V  BRO','XYGE', LV
DATA W/1e00R0914,,0067 1600000/
DATA NUM/4 389169179147/,
TATA T/'H? 14102 tatN2 'd'NHa,’O'HZO vy
NEFINF FILF 1(20098UeKD) : '
KA=1 ‘
KD=1
WRITF(341)
1 FORMAT (1M1
100 SUuM=0,
NG O10 1=148
10 X{1)=0,
REATG(292) IRUNSIROTINI(IS(IIaRFS(I)elzlsN)
2 FORMAT (13912913 92Xs5(1392XsFE1044)/5(1391X9E10e4))
IF (IRUN=GQQ) 12470470
12 N0 39 I=1,8%
DO 20 Jd=1N
IF (IS(S)=NUM{I)) 20915420
15 X(1)=RES(Y)
e T 3G
20 CONTINUE
30 CONTINUE
DO 40 I=145
40 SUM=SUMEX(T)
DO 850 1=145
50 X(I)=X(I1)/SUM
SUM=2 o ¥ X (1) 520 %#X{2)62e#X{3)5Le*#X (4)634#X{5)
Mz (2e#X(1)53e%#X(4)524%X(5) ) /8UM
XN=(26#X{23)6X(4))/5UM
D=(2:#X (216X (8 /75UM
WRITE(3+3) IPUMOIBOT’(T(I),X(I)0I 195) sHeXNO
3 FORMAT (1M 93HRPUNIZ2Xe12¢5Xs6HBOTTLE 92X»12/1H +5(A4s2XsF8, 5’5X)/LH '
18HHYDROGEM 92X sFRe6/1H sBHNITROGENI2XsFRW&/1H s6HOXYGENs4XFBWG/ )
WRITE(KA'KD) HeXNsOs IRUNSIBOT ’ o :
GO TO 100
70 H=10,
XN=0s
O=OQ
IRUN=Q
IBOT=0
WRITE(KAIKD) HeXNsOs IRUNSIROT
READ(Z94) 1DUM
4 FORMAT(I12)
KA=]
KD=1
80 READ(KAIKD) HeXNeDsIRUN IBOT
IF (H=24) 9092004200
90 WRITE(2+5) T1laW(1l)sHsIRUNSIBOT
WRITE(295) T2eW{2) XNy IRUNsIBOT
WRITE(Z245) T3sW(3)sOsIRUNSIBQT
5 FORMAT(3AL 96X sFTatsFTe5928Xe4HRUN 91298H BOTTLE 411}
50 TO 80 ’
200 STOP
END

26



SURRGUTINE T¢RAL(KALuF;?EMPI
¢ SURROUTINE FOR THERMQCQUPLE OF CROMEL*ALUMEL
VALUF =XALWE _
[F{VALUE=10457) 1 2.3
L TEMPSL92464%, 3*VALUF
GO .TO 10 _
2 TEMR=OA,
GO TO 10 - ‘
3 IF(VALQF-Z?.Z&)Q:%qﬁ ol
4 VALUF=VALUF=10487 ‘
TEMP =G40 ,EQ;,Q*VA‘,U‘:
a0 .TO 10 ) o
5 TEMDz1460, ' '
566G 10 10 4 ' o
b 1FIVALUE=33453) 79849
7 VALUS=VALUF=22426
TEMP=1460, 542.R*VALUE
G0 TO 10
8 TEMP=1960,
ne THO 10¢
9 IF(VALUa-44.9‘Ill 12 13
11 VALUEsVALUF=33,93 o
TEMP=1096046650 2#VALUE
GO TO 10 :
12 TEMP=22460,
GO TO 10
13 VALUE=VALUE=4449
TEMD;?060.5a9 O*VALUE
10 RETURN :
: CEND
/4 DuR RE .
#STORE WS UA TCRAL

27



3

fn B

NN N
oA e

&)

NP

SURROUT INF MASS?(ICT;JM?OJICB,JICD’NRUN)

DIMENSICN J(l“)cLF(ld)oLID(Zl);?PEAD(le
COMMON KRKD s IVMAL[CCIMASHITERSJILBRIMAS2
FORMAT(134123F1042)

FORMAT(//10X6HSPECIE 15412H ELIMINATED )
FORMAT(/10X2I1092(5XF124¢4))
FODMAT(/10X5IIO//4(1100515o4))

18=4 :

READLISYIICR) NTEyNROT;NCQ(LID(T)9PREAD(I)oIﬁleCl, )
DhNH3zDe . oo '
NCP=]

NCC=D

DO 1 L=leNC

SIFILIDILY 1104

IF(PRFAD(L)=e0001) 24291
NCC=NCLE]L '
LP= 6ENCC =]

WRITFE(34201) LP
LL=NC=-NCC

DO & L2 =LsbLL

LID(L2)=LIDIL261)

12

/7 DUP
®¥STORE

PREAD(LZ)=PREADILYPEY)
LIDILLEL ==t

50 1O 6

CONTINUE

NCENC=NCC

LNH2=NCE]

PREAD(LNH2) =04

SUM=0 .

DO 7 LL=1sNC
SUM=SUMERPREADI(L ) -
QEAD(29101) NsNB9RRES
WRITE(39202 ) NaNBIPRFS,SUM
WRITE(29204)159J1CB» NTB,NBOT.NCo(LID(x).pREAD(X)’Ial.Nc)
WRITE(ISYJICR) NTRINBOT o NCo (LID(I)4PREAD(T) o=l oNC)
JI1cp=1€0 ' : : “

1CT=0

RETURN

END

.....

WS UA MASS?

:AE?E?/



APPENDIX F
'DATA TABULATION, RUNS 0-8



DATA PRINT-OUT NOMENCLATURE

A. Gas Analysis - Engine Performance (page one)

CF - Cf - thrust coefficient

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

CSTAR -~ C*

F - Thrust

Is1 - I - specific impulse (oscillograph)
1

Is2 - IS - specific impulse (ballistic analyzer)
2

ISR - I, =~ specific impulse ratio (Ig /IS )
r 1 ideal

o/F - oxidizer - fuel ratio

P1-P6 -~ Pl—P6 - gas sample bottle pressure after sampling
PC - P, -~ chamber pressure (oscillograph)

PF -~ Py ~ fuel preésure‘at injectox

PFT - Pf,t - fuel tank pressure

PO - Po - oxidizer pressure at injector

POT - Pé,t - oxidizer tank pressure

PCBA - P - chamber pressure (ballistic analyzer )
PNPC - Pn/Pc - motor pressure ratio

PW - Pw -~ water pressure at injector

TB - b - motor temperature during sampling

-~ fuel flow rate
oxidizer flow rate

- water flow rate

8

'
OS'0£'H§~ 1

I



B, Gas Analysis - (Page 2)

H - H ~ atomic hydrogen
H2 - H2 ~ hydrogen

HO - HO - hydrogen peroxide
H20 - HZQ - water

HO2 - H02

HNO -~ HNO

'H§O2 -~ HNO, = nitrous acid

HNO3 ~ HNQ, - nitric acid

HN - HN

0 - 0 - ateomic oxygen.

0 - 0, - oxygen

N - N - atomic nitrogen

N2 - Nz - nitrogen

NO - NO - nitrogen dioxide
N20 - NZQ ~ nitrogen monoxide
NO02 -~ NO, - nitrogen tetroxide
NH3 -~ NH, f‘ ammonia

A - A = Aargon -

coz  -cQ, - carbon dioxide °



C. Oscillograph Readings (Page 3)

- throat area

AT -~ At

CF - Cf ~ flow rate calibration

CFA - cf,a ~ thrust calibration

CPB = Cp,b -~ Dbottle pressure calibration
CPC = Cp’c ~ Chamber pressure calibration
CPE - C e - motor exit pressure caljbration
CPI - C, 5 -~ injector pressures calibration
CPV =~ Cp,v - tank pressure calibration

CSI -~ C; (ideal) ideal C*

CTB - Ct.b. - motor temperature calibration
F - F -~ force (thrust) (ballistic analyzer)
FD = »pg ‘= fuel density

FFM - Wf - fuel flow rate

FOM -~ Wo - oxidizer flow rate

FM - F o force‘ S

Is - ms(idééi) Ideal specific impulse

oD - Pq - oxidizer density

PAM -~ Pa' - ambienﬁ‘pygssgre
FBI—PBG’Pbi_PbGF Abottle pressures

PC - P, - chanmber pressure (ballistic analyzer)
PCM = Pc - chamber pressure |

PFM - Eﬁ' - fuel pressure at injector

PFT =~ Pf,t = fuyel pressure at tank

PEM - Pe - motor exit pressure

POM - P - oxidizer pressure at injectox
POT = Po,t r oxidizer pressure at tank

PNM - Pn - nozzle exit pressure

PWI -~ PW -~ coQling water pressure

TBM -~ ?b - motor temperature

WM - W - cooling water flow rate



PAGE 1 OF 2
ROCKET MOTOR BOUNDARY FLOW DATA REDUCTION

JPL CONTRACT = NAST7=463 AEROTHERM PROJECT 7009
RUN NUMBER = 0 DATE OF FIRING = 9/ 7/67
FIRING NUMBER = 1 DATE OF DATA REDUCTION = 11/ 2/67

INJECTOR POSITION = 0 DEGREES

- SR S AN G S OTD 3 GRS Gy D 23 &6 Ats we SRR SAD T ey Cmn

GAS ANALYSIS RESULTS

AXIAL STATION (INe) C/F IN BOUNDARY LAYER
1.0280 00000
17780 0.0000
205280 040000
342780 0.0000
4.0280 0.0000
47780 0.0000

ENGINE PERFORMANCE PARAMETERS

0/F 1.1598 CSTAR 4962, CSR 0«80

‘18R 008660 PNPC 040860 CF 1.1034

181 173635 182 170418 PC 141.70tPSIA)
wo 06217 (LB/S) WF 00187 (LB/S) F 69450(LB)

PCBA 138420(PSIA) WwW 060000(LB/S)
SYSTEM DATA

FINAL BOTTLE PRESSURE (PSIA) FLUID PRESSURES (PSIA)
Pl=14.70 P4=14470 PF= 462,20 PFT= 969469
P2=14.70 P5=14,70 PC= 439,70 POT= 954469
P3=14670 P6=14.70 PWe= 95669

TB= 464.,00(DEG R)



PAGE 2 OF 2

OSCILLOGRAPH DATA

RUN NUMBER 1

ENGINE BOTTLE
QUANTITY READING (INCHES! QUANTITY READING (INCHES)
PCM 162700 PB1 060000
PNM e Y PB2 00000
PFM 305800 PB3 040000
POM 304000 PB4 000000
PFT 348200 PB5 00000
POT 347600 PB6 040000

EEM 400600

FOM 342900

PWI 048100

WM 060000 PEM 060000

FM 13900 TBM 040200

BALLISTIC ANALYZER DATA
PC 123450 (PSI) F 7073 tLB)
OTHER DATA

CALIBRATION CONSTANTS MISCELLANEOUS

CFA 50e(LB/IN) CPN  5,(PSI/IN} PAM 14,700(PSI) 1s

CPC 1006 (PST/IN)
CP1 1254(PSI/IN)
CPV 2504 (PSI/IN) -
CPB  0400(PSI/IN)

CTB 200e(F/IN) AT 0s44450(SQIN) oD

CPE Os{F/IN) Cs1 5808 FD

CF  0s33{(G/IN) #=(LB/CUFT)

200.00(S8}
B89eB4 (%)

62771 %)



PAGE 1 OF 4

ROCKET MOTOR BOUNDARY FLOW DATA REDUCTION

JPL CONTRACT = NAS7=463
RUN NUMBER = 1
FIRING NUMBER = 2
INJECTOR POSITION =

DA I3 08 G S0 GE WD N5 MR 45D G TRE S D WD

AEROTHERM PROJECT 7009

DATE OF FIRING = 8/12/67

DATE OF DATA REDUCTION = 11/ 2/67

0 DEGREES

GAS ANALYSIS RESULTS

AXTAL STATION (INe)

O/F IN BOUNDARY LAYER

1.0280 040000

1.7780 040000

265280 0.0000

3.2780 0.,0000

400280 00000

47780 12839

ENGINE PERFORMANCE PARAMETERS

0/F 141745 CSTAR 5124 CSR 0.8823
ISR 048765 PNPC 040866 CF 161042
ISl 17531 152 175489 PC 147 70(PSIA)
Wwo 0+2226(LB/S) WF 0¢1895(LB/S) F T2450(LB)
PCBA 146626(PSIA) Ww 060000(LB/S)

SYSTEM DATA
FINAL BOTTLE PRESSURE (PSIA)

Pl=14.70 P4=14,70
P2=144+70 P5=14.70
P3=14470 P6=19s64
TB= 362600(DEG

FLUID PRESSURES (PSIA)

PFe 49B8¢45 - PFT= 1054470
PO= 459,70 POT= 997420
PW= 152670



PAGE 2 OF &
GAS SAMPLE DATA RUN NUMBER 1

SAMPLES ANALYZED AT SR 8712767
PER CENT MOLE FRACTION

URBRBERRUHA R RRRERFRREEREBRR R RERN R NSRS BEER AL RF BB R AR RSN SRHRRR

E BOTTLE NUMBER
GAS * 1 2 3 4 5 6
v

H 06000 04000 04000 04000 04000 0000
H2 04000 04000 04000 04000 06000 134649
HO 04000 04000 04000 04000 04000 04000
H20 04000 04000 04000 04000 04000 0.220
HO2 04000 04000 04000 04000 04000 04000
HNO 04000 04000 04000 04000 04000 04000
HNO2 04000 04000 04000 04000 04000 04000
HNO3 04000 04000 04000 04000 04000 04000
HN 04000 04000 04000 04000 04000 04000
0 04000 04000 04000 04000 04000 04000
02 04000 04000 0+000 04000 04000 04690
N 04000 04000 04000 04000 04000 04000
N2 04000 06000 04000 04000 0+000 844830
NO 04000 04000 04000 04000 04000 00079
N20 06000 04000 04000 04000 04000 04000
NO2 06000 04000 04000 04000 04000 04000
NH3 00000 04000 04000 04000 04000 0s140
A 06000 06000 04000 04000 05000 00159

co2 0000 04000 04000 04000 0000 0e239



CFA
CPC
CP1
ChPV
cPB

OSCILLOGRAPH DATA

RUN NUMBER 1

ENGINE

QUANTITY READING (INCHES)

PCM
PNM
PFM
POM
PFT
POT
FFM
FOM
PWI
WM

FM

143300
#3484 H%
38700
365600
401600
349300
40700
3¢3400
13800
060000

144500

QUANT
PB1
PB2
PB3
PB4
PB5

PB6

PEM

TBM

PAGE 3 OF 4

BOTTLE

ITY READING (INCHES)

040000
040000
00000
00000
040000
041400

040000

9% 3 % 5 % %

BALLISTIC ANALYZER DATA

PC 131456 (PSI)

OTHER DATA

CALIBRATION CONSTANTS

50 (LB/IN)

100+(PSI/IN)

1256 (PSI/IN)

2506 (PSI/IN)

35032(PSI/IN}

CPN 5:(PSI/IN)
CTB 200+ (F/IN)
CPE Oe (F/IM}
CF 0e33(G/IN)

F 72626 (LB)

MISCELLANEOUS
PAM  14,700(PSI) IS
AT 0e44450(SQIN) oD
Ccs1 5808 FD
#=(LB/CUFT)

200,00(S)
8984 (%)

62e77(%)



PAGE 4 OF 4
COMMENTS ON DATA AND DATA REDUCTION

RUN NUMBER= 1 DATE OF DATA REDUCTION=11/ 2/67

O/F ANALYZED BY WATERLESS FORMULATION

H20 DETERMINED FROM O/F
THIS IS AN SRI ANALYSIS
OXIDIZER AND FUEL DENSITIES WERE bETERMINED USING 75 DEG F

FIRST ATTEMPT = CSI 580840s SI 20040



i w1l F 4
ROCKET MOTOR BOUNDARY FLOW DaAT~ REDUCTION

JPL CONTR..CT = N-S57=463 " ERUTHERM PRUJE.T 7009
RUN NUMBER = 2 D.TE UF FIRING = 9/20/67
FIRING NUMBER = 3 D'TE UF D T REDUCTIUN = 11/ 2/67

INJECTUR PUSITIunw = 0 DEGREES

GAS ANALYSIS RESULTS

AXTAL STATION (INs) O/F IN BOUND..Ry L..1ER
140280 00000
17780 00000
25280 0.0000
342780 1.0875
400280 00000
407780 00000

ENGINE PERFURMANCE PARAMETERS

0/F 1e1523 CSTAR 4985, CSK 0.8583

ISR 0+8919 PNPC 060865 CF 141508

1581 178639 1s2 178431 PC 142470(PSI.)
wo 0¢2191(Lb/S) wF 0e1901(LL/S) F 73400(LC)
PCBA  140693(PSIA) wer 0e2127(Lb/S)

SYSTeM DATA

FINAL BOTTLE PRESSURE (PSIA) FLUID PRESSURES (PSIA)
Pl=14.70 Pl i 32 % PF= 478e44 PFT= 1027419
P2=144+70 PS5=l14e70 Pu= 538644 PuT= 977420
P3=14e¢70 P6=14470 Fu= 14770

To= 684400(DEG )



P.GE 2 uF 4
GAS SAMPLE DAT,. RUN NUMBER 2
SAMPLES ANALYZED AT WT 9/28/67
PER CENT MOLE FRACTION

36 36 26 I I 96 I b I A 34 3 3 3 3 3 36 I 6 336 b I N b I 3 H I I W I 363 I I I3 I I I eI T I 36 I I B KN

. 6OTTLE NUMGER
oA # 1 2 3 4 5 6

*

%*
H 04000 04000 04000 04000 04000 04000
H2 04000 04000 04000 164500 04000 04000
HO 04000 0000 04000 04000 04000 04000
H20 04000 04000 04000 1,32 04000 04000
HO2 04000 04000 04000 04000 04000 04000
HNO 04000 04000 04000 04000 04000 04000
HNO2 04000 04000 04000 04000 04000 04000
HNO3 04000 04000 04000 04000 04000 04000
HN 04000 04000 04000 04000 04000 04000
0 04000 04000 04000 04000 04000 04000
02 04000 04000 04000 04039 04000 04000
N 04000 04000 0,000 04000 0000 04000
N2 04000 06000 06000 734850 04000 04000
NO 04000 04000 04000 04199 04000 04000
N20 04000 04000 04000 04000 04000 04000
NO2 04000 04000 04000 04000 04000 04000
NH3 04000 04000 06000 74390 04000 04000
A 04000 04000 04000 06199 04000 04000

co2 0,000 04000 0000 0500 0000 0,000



ENGINE

QUANTITY

PCM 162800
PNM L L L 2L
PFM 347100
POM 41900
PFT 40500
POT 358500
FFM 267200
FOM 201900
PWI 13300
WM 340600
FM 104600

OSCILLOGRAPH DaTA

RUN NUMBER 2

READING (INCHES)

QUANT
rol
Po2
o3
PL4
rub

Pob

FEM

TeM

P.GE 3 uF 4

OTTL.

ITY READInWG (IwCHES)

040000
040000
00000
248200
00000

00000

00000

1.1200

BALLISTIC ANALZER DATA

PC 126623 (PSI)

CALIBRATION CONSTANTS

CFA 506({LB/IN)

CPC 1004 (PSI/IN)

CPI 125e(PSI/IN)

CPV 2506 (PSI/IN)

CPB 35418(PSI/IN)

CPN
T8
CPE

CF

F 73403 (Lu)

OTHER DATA’
MISCELL.NEOUS
5¢(PSI/IN) PAM 142700(PSI) 1s
2000 (F/IN) AT 0.44450(SQIN)  OD
O (F/IN)  CSI 5808 FD
0450(G/IN) *={LB/CUFT}

200,00(S)
89484 (%)

62771 %)



P-GE & UF 4
COMMENTS ON DATA AND DATA REDUCTION

RUN NUMBER= 2 DATE OF DATA REDUCTION=11/ 2/67

B T N S WD) U AR U SR D S0 - - A S D G S S XN S W 5D N e L

O/F ANALYZED BY WATERLESS FORMULATION

H20 DETERMINED FROM O/F
THIS 18 A WCT ANALYSIS
OXIDIZER AND FUEL DENSITIES DETERMINED USING 75 DEG F

FIRST ATTEMPT = CSI 580840s SI 20000



ROCKET MOTOR BOUNDARY FLOW
JEeL CONTRACT = NAGT=453
?UM KUMBER . .3
FIRING NUMBER = 4

INJECTOR POSITION = 0

WD SES M £V ST NG KD S any NI NI T 29T GXS SIS (a8 €T AN MRS SR Sy EM GO GO S0 GUD B WE WO GFY e U6 de N e ek W GbE Su 04T BT mew Do e 0o e &

GAS ANALYSIS RESULTS

AXTAL STATION (INe)
140280
1,7780

245280

AN

342780

§

£,02890

447780

PAGE 1 OF 4

DATA REQUCT ION

AEROTHERM PROJECT 7009

OATE OF FIRING =~ 10/ 3/67

DATE OF DATA REDUCTION = 1C/24/67

e T B o WD Bk3 ed D (G AN Db o KK, € T B wm M b G AKD v SN ML ity Gl

O/F IN BOUNDARY LAYER

0,00CC
06,0000
00300
0s503¢
0.0C0CC

040000

ENGINE PERFORMANCE PARAMETERS

O/F 13503 CSTAR 4823
iSR - 0.8626 PNPC 0.1263
Is1 172453 1s2 17504
WO 042379(LB/S) WF Ocl?éZ(LB/S)
PCEBA 13§e17(PSIA) bW 0e2585(LB/S)

SYSTEM DATA

FINAL BOTTLE PRESSURE (PSIA)

Pl=14s70 P4=28+08

P2=565499 P5=88a65%
P&=50:28

P3=33428

TB= 758400(DEG R)

CSR CeB8305

CF 1:1675
PC 139 70(PSIAJ
F 72450(LE)

FLUID PRESSURES (PSIA)

PFe 435,95 PFT= 887el

PO= 459,70 POT= 1034&7U

PWe 202470



—

GAS

H2
HO
H20
HOZ2
HND
HNC2

HNO3

NO

N20

NO2

NH3

GAS SAMPLE DATA

RUN NUMBER

SAMPLES ANALYZED AT WT

a
>

10712/

PER CENT MOLE FRACTION

Y L R T E R R R R R R )

% %k K %k %k Ok

04000
0.000
04000
04000
04000
04000
04000
04000
04000
04000
04000
0.000
0.000

06000

04000
04000
04000
04000
0.000
06000
04000
0+000
04000
04000
04000
04000
04000
04000
04003
04000
04000
0.000

0-,C00

BOTTLE NU

3

0000
04000
06000
0+000
0e000
0000
0.00¢
0000
0000
0.000
Ce00C

0000

Ce000
Ce000C
0,000
0000

0000

R

MBER

4

0000
84049
04000

144916
04000
04000
04000
04000

04000
04000
04000
04000

18448C
04039
C+000
04000
134110
524599

04340

PAGE 2 CF &

&7

- . Ry
AR HF IR R NFNHN

04000
04000
Ce«000
0.000
0.000
04000
0.000C
06200
OoQOO
04000
0+000C

0200

nnnnnnnnnnnnnnnn

0s4C0C0
0.00C
Cs000
06000
04000

0.000



PAGE 3 OF 4
OSCILLOGRAPH DATA

RUN NUMBER 3

ENGINE BOTTLE

QUANTITY REACING (INCHES) QUANTITY READING (INCHES)
PCM 142500 PB1 040000
PNM = 045900 PB2 153800
PFM 343700 PB3 045000
POM 345600 PB4 043600
PET 344900 PBS 149900
POT 440800 PB6 09600
FFM 245200

FOM 243800

PWI 148800

WM 347200 PEM 040000
FM 164500 1B 164900

BALLISTIC ANALYZER DATA

PC 124447 (PSI) F 71046 (LB)
OTHER DATA

CALIBRATION CONSTANTS MISCELLANEQUS
CFA  50s(LB/IN) PN 56 (PSI/IN) PAM 144700(PSI} Is 200.001(5)
CPC 100.(PSI/ZIN) CTB 200a(F/IN) AT 0044650 (SQIN) QoD B8BGe75( )
CP1 125.(PSI/IN) CPE Qe (F/IN) CSlI 5808, FD 62477 (%)
CPV 2504 (PSI/INY CF 0-,50(G/IN) #m=(LB/CUFT)

CPB 37s17(PSI/IN}



PAGE 4 OF 4
COMMENTS ON DATA AND DATA REDUCTION

RUN NUMBER=-

‘33

DATE OF DATA REDUCTION=1G/24/67

O W T 8 S QK A N SN Iy SO B A G DT AeR M R G O S GRS § X N Jeu W B 6 B M M8 STS Sk N S T mm R G S N Wl e Ae B M R AED St SR TED coe e T s b GNP Mt e S e GAE e M gl et Miv G e X D W R @

C/F ANALYZED BY ELEMENTAL COMPOSITION

COMMENTS ON FIRING=
PURGE VALVE USED CON NUMBER FCuUR CYLINDERy JPL VALVE USED (
OTHER 5% NUMBER & VALVE LEAKED. NUMBER 1 CYLINDER

PRESSURE

m
-—f
)
>
)
m
-
O
wn
-8
-

EXIT PLANE PRESSURE TRANSDUCER NOT

INSTALLED . APPROXIMATE IDEAL SPECIFIC IMPULSE USED,
COLD MASS SPECTOGRAPHIC ANALYSIS OF BOTTLE NUMBER & ORLY

H20 MOLE FRACTION DATA FROM BACK CALCULATION USING WATERLESS
FORMULATION



L CONTRACT
U \UJ‘:’QF:{ - &

- FIRLHG NUVBER =

et e o e

S 1
A X T AL

152 2469103
151 102607
N

PR Qa2191L2/SI

139452(P5IA)

TOTILE

FINAL £ PRISS
1-3less
p2= Tetl y
NPT

RS
B

AOUNDARY

e o

AERSTHIRN PROJECT 7509

CATS CF FIRING - 11/ 7/67
5 DATZ CF DATA ZEDUCTION = 12/13/67
SCTOR PUSITIGH = 6 DEGRIES
_____ e e e e e e e e e e e e e e
GAS AMALYSIS RESULTS
) C/F 1IN ESUNTATY LAYER
Ce1260
240522
CaZ42%
0e0300
Del6sg
Ceifll
NGI%E PIRFORMANCE Paxs §TERS
CSTAR 3007 €57 Ce8622
PAF c.déso[f! cr 1e2502
B P S
1s2 188482 X4 v135.a9<ps:£:
“F ’éiligé?éa/sa F 76420 (LS
W 242377(LE/8)
SYSTEM DATA -
UIE (REIA) o FLUID FRESSURTS (2SIA)
" V i [} . ' ’
?4'15073 ' PFe 639,72 PFTe GQQ.Vf
PE=23413 PO~ 4364470 POT= 076423
Pe= 3420 P~ 135453
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| OSCILLOGRARH DAT
Qun'RUMBER 4
ENGING : e BOTTLE
QUAMTITY READING (INCHES) GUAGTITY READING
LM i1e26050 C PRl Ded&ln
Dy PR paz EEE X3 2HE
DE 364000 P33 302C00
PO 32,3630 FRg 2eC2C0
PFT 2,3870 PRS 062200
POT 345400 PRS 33t 3 30 3¢ 38
= Z2e5330
Foye 241220
£yl 147160
Zeli 20 Pz Qe 2000
Fa 1e663352 TEM 62970

SALLISTIC ANALYZER 24ATA
PC  12z4e83 (PSI) F 72412 L
OTEER DATA

CALIERATIOE COMNSTANTS “ISCELLANEDUS

500(L3/IN)  CPN  5ePSI/IN)  PAY 144700(PSI)
102e(PSI/IN)  CTR 2004 (F/7IN) AT 0eual30(531%)
125,1PST/IN) CPE  ColF/IN) €SI 5838,
2504 (PSI/IN)  CF  Ca30(G/I%) *=(LB/CUFT)

35433(PSI/IN)

et
v e e et e

2)

O

.
D
L ]

o
o

(]

4] (]

-3
-}

[

S
+

—~

n




PAGE 4 CF ¢4

COVHENTS ON.DATA

. e

BU - LUMRER= 4

AND DATA REDUCTTON

DATE CF DATA REDUCTION=12/15/57

-~ - - . D e P W e R S GIS W08 S S RN TR NS D MO B G et ) T OB W A SN U LT PO B e G B et o Wt W) s Gt vt G WD R G ST RS O iy O L WS R S0 TR G W e G A S s Gwe S




ROCYET TOTOR

NET Y A S
3T BT -

NASTm453

T

TIRING NUMBER = 6
GAS
AXTAL STATION (INa)
140280
1a7780
245280
342720
40280
447780
ENGIE
O/F 140266 cs
I15R 0-3149 PN
IS 196646 (SEC) r
158 187400 (5EC) Fa
W0 6.1819 (LB/S) WF
D52 140272
PREGEYRE (PSTA)
nE LL5e94 PFT ag
0o 39408 POT 102
o 167612

S T S N
RS S !
ROUNMDARY FLOw DATA REDUCTION
AEROTHERM PROJECT 70809
INJTCTOR FOSITION = "

DATF OF FIRING = 12/29/467

G S T G - o S} I WO Tt Gan W v e e g SO W b G e S Gt ot Moo e et A Mk B e et o

ANALYSIS RESULTS

O/F 1M BOURDARY LAYER

PERFORMANCE PARAYETERS

TAR 53154 (FT/S) CSR 049112
PC 040819 CE 141892
70e54 (LE) PC 1334645 (PSIA)
67415 (LB) BCB 134440 (PSIA)
0e1771 (LB/S) W« 02312 (LB/S)

SYSTEM DATA

TEVPERATURE (DEGeR)

£e07 TE T40e60 TO A4 e
2626 TS 854450 TF  B51lCe50C
TV1 0620



PAGE 2 GF 4

GAS COMPOQSITION RUN NUMBER 5
F G 3 S0 3 20 RS YR IR 3 R G0 30 3 5E 3 36 3 38 30 3035 35 36 36 3% 36 34 33 36 36 3 3 4836 30 31 9% 3 Sk sE %
14
* MOLE FRACTI
*
¥*
*
GAS #* 4 5 &
e L
H2 * - 14s738 174818 134598
: cafelog L L1eBlB A2 .
H20 * 156616 21.284 44109 114062 74317 114409
¥
02 * 0000 04000 04000
N2 * 194871
5
MO * Debbb 0000 0000 0000 0000
¥*
N20O * 14006
L
NO2 #0369 0000
e .
NH3 # 306955 184881 39,766 406335 51,764
*
N2HL 00 02 04000
A 04003
cor * lel156 0000 0s636 06943 0e222 0e358
*
HE * 14986
&*%%f%%%%%
PRESSURE

(PSTA) = o 9478




PAGE 3

C
I
s

UM LUMEED 5

OSCILLOGRAPH DATA

CUANTITY  REASING  CAL GUANTITY  “REABING  CAL
(INe)# (INe)
MOTOR
T WF i F
pC p0

252¢54

144 700(PSIA)

s

# CPS FOR WF AND wO




PAGE 4 OF 4
. COMMENTS ON DAT‘A‘AN:{D DATA REDUCTION

QUM NUMBER= 5 7 DATE OF DATA REDUCTION= 0O/ 0/6C

A S S R Koo I S

]

P L )




ROCKET ¥CTOR BOUNDARY FLCOW DATA REDUCTICN
JPL COMTRACT = MAST7=463 AERCTHERM PROJECT 7009
Pl WUNBRER e & INJECTOR POSITION = 3

FIRING HUMBER = 7 R DATE OF FIRING = 12/29/67

S S B e e b St i Gt B M) N 0 BAD ENL RS WD e SN A 58 S S man S ANt AN A WP S W o WO T MO G S M VR PSS A W i B G Ses W Wk SR G Sk M S i ot S A S et e Guin G b St B G G S G e e Pete G b e -

GAS "ANALYSIS RESULTS. v
AXIAL STATION (INe) .. . O/F IN BOUNDARY LAYER

140280 0e1687
147780

040000

342780

40289

CQe3210

c;sség,

ENCINE PERFORMANCE PARAMETERS

FT/SY

IS 17C«77 (SEC) F 70616 (LR) PC 14107 (PSIA)

0 (LB/S)

PSR "1.0000

TEVPERATURE

nE

08059 TB  748.3C TO 522.50

O 432490  POT 979430 TS 925468  TF 516487

il fﬁ@{ﬁ@" e - BB };..W,vAfvi,sagi7§mbmﬁ__wm



PAGE 2 COF
GAS COMPOSITION RUN NUMBRER 6
N R I RS2 L T S TR R R A S R S T e

H20 * 11757 0e00C0 Te348 200417 25075

234700

W20 * De659 Ce0CO 16271 0eCOC Ce283 14328

0a596

>
ES

04005 CeCCO 0e037 04000 0e000 06C00

*

36 36 36 34 36 36 36 I 30 2 36 36 I 36 36 3 36 36 3 38 36 6 63 6 36 36 9 36 A I 3636 I 36 36 W 3 36 363638 I A I 036 36 36 36 3 I 3 36 I 6 33 *




PAGE 3 CF &
RUN NUMBER 4

OSCILLOGRAPH DATA : .

QUANTITY READING ¢aLl ©UQUANTITY | READING AL
{INa I ® (INe}

W 70400

PC 2451 PO 3438 123436

BATW33

3466 263e9C

65,230 (U8/CUFTY

# CPS FOR WF AND 0




RUN WUMRER=

ol e AT Ot I i Y W R A

_O/F AN
FIRING RAN.O
OPEN FOR ABOUT

BOTTLE 2




ROCKET MOTOR BOUMNDARY FLOW DATA RENUCTION

JPL COMTRACT =~ NAST7=463 FERCTHERM PIDJECT 7009
RUTSL VUMPED - 7 Ired=CTO% #BUSITIuN = v
FIRING NUMBER = 2 DATE OF FIRING = 12/29/67

R e S B ot e ot S o Ol ot O WA A e e O Wes S04 Waid Wi WA e IS G AN MW L e W MR S A M UL G G o e M G ke et S v W S e 4 S e s el G N - e L S Gt e A m e e e S S - e

GAS ANALYSIS RESULTS

AXIAL STATION (INe) o o C/F 1IN BOUNDARY LAYER
10280 NelE33
147780 02252
245280 0.0281
342780 Ce2270
440280 > EITITELI 0e2679
’ 0k 044367

ENMGINE PERFORMAMCE PARAYVETERS

0/F 75 TFT/S) CSR 0eBG46

ISR P le1s97 -

IS 175491 (SEC)  F T1e74 (L) PC 140437 (PSIA)
1se 177401 (sECT T e 165469 (PSIA)

Wi 040000

(LB/S)

PSR Na9965

 PRESSURE (PSTA)

NPERATURE (DEGeR)

PF 4574473 PFT 954686 TB  T772.7C TS 535430
PO 443480 . POT 976460 TS 90330  TF 523450

P 16070 CTVI 772475



PAGE 2 OF 4
GAS COMPOSITION RUN NUMBER 7

2 L2t 34 SR Gl g GE 0 O 26 36 L 36 0 20 3R e oL 6 St S AL A A LR VA VA R TR VR VARV AR VRS VIR 3 SRR ML 3O AL N i Mo s
3635 30 3 A 3030 S8 98 30 8 90 S0 S8 38 A0 28 30 00 0 2E 0 5 20 S8 98 3k 30 00 N M b 30 0 35 b 3 3 3 36 3 3E 36 B SR 3 0 N S A M

¥*
* MOLE FRACTION

*®

*
* BOTTLE NUMBER

vt
9

SAS 3 1 2 3 4

%

B s b 3
H2 * 2184262 184172

- v aeba ; i
HPO * 74508 174070 1:090 94003 74617 144218

o
N
* %

1e319 Ce267

3B ab4T5

M20 ¥* D074 Ce0CO Celb0C Ne CEQ Ca000 le2l6

NGZ Ca968

NH3 17.808

NP 04042

A

coz

HE 3* 0705 3,058 2550 49318 44296 BEe698

PRI R R R
CPRESSUR

(PSTA) 3919 27.68 38626 27432 100491 18.36




\ PAGE 3 CF 4
UN NUMBFR 7

OSCILLOGRAPH DATA

GUANTITY ° BEADING © CALTT T aUaTrTY

(INo )3

125410

TERB eI

Qa2

0429 42407

148700

(PSIA)

# CPS FOR wFE AND WO




COMMENTS ON DATA ARD DATA REDUCTION

PUN NIMBERw- 7

DATE OF DATA REZIDUCTION= U/ Cr6C

O7F ANALYZED BY ELEMENTAL COMPOSTTION

SIGYAL ON WATER PRESSURE LOST




RALE 1 LUF 4
RCCKET MOTOR BOUNDARY FLOW DATA REDUCTION
JPL CONTRACT = NAST=463 AERGTHERY PROJECT 7009
S apnEs - e INJFCTOR PCSITION = ¢
FIZING NUMBER = 9 DATE OF FIRING = 12/29/67
GAS ANALYSIS RESULTS

PXIAL STATION (INe) 0/F IN BOUNDARY LAYER

1.0220 3.0113

1.7782 0el084

245280 o S 041371

342720 Je1523

440280 047019

447780 SR G ART | Cet366

FRNGTAD BPERFORMANCE PARAYETFERS
O/F  1e1425 CSTAR 49004 (FT/S)  CSR 048416
1SR 047732 : 0.0814 - CF la1338
IS 175.73 (S§C)  F 7174 (LB) PC 139487 (PSTA)
ISR 176474 (SEC) ~FBY ~ | T2el5 (LB) . PCB 154482 (PSIA)
WO 042176 (LE/S)  WF 041905 (LB/S) W 040000 (LB/S!
S De G930
ESYST%% DATA
s=zssume (PSTAL TEUPENATURE (DEG.R

PE 457443 OFT 934481 TE 75143C  TO 536670
°3 450406  POT  98le51 TS 964e10  TF  52343C

~

R 166,17 B TV1 R5C,

)



EAGE 2 UF 4

GAS COMPOSITION RUN NUMBER 8
O E AL S I M A SE AR S M R L M M S I R S M e e R Rt e A P I - P T o
3#
3
##
3*
g
*
GAS * 1 2 3 &4 5 6
H2 84574 184819
=20 ¥* 0e203 8e882 Rel45 456597 140320
02 Oekl2
Qé  360430 £
20 ¥* 0e0CO0 Del34 Oells DeCs7 Je200 14335
N2 16152
ENHE >291U06
N2HG 0s000 0000 0e000 00500 0012 Ue(058

ME ¥* 94,982 46330 2287 46967 16775 Belkb8

RS RR

{PSIA) 31.38 28491 37,91 2648 164264 19656




PAGE 3 QF ¢4
RUN NUMBER 3

OSCILLOGRAPH DATA

ABING
(INe)

DUANTITY READTNG
(INg)®

el Siaaeet i

250471

=~0e69




COMVENTS G DATA AND DATA REDUCTION

ot . oY wtm] oA T N~ T A el el S SN ~ ~ 7z
BRI A pr i - f L/HT?‘ LR SR A o uG o D/ 0
S chan b ew ar Ehad Ao tain e e A S e e IS B SR WA DOIE S RO S W SN A58 KD 1ol AR A R T SN0 e A s DOV . . S e A ek K A SO Mt A TP oo A KON G L S e Go0 AR Sl s ke o ot U o Sne s S . Pt BT ke it T

O/F ANALYZED BY ELEMENTAL COMPOSITION




Copies

25

DISTRIBUTION LIST FOR FINAL REPORT
CONTRACT NAS7-463

NASA PASADENA OFFICE

4800 OAK GROVE DRIVE

PASADENA, CALIFORNIA 91103
PATENTS AND CONTRACTS MANAGEMENT

JET PROPULSION LABORATORY
4800 OAK GROVE DRIVE
PASADENA, CALIFORNIA 91103
DONALD BOND

CHIEF, LIQUID PROPULSION TECHNOLOGY RPL
OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY
NASA HEADQUARTERS

WASHINGTON, D. C., 20546

DIRECTOR, TECHNOLOGY UTILIZATION DIVISION
OFFICE OF TECHNOLOGY UTILIZATION

NASA HEADQUARTERS

WASHINGTON, D.C., 20546

NASA SCIENTIFIC AND TECHNICAL INFORMATION FACILITY
P. O. BOX 33
COLLEGE PARK, MARYLAND 20740

DIRECTOR, LAUNCH VEHICLES AND PROPULSION, SV
OFFICE OF SPACE SCIENCE AND APPLICATIONS
NASA HEADWUARTERS

WASHINGTON, D.C., 20546

DIRECTOR, ADVANCED MANNED MISSION, MT
OFFICE OF MANNED SPACE FLIGHT

NASA HEADQUARTERS

WASHINGTON, D.C., 20546

MISSION ANALYSIS DIVISION
NASA AMES RESEARCH CENTER
MOFFETT FIELD, CALIFORNIA 24035

Designee

(%)

(x)
(x)

(x)

(x)

(x)

(x)



NASA FIELD CENTERS

AMES RESEARCH CENTER HANS M., MARK

MOFFETT FIELD, CALIFURNIA 94035

GODDARD SPACE FLIGHT CENMNTER ' MERLAND L. MOSESON
GREENBELT, MARYLAND 20771 : CODE 620

2 JET PROPULSTION LABORATORY HENRY BURLAGE, JR
CALIFORNIA INSTITUTE OF TECHNOLOGY PROPULSION DIV. 38

4800 OAK GROVE DRIVE

PASADENA, CALIFORNIA 91103

2 LANGLEY RESEARCH CENTER ' ED CORTWRIGHT
LANGLEY STATION . DIRECTOR
HAMPTON, VIRGINIA 23365
LEWIS RESEARCH CENTER DR. ABE SILVERSTEIN
21000 BROOKPARK ROAD DIRECTOR
CLEVELAND, OHIO 44135 : '
MARSHALL SPACE FLIGHT CENTER HANS G. PAUL
HUNTSVILLE, AUABAMA 35812 CODE R-P+VED
MANNED SPACECRAFT CENTER JoG. THIBODAUX, JR.
HOUSTON, TEXAS 77001 7 7 CHIEF, PROP. + POWER DIV.
JOHN Fo KENNEDY SPACE CENTER, NASA DR. KURT H. DEBUS

COCOA BEACH, FLORIDA 32931

GOVERMMENT INSTALLATIONS

AERONAUTICAL SYSTEMS DIVISION ’ Dele SCHMIDT
AIR FORCE SYSTEMS COMMAND CODE ASRCN(C~-2

WRIGHT-PATTERSON AIR FORCE BASE
DAYTON, OHIO 45433

AIR FORCE MISSILE DEVELOPMENT CENTER MAJ., R.E« BRACKEN

HOLLOMAN AIR FORCE BASE
NEW MEXICO 88330

AIR FORCE MISSILE TEST CENTER Ledo ULLTAN

PATRICK AIR FORCE BASE, FLORIDA

SPACE AND MISSILE SYSTEMS ORGANIZATION COL. CLARK

AIR FORCE UNIT POST OFFICE , TECHNICAL DATA
LOS ANGELES 45, CALIFORNIA 90045 CENTER

ARNOLD ENGINEERING DEVELOPMENT CENTER DRe HeKo. DOETSCH

ARNOLD AIR FORCE STATION

TULLAHOMA, TENNESSEE 37388



BUREAU 0OF NAVAL WEAPONS
DEPARTMENT OF . THE NAVY

Je. KAY
RTMS~-41

WASHINGTON , D. Cs 20546

DEFENSE DOCUMENTATION CENTER HEADOUARTERS
CAMERON STATION, BUILDING 5

5010 DUKE STREET
ALEXANDRTA, VIRGINIA 22314

ATTMY  TISIA

HEADQUARTERS, U.S. AIR FORCE
WASHINGTON 25, D.C. 20546

COL.CeK. STAMBAUGH
AFRST

PICATINNY ARSENAL

1. FORSTEN, CHIEF

DOVER, NEW JERSEY 07801

LIQUID PROPULSION
LABORATORY , .

AIR FORCE RDCKET PROPULSION LABORATORY

RESEARCH AND TECHNOLOGY DIVISION
ATR FORCE SYSTEMS COMMAND

EDWARDS, CALIFORNIA 93523

U.S. ARMY MISSILE COMMAND _
REDSTONE ARSENAL

MR. WALTER WHARTON

ALABAMA 35809

U.S..NAVAL ORDNANCE TEST STATION
CHINA L AKE

CODE 4562
CHIEF, MISSILE

CALIFORNIA 93557

PROPULSION DIV,

CPIA

CHEMICAL PROPULSION INFORMATION. AGENCY

TOM REEDY

APPLIED PHYSICS LABORATORY
8621 GEORGIA AVENUE

STLVER SPRING, MARYLAND 20910

INDUSTRY CONTRACTORS

AEROJET=-GENERAL CORPURATION
P, 0. BOX 296

W. L. ROGERS

AZUSA, CALTFORNIA 91703

AEROJET-GENERAL CORPORATION
Pe O. BOX 1947

Re STIFF

TECHNICAL LIBRARY, BLDG 2015, DEPT, 2410
SACRAMENTO, CALIFORNIA 95809




SPACE DIVISION

Se MACHLAWSKI

AEROJET-GENERAL CORPORATION
9200 EAST FLAIR DR

EL MONTE, CALIFORNIA 91734

AEROSPACE CORPORATION
2400 EAST EL SEGUNDO BOULEVARD

JOHN G. WILDER
MS=2293

P. 0. BOX 95085
LOS ANGELES, CALIFORNIA 90045

ASTROSYSTEMS INTERNATIONAL. INC,

A. MENDENHALL

1275 BLOOMFIELD AVENUE
FAIRFIEL D, NEW JERSY 07007

ATLANTIC RESEARCH CORPORATION

DRs RAY FRIEDMAN

EDSALL ROAD AND SHIRLEY HIGHWAY
ALEXANDRTIA, VIRGINIA 22314

AVCO SYSTEMS DIVISION

HOWARD Bo WINKLER

WILMINGTON, MASSACHUSETTS

BEECH AIRCRAFT CORPORATION
BOULDER DIVISION

Js He RODGERS

BOX 631
BOULDER » COLORADO

BELL AEROSYSTEMS COMPANY

P.0. BOX 1
BUFFALO, NEW YORK 14240

We Ma SMITH

BELLCOMM

He Seo LONDON

955 LYENFANT PLAZA, S. W,
WASHINGTON, De Co

BENDIX SYSTEMS DIVISIOGN

JOHN Mo BRUEGER

BENDIX CORPORATION
3300 PLYMOUTH ROAD

ANN ARBOR, MICHIGAN 48105

BOEING COMPANY

J. Do ALEXANDER

Pe O« BOX 3707
SEATTLE, WASHINGTON 98124

BOEING COMPANY

LIBRARY

1625 K STREET, N. W,
WASHINGTON, Dse Co 20006




BOEING COMPANY

TED SNOW

P. O. BOX 1680
HUNTSVILLE, ALABAMA 35801

MISSTLE DIVISION

MR. JOHN GATES

CHRYSLER CORPORATION
P, D. BOX 2628

DETROIT, MICHIGAN 48231

WRIGHT AERONAUTICAL DIVISION
CURTISS-WRIGHT CORPORATION

Ge KELLEY

WOOD-RIDGE, NEW JERSEY 07075

RESEARCH CENTER
FAIRCHILD HILLER CORPORATION

RALPH HALL

GERMANTOWN, MARYLAND

REPUBLIC AVIATION CORPORATION
FAIRCHILD HILLER CORPORATION

- LTBRRARY

FARMINGDALE, LONG ISLAND, NEW

YORK

GENERAL DYNAMICS, CONVAIR DIVI
LIBRARY + INFORMATION SERVICES

SION

(128-00)

FRANK DORE

Pe O« BOX 1128

MISSILE AND SPACE SYSTEMS CENTER

GENERAL ELECTRIC COMPANY

Fe MEZGER
Fe Eoe SCHULTZ

VALLEY FORGE SPACE TECHNOULOGY CENTER

P.0. BOX 8555

PHILADELPHIA, PA,

GRUMMAN‘AIRCRAFT'ENGINEERING CORP.

BETHPAGE, LONG ISLAND

JOSEPH GAVIN

NEW YORK 11714

HONEYWELL, INC,
AEROSPACE DIV.

MR+ GORDON HARMS

2600 RIDGWAY RD

MINNEAPOLIS, MINN,

HUGHES AIRCRAFT CO.

E. He MEIER

AEROSPACE GROUP
CENTINEILLA AND TEALE STREETS

VeP,AND DIV. MGRG,
RESEARCH + DEV. DIV.

CULVER CITY, CALIF. 90230

WALTER KIDDE AND COMPANY, INC.
AEROSPACE OPERATIONS

Re Je HANVILLE
DIR. OF RESEARCH ENGR.

567 MAIN STREET
BELLEVILLE, NEW JERSEY

LING=TEMCO-VOUGHT CORPORATION

WARREN G. TRENT

P, 0. BOX 5907

DALLAS, TEXAS 75222



ARTHUR D. LITTLE, INC.
20 ACORN PARK

LIBRARY

CAMBRIDGEs MASSACHUSETTS 02140

LOCKHEED MISSILES AND SPACE CO.
ATTN-TECHNICAL TNFORMATIUN CENTER

Jo GUILL

P.0. BOX 504
SUNNYVALE, CALTFORNIA 94088

LOCKHEED PROPULSION COMPANY

Pe 0. BOX 111
REDLANDS, CALTFORNIA 92374

He Lo THACKWELL

THE MARQUARDT CORPORATION

HOWARD MC FARLAND

16555 SATICOY STREET
VAN NUYS ,CALIF. 91409

BALTIMORE DIVISION

MR, JOHN CALATHES (3214)

MARTIN MARIETTA CORPORATION
BALTIMORE, MARYLAND 21203

DENVER DIVISION

DR MORGANTHALER

MARTIN MARIETTA CORPORATIUN
P, 0. BOX 179

A. Jo KULLAS

DENVER, COLORADO 80201

ORLANDO DIVISION
MARTIN MARIETTA 'CORP,

Je FERM

BOX 5837
ORLANDO, FLORIDA

ASTROPOWER L ABORATORY

DR. GEORGE MUC

MC DONNELL-DOUGLAS AIRCRAFT COMPANY

2121 PAUL ARINO

DIRECTOR, RESEARCH

NEWPORT BEACH, CALIFORNIA 92663

MCDONMEL-DOUGLAS AIRCRAFT CORP.
Pe 0. BOX 516

R. A. HERZMARK

MUNICIPAL ATIRPORT
STe LOUIS, MISSOURI 63166

MISSILE AND SPACE SYSTEMS DIVISION

MRs Ro Wo HALLET

MC DONNELL-DOUGLAS ATRCRAFT COMPANY
3000 OCEAN PARK BOULEVARD

CHIEF ENGINEER
ADV. SPACE TECH.

SANTA MONICA, CALIF., 90406

SPACE+INFORMATION SYSTEMA DIVISION
NORTH AMERICAN ROCKWELL

LIBRARY

12214 LAKEWOOD BOULEVARD
DOWNEYs CALIFORNIA 90241

ROCKETDYNE (LIBRARY 586-=306)

DRe Re Jo THOMPSON

6633 CANOGA AVENUE
CANQGA PARK, CALTF., 91304

Se F. TACUBELLIS




NORTHROP SPACE LABORATORIES

DRe WILLTAM HOWARD

3401 WEST BROADWAY

HAWTHORNE, CALIFUORNIA 90250

AERONUTRONIC DIVISION
PHILCO CORPORATION

D. A. GARRISON

FORD ROAD
NEWPORT BEACH, CALIFORNIA 92663

ASTRO-ELECTRONICS DIVISTON

Yo BRILL

RADIO CORPORATION UF AMERICA
PRINCETON, NEW JERSEY 08540

ROCKET RESEARCH CORPORATION

FOY MCCULLOUGH, JR.

520 SOUTH PORTLAND STREET
SEATTLE, WASHINGTON 98108

SUNSTRAND AVIATIOM

Reo We REYNULDS

2421 11TH STREET
ROCKFORD, TLLINOIS 61101

STANFORD RESEARCH INSTITUTE

DR GERALD MARKSMAN

333 RAVENSWOOD AVENUE
MENLDO PARK, CALIFORNIA 94025

TRW SYSTEMS GROUP

Go We ELVERUM

TRW INCORPORATED
ONE SPACE PARK

REDONDD BEACH, CALIF. 90278

TAPCO DIVISION
TRW, INCORPORATED

Pe T« ANGELL

23555 EUCLID AVENUE
CLEVELAND, OHID 44117

REACTION MOTORS DIVISION

DWIGHT So SMITH

THIOKOL CHEMICAL CORPORATION
DENVILLE, NEW JERSEY 07832

THIOKOL CHEMICAL CORPORATION

JOHN GOODLOE

HUNTSVILLE DIVISION
HUNTSVIULE, ALABAMA 35807

RESEARCH LABORATORIES

ERLE MARTIN

UNITED ATIRCRAFT CURP.
400 MAIN ST.

EAST HARTFORD, CONN, 06108

HAMILTON STANDARD DIVISON
UNTITED ATIRCRAFT CORP,

MRs Re HATCH

WINDSOR LOCKS, CONN, 06096



UNTTED TECHNOLOGY CENTER
587 METHILDA AVENUE

DR. DAVID ALTMAN

P. 0. BOX 358
SUNNYVALE, CALIFORNIA 94088

FLORIDA RESEARCH AND DEVELUOPMENT

R.Je. COAR

PRATT AND WHITNEY AIRCRAFT
UNITED AIRCRAFT CORPORATION

P 0. BOX 2691

WEST PALM BEACH, FLORIDA 33402

VICKERS,y INC.
BOX 302

TROY, MICHIGAN
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