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FOREWORD

This final report is submitted for the LOX/Hydrocarbon Fuel Carbon
Formation and Mixing Data Analysis Program per the requirements of Contract
NAS 3-22823. The work was performed by the Aerojet Liquid Rocket
Company (ALRC) for the National Aeronautics and Space Administration-Lewis
Research Center (NASA-LeRC). The objective of the program was to
correlate the combustion phenomena observed under NASA/JSC Contract NAS
9-15724 with the calculated propellant combustion parameters through the use
of injector cold-flow testing and analytical evaluation of propellant
vaporization and mixing characteristics.

The NASA-LeRC project manager was Mr. J. P. Wanhainen. The ALRC
program manager was Mr. R. W. Michel, and the project engineer was Dr. J.
Fang. The following individuals also contributed to the success of the

program:

Arnold R. Keller Cold-Flow Testing
Sharon L. Munger Word Processing
Jerry L. Pieper Reviewing
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I INTRODUCTION

A, Background

Two key areas for limiting the cost of future space transportation
systems are economical engine development and operation and optimal
utilization of low-cost propellants, such as the liquid oxygen/hydrocarbons
(LOX/HC). As a result,it is imperative to characterize LOX/HC combustion
through the analysis and test of various injector element designs to provide
a data base to rationally select the most promising propellant combination(s)
and injector elements for future technology efforts and engine development

programs.

High-speed single-element photography has been proven to be an
economical and effective method for characterizing and evaluating hypergolic
propellant combustion (Reference 1). The results have been successfully
applied to several engine development programs at Aerojet Liquid Rocket
Company (ALRC). Recently, the same technique was successfully used to
characterize LOX/HC propellant combustion under a study contract sponsored
by NASA/JSC (Reference 2) in which high-speed photographs were taken of
the impingement spray field and adjacent combustion zone. A total of 127
tests were conducted using four different fuels (RP-1, propane, liguid and
gaseous methane, and ammonia) and seven different injector element types
(Oxidizer-Fuel-Oxidizer (OFO) Triplet, Rectangular Unlike Doublet (RUD),
Platelet Transverse Like-on-Like (TLOL) Doublet, Unlike Doublet (UD),
Electrode-Discharge-Machined Like-on-Like (EDM-LOL) Doublet, Pre-Atomized
Triplet (PAT), and Slit Triplet). These photographs show regions of dark
clouds emanating from the propellant spray. The prevalence of these dark

clouds was found to be dependent on chamber pressure, fuel temperature,



propellant mixture ratio, and injector element design; and they have been
interpreted as areas of fuel vaporization-dependent carbon formation.
However, the interpretation has not been substantiated through experimental
measurement or analytical evaluation. Since this observation is key to
understanding carbon formation and hence, performance and compatibility
within LOX/HC engines, it is imperative that substantiation be provided.
B. Objective
-The objective of this effort is to improve the understanding and
the prediction techniques of LOX/HC carbon formation and combustion
performance. Analytical combustion models and supporting cold flow data
were used to estimate propellant mass distributions under hot-fire conditions
for correlation of carbon formation regions observed in existing photographic
combustion to verify the hypothesis of fuel-vaporization limited carbon
formation,
C. Scope
The analytical models which were used are limited to those with
successful previous experiences or those justifiable by experimental
evidences. The propellant mass distribution in the combustion chamber was
assumed identical to that determined by the injector cold-flow testing. The
carbon formation data was limited to those reported in Reference 2 and no
additional hot-fire tests were conducted.
D. Approach
The basic approach for this study consisted of the determination of
the propellant droplet spray cold-flow mass distribution and calculation of
the vaporization rates of individual streamtubes t? provide the basis for the
prediction of spatial variation of liquid and vapor phase mixing. These

predictions were subsequently used to correlate with regions of suspected
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carbon formation within the spray and recirculation gas zones. The program
consists of the following three technical tasks:

Task 1, Selection of Data for Analysis, resulted in the selection of
40 tests from the 127 tests conducted under contract NAS 9-15724 (Reference
2) for further analytical evaluation. The selected tests included data
obtained fromd four injector element types (EDM-LOL, TLOL, OFO Triplet
and PAT) and two fuels (RP-1 and propane).

Task [I, Data Analysis, consisted of two subtasks: (I} injector
cold-flow testing to measure the liquid-phase mass distributions; and (2)
vaporization analysis to predict the gas temperature,and liquid/vapor
propellant mass distributions in various locations in the chamber.

During Task Ill, Data Correlation and Analysis Update, the
calculated combustion parameters were correlated with the observed

combustion phenomena to define the carbon formation mechanism.



i SUMMARY

The photographic carbon formation data of Reference 2 were reviewed.
From the 127 hot-fire tests conducted, forty tests were selected for further
analytical evaluation of the propellant vaporization and mixing
characteristics. These tests included two hydrocarbon fuels (RP-1 and
propane) and four injectors (OFO Triplet, TLOL, EDM-LOL, and PAT).
Each injector exhibited its unique carbon formation characteristics and the
tests selected covered wide range of injector/propellant operating conditions
showing large variations of carbon formation.

All four injectors were cold-flow tested using a collection device to
characterize the propellant mixing pattern. The sprays issuing from the
injector or formed by the impinging jets were picked up by a 4.83 cm x 4.83
cm (1.49" x 1.49") collector head, which was evenly divided into 100 (10 x
10) flow passages. The fluids through each passage were collected by a
glass tube. Since the propellant simulants (Freon for the oxidizer and water
for the fuel) were immiscible, the volume of each of the two simulants
collected by any given location was determined readily. This measurement
was repeated for various distances between the injector and the collector
head, to establish the mass and mixture ratio distributions of the two
propellants at various chamber axial locations.

A vaporization computer model was written to predict spatial variation
of propellant vaporization rate using the injector cold flow results to define
local zones (streamtubes). This model applied the Priem-Heidmann
Generalized-Length vaporization correlation to the individual streamtubes

determined from the cold flow measurements. Consideration was also made to



include the off-nominal gas temperature effect on the vaporization rate
caused by mixture ratio variation.

Results of this analysis show that the fuel vaporization rate and the
local mixture ratio produced by the injector element have first order effects
on the degree of carbon formation. Low fuel vaporization rates significantly
increase the degree of carbon formation. Also, fuel rich zones containing
liquid (vaporizing) fuel are sources of carbon formation. For similar injector
operating conditions, propane produces less carbon formation than RP-1
because of its higher wvaporization rate. Chamber pressure also appears to
have an effect on carbon formation which is observed to decrease with
increasing pressure.

As a result, the degree of carbon formation can be controlled by
controlling the fuel vaporization rate and the local combustor mixture ratio
distribution. These parameters, on the other hand, are a function of the
injector element design and the propellant properties and operating
condition.

The present study was lmited to uni-element injectors, which inherently
possess large amount of hot gases recirculating in the combustion chamber.
In order to have a closer simulation of full scale engine combustion
environment, further Investigations wusing multi-element injectors a
recommended.

The vaporization analysis of the present study included the effect of
propellant mixing, which was characterized by injector cold-flow. This
approach of integrating the mixing data into the propellant vaporization
analysis was found to be practical in usage and realistic in modeling; vyet,
the computation was simple and straight forward. Hence, an engine

combustion performance model can be readily developed using the present



model as a frame work. Such a model is useful and convenient for engine

design or data analysis.



i HOT-FIRE DATA

A. Test Results Summary

The work undertaken by Reference 2 resulted in the design and
testing of seven single element injectors and four fuels with the am of
photographically characterizing combustion phenomena of LOX/HC propellant
combinations. The seven injectors tested were the OFO Triplet, the Platelet
Transverse Like-on-Like Doublet (TLOL), the Rectangular Unlike Doublet
(RUD), the Unlike Doublet (UD), the Electrode Discharge Machined
Like-on-Like Doublet (EDM-LOL), the Platelet Pre-Atomized Triplet (PAT),
and the EDM Slit Triplet. The fuels tested were RP-1, Propane, Methane
and Ammonia. The hot firings were conducted in a specifically constructed
square chamber fitted with quartz windows for photographically viewing the
impingement spray field. Removable copper inserts were used for varying
the nozzle configuration to provide the desired operating chamber pressures.
Figure 1 shows the test chamber assembly and the nozzle insert.

Test photographic results showed that the appearance of LOX/HC
combustion is markedly different from previously observed storable propellant
combustion (Reference 1). In the fuel rich zone, the flame was usually
yellow-brownish. However, some times the flame became reddish with visible
black smoke streaks which 1n extreme cases filled the entire combustion
chamber. Figure 2 displays two photographic results. In the top
photograph, black clouds are clearly visible downstream of the impingement
zone. The occurrence of these clouds was assumed to indicate the formation
of free carbon during the combustion process. Under different conditions,
no black clouds were observed in the flame produced by the same injector

and propellants as shown 1n the bottom photograph.
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Appendix A summarizes the test data accumulated by Reference 2.
One hundred and twenty-seven (127) tests were conducted over a chamber
pressure range of 860-10340 kPa (125-1500 psia), a fuel temperature range of
-154 to 70 °C (-245 to 158°F), and a fuel velocity range of 15 to 213 m/sec
(50-700 ft/sec). As noted in Reference 2, the data show the following carbon

formation trends:

"As the fuel vaporization rate increases in the injector face
near-zone, carbon formation decreases. This suggests that oxidizer/fuel
mixing In liquid phase promotes carbon formation. Small drop size, high fuel
temperature, and late oxidizer/fuel mixing relative to the point of atomization
reduce carbon formation."

B. Data Selection

Among the 127 hot-fire tests, 40 tests were selected for further
analysis during this effort. As shown in Table I, these tests include four
injectors (OFO Tdriplet, TLOL, EDM-LOL, and PAT) and two fuels (RP-1
and propane).

Major considerations i1n the selection process, listed in order of
priority, were (l) quality of existing photographic data, (2) tests comprising
a wide range of operating variables, (3) previous analytical characterization
of the injector element (e.g., drop size and distribution analyses), and (4)
potential application to future engine systems.

The Unlike Doublet injector was tested only with ammonia, which
naturally does not yield carbon formation data. The Slit Triplet injector was
tested with gaseous methane, resulting in poor mixing without evidence of
carbon deposits. The tests with the RUD injector did not yield good quality

data for analysis. For that injector, the RP-1 tests were unsuccessful, and

10
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TABLE 1 HOT-FIRE TESTS SELECTED FOR ANALYSIS

TEST NO INJECTOR FUEL PC (kPa) MR Tf‘ (°C)
10 0F0 Triplet RP-1 70 2.40 10
105 OF0 Triplet RP-1 3310 2 80 10
106 0F0 Triplet RP-1 3345 275 10
109 OF0 Triplet RP-1 3275 2 40 13
110 OF0 Triplet RP-1 3310 270 19
m OF0 Triplet RP-1 3310 2.70 19
116 OF0 Triplet RP-1 10340 2.60 10
120 TLOL RP-1 930 235 5
121 TLOL RP-1 2135 2.80 3
122 TLOL RP-1 5380 2.75 7
123 TLOL RP-1 3275 2 65 2
124 TLOL RP-1 3275 2 65 2
127 TLOL RP-1 1725 2 85 1
128 TLOL RP-1 2760 3.10 4
129 TLOL RP-1 5515 2 80 7
130 TLOL Propane 930 250 7
13 TLOL Propane 2000 2 65 6
132 TLOL Propane 3725 300 6
133 TLOL Propane 5445 2 80 7
157 EOM-LOL Propane 5515 2.80 8
158 EDM-LOL Propane 3860 2 85 -2
159 EDM-LOL Propane 2035 2 90 4
160 EDM-LOL Propane 1035 2.80 -1
161 EDM-LOL Propane 5515 2 90 16
162 EDM-LOL Propane 3790 2 95 16
164 EDM-LOL Propane 2000 2 90 27
165 EOM-LOL Propane 5515 2 85 64
168 EDM-LOL Propane 3790 2 90 68
169 EDM-LOL Propane 2205 3.10 70
N EDM-LOL Propane a5 2 80 3]
178 PAT Propane 3860 275 21
179 PAT Propane 2070 2 85 19
182 PAT Propane 1035 2.90 18
184 PAT Propane 2070 2.85 19
187 PAT Propane 5515 2 90 19
189 PAT Propane 1070 2 80 17
190 PAT Propane 1140 275 17
193 PAT Propane 3860 2 80 49
194 PAT Propane 2345 3 00 46
197 PAT Propane 3480 300 6

1
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the propane tests had poor visibility due to either heavy carbon formation or
poor external lighting. Consequently, the remaining four injectors were
considered for analysis. The reasons justifying their selection are outlined
below.

The EDM-LOL injector 1s considered as a candidate because of its
historical use with LOX/HC propellants and because of the variety of carbon
formation modes it displayed at different hot-fire operating conditions.

The TLOL injector is also an interesting candidate because it 1s a
platelet version of the EDM-LOL, having a smaller unlike impingement angle
and a longer unlike impingement height. These differences between the
EDM-LOL and the TLOL were found to resuit in entirely different mixing
patterns and quantities of carbon formation.

The PAT injector, tested extensively on Contract NAS 9-15724,
displayed a tendency to avoid carbon formation until lower chamber
pressures were reached. The propellant streams are preatomized before
impingement and have long free-stream lengths.

The OFO Triplet injector was selected because historically, it is a
very high-performing element. Also, 1t provides an excellent design
contrast to the PAT injector since it utilizes oxidizer external impingement on
an internal fuel jet whereas the PAT element has the oxidizer fan contained
within fuel fans.

Figures 3 through 6 show the carbon formation dependency on
chamber pressure, mixture ratios and fuel temperature for the tests
conducted with the OFO Triplet, TLOL, EDM-LOL, and PAT injectors. The
tests selected for further analysis are identified by underlining. For each
injector, the tests selected were limited to those having mixture ratios close

to a specific value because the propellant mixing is affected by mixture

12
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ratio (or momentum ratio) and the cold-flow tests were limited to only one
momentum ratio per injector. Figures 7 through 10 show the injection
element configurations for the OFO Triplet, TLOL, EDM-LOL, and PAT
injectors, respectively. The propellant atomization and mixing of the OFO
Triplet injector are brought about by the unlike coherent jet streams
impingement. For the TLOL and EDM-LOL injectors, the propellant
atomization results from like-on-like impingement and the mixing is
accomplished by canting both spray fans toward each other resulting in
edge-on-edge unlike impingement. The atomization prior to the unlike
impingement for the PAT injector is carried out by splashing the jet against
an internal plate for the fuel or by internal jets impingement for the
oxidizer. The mixing is achieved by the simultaneous broad-side

impingement of the spray fans.

17
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IV INJECTOR COLD-FLOW TESTING

A. Objective

The propellant mixing of a uni-element injector is determined only
by the intra-element mixing mechanism as opposed to the combination of
intra- and inter-element mixing for a multi-element injector. Thus, a
multi-element injector results in more uniform mixing than a uni-element
injector across the entire chamber cross-section . In order ';o apply the
vaporization correlation of Reference 3, which was based on multi-element
injector data, to the present case of uni-element injector, the effect of
mixing characteristics on spray combustion must be included. Moreover, the
photographs of Reference 2 show localized carbon formation for some cases,
indicating the strong mixing effect on carbon formation. The objective of the
injector cold-flow testing was to experimentally determine the mass
distributions of the oxidizer and fuel at various cross-sections of the
chamber for use in the combustion analysis.

B. Method and Apparatus

The same injector bodies previously hot-fire tested in Reference 2
were used for the cold-flow testing. This experiment was conducted at the
ALRC Physics Research Lab (A-Area) using the test setup shown in Figure
11. Tap water and Freon TF solvent were used as fuel and oxidizer
simulants, respectively. The simulant bottles were pressurized with gaseous
nitrogen. In order to maintain the injector manifold pressures at desired
values, the nitrogen flows were controlled by pressure regulators. The
physical properties of the Freon used are given in Figure 12,

The sprays formed by the injected liquids were intercepted by a
spray collector consisting of a 10 x 10 grid of flow passages. The fluids

were then collected by the glass tubes, with one tube for each grid. Since
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the simulants are immiscible, the mass distributions of both simulants for a
given injector and test condition were readily determined from the collected
fluids.

C. Resuits

For each injector, experiments were run at four different distances
between the injector face and the grid face: 1.27 cm (0.5"), 2.54 cm (1.0"),
3.81 cm (1.5"), and 5.08 cm (2.0"), ex;:ept for the OFO Triplet injector.
For that injector, the spray exceeded the collector face area at the 5.08 cm
(2.0") distance and therefore the measurements were made only at the
shorter distances.

All experiments were made at oxidizer-to-fuel momentum ratios
corresponding to the nominal mixture ratios of hot-fire tests. Table I}
summarizes the nominal injector operating conditions of both hot-fire tests
and cold-flow experiments for the four injectors.

The data obtained from such cold-flow tests are summarized in
Appendix B. Each grid of the collector head is represented by a block
coordinate, (I, J), which contains, in order, oxidizer-to-fuel mixture ratio,
oxidizer mass fraction, and fuel mass fraction. The approximate locations of
the injection orifice projections on the collector head are also shown. For
the case where the collector head is 3.81 cm (1.5 inches) below the injector
face, the mixture ratios, oxidizer mass fractions and fuel mass fractions are
shown in 3-dimensional representation in Figures 13 through 16.

The OFO Triplet injector was found to have misimpingement in a
manner such that part of one oxidizer jet stream passes by the other two
jets without mixing, as shown in Figure 17. This same jet stream also

impinges on the fuel jet before the other oxidizer jet does. These two
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TABLE II - INJECTOR HOT-FIRE AND COLD-FLOW NOMINAL OPERATING CONDITIONS

INJECTOR EDM-LOL OFO-TRIPLET T-LOL PAT
HOT-FIRE
Oxidizer LOX LOX LOX LOX
Fuel Propane RP-1 RP-1 Propane
0,» ka/m’ 1156 1156 1156 1156
op» kg/m> 498 803 803 498
Nominal MR 2.9 2.6 2.8 2.9
Momentum Ratio 1.82 2.14 2.43 1.46
COLD-FLOW
Oxidizer Freon Freon Freon Freon
Fuel Water Water Water Water
0, ka/m® 1589 1589 1589 1589
oes kg/m’ 1002 1002 1002 1002
Momentum Ratio Sought 1.82 2.14 2.43 1.46
Reqd AP /AP, 0.915 0.977 1.082 0.590
Tested P, N/n° 316 309 370 274
Tested AP_, N/m? 343 309 343 480
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EDM-LOL INJECTOR COLD-FLOW MIXING PATTERN AT 3.81 CM

AXIAL LOCATION
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FIGURE 17. OFO TRIPLET INJECTOR COLD-FLOW SPRAY PATTERN

FIGURE 19. EDM-LOL INJECTOR COLD-FLOW SPRAY PATTERN
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anomalies result- in the uncommon cold-flow mixing pattern indicated by
Figure 13, Figure 18 describes this mixing pattern and its causes.

The spray fans of the EDM-LOL element are shown in Figure 19.
The unhke cant angles of the spray centerlines are 10° for the oxidizer and
22° for the fuel resulting in an unlike impingement height of 0.88 cm (.35
in.). Figure 14 shows that the fluids of both circuits are mostly
concentrated Iin the center of the spray field so that the mass fraction
decreases as it moves away from the center. Figure 20 schematically shows
the mixing distribution pattern observed from Figure 14, A fuel-rich zone is
sandwiched between two oxidizer-rich zones. Nominal mixture ratios appear
along the oxidizer-rich and fuel-rich interfaces.

The spray fans of the TLOL element are shown in Figure 21. This
element is a platelet version of the conventional LOL (EDM-LOL) element.
The total included angle between the centerlines of the impinging unlike fans
is 15° instead of 32° as used in EDM-LOL. This yields a long unlike
impingement height approximately equal to |.42 cm (.56 in.). Figure 15
shows that although the oxidizer spray of the TLOL element spreads much
hke the oxidizer spray of the EDM-LOL element due to high oxidizer
momentum, the fuel 1s confined to a narrow area and hardly spreads and
penetrates i1nto the oxidizer-dominated zone. Figure 22 1s a sketch of the
mixing pattern observed from the data. This poor mixing is caused by the
small unlike impingement angle.

The spray fans of the PAT element are shown in Figure 23, This
element has a spray pattern different from the OFO Triplet in two ways.
First, the PAT injector consists of two fuel orifices (Splash Plate elements)
on the opposite sides of a single oxidizer orifice (X-Doublet element). This

arrangement is just opposite to the OFO Triplet arrangement. Second, each
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FIGURE 21. TLOL INJECTOR COLD-FLOW SPRAY PATTERN
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FIGURE 23. PAT INJECTOR COLD-FLOW SPRAY PATTERN
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orifice of the PAT injector produces a spray fan, resulting in sheet-on-sheet
impingement nstead of coherent jet mmpingement as 1n the OFO Triplet.
Figure 16 shows a bell-shape type of fan-span mass distribution for both the
oxidizer and fuel fans. The fuel has a much smaller fan angle than the
oxidizer which results in a mixing pattern consisting of a slightly fuel-rich
zone along the element centerline and two oxidizer-rich zones, carrying small
total mass fraction, on each side of the fuel-rich zone. The small fuel cant
angle results in long unlike impingement height approximately equal to 3.38
cm (1.33 in). This causes a poor mixing pattern similar to that observed for
the TLOL injector. Figure 24 qualitatively outlines the contour of the mixing
pattern.

Figure 25 is a sketch of the hot-fire view window, through which
the photographs of spray combustion fields were taken as described in
Reference 2, Corresponding to the cold-flow testing, the entire view scope
can be divided into three planes perpendicular to the chamber axis and
located at 1,27 cm (0.5"), 2.54 cm (1.0"), and 3.81 cm (1.5"),
respectively, downstream from the injector face. On each plane, there are
as many as 100 (10 x 10) square cross-sections with dimensions at 0.48 cm x
0.48 cm (0.19" x 0.19"). Each cross-section represents a grid of cold-flow
collector head and has propellant mass fractions determined by cold-flow
tests. This arrangement allows a direct comparison of the vaporization

analysis results with the hot-fire photographs.
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\% VAPORIZATION ANALYSIS

A. Generalized-Length Model Summary
The present vaporization analysis is based on the Priem-Heidmann
Generalized-Length model reported in Reference 3. This model, correlates the
propellant mass vaporized with an effective chamber length (generalized

), defined by the following equation:
0.44

length, Lgen

_ 0.22 0.33 0.66 KoK
Lgen = (Lc/CR + 0.833 LN/(CR S }) (Pc/2068) P™J (1)

where

K.= (1 - Tr)°°” (H\,/szs.su)"'8 (M/100)0+33

P

~
1

(rm/76.20)1'"5 (v/328)9-7°

Nomenclature 1s defined in Appendix F. Figure 26 shows the average value
of propellant mass vaporized as a function of Lgen' with extrapolations from
the correlation of Reference 3 for vaporization less than 1% or greater than
993.

The correlations of the mass-median droplet radius, rm, shown in
Figure 27 were determined by Reference 3 from LOX/Heptane hot-fire
performance data by assuming equal drop size for both propellants. The
injection velocity is at 19.8 m/sec (65 ft/sec). The impinging jets
(like-on-like) and triplet types of injector have an impingement half angles
equal to 45°. In order to apply this drop size correlation to other engine
operating conditions , the effects of propellant properties, injection velocity,

and injector element configuration must be included.
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For the effects of propellant surface tension (o), viscosity (u),
and density (p) on the mass median drop size (r'm ). Reference 3
recommended the following relationship based on the result of Reference u4:

ry= 9929 L (on/p)0 22 (2)

The effects of the injection velocity and injector configuration which are not
included in Reference 3 are accounted for by the present investigation as
discussed in the following subsection.
B. Atomization Process Considerations

Liquid droplets are formed through the disintegration of jets or
sheets. All four injectors considered in the present study produce droplets
by sheet disintegration. With this type of injector, a propellant sheet is
either issued directly from the injection orifice such as Splash-Plate and
X-Doublet, or formed by impinging jets such as OFO Triplet and
Like-On-Like doublet. The self-formed sheet and the majority of the liquid
mass of the impinging-jet-formed sheet exist as a forward diverging fan with
attenuating fan thickness. The lateral edges of the fan break up and form
drops when the declining surface tension becomes less than the propellant
momentum. Due to aerodynamic instability, the leading edge of the fan
breaks up into ligaments, which subsequently form droplets. This droplet
formation process is affected by injector configuration, propeilant physical

and hydraulic properties, and the surrounding gas physical properties.

A survey of the values reported 1n the open literature for the

exponent of the injection velocity dependency of drop size is shown in Table
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IIl. The most reasonable value seems to be 0.66 since it was reported by
most investigators and by both experimental and theoretical results. As a
result, this exponent has been used to account for the injection velocity

effect on drop size.

The injector configuration affects the drop size by its orifice
size and the fan angle 1t yields. The orifice size effect has been provided
by the correlation shown in Figure 27. The fan angle model and the effect
of fan angle on drop size are discussed herein.

Both experimental (References 15, 16, and 17) and theoretical
(Reference 18) investigations have shown that the liquid sheets formed by
two like impinging jets are disk-like in shape with the thickness varying
circumferentially. The sheet thickness 1s uniform when the total
impingement angle 1s 180°, However, as the impingement angle decreases the
mass of the liquid becomes more and more concentrated along the forward
symmetrical axis and the thinner portions of the sheet break up earlier so
that the sheet appears like a forward diverging fan instead of a disk-like
sheet. One can use an iterative solution to arrive at the fan angle as a
function of impingement angle, as shown in Figure 28. The fan angle
predicted by this simplified model 1s shown in Figure 29 to contain no less
than 88% of the mass predicted by Hasson model (Reference 18).

The sheets formed by the two outer jets of a triplet injector
are identical to that formed by the like-on-like impinging jets except the fan
thickness is reduced by haif. The sheet formed by the middle jet stream is
controlled by the impingement angle and the momentum ratio of the unlike

fluids. Figure 30 shows the fan angles for a 30° half-impingement-angle
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TABLE 111

SURVEY OF EXPONENT OF VELOCITY DEPENDENCY OF DROP SIZE

DROP SIZE
CORRELATED
EXPERIMENTAL AUTHOR REF. EXPONENT INJECTION DEVICE
dmax Mugele 5 ~0.66 Pressure nozzle §
Impinging Jet
d32 Mugele 5 -0.55 Pressure nozzle §
Impinging Jet
d Dombrowski 6 -0.79 Impinging Jet
32
& Hooper
d32 Jasuja 7 -0.86 Pressure nozzle
d50 (=dm) Longwell 8,9 -0.66 Pressure nozzle
d32 Fraser 10 -0.706 Pressure nozzie
Theoretical
d Hagerty §& 11 -1 Plane sheet
Shea
d Fraser, 12 -2/3 Spray fan
et. al.
d Dombrowski 13 -2/3 Spray fan, long
& Hooper wave length
d Dombrowski 13 -0.72 Spray fan, medium
& Hooper wave length
d Dombrowski 13 0 Spray fan, short
& Hooper wave length
d Dombrowski 14 -2/3 Spray fan
& Johns
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triplet injector. If the maximum mixing efficiency occurs at equal fan
angles, the uni-element cold-flow data of Reference 19 appear to validate the
predicted middle jet fan angle.

Because of constant density and conservation of the mass, the
fan angle controls the fan thickness, which in turn determines the drop
size. Reference 14 implies that the exponent of the fan angle dependency of
drop size is -1/3. As a result, the drop size increases or decreases as the
fan angle decreases or Increases.

C. Application of Generalized-Length Model

In applying the Lgen model to a general case, in which the
propellant injection velocity and the injection element type or configuration
are different from those of Reference 3, modifications to the original drop
size correlation are necessary. The following calculation procedures were
used by the present investigation for determining propellant vaporization
efficiency.

1. Determine the uncorrected drop size from Figure 27 and the
fan angle from Figure 28 or 30.

2. Calculate the corrected mass-median droplet radius using the

following equation:
0.25 -0.66 -1/3

- 3 au
"o = Tm.uncor * 3.07x10° x 5 v o (3)

3. Use equation (1) to determine the value of generalized length.
b, Use Figure 26 to determine the percentage of propellant mass
vaporized at a given chamber axial location.

D. Vaporization Model
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The vaporization analysis performed by the present study is based
on the Lgen model with the modifications described precedingly. The
combustion chamber within the scope of the view window is divided axially
into three equally spaced regions as shown in Figure 25. Each plane
corresponds to a cold-flow collector-plane location, relative to the injector
face. A three dimensional representation of the zoning is provided in Figure
31.

A vaporization computer model based on this spatial arrangement
was formulated as described below.

1. Consider a chamber control vol't,lme encompassed by a right
rectangular cylinder with 4.83 cm x 4.83 cm (1.9" x 1.9") cross-section and
3.81 cm (1.5") in length from the injector face.

2. The cylinder is divided axially into three sections of equal
length with 1,27 cm (0.5") each. Therefore, the entire control volume
contains three exit planes perpendicular to the axis.

3. Each plane is further divided into 100 (10 x 10) grids with
equal dimensions at 0.48 cm x 0.48 cm (0.19" x 0.19").

4. The propellant present in a grid came solely from a specified
grid in the preceding plane, thereby forming a section of a streamtube
between the two grids. Oxidizer and fuel in a grid may come from different
grids of the preceding plane.

5. The Priem-Heidmann Generalized-Length vaporization
correlation is assumed to be applicable to individual streamtubes.

6. The off-nominal gas temperature effect on vaporization rate is
accounted for by a factor of (T—Ts)/(Tn—Ts), where T is the actual local
gas temperature, Tn 1s the nominal gas temperature of 2778°K (5000°R), Ts

is either the propellant saturation temperature or the critical temperature
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depending upon whether the chamber pressure 1s below or above the
propellant critical pressure. '

7. The vapors are assumed to travel together with the liquid
droplets, from which they were evaporated.

8. The chemical reaction (propellant burning) does not take
place between planes. The vapors produced in a streamtube section react
instantaneously on arrival at their destined grid if the counterpart vapors
are available at that location.

9. At a given propellant momentum ratio and axial location, the
mass distribution of unburned propellant, including both vapor and liquid, is
identical to that observed in cold flow tests.

10. The reaction of the oxidizer and fuel vapors produces
equilibrium products from which the local temperature is determined. The
equilibrium reaction computation is carried out by the ODE computer program
of Reference 20.

11. No vaporization takes place in the preceding streamtube
section, if the cold-flow mixture ratio in any grid is outside a specified
range (extremely low or high).

12, The effect of the recirculating chamber gases is neglected.

The computation flowchart and program listing are provided in
Appendix C. A sample run of the computer program including the input and
output 1s also provided. The NAMELIST input includes chamber pressure
(PC), operating mixture ratio (MRJ), chamber contraction ratio (CR),
number of planes (NPLANE), propellant identification (IDO, IDF), propellant
temperature (TO, TF), injection velocity (VO, VF), mass-median drop radius
(RMO, RMF), and drop surface temperature (TSO, TSF). The propellant

mass distribution is input through FORMAT input, which includes grid
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number (J), mass fraction (CO, CF), and the corresponding grid number in
the preceding plane (JO0, JF0). The output includes generalized length
(LGO, LGF), gas temperature (TG), vaporization efficiency (EVO, EVF),
vapor mixture ratio (MRV), and liquid mixture ratio (MRL).

E. Input and Results

The data input to the computer program for the 40 tests analyzed
are summarized in Appendix D. The mixture ratios for the tests selected for
a given injector are nearly constant and their equivalent momentum ratios are
approximately equal to that of the cold-flow tests. For each injector, this
results in only one mixing pattern identical to that characterized by the
cold-flow tests. In preparing the mass distribution data tables, any grid
containing less than 1% of the total propellant mass was neglected. This
greatly reduces the size of mass distribution table and simplifies the
computation without appreciable sacrifice of accuracy. The trajectories of
propellants were empirically determined on the basis of measured mass
distributions.

The propellant mass-median drop sizes were calculated using the
method described in Section V.C. with the exception of the PAT fan
angles.The fuel fan angle of the PAT injector is equal to 60°, the cup angle
of the Splash Plate element. The oxidizer fan angle was determined to be
42° pbased on the cold-flow data. This oxidizer fan angle contains 80% of the
total oxidizer flow.

Appendix E tabulates the fuel mass fraction vaporized and liquid
mixture ratio at all three planes predicted by the computer program. It also
provides two sets of mass average values. One is depth average, in which
the mass average s taken from | = 0 to 9 at each J for the OFO Triplet

injector, and from J = 1 to 10 at each | for the other three injectors. The
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other is plane average, in which average is taken over the entire chamber
cross section on each plane. The liquid mixture ratio represents the ratio of
the liquid oxidizer to hiquid fuel remaining for further vaporization and

chemical reaction.
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VI  DATA CORRELATION

A. Fuel Vaporization Rate Effect

The photographically observed degrees of carbon formation shown
in Figures 3 through 6 are compared to the average fuel vaporization
efficiency at the 3.81 cm (1.5") plane in Figures 32 through 35. The degree
of carbon formation 1s noted for each test by its location within one of four
shaded bands for the four carbon formation classifications: clear, slightly
clouded, moderately clouded, and obscure. The darker shading representing
greater carbon formation and the llghtér shading less carbon formation. The
calculated vaporization rate 1s noted by a vertical line at the % wvaporized
shown on the horizontal scale.The correlations indicate that in general the
carbon formation is intensified as the fuel vaporization 1s slowed down.

Figure 32 shows that, for the OFO Triplet injector, test 116 has
the fastest RP-1 vaporization resulting in the clearest combustion flame.
The TLOL injector was observed to yield much more carbon formation than
the OFO Triplet injector when both injectors used RP-1 as fuel. Comparison
between Figure 32 and Figure 33 indicates that this is due to the much
slower RP-1 vaporization rate by the TLOL injector. Figure 33 also shows
that the slower RP-1 vaporization due to its lower volatility 1s responsible
for more carbon formation by RP-1 than by propane. Figures 34 and 35
further show the reduction in carbon formation by increasing the fuel
vaporization rate for the EDM-LOL and PAT injectors.

B. Chamber Pressure Effect

In Figures 3 through 6, the chamber pressure appears to have an

overwhelming effect on carbon formation. Therefore, a correlation was made

to determine whether or not the pressure has direct control of the carbon
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1

formation in addition to its indirect effect through its influence on the
vaporization rate. Figures 36 through 39 correlate the carbon formation with
the chamber pressure as well as the fuel vaporization rate. The chamber
pressure itself seemingly has a second order effect. High chamber pressure
improves the clearness of the combustion flame at the same fuel vaporization
for some cases. It explains why test 120 of the TLOL injector (Figure 37)
was obscure and test 187 of the PAT injector (Figure 39) was clear. It also
improves the EDM-LOL correlation (Figure 38), however, test 169 of the
EDM-LOL injector does not agree well with the correlation trend because the
propane was injected at the saturation temperature of the tested chamber
pressure. Under that condition the propane undergoes flash vaporization
upon entering the combustion chamber as shown by Figure 2. The
Priem-Heidmann Lgen model is not valid for this case and underpredicts the
vaporization rate for this case. Test 169 indeed 1s the most decisive
evidence showing that fuel-vaporization rate controls carbon formation.
C. Mixing Effect

For the propane tests, the TLOL, EDM-LOL and PAT injectors
exhibited different degrees of carbon formation even when they were
operated at the same predicted fuel vaporization rate. This suggests that
propellant mixing has a direct effect on carbon formation besides its
influence on the vaporization rate.

In this study, the combustion zone of each injector was
photographically viewed only from one fixed direction. Thus, the mixing
characteristics discussed herein are limited to those exhibited in the plane
perpendicular to that particular view. Figures #40 through 43 show the

calculated depth-averaged liquid phase mixture ratios at the 3.81 cm (1.5")
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plane. The distribution of this liquid mixture ratio across the chamber
height is seen to vary significantly from one Injector to another.

Figure 40 indicates the existence of a liquid phase fuel rich zone
around the chamber center line, which is surrounded by two liquid phase
oxidizer rich zones. A typical clear OFO flame 1s illustrated by Figure u4,
which shows a small amount of dark clouds being emanated from and only
existing around the center of the flame. Comparison of Figures 40 and 44
induces the direct association of the dark clouds to the unvaporized fuel.
As they are migrating transversely through the oxidizer rich zone, the
clouds are burned off in the oxidizer rich environment. Hence, it can be
expected that the OFO Triplet element generates only a little amount of
carbon that 1s confined at the center of the flame.

Figure 41 shows the predicted poor hot-fire liquid phase mixing
for the TLOL injector. Oxidizer-rich zone exists on the oxidizer fan side,
while the fuel-rich zone exists on the fuel fan side. A slightly oxidizer-rich
zone appear on the back side of the fuel-rich zone but its effect on the
overall flame characteristics is negligible because of 1ts small mass fraction as
shown In Figure 22. Figure 45 shows that the dark clouds of TLOL filame
exists only on the fuel fan side, a hquid phase fuel rich zone.

Unlike the OFO Triplet and TLOL injectors, Figure 42 shows a
much more uniform liquid phase mixture ratio distribution across the chamber
for the EDM-LOL injector. Figure 46 shows that the dark clouds are
emanated from everywhere throughout the entire mixed spray when they
occur. This 1s another evidence of close relation between the carbon
formation and the propellant mixing. For the EDM-LOL injector, once a
carbon-laden cloud is formed, 1t will last indefinitely because of the lack of

oxidizer-rich zone to burn i1t off due to the uniform mixing.
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Liquid Mixture Ratio, MRL
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Comparison of Figures 33 and 34 shows that, although it has faster
propane vaporization, the EDM-LOL 1njector produces much more carbon
than the TLOL injector. The TLOL injector 1s a poor mixer for having a long
oxidizer-fuel impingement height, therefore, the majority of the unvaporized
fuel is hardly exposed to the oxidizer. The EDM-LOL injector, meanwhile, is
a good mixer resulting from a much shorter oxidizer-fuel impingement height,
therefore, the oxidizer is readily available to the wvaporizing fuel. This
difference 1n mixing characteristics appears to be the cause for the
difference 1n carbon formation between these two injectors and it also leads
to a conclusion that carbon formation is provoked by the exposure of liquid
fuel to the oxidizer in a fuel rich environment. This also explains why the
dark clouds do not occur until the fuel meets the oxidizer as shown in
Figures 45 and 46.

Figure 43 shows that the unburned propellants are oxidizer-rich at
the center of the flame and fuel-rich on both sides for the PAT injector.
The poor mixing is due to the long unlike impingement height resulting from
small impingement angle. The Splash Plate fuel element produces very fine
droplets which evaporate fast. Consequently, by the time the oxidizer and
fuel are mixed, there 1s only a small amount of unvaporized fuel left. Based
on the liguid phase carbon formation mechanism, only a little carbon
formation can be expected. Figures 35 and 39 uphold this conclusion.

Figure 47 shows a typical PAT flame.
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VIl CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions
Correlation of cold flow mixing data and calculated local fuel
vaporization rates with photographic carbon formation data has led to the
following conclusion in regard to the injector-related issues of carbon
formation.

1. For all four injectors and two fuels, the carbon formation was
reduced or increased when the fuel vaporization rate was increased or
decreased.

2. For the TLOL injector, RP-1 formed much more carbon than
propane due to the slower RP-1 vaporization rate.

3. The carbon formation originates from the areas predicted to
be fuel-rich in liquid phase.

4, At a given fuel vaporization rate, early and uniform unlike
mixing is conducive to carbon formation as evidenced by the EDM-LOL data.

5. The above correlation results lead to a conclusion that the
carbon i1s formed by the liquid fuel as it 1s vaporizing in an oxidizer-lean
environment.

6. Based on the liquid fuel carbon formation mechanism, the
following Injector design criteria are provided for controlling the carbon
formation to meet engine design and operation requirements:

o Carbon formation can be increased or decreased by
decreasing or increasing the fuel vaporization rate, whose primary
controlling design parameters are Injection orifice size, impingement angle,
fuel temperature, and chamber pressure. High vaporization rate can result
from small injection orifice, large impingement angle, high fuel temperature

and high chamber pressure.

71



o For the slow vaporization injection elements,delaying the
unlike mixing reduces carbon formation.

o Besides its effect on the vaporization rate, chamber
pressure has an additional influence on carbon formation. High chamber
pressure reduces carbon formation.

B. Recommendations

The following recommendations are made for future studies as a
logical extension to the present work.

1. The cold-flow testing and vaporization analysis of the present
study were conducted only at one mixture (or momentum) ratio for each
injector. For a given injector design, the propellant mixing 1s strongly
affected by the momentum ratio. Since the propellant mixing was found to
be very influential on carbon formation, further cold-flow testing and
vaporization analysis should be pursued to analytically evaluate the mixture
ratio effect on carbon formation.

2. The present study was limited to uni-element injectors, which
inherently possess large amount of hot gases recirculating in the combustion
chamber. In order to have closer simulation of full scale engine combustion
environment, further investigations using multi-element injectors are
recommended.

3. The vaporization analysis of the present study included the
effect of propellant mixing characteristics. This approach of integrating the
mixing data into the propellant vaporization analysis was found to be
practical in usage and realistic in modeling; yet, the computation was simple
and straight forward. An engine combustion performance model can be
readily developed using the present model as a frame work. Such a model 1s

useful and convenient for engine design or data analysis.
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«094
«052
058
o077
«110
o004
«057
«079
<094
«000
«095
«095
«142
«200
«081
«C062
o042
«008
«058
«059
«117
000
«095
«100
«099
«05%
<109
w102
o128
«127
A
«155
+1G¢
«CaC
«072
+ 050
0107
+088
e074
«075
«0°7
e0Gv
«0f 2
«0P2
+088
«0CQ
« 050
«123
«0R3
«100
«0°0
o047
<000
«08h
«076C
« 055

CSTRE
({SEC)

4850.
G
o.
A2%0.
4600,
4650,
o.
4000,
4650,
4750.
4750.
0.

O
AC00.

0.
4€00.

Qe

0

0.
4300,
53G0.
4750,
4450,
4450,
4450,
4000,
4800,
4900
5100,
4000,
4500.
4600,
4650,

Oe
4600,
4600
4600

0.
4600,
4150,

\43
(F1/S)

17°0.
')
Qe
127.
116
116«
200,
T6e
89.
165.
165.
120.
O
192%.
Qe
109.
57
Ce
[
58
53.
35
82.
3.
83.
A9.
48,
63,
90.
63e
716
98
120.
Oe
166
158
73.
[
128,
98,
3.
0.
110.
116.
112.
Qe
92
2.
100.
94,
130,
115.
109,
Ille
73.
150,
130.
100.
LYY
60
132.
106
Ale
e
144,
Oe
Ce
129.
117.
0.
T1.
165,
119.
97.
85.
S56e
9.
15S5.
130
99.

490€

SLICOK
JNDEF
UNOEF
UNDEF

sticox

St1gox

CLEAR

SLICOK

SLICOK

SLIcoK

SLICOK

CLEAR
JNDEF

CLEAR
JNDEF

CLEAPR

03SCUR
JNDEF
JNOEF

02SCUR

MODCOK

CLEAR

SLICOXK

sLicox

sticox

J3SCUR

M00COK

SLICOK

CLEAR

SLICOK

CLEAR

CLEAR

CLEAR
UNDEF

“00CIK

M00C0X

“00CaxX
UNIEF

A lspede 14
0'sCtu?
0BSCUR
UNDEF
08SCUR
0BSCUR

CLEAR
UNDEF

CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

HOOCOK

08SCUR

08SCUR
08SCUR

MODCOK

03SCUR

2BSCYR
09SCUR

CLEAR
UNNEF
UNJEF

MoDCOoK

CLEAR
UNDEF

SLICOK

MODCOK

0BSCUR

SL1coK

noncox

03SCUR

CLEAR

CLEAR

SLICOK

stLicox



cucL
TYPL

~3w3
[ TR
2i-2
2343
T3ng
23Ny
C3IHS
¢34a
C2my
€3
C3K
23HA
TTH3
(-1}
344
CS-IQ
(12
CInag
[ 1.1:]
C3ne
SCwa
(A4
5CH4
GCHa
5CHa
5CHY
5CHa
nHa
CCHa
hCHe
GCHe
5CHS
5CHe
5CHa
GCHa
GCHA
GCHa
GCHe
GCHa
GCHe
“CHq
CChe
LCHe
LSH«
L CHa
LTHS
LCHe
LIHS

TEST
Sl

1:'\
161
122
123
14g
1°5
166
147
144
187
199
191
132
19
194
13%
1%
137
138
15°
2ccC
231
232
23
204
20°

a
2t

2¢n
201
Nz
211
217
213
214
215
214
2117
217
219
223
221
222
223
224
225
22s
227

IwoceY
TYPC

PRt ATOM
PRE ATOM
PGE ATOA
SRE £TGH
PRE ATOM
PRE &T9Y
PRE ATOM
oRE ATOM
PRE ATOM
PoZ :TOM
PRE 4TDY
PRE ATOY
PPE ATO"
PaL 2104
PRE ATOY
PRE ATO™
PRE ATOMW
poE aton

[C\EJ

TRIM
TRIF
IR1°F
TRIN
TRIF
TRI¥
TRIP
TRIF
TRIP
TRI-
TRIF
TRIP
TR]IC
TRIP
TRI?
TRIP
TRIF
TRI-

LOL=E2™ GAS 7 _ i
LOL=EI™ GAS 7%

SLIT
SLIT
sLIT
oLIT
SLIT
SLIY
SuLIT
SLIT
LI
SLIT
SLIY
SLIT
SLIT
SLIT
SLIT
SLIT
SLIT
SLIT
SsLiT
SLIT
SLIT
stLir

TRIPLFT
TRIPLETY
TRIPLEY
TRIPLETY
TRIPLLY
TalpLET
TRIPLCY
TRIPLET
TRIPLETY
TRIPLEY
TRIPLEY
TRIPLET
TRIPLETY
TRIPLEY
TRIPLLCY
TRIPLETY
TRIOLET
TRIPLLY
TRIPLET
TRIPLET
TRIPLFY
TRIPLET

LOL-EONH
LOL-ENN
LOL~EDH
LOL-Llv
LOL-EDM
LOL-ED™

GAS GF
GAS GF
GAS 6L
GAS 6F
GAS oE
GAS 5E°

eC
(Ps1a)

Te
Ce
150.

Ce

300,
665,
€70,
BoC.
S40.
155.
165
700

e
S6C.
lag,
673,
630.
505,
810,
51%.
779.
769,
5406
535.
29C.
125
630,
620,

0.
700.

0.

D.
690,
685,
310.
125.
790.
405,
40S.
790
450,
813
B0S.
715,
R3S,
515.
49%.
48S.

L

o100
.00
2,99
020
2.85
2420
3.590
2,90
3.20
2.80
2475
«0¢
$90
2.30
3,26
ze25
5.20
3.90
072
.13
3.30
3.60
4,20
3.50
.70
4,70
5.69
3.00
.90
2.0
.00
.00
3435
2.80
3.4%
4.50
215
4,70
2.75
3.20_
3.00
4,00
.22
61
50
.78
.60
Y

TF
(F)

O.

Ce
€5,
0.
6hoe
T2.
6%.
66,
64,
62.
63,
110,
O
120.
115.
66.
bhe
43,
79.
15.
67.
67,
78.
Tl
T2.
73.
S3e
S8,
0.
56
0.
Je
S50.
45,
44,
a0.
38.
8.
38.
A0
A0.
46,
=220,
-230.
=206,
-226.
=245,
=211,

A-2

REYN

0.

0.
44283,
9
64553,
122300,
70033,
60R0%.
64082,
58165,
89331,
0.

0.
170335
143277,
95525,
50112,
68475,
137519,
103371,
269842,
271992,
173026,
211659,
136406,
103524,
283078,
345763,

0.
267785,
0.

o.
454803.
211966
160539,
131238,
306921,
132693,
150993,
21551S.
303088.
101752
189924,
194587,
210361,
145129,
132636
212882,

wNY
(LB)

«000
«000
«038
300
«35%
+CA3
«N73
«055
« 2610
350
«378
+900
«100
oA
« 168
«184
«051
«374
«079
0363
«101
«101
«170
075
«$50
° 783
101
«105
«C00
105
«000
«000
«150
«060
«051
=050
«087
«054
«041
«067
«088
«036
«082
«084&
068
«066
«066
«070

CSTRE
(SEC)H

[

Ce
4403,

0.
4750,
5400,
52%0.
4600,
£C29.
47G0.
4750,

VF

(FT/S8)

0.
0o
6%,
Je
39%.
178,
105,
93,
120,

MODE

UNDEF
UNDEF
HODCOK
UNDEF
SLICOX
SLICOK
SLICOX
CLEAR
SLICOK
H30CIX
SLICOX
UNDEF
UNDEF
SLIcox
SLICOXK
SLICOX
SLICOK
SLICOK
03SCUR
0BSCUR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
UMNDEF
CLEAR
UNDEF
UNDEF
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
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INJECTOR COLD-FLOW DATA SUMMARY



1

L-9

B

" I ) | ] 1 1)
Injector: OFQ TRIPLET
Axial Distance: 1.27 cm (n.5")
J= 1 2 5 6 7 10
1=0
1
2
3
22.232] .87¢ |2.260
4 1159 | .2567 | .0017
0132 .74174}.0019 ~
5.823 | 6.528 [ 7.411 |
5 .0036 | .6123 | .0003
.0015 | .2334 | .0032
6
7
8
9

O Oxidizer Hole Projection
& Fuel Hole Proiection



¢-9

1_' "] } } T
Injector: OF0 TRIPLET
Axial Distance: 2.54 cm (1")

J= 2 3 4 5 6 7 8 9 10
I1=9
1
2
0.993 | 0.654
3 .0023 |.0013
.0052 | .0047
® 18.527 |2.129 | .660 ]1.588
4 .0333 1.0646 |.0582 |.1477 |.0111
0 .0083 |.0647 | .5304 |.0165 |
5.293 | 1.915 {5.898 [56.374 [7.622 0
5 .0002 | .1893 {.2401 {.0656 |.0044 0
.0041 | .2342 |.0964 |.0023 {.0014 {0019
5.553 |9.755 [13.498(32.554 | o
6 .0065 | .0397 |.0785 |.0379 |.0040
.0023 |.0096 |.0138 |.0028
5.293
7 .000¢
.0004
8
9

O Oxidizer Hole Projection
& Fuel Hole Projection



€-d

IR J }

Injector: OF0 Triplet

Axial Distance: 3.31 cm (1.5')

-

J= 1 2 3 4 5 6 7 8 9 10
I=0
1
2
0426 {1.401 |1.501 [.794 | .397 0
3 |.0005 |.0076 |.0059 |.0066 | .0020 0
.0022 |.0023 {.0076 |.0163 | .0093 .0110
24.879 12.779 |.611 |.555 | .858 |.382
4 10516 |.0308 |.0220 |.0934 | .0439 |.0110
.0041 |.0218 |.0703 |.3263 | .1003 | .0245
(794 [.397 [6.511 [1.168°[16.939 ¥2.250 |©.528 [13.490
5 |-0015 |.0008 |.0036 |.0275 [.0035 |.0934 |.0198 |.001S
.0033 |.0044 |.0056 |.0463 |.0004 |.0817 |.0041 |.0003
079 |.794 |.1637 [2.321 1a.889 |6.443 |23.534(20.083 | =
6 {.0001 |.0010 |.0093 |.0417 |.1285 |.1560 |.0939 |.0230 |.0060
.0027 |.0025 |.0102 |.0354 |.0517 |.0477 |.0068 |.0007 | ©
5 [om  |.937 V274 |2.522 [7.146 |9.246 |25.408]
.0001 |.c022 {.0055 |.0148 |.02907 |.0321 |.0176 |.0040
.0053 |.0046 |.0395 |.0116 |.0082 |.0063 |.0014
0 0 0
8 0 0 0
.0027 {.0116 [.0014
9

O 0Nxidizer llole Projcection
¢ Fuel Hale Projection



v-9

O B

'
!
t

Injector: EDM-LOL
Axial Distance: 1,27 cm (0.5")
J= 1 2 3 4 5 6 7 8 9 10
1=20
1
0 0 1.059 | 7.940 |1.444 1.934
2 0 0 .0012 | .0033 | .0033 |.0009
.0060 |.0011 |.0024 | .0023 |.0125 |.0018
.794 18.951 |43.67 |1.236
3 .0027 | .055 |.042 1.0015
.0063 {.013 |.0023 {.0024
.635 2.257 11.720 |.681
4 .0035 | .239 |.230 1.0027
011 | 1B .gz 10079
0 .977 2.000 {1.701 {1.290 | ©
5 0 .0071 .15q° J9e 1.o115 | 0
.00231.015 L1531 233 1.018  |.0011
2.647 |3.363 |4.764 |4.129
6 .0044 | .0032 | .0053 }.0115
.0034 | .0019 | .0023 }.0057
8.999 5.955
7 .0015 .0027
.0003 .0009
1.583
8 .0009
L0011
9

O Oxidizer lole Projection
< Fuel liole Projection



G-4

!

| y ] g ) v | | 1
Injector: EDM-LOL
Axial Distance: 2.54 cm (1)
Jd = 2 3 4 5 6 7 8 9 10
4.764 13.970 | 3.28¢ |.471 0
I1=0 .0025 |.0038 | .0024 |.0007 0
.0010 {.0017 | .0014 |.0026 .0021
.794 19.210 120.64 |6.352 |1.412
1 .0017 |.0073 |.0109 | .0067 |.0013
.0039 {.0015 {.0010 | .oc1¢ |.0017
0 |[.577 |5.717 [98.46 [12.175|/1.036
9 0 |.0034 |.015 |.026 | .0097 |.0013
0024 |.0058 {.0049 |.0005 | .0015 |.0022
0 |.681 |[2.382 |6.268 |1.720|.353 0
3 0 |.0050 |.038 |.063 |.022 |.0017 | O
0026 |.0136 |.029 |.018 |.023 |.0087 |.0010
0 0 |.669 [1.583 [1.405 | 1.006 |.489 |[.294
4 0 0 1.0067 |.084 1.193Q, | .80 |.0067 |.0004
.0015 10041 |.0184 |.097 |.252 6 |.0252 |.0026
326 [1.220 {2.779 [2.117 |2.498 {1.450 |.467
5 0007 |.0109 {.0881 {.113 _|.099 {.018 {.0003
0033 |.0155 |.058 |.073<C| 973 |.022 |.0032
.667 |3.176 {4.367 {3.176 {4.058 |3.298 |1.966
6 0008 |.010 {.019 (.0050 |.019 |{.023 |[.0022
.0015 |.0058 {.0078 |.0029 | .0037 |.013 .0020
2.647 [3.176 12.269 1.588 |6.352 |2.925
7 .0013 |.0050 [.0008 .0004 |.c10 [.0029
.000¢8 |.0022 |.0007 .0005 {.0029 |.0018
1.059 |2.647 0 6.937 |5.823 | ©
8 0005 |.0013 c .0018 |.0028 | o
0002 {.0009 .0015 .0005 |.0009 | .0076
0 1.191
9 0 .0010
.0019 .0016

O Cxidizer hole Projection
< Fuel Hole Projection



9-9

I

Injector: EDM-LOL

Axial Distance:

3.31 en (1.5")

—
ot
[
—
—

= 2 3 4 5 6 7 8 9 10
0 .706 | 9.074] o " o 1.832] 0 0
0 .0011| .0022|.0036 | .0040 |.0023 | .000s| o 0
.0017 | .0027| .ooo4| o0 0 0 .0008| .0006 | .0024
0 |.127 | .529 [7.126 [a7.68 | = o 1.588
0 |.0002| .0016| .0049|.0081 | .0080 |.0038 | .0011
0007 | .0030 | .0055| .0012}.0003 | o 0 -0012
155 | .567 | 2.38 |47.64 | 41.29 |5.293 | .529 | 0 0
.0004 | .0027| .0081[.0162 | .0140 {.0054 | _0011| O 0
.0025 | .0085| .0061/.0006 | .0006 |.0018 | .0036| .0018| .0010
0 065 | 418 | 1.489(3.176 | 2.454 [3.032 | 441 | .222 | ©
0o |.0001| .0027| .0162|.0324 | .0275|.0113 | [0o027| 0001 o
.0009 | .0030 | .0097| .0195(.0182 | .0201 | .0067 | .0109| .0026 | .0009
I B S T 13 A I 718 1S N .4 4R O - b - B
0 .0003 | .o049! .030 |.078 |.078 |.030 | .0054] .0005| 0
.0015 | .0040 | .0128| .040 |.1030 | .®7 !.073 | 023 | .0055] .o018
0 218 | 1.191] 2.077|2.382 | 2.098 |1.755 | .998 | .289 | 0
o |.o005| .0081) .046 |.097 | .os98|.057 | .o119| 0011} O
.0018 | .0044 | .0122| .080 {.073<C | <085 |.058 | .021 | .0067 | .0021
0 | .529 | 2.250| 3.535(4.764 | 3.494 |3.403 | 2.235| 1.059
0 .0008 | .0092| .037 [.041 |.030 |.0841 | .021 | .0032
.0012 | .0027 | .0073] 019 {015 |.015 |.021 | .o16 | .0055
1.323 | 3.630] 5.2934.764 |5.029 |4.764 | 3.516) 2.911 | .397
.0013 | .0086| .0108|.0049 | .0021 |.0081 | .017 | .0059 | .0003
.0018 | .0043| .0036|.0018 | .0007 | .0030 | .0085| .0036 | .0012
1.985 | 5.558 2.117 0 5.558 | .983 | .635
.0013 | .0038| .0011 0 .0076 | .0070 | .0005
0012 | .0012| .0009 .0006 | .0024| .0128 | .0015
7117 | 3.000 3.970] 3.705 | 1.588
0011 | 0009 .0013 | .0038 { .0011
.0009 | .0005 .0006 | .0018 | .0012

O Oxidizer Hole Projection
& Fuel Hole Projection



L-4

T

Injector: EDM-
Axial Distance:

LOL

5.08 cn (2")
1 2 3 4 5 6 7 8 9 - 10
0 .299 .681 | 22.2331.76 | « ® 4.963]1.254 | 0
0 .0007 | .0016} .0038].0055 |.0055 |.0033 { .0014] .0008 | O
.0020 | .0040 | .0041} .0003{.0003 | © 0 .0005 | .0011 | .0009
.079 .430 | 1.011} 6.352[26.99 |25.41 |14.29 | 1.588] .316 | O
.0001 |.0013 { .0038| .0065{.0093 |{.0087 |.0049 { .0022| .0007 | O
.0023 |.0049 | .0064| .0017]|.0006 |.0006 |.0006 | .0023| .0022 | .0014
.596 | 1.121) 2.32905.082 |3.441 |1.290 | .561 | .265 | O
.0016 | .0065| .0120(.017 .014 |.0071 | .0033{ .0008 | O
.0052 | .0099} .0087 {.0058 | .0070 {.0093 { .0099 | .0052 | .0021
.176 .433 [ 1.036] 1.512{1.475 [1.087 {.761 .492 | .280 .108
.0003 |.0016 | .0082| .022 |.035 .035 ].019 .0071 ] .0016 | .0002
.0026 |.0064 | .0075| .024 |.041 .052 |.042 .042 | .0099 | .0034
.223 .489 | 1.198] 1.720[1.664 }1.248 |1.011 | .749 | .505 .190
.0004 |.0022 | .012 | .035 |.060 |.Q60 |.038 .014 | .0038 | .0004
.0033 |.0075 | .017 | .035 |.061 .081 |.064 .031 {.013 .0039
.237 .983 | 1.985| 2.4952.729 {2.382 {1.896 | 1.152( .970 .454
.0004 |.0035 | .016 | .C42 |.060 |.057 |.044 | .020 | .0060 | .0011
.0027 |.0061 | .014 | .028 |.037 ©| a1 |.039 .024 | .0104 | .0041
741 1.390 | 2.779] 3.557 |3.590 |3.427 |3.176 | 2.529 | 1.800 | .907
.0008 |.0038 | .015 | .031 |.028 .022 1.025 .023 | .0093 | .0022
.0017 {.0046 | .0093| .0145].013 .011 |.013 .016 | .0087 | .0041
1.323 |[2.382 | 7.543] 3.772|4.764 |4.083 {3.176 | 3.609 { 2.779 | 1.588
.0011 |.0043 | .010 { .010 [.0065 |.0039 |.0055 | .0136 | .011 .0027
.0014 | .0030 | .023 | .0046.0023 |.0016 |.0029 | .0064 | .0070 | .0029
1.429 |2.558 | 2.226| 2.802 |1.588 1.815 | 3.348 | 3.630 | 2.779
.0010 |.0038 | .0038} .0016 |.0005 .0004 | .0043 | .0087 | .0038
.0012 |.0021 { .0018] .0010 |.0006 .0004 | .0021 | .0041 | .0023
1.286 |3.176 | 2.823 1.600 | 4.764 | 3.740
.0009 |.0015 | .0009 .0004 | .0043 | .0040
.0012 | .o008 | .0005 .0003 | .0016 | .0018

O Oxidizer l'ole Proiection
< Fuel Hole Projection



8-4

1

f I ]

Injector: PAT

Axial Distance: 1.27 cm (9.5")

ore
—
~—

J = 2 3 4 5 6 7 8 9 10
I = 0
.
2
0 0 0
3 0 0 0
.044 &.032  |.0009
1.547 3.606 |2.084 | o w 4.764 | o
4 L0051 | .027 |.327 141 1.022 .0042 | .0020 | .0020
.0073 | .0009 |.201  ].150 0 0 L0009 | O
eo o « [108;0 [1.832 [1.755 {57.17 | 63.52 | 30.17 | 31.76
5 [-0009 |[.0040 [.012 .046 |.202 .141 |.024 .0054 | .0026 | .0027
0 0 0 .0009 |.244 .178 |.0009 | .0002 | .0002 | .00C2
@ ® o |.347 .378 16.881 | 1.588
6 |.0078 .0003 | .0019|.0094 ].0067 |.0017 | .0003
0 0 0 1060 .039 |.0006 | .0004
.983 0 0
7 .0017 0 0
.0039 |.0024 |.0004
0
8 0
.0041
9

.O Cxidizer Hole Projection
< Fuel Hale Projection



6-4

Injector: PAT
Axial Distance: 2.52 cn (1)

J = 2 3 4 5 6 7 8 9 10
I = 0 1
1
0 0 0
5 0 0 0

.0134 | .0209 | .0078

o 1.588 |.658 |.722 34.14 | 28.58 o
3 .0083 |.035 .024 |.0069 | .0059 | .0025 | .0003
0 .0453 | .0744 | .0118 | .0004| .0002 0

© 2779 | 14.20 1.926 [12.17 |1.516. | = o o
4 |.oo10 |.0048 |.0091 | .037 |.204 |.318 {.087 | .021 |.0083 | .002]
.0 l.000a |"0 |00 [.0054 |'236 [.161 | o 0 0
19.06 | « | = 19.06 [1.588 |1.642 [1.732 | 150.9 | w
5 .0017 |.0051 {.013 | .0249 |.od0 |.084 |.033 | .013 |.oos4 | .o018
0002 |0 o | .0027|.0526 |.107 |.060 | ‘00o2 | o 0
- | = 2117 0 0 0 0 0
6 .0007 |.0011 | 0006 | o 0 0 0 0
o |0 "0005[.0103 | .0290 |.0051 | .000a | oot
9
0
7 .0040
8
9

O Oxidizer Hole Projection
< Fuel Hole Projection



oL-g

J J ]

Injector: PAT

Axial Distance: 3.31 cm (1.5")

J= 2 3 4 5 6 7 8 9 10
1=0
0 0
1 0 0
.0044 | .0057
.132 1053 |o 0
2 .00041.0004 |0 0
.00481.013 {.0112 |.0022
5.445 | .889 |1.732 |.934 |1.157 | 7.940| o o
3 .0044 | .026 |.044 .0182.078 | .0055| .0027 | .0015
.0015 | .024 |.048 [.028 |[.013 | .0013
w © |16.67 | 2.300/1.971 |1.906 [1.254 | 10.32| = w
4 |.0009 |.0046 |.019 | .077 |.197 |.164 |[.055 | .017 | .0069 | .0027
0 0 |.0022 | .063 |.190 }|.164 |.083 | .0031] 0 0
w » [15.88 | 2.1991.974 [2.129 {1.516 | 11.99d = w
5 |.0036 | .0098 |.018 | .033 |.084 |.108 |.038 | .012 | .0053| .0029
0 0 {.0022 | .028 |.081 |.103 |.048 | .0020( O 0
6.35 w |1.429 | .855 [.425 ¥.433 [.907 [ 5.399| w
6 1.0015 | .0036 {.0033 | .0026(.0055 | .0055 |.0036 | .0031| .0026 | .0013
.0004 0 |.0004 | .0057].019 |.024 |.0077 | .0011| © 0
0 0 0
7 0 0 0
.0061 | .0066 |.0039
8
9

O Oxidizer Hole Projection
< Fuel Hole Projection



LL-8

] I }

Injector: PAT

Axial Distance: 5.08 cm (2%)

J=1 2 3 4 5 6 7 8 9 10
0 0 0
I1=0 0 0 0
,0016 |.0032 {.0012
0 0 0 0
1 0 0 0 0
.0023 |.0046 |.0056 |.0028
1.475 | 1.207 1.134 |[.575 {.265 | .706 |3.70%
2 .0028 | .0081 |.0106 |.0053 |.0013 | .0017 | .0015
.0032 | .0116 [.016 {.016 |.0083 | .0042 | .0007
4.764 17.940 | 1.764 [1.684 [1.390 {.866 |1.583{14.29 | o
3 .0013 |.0106 | .043 ).o74 |.060 |.0255 | .013 |.0057 | .0021
.0005 {.0023 | .042 l.o76 ).051 |.051 .014 |.0007 | O
o © [15.88 | 2.382 [1.768 12.779 {1.191 [ 2.722 [15.88 |
4 0021 |.0070 |.021 .057 125 }.149 |.083 | .026 |.0106 | .0034
0 0 {.0023 | .042 l.123 .093 [.120 | .016 [.0012 | 0
o » 19.528 | 1.672 1.629 [2.303 [1.257 |1.710 |4.446 | o
5 {0043 |.0089 {.013 | .0213 043 |{.062 {.040 | .015 |.0060 | .0017
0 0 [.0023 | .022 Loa5s |.046 |.056 |.015 |.0023 | ©
w » 17,940 |.681 893 Y.864 |.676 |1.038 [15.88 |
6 $0021 |[.0028 {.0032 | .0026 L0057 {.0079 {.0043 | .0036 |.0021 | .0015
0 0 |.0007 |.o065 L0111 |.016 |.013 | .0060 |.0002 | O
0 0 0 0
7 0 0 0 0
0042 {.0053 |.0039 | .0016
0 0
8 0 0
0023 |.0046
9

O Oxidizer Hole Projection
<& Fuel Hale Projection



Z1-4

1 ]

}

Injector: T-LOL

Axial Distance:

1.27 cm (0.5")

J =1 3 4 5 6 7 10
2.647 | 19.85 [21.17 |7.94
.0005 | .0026 {.0042 |.0021
.0005 | .0003 |.0005 |.0007
14.93 [34.94 |25.94 |.529
.0050 |.023 |.010 |.0002
.0009 |.0017 |.0010 |.0010
9.528 [57.17 |25.81 |1.588
.0038 {.190 |.137 |.0071
.0010 [.0086° | Q14 {.0017
6.352 [1.380 _|2.787 |1.059
.0017 {.237 ©{v287 |.0008
.0007 |.445 |.266 |.0021
3.970 [.440 |1.089 [6.108
.0016 {.019 | .051 |{.0053
.0010 /.112  }.120 ].0022
1.985 [1.003 |1.444 |8.258
.0011 |.0025 |.0042 |.0055
.0014 {.0065 |.0076 |.0017
» [1.732 [15.88
.0011 J.0013 |.0021
0 |.0019 |.0003

o) Oxidiier Hole Projection
& Fuel Hole Projection



eL-d

oo ) ! )
Injector: T-LOL
Axial Distance: 2 54 cn (1)

J=1 2 3 4 5 6 7 8 10
1=0
1 .0018 |.0043 |.0018
0 0 0
) .0052 |.015 | .0046 |.0029 | .0006
0 0 0 0 0
2.647 | 23.82 49.23 © |25.41 |1.815
3 .0006 | .0087 |.036 |.050 |.0092 | .0009
.0005 | .0008 |.0017 0 |.0008 | .0012
7.058 6.785 |27.79 |5.955 | .397
4 .0046 |.054 _|.162 [.017 | .0002
.0013 .o18 ©| 013 |.0049 | .0013
5.029 f1.489 [1.538 [3.298 | .318
5 .0044 .087 ©o|¢e4as 1.031 | .0002
.0022 .132 |.365 |.021 | .o0016
5.558 1.509 |.962 |4.870 | 2.779
6 .0040 |.044 .096 |.053 .0024
.0016 .06 |.225 |{.025 | .0020
2.417 1.543 |.095 {2.671 | 2.911
7 .0040 |.oogo |.0007 |.021 | .0051
.0038 .0117 |.016 |.018 | .0039
3.176 |.496 0 1.701 | 4.446
8 .0021 [.ocos | © .0035 | .0049
.0015 |.0026 |.0038 |.0046 | .0025
0 0 0 0
8 0 0 0 0
.0008 |.0008 {.0008 | .0008

O Oxidizer Hole Projection
<& Fuel Hole Projection



! | 1 ]
Injector: T-LOL

Axial Distance: 3.81 cm (1.5")

J=1 3 4 5 6 7 8 9 10
1.537 |20.64
1= 0023 |.0015
.0011 |.0002
13.705 | 31.76 | = w o 2.541
1 .0008 | .0023 |.0041 {.0035 |.0017 | .0009
.0005 | .0002 | O 0 0 .0008
11.645] 21.04 | © 143.67 |7.940
2 .0026 | .0062 |.015 |.017 |.0064 | .0017
.0003 | .0037{ © 0 {.0003 | .0005
3.705 | 8.999 p1.84 |[177.9 |25.41 | 4.764
3 .0008 | .0079 .o32 |.065 |.019 | .0035
.0005 | .0028 {.0031 [.0008 {.0016 [ .0016
0 2.565 B.176 ]8.293 |6.352 | 2.071
* 4 0 .0049 037 _{.109 [.033 |.0035
- .0008 | .0041 [025 © | %28 |.011 .0036
2.481 11.358 1,225 |2.762 | 2.565
5 .0058 1062 |57 |.046 | .0049
.0050 J.097 |.273 1.036 | .o0041
3.006 1.477 |.912 3.032 | 3.550 |.397
6 .0062 |.046 ].099 |.073 | .0088 |.0002
.0044 .o67 |.231 |.052 | .0053|.0012
1.951 [1.732 |.424 |2.541 | 2.722 |1.588
7 .0050 }.014 |.0046 {.037 | .014 |.0016
.0055 1.017 {.023 |.031 |.011 |.0022
1.985 |.93¢ |0 1.511 | 3.176 | 2.382
8 .0035 0023 |0 .0045 | .012 |.0028
.0037 L0050 |.0055 |.0064 | .0078 |.0025
2.117] 0 0 0 3.176 |3.176
9 .0023| 0 0 0 .0046 | .0023
.0023 10022 |.0031 |.0028 | .0031 |.0016

O Oxidizer Hole Projection
{ Fuel Hole Projection



GL-9

] | T ] | 3 i ] R ] ] ] 1 T ] S
Injector: T-LOL
Axial Distance: 5.93 cn (2")

J=_1 2 3 4 5 6 7 8 9 10
I=0 .0017 L0017 |.0012
0 0 0
1 .0017 } .0039 L0069 |.0060 |.0022 | .0009
0 0 0 0 0 0
26.99 | 17.47 6.352

.0029 | .0094 022 .022 |.0086 | .0014
.0002 J.0010] O 0 0 .0003

3.176 |5.325 p2.76 |96.87 [17.87 |4.083 |0
3 .0017 |} .0098 }037 .052 1.015 .0031 |0
.0010 | .0035 L0031 |.0010 }.0017 | .0015 |.0017

0 1.723 B.176 |6.670 [4.446 | 2.055
4 0 .0088 £045 1,072 [.024 .0038
.0012 | .0097 {027 021 |.010 .0035

.662 1.832 1993 1.344 12.383 ]2.382 |0
5 .0009 | .013 [069 ©|<094 |.031 .0051 {0
.0025 | .014 {133 135 [.025 .00471 |.0021

.706 1.815 1989 1.083 |2.117 | 2.941 }.529
6 .0007 | .014 {065 . .048 .0086 |.0003
.0019 |.015 [127 L183  1.044 .0056 |.0012

.529 2.077 1.191 {1.036 |2.558 |2.548 |1.444
7 .0007 |.012 }021 .026 .050 .014 |.0017
.0029 | .011 }[033 .048 {.037 .010 {.0023

.159 1.732 {675 .069 |2.193 |3.176 |1.800
8 .0003 | .0062 }0029 }.0003 }.015 .017 1.0029
.0041 | .0068 [ 0083 |.0095 }.013 .010 |.0031

.681 1.059 }0993 0 .496 3.176 |2.647
9 .0010 | .0017 {0002 0 .0009 | .0069 |.0034
.0029 |} .0031 {0033 {.0031 [.0033 | .0041 {.0025

O Oxidizer Hole Projection
& Fuel liole Proiection



C.

VAPORIZATION COMPUTATION FLOWCHART
AND COMPUTER PROGRAM LISTING



600

‘

BEGIN

MASS DISTRIBUTIONS
INCREMENTAL DISTANCES {DLC)

DROP SIZES

PROPELLANT PROPERTIES
OPERATING CONDITION

ETC

i

LG COEFFICIENTS (CV)

|

I=1, NPLANE

YES
VAPORIZATION W/0 GAS
NON-VAPORIZ ING
GRID DLG=—CV, DLC 1 TEMPERATURE CORRECTION
@ YES NO
LGl = DLG L6l = LG (1-1, J1) + LG
YES
320
16 a1 >100 DN
EV1 = 100 EVIe-LG]
| 300 B10
1 EVF2 = 100 EVO2 = 100 V02 = 100
Mev1 162 = 16 {1-1,0F))] | 162 = 16 (I-1,J01) EVFZ = 100
Y02~ 1601 EVF2 = LGF1 162 = 16 {1-1,J1)
YES ) NO
YES NO
161 = TS0 16) = TSF 61
I VAPORIZATION W/0 GAS
NCOUNT = 1 ITEMPERATURE CORRECTION
NON-VAPORIZING

GRID




VAPORIZATION 1TERATION
YES NO

o | |

Evz Eve ~+——————— TEMPERATURE CORRECTION

Ev2<0 083 EV2<0 083

EV2 = 100

430

TGZ = TSO TG2 =TSF 162

1 ]

] VAPORIZATION
ITERATION

c-2



nNen-Vaporizing Grad

Ev (1,J) = EV {1-1,J1) EV (I,0) =0
LG (1,d) = LG (I-1,J1) 16 (1,3) =0
T6 (I1,d) = T6 (J-1,J1) 6 (13) =0

MR (1,J) =
MRL (1,J) MRL (I,J)=0 999 ()

€-3

L ) J

UEL ONLY 0X ONLY

YES 10 T16(1,9)=16(1-1,JF1)} [16(1,9)=T6(1-1,000)| | frat1,9) = TsF 16(1,d) = T2
MRL {1,9) = 0 MRL (5,0) = 999 MRL (1,d) = 0 MRL (I.. = 399
MRV(T,0)=888 () | [MRV(I,J)=888 MRV (1,J) = 888 MRY (I,:) = 588
YES NO
0
1
L6 (1.4) =0 L6 (1,J) =200 LG(1,J)=EV(I,d) !
i
|
I | ] |
eool
NEXT J
NEXT 1

l

OUTPUT




123456789012345678901234567890123456787012345678901234567890123456789012345678901234567890123456787012345478901234567870%#xSEQG NO O1

Pr INTED BY
JSER NAME

ACCOUNT

ON SYSTEM

EXEC LEVEL
EXEC DATE

(]
1
S

# # « CDC /

w w

w w
w w
'A% vV
w vV
ARV
W w
ARy
VUW

w

VAPUR
ALRC
0427AA133
B
37R2B-B42
05706

INFORMATION SYSTEMS DESIGN #

AAAAAAAA PPPPPPPPPP
AAAAAAAAAA PPPPPPPPPPP
AA AA PP PP
AA AA PP PP
AA AA PP PP
AAAAAAAAAAAA PPPPPPPPPPP
AAAAAAAAAAAA PPPPPPPPPP
AA AA PP
AA AA PP
AA AA PP
AA AA PP
AA AA PP
. APOR STARTED PRINTIMG
QUEUJED
CREATED
PART NAME
PART NO
FILE NAME

3205 CORONADO DR # SANTA CLARA,

00000000
6000000000
00 (a]e}
0o 00
00 (ale}
co 0o
00 co
a]e] (sle}
00 (sle)
00 0o
0000060000
00000000

3,14/82 07
5/14/82 07

5/14/82 07
-BKR1-$$~BK2~
00

S5a
57
57

29
53
23

RRRRRRRRRR
RRRRRRRRRRR
RR RR
RR RR
RR RR
RRRRRRRRRRR
RRRRRRRRRR
RR KRR

RR RR

RR RR
RR RR
RR RR

ESTIMATED PAGES
INPUT DEVICE
QUEUED TO
PRINTED ON

000427 «BRFIL$VAPOR (4)

CA 95051 #

(408) 727-8100 * # #

1108

12
DG1924
AJL
AJIPRI1

1X0 #* % 4



3FOR+S VAPOR

FORTRAN V3

6-J

ISD VERSION 4.95-08/30/82-142332125 (264)

MAIN PROGRAM

STORAGE USED:

CODE(1) 0021743

DATA(O0) 0107703

EXTERNAL REFERENCES (BLOCK. NAMD)

0003
coos
8005
0006
0007
0010
6011
J012
9013
39014
0015

STORAGE

0001
001
2001
Lco1
3000
0000
0000
tC00
0000
3000
0601
0001
0001
0001
0001
caol
0001
5001
0001
0001
0001
0001
0000
0000
gaoe
0000
2309
6002
coo¢
goao
0000
0009

™D

o}

D md D O e s

SINT?
NINT3S
NRCUS
N103s
NIO2s
VRNLS
NIOols
NWOUS
NECRR2S
X< RR
NSTOPS

ASSIGN

000310
gCc0335
000351
0207647
016367
010461
10524
010565
010612
010664
000076
001064
301110
001174
0C1315
001410
001504
001546
001673
001741
002072
002147
010226
010240
010224
010250
§10245
010247
0o004ss
061175
010242
007464

MENT (BLOCKe TYPES

160L
130L
160L
19J0L
2062 0F
2080F
222CF
2270F
2320F
237CF
3oL
33oL
360L
390L
425L
460L
475L
S10L
660L
T710L
T4€G
es¢oL
cvo
Evfl
HVF
INPUT
JJ

Je
LGG
MRV
NCOUNT
T

gooo0
0001
2001
6001
0000
0060
0¢co00
0009
cooo
coooe
0001
0601
6601
Gool
gcol
0001l
0001
6001
0001
0001l
0001
0001
0000
Gooo
2200
g000
3600
3000
gcco
000
0000
6oo00

D wd T T emvem D DD

0106324
000032
000612
030052
010373
010466
C1¢537
010572
010620
010675
000776
001066
001122
000254
6C1335
001422
001511
001550
001705
002016
002103
002160
003114
010234
010222
010236
010244
010230
002271
002373
010217
010225

1000F
1356
170L
20L
204 0F
2090F
2230F
2280F
2330F
2380F
300L
340L
365L
40L
426L
47CL
480L
515L
6536
7166
810L
860L
DLCF
EVF2
HYO
ISITOK
JJJ

K
LGO1
MRV1
NPL ANE
TCF

BLANK COMMON(2) 000000

coo00
0001
ooo1
€900
0000
0000
8000
cooo
0000
0001
0001
0001
cocl
0001

DDV D D vt e DD

RELATIVE LOCATIONe NAME)D

010325
000034
000617
910331
010410
010504
010545
010577
010631
000223
001021
001106
001142
001176
001361
001443
001512
001603
001730
002031
002114
002170
002440
006050
010220
010221
003570
000002
002326
002374
010213
010223

1010F
1406
175L
2000F
2050F
2100F
2240F
2200F
234 0F
2416
310L
350t
3s8L

400t
430L

4721

485L

520L
6656
7246
820L
gooL
DLCO
EVO

Joo
LG
MR
MRV 2

TCO

6001
00C1
0001
000C
0000
co00
0000
0001
0000
ooely
0001
0001
0001
0001
0001
0001
0001
gg01
0001
0001
0001
0000
0000
0000
geco
0000
gooe
age?d
00006
0000
0000
cooc

D DD LD et DD

000317
000344
000630
010345
010432
010516
016553
000205
010642
roe264
001044
000555
001156
001255
001354
601445
001537
001611
001770
002044
002125
010214
002375
010237
010204
004244
010231
000521
gg2z2%
600001
010210
010243

nGoo
9000
0000
a0g0

T DD I X =t et DD

000325
000353
000637
10365
010454
010522
0105690
010605
010653
000265
000577
600675
001171
001302
001366
601457
001541
001663
002003
002057
002136
010227
006524
010233
010203
010232
010746
092272
001651
00000GC
010207
ci1o20s

120t
150L
14S5L
2220F
207CF
221CF
2250F
2310F
2360F
2656
2306
3566
3I80L
42CL
450L
474L
435¢L
550L
7106
7406
840L
CVF
EVF
EV02
100
JF1
Ji
L5F1
MRL
MW0
R0
TF



9-J

0000
0000
0000
0000

00101
00101
00101
30101
c0103
00193
00103
20103
€0192
27104
221¢C4
29135
£5108
09105
22125
50107
ca1e?
00197
30107
22111
23111
90111
20113
Jol13
20113
30113
00113
00115
16115
20118
33115
00115
33117
39117
co117
Go117
oCc117
00121
22121
co121
eciz21
093121
90123
99123
09123
30123
J0126
00131
30134

DO

007527
010205
010216
084720

1
2%
I
4«
S»
(3]
T
g
S
10+
11=
12
13«
14+
15«
16+
17
18+
13»
23+
21+
22+
23«
24
25+
26+
27+
28«
29+
30+«
31
32+
33
34
35«
36w
37«
38+
39«
40«
41«
42 e
43+
440
45 «
46+
47«
48+
474

16

TSF
XCO

0000 R 010241 TG1 0000 R 010235 TG2 0000 R 007414 TITLEL
0000 R 007200 TP10O 0000 R 007243 TP100O 0000 R 007306 TR100
0000 R 010215 TSO 0000 R 010212 VF 6000 R 010211 VO

C DECLARATION

PPN S

—

1
2
3
1
2
3

1
2

LN -

£ N - <+

& NN -

PP Q™

REAL MUWO4MUWF oL GoLGOgLGF +MRVeMRLIMRJIMRsLGO1sLGF1oMRV1 4MRY2

DIMENSION LG(3S)sEV(3S5)+DLCO(3+4100)9sDLCF(34100)+J00(34100),
JFO(39100)eXCO(39100) e XCF(34100)¢MRV(34100)MRL(34100)0
LGO(34100)eLGF(39100)¢EVO(34100)¢EVF(34100)+MR(35)
TP100¢35)¢TP1000(35)4TRI00(35)4TR1000¢(35)+TITLEL(20),
TITLE2C20)4T(35)4T6(3+100)

NAMELIST ZINPUT/IDOsIOFoTOsTF ¢RMO4RUF oVOoVFoPC ol 4TSIeTSF

MRJUWNFLANE

DATE LG/Ce019Ce0290e0490e06900190e2900490e6¢0e891e0s16592000
3e0904¢005e0¢6e097e008Be0993,091040913¢0¢415.09174C0
20609250930 0935e09040.0945e045040960+0970e048040¢50.04
100.0/

DATA EV/0e0B3¢0e319069191e6193010066¢591206291703921eB32569934420
4105'52-2'60.0'66;0'70.5'7405'77.8'80.5'82.7.87.8'90.2'
0240098049606 2097¢6¢98059299+14%9.4499.6¢9%9e82+99.92y
39.496¢99.98499.99/

DATL MR/Ce1v0e29004940.690e801e002e20)cb01e601eB8B92e0026292440
20692eb593¢003062430403066¢308940090465956005e5962097e09Fa0
9-0010.0'15.0'2000'3000|40o015000'100.°/

DATA TP100/1421.04161B.041844,091992.042125.0¢2280e04271240%
3587¢044336e0064922.045347¢095632¢0958064045905.0+
5959¢0459844095990e00598600959740045956404593640
5873¢0¢5801e005725¢095646060¢5482¢0¢5313404513700
4957 0044026003257 092311091 774e091425404638.0/

DATA TP1000/1551.041817.092109,0¢42289.0+24384042586.04283840¢

35906094364¢0950274005555¢00¢59744045254¢00642900
6526e096575060065%9140¢6589e006575e046551e09652160¢
6433e0¢6330e609622040961094045L7640¢5637e0e¢53F84C
5155e004055¢093261.0023114001774.091425.0¢673.0/

DATA TR100/1517,041708.001934.,042102.092291.0425544093090.0C4
40284094769¢095304¢095651¢045857e0053565¢006019.04
6040e096044¢006037409602060946001e095975080595040,
5876e¢005797¢095714.09563040454550005275.095088409
4894,043909¢003133.092208,041684e0¢1348409592.0/

DATA TR1000/1672¢091929¢0¢2213.002404¢0¢2584,042791.0¢3131.04

4037e004845.04549840¢598800¢06314e096506e0066070+
6652¢096665¢0e6658e0¢663860¢6611.0¢6577e09654140
6836000632540 46208.046087e045839.045587e0+532%400
5074¢093929¢0¢3135.0¢220440¢91684.001348404633.0/

C INPJUT DJATA

READ(S+1000) (TITLEIC(I)yI=1420)
READ(S41000) (TITLE2(I)+I=1420)
REAJ(S INPUT)

30 10 I=1+NPLANE

0000 R 007440 TITLE2
0000 R 007351 TR1000
3000 R 005374 xCF

600001
000001
000001
000001
0060001
000001
inoont
000001
900001
000001
000001
000001
000001
000001
geoool
¢00001
£26001
365001
000001
000001
acoo001
000001
ococol
000001
000001
60CCO1
ceocel
000001
600001
eoeegl
000001
000001
000001
000001
000001
nreool
000001
000001
000001
000001
RURTAUD
000001
000011
600021
0oo02%



L=

30137
00142
00143
00144
30145
JoL46
30147
00150
00153
00133
30155
00166
0G170
00172
00175
802900
20202
Jg21¢
12217
L322¢&
se23¢0
0233
20236
30240
Ju243
00245
23245
2256
33251
23251
30251
30261
20264
19257
10270
33271
30272
30273
30274
13275
09276
00301
90301
30301
30301
70302
003902
J0302
30302
30303
35304
2305
13306
J031°0
30311
Jolle
00312

50
51«
52«
53.
54+
55«
56
ST«
58+
59
60«
61e
62
63«
S4n
65+
66
67
Sge
53+
70
71
12+
73
T4
75«
To»
77«
78
73
&0
&l
A2
83
B4~
85+«
BE»
87«
§8 e
L
90
91
92
93
94«
95«
6
97«
Spa
EEX
100
101+
102
103«
1049
105
106+«

10
20

30

40

C IN]

50

C PRO

100

] 1 1 | T 1]

DO 10 J=1,100
XCO0(I4J)=0.0 !
XCF(Io+J)=0.0
OLCOCI+J)=0.0
DLCF(I+J)=0.0

JOO(I4J)=d

JFOCleJ)=d

CONTINUE

READ(Se10104END=30) I ¢JeXCOCI oJ)oDLCO(I4J)sd0O0(IJ)y
1 XCF(I2J)eDLCF(T9J)eJFO(1e)
60 Y0 20

WRITE(6+2000)

WRITE(642010)

WRITE(6+42020) (TITLELI(I)WI=1,20)

WRITE(6+2020) (TITLE2(I)os1=1,20)

WRITEL6+2030)

WRITL(642040) PCyMRJUsCReNPLANE

WRITE(642050) IDO4TO«VOeRMOSTSO

WRITEC6+42060) IDF oTFy VF 4RMF4TSF

dRITELB4207C)

D0 40 I=1+NPLANE

WAITE(6420b0) I

WRITEt642020)

00 40 J=1,100

IF(XCO(IaJ) oLEe 0e0 +ANDe XCF(lod) +LE. 0) GO TD 40
WRITE(692103) JoeXCOLI ¢J)oDLLCOCIeUI o JOOCTI o U)o XCF(IoJ)sDLCF(I o)
1 JFO(IeW)

CONTINUE

TIALIZATION

DO 50 I=1+NPLANE
00 50 J=1.100
TG(IsJ)=0.0
M3VI1eJd)=0.0
YRLII yJ)=0.0
LGO(I 4J}=0.0
LGF(T+J)=0.0
ZVi(]edd=C.0
EVF(I4J)=C.0
CONTINUE

PELLANT PROPERTY ASSIGNMENT
GO TO (1004110)41ID0
+ L02

HV0=91.6

TC3=278.0

MWd=32.0

Go TO 120

WRITE(642300)

GO TO 300

GO TO (13041404150)410F

* PROPANC

000034
000034
000035
000036
000037
oo0C40
000042
000052
000052
000052
000074
600076
000102
000107
000122
000132
000137
eCce150
000162
0c2174
000205
0c0205
600213
000223
050223
3cLn237
00237
6e0265
030265
000265
C20265
060265,
000265
000265
000265
060266
000267
cooz27¢
egez7
090272
aLg300
0c0300
0c0300
000300
3003¢C0
000310
000310
000310
ceesle
see3ll
030313
‘00315
0ce317
000323
000325
000335
000335



y=J

00312
00312
00313
00314
30315
30316
30316
00316
J0316
00317
20320
30321
00322
30324
30325
50325
20325
3325
30325
23328
13328
20327
30327
00327
3d327
00332
00334
30335
10337
30340
30341
€0342
00343
3C345
20345
23347
0350
20352
508352
13352
30352
00355
00360
10351
50352
30364
20364
20364
50364
16354
20254
17354
05364
36365
33366
30370
30370

107»
108+
109+
110+
111»
112«
113
114+
115+
116+
117+
118+
119
120«
121+
122+
123+
124+
125+
125+
127«
128+
129+
130+
131+
132
133
1349
135+
136+
137+
138+
139+
140+
141
142+
143+
144
14514
146
147
148«
149
150+
151
152«
153+
154+
155+
156
157
158+
150«
150«
161
162+
163+

130

140

150

160

179

175

180

185
150

HVF=183.0
TCF=670.,0
MUF=z44.0
GO TO 160

« RP-1

HVF=125.0
TCF=1218.0
MWF=172.0
GO0 TO0 160
WRITE(642310)
GO T0 900

» L5 COEFFICIENT

CVO=((PC/30040)*20.66/CR**0.44)/¢(1.0-TO/TCO)*+0.4*(HV0/140.0)
a0 B4 (MWO/100.,0)s%0,35+(RMO/0.003)2+1.454(V0/100.0)+40475)

CVFS((PC/300406)%20,66/CR*+0.44)/C(1.0=-TF/TCF)+#0,4+(HVF/140.0)
¢208a(UJF/10040) 22635+ (RMF/0,3032441.45*(VF/100.0)+*3.75)

» TEMPERATURE INTERPOLATION

00 19C K=1435

IF(IDO oVNE. 1) GO TO 110

GO TO (170+18041508)410F

IF(PC +LT. 1000.0) GO TO 175

T(KI=TP1000CK)

G0 179 190
T(K)=TP100(K)+((PC-100.0)/¢1000.0-100.022+(TP1000(X)-TP100(X))
GO TG 190

IF(PC «LT. 1000.0) GO TO 185

T(K)=TR1000(K)

GO0 TO 190

T(K)=TR100(K) +((PC=100+0)/(1000.0-100.0))«(TR1000(K)~TRI00(K))
CONTINUE

VAPORIZATION CALCULATION

DO 60C I=1+NPLANE

00 600 J=1+100

JO01=J00(IsV)

JF1=JFO(I e}

IFC(XCO(Isd) oLEe 0.0 «ORe XCF(IsJ) oLE. 8.0) GO TO 510

* VAPORIZING GRIDS (BOTH OXIDIZER AND FUEL PRESENT)
«+ FIRST TRIAL (BASFD ON LC AND NOT TG CORRECTED)
«ss FIRST FLANE LG
LGO1=CVO«OLCOtIoI)
LGFI1=CVF*DLCFtI+J)
IF(l .EG. 1) GO TO 320

««sSECOND OR THIRD PLANE LG

060335
000335
000336
000340
000342
000344
000344
000344
000344
000345
000347
cCco0351
000353
000357
000361
000361
00C361
020361
000361
ICL4ES
05545¢%
o0Cs77
0C0577
£o0577
800577
0e0S77
0C0601
300612
200613
000615
coCce617
206626
000630
cCo0632
0C0635
600637
00655
000655
300655
600655
320655
000675
000675
000677
000701
000715
006715
300715
000715
00718
00718
0C35715
“0i715
5Cc0720
6007235
000731
cCco0731



b=J

30370
00370
00371
00372
00374
39376
20409
00401
30402
00403
20404
30405
90406
00407
00418
00412
J0413
0414
30415
304156
90420
30421
c04a21
30421
90421
30423
00424
00426
30427
29433
00432
30433
50435
04356
50437
00441
s0442
90443
50443
JJ444
09446
50450
00451
10453
30454
00455
30456
30457
39450
10451
00461
20461
{0461
C0453
30453
00453
C0463

164+
165+
166+
167+
168+«
163
170
171
172+
173»
174+
175.
176+
177
178
173
180
11
182«
193
loae
165
1R6
187
188«
193
190+
191«
192+
133
124»
195
196+
197»
138
199+«
200+
201+
202+
203
204
205+
206
207
208+
209«
210
211
212+
213«
214+
215+
?1‘..
217
218+
2193
220+

300

310

339
24C

3be
360

265

368

LGO1=LG01+LGO0(I=1,J01)
LGF1=LGF1+LGF(I~14JF1)

IF(EVOCI~14J01) oLT. 100.0 oAND. EVFII-14JF1) LT,
IFC(EVO(I-14001) oLT. 100.0) GO TO 300
IFCEVF(I=1eJF1) oLTe 100.0) GO TO 310
EV02=100.0

EVF2=100.0

MRV2=888.0
T62=(TG(1=1sJ01)*TG(I~14JF1))/2.0

GO TO 470

T6G2=TG6(I-14JF 1)

EVF2=100.0

CALL SINTPU(LG(1)+EV(1)4354LG01+4EVO2,1SITOK)
IF(ISITOK «tT. 0) GO TO 810

GO TO 470

162=T6(1-1,001)

£EvC2=100.0

CALL SINTPULGUE1) ¢EVUI1)o354LGF14EVF2,151T0F)
IFCISITIX «.Te. 0) GO TO 820

GC TO 470

ses VAPORIZATION

IFC(LGO1l «6T. 10040) G0 TO 330

CALL SINTPCLGC1)9EV(1)e35¢LGO1+EVOLLISITOK)

JFCISITOK <LTe 0) GO TO 810

GO YO0 340

£v01=100.0

IF(LGF1 «6GTe 100.0) GO TO 350

CALL SINTPULGU1Y9EV(1)e35+LGFLIeEVF14ISITOK)

IFCISITOK «LT. 0) GO TO 820

60 70 360

EVF1=100.0

1F(] «.GT. 1) GO TO 365

MRV1=MRJ* (XCOCLoJI/XCFC1eJ))n(EVOL/EVFI)

GO TO 3é8

MRVI=MRJ*(XCOCI¢JI/XCF(TIoJ))+((EVOI-EVO(I=-14301))/
CEVFI-EVF (I-1,4U0F1)))

IF(4V]l +GE. MR€(25)) GO TO 370

IF{YRV1 .LE. “R(1)) GO TO 380

CALL SINTP(MR(1)¢T(1)+4354MRV1eTG1+ISITOK)

IFCISITOK LT« 0) GO TO 830

GO TO 390

161=1S0

G0 TO S10

TG1=TSF

GO TO 510

NCOUNT=1

++ SECOND TRIAL (BASED ON TG)
IF(I «EGe 1) GO TG 41C
«» SECOND OR THIRD PLANE EV

EVO2=((TG1+TG(1-14J01)=2,0+TS0)/((50000=-TS02+2.0))

100) GO TO 320

000731
000731
600733
000735
000753
000757
008763
000765
000766
000770
0C0774
npo776
go01002
001004
001014
001017
001021
ea1e2s
001027
901037
301342
001044
021044
001044
001044
001047
801057
3C1062
201064
001066
cf1071
ac1101
601104
€01106
0C1110
001111
0g112¢0
001122
61122
301142
101145
001151
GG1161
001164
001166
001167
001171
£01172
301174
01176
01176
0C117¢
£C117e
001177
901177
001177
on1177



0L-3

080463
00464
00456
00470
20470
00471
00473
00475
20475
00476
00476
00476
00477
005390
30502
00502
00502
50502
30504
30533
00506
00596
90507
50511
20513
00514
00516
00517
319529
30521
30522
£es22
200522
30522
90523
006525
20525
90525
30525
30527
00531
00532
80533
00534
30535
00536
00537
00537
30537
20537
205412
00541
00542
30543
20545
60547
30550

221
222+
223+
224
225+
226*
227+
228+«
223+«
230«
231+
232+
233»
234
235«
236+
237#
238«
233
240«
241«
242
2643«
244+
245+
246
247
248
249«
250
251«
252»
253«
254 =
255+
256+
257
258+
259
250+
261
262+
263+
264
265«
266+
267+
268+
263
270
271
272+
273»
2T4 e
275+
276+
277+

410

420

425

428

460

470

1 “(EVO1=-EVO(I=~14J01))+EVO(I=-1,J01)

IF(EV02 LLT. 0.083) GO TO 540

IF(EVD02 .GT. 100.0) EV02=100.0
EVF2=((T61+TG(I-1¢JF1)=2.C*TSF)/((5000.0-TSF)+2.0))
1 *(EVFI-EVF(I=14JF1))+EVF(I=~14JF1)

IF(EVF2 <LTe 0.083) GO TO 540

IF(EVF2 +GT. 100.0) EVF2=100.0

G0 TO 420

~«s FIRST PLANE EV

EVO2=((T61=-TS0)/(5000.0-TS0))+EVOL
EVF2=((TG1~TSF)/(S5000.0-TSF))*EVF]
IF(EV02 o LTe 0,083 ORs EVF2 .LT. 0.083) GO TO 515

s+« MRV2 AND TG2

IF(I +GT. 1) GO TO 42¢%

MRIV2=KRU* (XCOC(TeJI/XCF(I94J))*(EVO/EVF2)
52 TG 428

YRV2ZHMRUs (XCOC(TeJ )/ XCFUlaU))*((EVOR2=-EVO(]=14J01))/
1 (EVF2-EVF(I=14JF1}))

IF(MRV2 GE. YR(35)) CO TQO 420

IF(YRV2 .LE. MR(1)) GO TO 445

CAL. SINTP(MR(1)9T(1)¢354MRV24TG241SITOK)
IFCISITOK LT. 0) GO TO 840

GO TO 450

162=1S0

30 TD 450

T62=TSF

*« COMPARISON OF 1 AND 2

TeST=ABS(TG2/7161-1.0)
IFCTEST JLE. Co05) GO TO 470

e+ FURTHER ITERATION REGQUIRED

IF(NTCOUNT JLE. 10) GO TO 460
WRITE(642329)

GO TC 900

T61=762

EVOLl=EV02

EVFLI=EVF2

NCOUNT=NCOUNT+1

GO TO 400

«++ JTERATION COMPLETED

EVICIeJIZEVOR2

EVFC(leJ)=LVF2

MRV(1sJ)=MPV2

TG(leJd=TL2

IFCEVF2 L1, 100.0) GO TO 473
IF(EVO2 GE. 100.0) GO TO 472
MRL(I+¢J)=999.0

GO T0 474

-

001177
001213
001222
001230
001230
001242
001245
001253
001255
001255
601255
001255
001261
001266
001303
001303
001303
001303
201304
001313
201315
001315
001335
001340
001344
001354
001357
c01361
331362
001364
601266
301366
001366
001366
001272
001375
001375
001375
00137¢
5014201
001406
601410
001411
001413
001415
001420
001422
601422
001422
001422
001422
001425
101427
0014531
001434
001437
001441



LL-3

00551
00552
00553
0055%
00556
60560
00561
30553
20554
00565
00556
00557
00570
20572
00574
00575
00577
0052C
59631
nne02
30602
30604
304053
10695
20605
33605
00607
03607
236307
00607
30610
30611
Joel2
20613
39615
00617
30617
20617
23617
20620
00621
30622
30622
30623
00623
00623
30624
30625
20626
£0627
30627
20627
20527
3043C
30631
00632
00633

278+
279
280+
281«
282+
283
284+
285+
286+
287+
288«
289«
290+
291+
292«
293»
294
295
2735
297+
298«
299«
300
301~
302
303
IC4
305
306
367
308
309«
310
311
312+
313
314+
315
316+
317
31l
319«
329
321«
322+
323~
324
325
325¢
327
328+
32G .
230
331
332
333+
334

472

473
474

475

480
485

4990

408

510

515

520

MRL(I9J)=0.0

GO TO 474

MRL (I o) =MRUC (XCOCT 4 JI/XCF(I4U)I*C¢(100.-EVOU(I4J))/C(100.-EVF(I+J)))
IF(EVO2 «LE. 0.0) GO TO 480

IF(EV02 «GEe 99.99) GO TO 475

CALL SINTP(EV(1)sLG(1)e35¢EVO24LGOCI¢J)oISITOK)
IFCISITOK .LT. 0) GO TO 850

GO TO 485

LGO(I¢J)=200.0

E£V02=100.0

GO TO &85

LGOUtI eJ)=C.0

IFCEVF2 oLEe 0e0) GO TO 490

IFCEVF2 «GEe 99.99) GO TO 495 .
CALL SINTPLEV(1)4LG(1)93S5+EVF24LGF(I4J)oISITOK)
IFCISITOK «LTe. O0) GO TO 860

GO T0 600

“GF(l 4J)=0.0

S50 TO 600

LCF(l+u)=200.0

ZVF2z100.0

G0 T2 600

« NONVAPORIZING GRIDS (EITHER OXIDIZEP OR FUEL 0% BOTH AWSENT)
IFC(I .GT. 1) GO TO 540
»e FIRST PLANE

EVOtI o JI=0,.0

EVF(T4J)=0.0

LGO(l+4J)=0.0

GF(IeJ)=0.0

TF(XCOCIsJ) oLEe 0o0 oANDe XCF(IoJ) oLE. 040) GO TO 500
IF(XCF(IsJ) «GTe XCO(Io4J)) GO TO 520

s»s OXIDIZER PRESENT ONLY

TGCI+U)=TS0
MRL(I4J)=559.0
MRVII+J)=EBBLO
G0 T0 €00

»»» FUEL PRESENT OVLY

TGCIeJI=TSF
MRL(I4dJ)=0.0
MRV (I +J)=888.0
G0 10 600

#« SECOND OR THIRC PLANE

EV0tL 4 J)=EVOCI-14u001)
IVFUL o J)ZEVF (L =1eJF1)
LG0(I+J)=LGOL1I=1sJ0O1)
LGF (] +J)=LGF(I-14JF1)
TGOl oJI=UTG(I=14J01)+TG(I~-14JF1)) /2.0

001443
001443
001445
001457
001461

001465
002477
0Cc1502
001504

0015905
001507
0c1511

601512
001514
001526
001532
001535
001537
001537
001541

001542
001544
001546
601546
001546
001546
001550
001550
001550
22155¢
031550
001551
001552
001553
001567
601573
001572
001572
001573
£01875
651577
001601
001603
c01603
901603
001603
001604
D01605S
001607
no1611

001611
0016l
161611
(01615
C01623
001625
001627



(AN

00634 335« IF(XCOCIsJd) oLEe 0.0 oANDe XCF(IesJ) oLEs 0.0) GO TO 600 001633
00636 336+ IF(XCF(IsJ) «GTe XCOCI4J)) GO YO 550 001647
00640 337 001653
00640 338+ c *s+x OXIDIZER PRESENT ONLY 001653
00640 339« 001653
00640 340« TG(IeJ)=TGULI=-14J01) 001653
00641 341 MRL(I4+J)=999.0 001655
00642 342+ Y3V(1+J)=888.0 001657
00643 343« GO TO €00 001661
00644 344 001663
00644 345« c ++ FUEL PRESENT ONLY 001663
00644 345« 001663
00644 347« 550 TG(IsJI=TG(I-14JF1) 001663
00645 348« MRLCI4J)=0.0 001667
00646 349 MRV(I+J)=888.0 001670
00647 350« 600 CONTINUE 001705
00652 351 001705
10632 352+ C PRINT QJTPUT 061705
rlc3e 333 00170¢
30*¢ 3. TLaw 09 60C I=1+NPLANE T1Tec
A2 235~ WIITECE22000) £o1723
Gi6a? 256 ~RITE(E42010) 931718
38661 357 *ITELHe22006) 1 001717
G3654 358« 33 860 JJu=1,1C né173¢
00667 359~ 1F(JJJ oNEe 6) GO TO 710 £51720
00671 360 WRITEL642210) 001733
03673 361n 710 JJ=(JJd=1)»10 001741
G574 362+ J1z=JJ+1 0CG1744
33673 163 J2=Jdd+10 031750
33675 364+ JRITECE92220) JleU24 (LGOI ed) 9d=d14J2) 201753
30706 365+ ARITECS92230) (LGFUIoJ)ed=d10J2) 001773
0714 366 sRITE(6+2240) (TG Isd)ed=dled2) cG2006
00722 357+ dRITZ(642250) (EVO(IvJ)eJ=J1ed2) 002021
30730 36k dRITE(642260) C(EVF(leJd)ed=d1ed2) 002034
60738 369« AdRITE(692270) (MRVIIoJ)eJd=J1lsd2) 002047
0744 370~ «RITE(692280) (KRL(IsJIeU=J1lsJ2) 232062
J075¢e 371 800 CONTINUE cc21¢1
70755 372+ 30 TO 900 0c2101
30756 373~ {2103
J375¢ 374~ C CUTSIDE TABLE RANGE <S216%
w756 375» 32103
€0756 376~ 810 WRITE(642330) I4J4LGO1 302103
30753 3717~ 50 T2 909 £g2112
00754 378+« 820 WRITE(6+42340) IeJsLGF1 602114
03771 37G 60 TO 900 302123
20772 380« 830 WRITE(692350) T9JeMRV1 602125
30777 381« 60 TJd 900 002134
31000 382« 840 WRITE(692360) IesJaMRV2 002136
312305 363« 63 T3 90¢ 002145
51006 drb- 495C WJRITE(642370) leJdsEVOZ 002147
01013 315 60 10 %00 602156
31014 386+ 860 JRITZ(6423HC) 14J4EVFZ 002160
21521 3nTe ac217¢c
1021 Jufw C FORMATS (n"2179
J1021 369 062170
01021 350« 100G FORMAT(20A4) 002170

31022 391 1010 FOIMAT(211042¢2F10,44110)) 0g2170



3N S

31023
01023
31024
01324
01025
01028
3138217
J1027
010330
31030
J1031
51031
31032
01033
01034
01034
2103¢
31036
1637
21340
IFTLRY
31042
31343
vil4s
3104>
31046
1047
C135¢C
21051}
Ji052
31053
21054
21055
J1055
21057
31050
31369
31061
IND FOR

392«
393
394«
395«
396«
397
398
399«
400+
401«
402~
403w
404+
405»
406+
407
403+
409«
416
411
43i2e
413«
4ige
415
415+
417=
416«
419»
420
421~
422«
423~
424«
425«
425+
427
4y«
429

2000 FORMAT(IH1,/38X,*AE RO JET LTIQUILIO ROCKET COHN
14 N Y*)

2010 FORMAT(/25%s *PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW L

11QUID MASS DISTRIBUTION DATA®/)

2020 FORMAT(10X920A4)

2030 FORMAT(/S5X+*NAMELIST INPUT®)

2040 FIRMAT(/10XePCUPSIA)I=*9F6eloa3Xe®MRUSYoF5.393X9 CR=VeFTL343Xy
1 SNPLANE='412)

2050 FORMATC/10Xe®ID0="412¢3Xo?TO(R)I=Z®*oF6Ee1e3X e VOUFT/SEC)=*oFbely3Xe
1 TRMOCINI=*4E10e4¢3Xs*TSO(RI="4F6.1)

2060 FORMATC(/10Xe ?IDF=9912¢3Xe?TF(R)ISO oFSelo3X o ' VF(FT/SEC)I="9F6.143X,y
1 *RMFCINI=TE10e893X9?TSFIRI=?4Fb6e1)

2070 FORMATC(//S5Xs*COLD=-FLOW INPUT?®)

2080 FCRMAT(1HL1+//730Xs *PLANE NOo®912)

2090 FORMATC /710Xe'J¥qlXg?XCO® ¢ TXo?DLLO96Xe?JO0®yTXy
1 CXCF® e 7X9 *ODLEF*96X9*JFO0*/)

2100 FORMATEBXeI3sT140F6e4eT260F5¢30T360I3¢eT469F0e49TS569FS5e30T66417%)

2230 FORMAT(IOXs"PLANE NOW®e12/)

2210 FORMAT(IHY4/7/77)

2070 CORMATC/1 Do T gl ol X ot TO91XeTI3¢42Xe?LGO (IN)V 43X GI10(FT. 2, Y))

2230 FOIMATCIAX4PLOF (IN)?e3Xe10(FTe3¢3X))

2240 FORVATC(14Xe*TG (R)I?T46Xel10(FHelonéXx))

2250 FORMAT(14Xe*EVO*e9IXe10(FEe294X))

2260 FORMAT(14X4YEVF Y4 9Xe10(F6e294X))

2273 FORMATC(LAX G *MRV*9SXe10(F642494X))

22563 FORMATC(L4Xe*MHLY9S5Xel0(Fbe204X))

2300 FORMAT(/1IXe*UNIDENTIFTIASLE OXIDIZER?)

2313 FORMAT(/15Xe*UNIDENTIFTIAPLE FULL®)

2223 FORMATC(/1O0Xs*EXCEEDS 10 ITERATIONS?)

2330 FORMAT(/SX e AT I=9412¢3Xe?J=9,31443Xe LGO01="4FTe3)

2342 FORYATC(/SAe AT I=%e1203Xe U= 91493Xe?LGF1="9F743)

2350 FORMATUC/S5Xe AT I=%eI2e3Xe U= 91493Xe MRV1I=*4F7.3)

2360 FORMAT(/SXe%AT I=9412¢3Xe%J=?elbe3Xe MRV2Z"4F7.3)

2370 FORMATC(/SX®AT IS?4I2¢3Xe %= sl s3X4?EV02:="4FT7.3)

2383 FORMAT(/SXsTAT IS®el2+3X0"Uc? o IAe3Xe'EVF2=4F7.3)

“00 STOP
END

P

602170
002170
002170
602170
6d2170
002170
802170
02170
002170
002170
002170
602170
00217¢
602170
002170
662170
002170
002170
03217¢0
662170
RS W]
(£2170
632170
02178
602170
002170
20217¢C
622170
63217¢
<0217¢C
oc217¢c
312178
002170
602170
602170
00217¢
002170
002173



vLTJ

IMA?4 S o VAPOR

MAP 30R1V2-2 T4R1-2 08/30/82 14:33:43

DEMAND INPUT IS ILLEGAL.

SOURCE IMAGES IGNORED.

AFCY STATUS OF QUTPUT ELEMENT=UNKNOWN

SUARTER/THIRD

ADDRESS LIMITS

STARTING ADIRESS

WORD INSENSITIVE

001000 016605
040000 055360

SEGMENT SMAINS

NSATCS/FORKY
VWw3IL($/FIRLB

NE LA/ FOh=-E2

NJEFL/FOR=-E2

VR&NI$/FIR-E2
NCL3S$/FOR-ZD
NLIVPS/FOR=-ES
MFTZHS/FOR-EZ
NINPTS/FOR-Z3
NININS/50R-C4
NI3JF$/FOR-C¢
NCNVTS/FORES

NOTINS/FOR-E3
\B8S3L$/FOR-E3

VURPIAS/FORER
NTAB$/ISD
NFCHK$/FOR-E3

NIJIR$/FIR-Z
N3FO0S/ISD
NIOCVS/FUR-ES
NFTVS/FOR-E2
NFMTIS/FOR=E
NOUTS/FIR=EDS
NOBUF $/F0OR6S
FORCOMS/FORFTN
NINTR$/FOR-E3

NERCOMS$S/FOR-TE3

CRUB/SYST4-ISD
NERRB/FOn-E3

FNAVCO4S$/FOR-TES

NSTOPS$/FOR=-TEZ3
NEXP58/70R-23
vIES/FIR=-C S

SLANKSCOMMOINCCOMMUNDLOCK)

VAPOR

£¢1)
$(1)

$¢1)

$(1)
£(1)
$¢1)
$(1)
$(1)
$¢1)
$(17
$€1)
$(1)
$(1)
$¢1)

i)

$(1?
$(3)
$¢1)

$(1)
(1)
$(1)
$(1)
$(1)

$(1)
$(1)

$(1)
$(1)
$(1)
| X

$(1)

70646 IBANK WORDS DECIMAL
6897 DBANK WORDS DECIMAL

001000 016605

0013000
C01333

1222

601340
601574
601656
oo2122
003701
0C4167
003578
036036
636076
006320
006615

306673

006724
Ge7715
CC7716

010146
310277
010322
611235
613003

013044
013204

813764
013630
013674

214072

014250

001032
go1221

6013237

601573
001655
002121
003700
004166
005575
006035
CC6075
006317
606614
006667

006723

007714
007715
€10145

016276
010321
011264
013002
013043

013203
013263

613627
013673
014071
214247

016443

040000 055360

$C0)
F(4)
$(0)
$(4)
$(2)
3(2)
$¢2)
$(2)
$(2)
$(2)
$(2)
$(2)
$€2)
$(2)
$¢0)
$(4)

$(2)
$(2)
$(4)
$(2)
$(2)
$(2)

$(2)
$(2)

$(2)
$(2)
$(2)

$(2)
$(2)
102)
$(2)
()

$(0)
$(2)

040000 040091
040002 040053
040054 342355
040056 040130
040131 540150
040151 040152
64GC163 040212
040213 040402
640402 0404156
640417 040452
040453 04C453
040456 045454
040455 040552
040553 040556
040557 040557
040560 040615

040616 040655
640656 C41027
041030 041101
041102 C41251
S41252 042457
045460 043535

043536 043611
043612 043655

043657 043664
043665 043715
043716 043731

C43732 044122
044122 044132
044133 044141
044142 0442153
044214 044334

04433% 055324
BLANKSCOMMON

€7
e
23

~
<

21
20
27
c9
23
16

~
<

N
& o

=AY A PO YO
) E N AP

JUL
MG

SCF
hUL
MAR
MAF
JultL
LFR
JUL

MAR
APF
LR

JUL
ML
MAY

MAY
Yo
¢
af ke
MAr
SCP
Jut
MAY
JAN
VAR
srce
LEF
wAYv
Jay
[

LS §

sUC

76
Te

T¢

75
7%
15
Te
7

b

1+

(X4

142022
o422

132422
112452
132422

142512
142522

1325835

162452
14:0¢2
153472
142512

132292

1425132

212412
1435232
152302

198572
142512
14351
133472
143522
202512
213412

1532832
172262

£33
193572
132172
153292

X402
€01
100892

143333

51
47

1¢

S5h
24
32
38
6
16
34
55
35
53
25

25
06
a2

34
a7
)
54
HEY
42
CR
58
16
53
hE

s~

e
27
51
+1
1-

36



SL-J

[

10

SUBROUTINE SINTP(UsVsNsXsY,ISITON)
DIMENSION U(N)sV(N)

D0 1 I=2,N

J=1

IF (XJ.LT.U(1))GO TQ 3
IF(X.GT.U(NYIGD TQ 3
IFC(X-UCD) ) Z7CUNI=U(1)) )25 291
CONTINUE

YaW(d=0 b 4V U0y vux=n - o 0 -UCS-1 )
ISITOK=1

G0 70 10

WRITE(S+,4)XsY

FORMAT(2X s 1SHTAELE TOO SMALLIS5Xs3HX= +F13,515X»3HY= 3F13Z.3)

ISITOh=-1
RETURN
END



I

EDM
TES

NAMEL IST INPUT

PC(PSIA)=
I1D0= 1
IDF= 1

COLD~-FLOW INPU

AEROJET LIGQUID ROCKET COMPANY

PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIGUID MASS DISTRIBUTION DATA

LOL INJECTOR
T 17t

640 O MRJ=2 800 CR=616 000 NPLANE= 3
TO(R)= 200 O VO(FT/SEC)= 44 O RMO(IN)= 1186-02 TSO(R)= 270 O

TF(R)= 584 O VF(FT/SEC)= 71 O RMF(IN)= 6430-03 TSF(R)= 665 O

T



AR

DLCO

300
300
300
300
300

300
300

300
300
300
300

PLANE NOD

1
XCF

0023
0125
0130
0023
0110
2150
2720
0079
0150
1530
2380
0180
0057

DLCF

300
300
300
300
300
300
300
300

300
300

300



8L-0

XCOo

0109
0150
0260
0097
0050
0380
0630
0220
0017
0067
0840
1930
0800
00467
0109
0881
1180
0990
0180
0100
0190
0190
0230
0100

DLCO

800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800

PLANE NO

4]

XCF

0010
0049
0005
0015
0136
0290
0180
0230
0087
0184
0970
2520
1460
0252
0155
0580
0730
0730
0220
0058
0078
0087
0130
0029

DLCF

800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800

.
—



61L-3

XCo

0027
0081
0162
0140
0027
0162
0324
0275
0113
0027
0049
0300
0780
0780
0300
0054
0081
0450
0970
0998

0300
0410
0210
G086
0108
0081
0170
0076
0070

PLANE NO

DLCO Jao
1 300 24
1 300 24
1 300 25
1 300 26
1 300 24
1 300 34
1 300 35
1 300 35
1 300 26
1 300 37
1 300 33
1 300 44
1 300 45
1 300 46
1 300 36
1 300 37
1 300 43
1 300 54
i 300 45
1 300 56
1 300 45
1 300 47
1 300 53
1 300 54
1 300 95
1 300 55
1 300 56
i1 300 57
1 300 63
1 300 64
1 300 66
i1 300 &7
1 300 66
1 300 77

XCF

0085
0061
0006
0006
0097
0195
0182
0201
0067
0109
0128
0400
. 1030
1370
0730
0230
0122
0400
0730
0850
0580
0210
0073
0190
0150
0150
0210
0160
0043
0036
0030
0085
0024
0128

DLCF

h heb bh pet et b ed bA e b P bbb b ek beb Db Db b A et b (b e b b b b A R b e e e

300
300
300
300

300
300
300
300
300
300
300
300
300
300
300
300
300
300

300
300
300
300
300
300
300
300
300
300
300
300
300
300

——



J=31

TO0

T0

T0

TO

T0

PLANE NO 1

10

20

30

40

50

LGD (IN)
LGF (1IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
T6 (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
T6 (R)
EVO

EVF

MRV

MRL

LGO (IN:
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

AERDUJVET LIQUID ROCRET COMPANY

274
277
2374 6
8 &0

8 69

89

767
723
5233 5
21 06
24 32
9 28
11 17

727
848
5014 5
20 16

10 30
12 31

79

i 238

6241 4
25 46
29 85
2 66

3 31

670
7914
4744 8
18 88
21 59

2 04

PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIGUID MASS DISTRIBUTION DATA



-

B 4

-

T0

T0

TO

T0

60

70

80

90

T0 100

LGO (1IN}
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
16 (R)
EVOD

EVF

MRV

MRL

000
slele}
4]
(4]

[e1¢]
00

?37

1 173
6012 5
24 60

2 91

829

1 007

5507 7
a2 40

26 0t

2 456

000
000

00

574
665
4297. 6
16 63
18 76
1 59

1 B84

952

1 197

6149 8
24 92



AL

TO

T0

TO

T0

TO

PLANE NO 2

10

20

30

40

LGO (1N)
LGF (IN)
TG (R)
EVD

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)}
T6 (R)
EVO

EVF

MRV

MRL

LGD (IN)
LGF (IN)
TG (R)
EVD

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL.

AEROJET LIGQUID RODCKET COMPANY

PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIGQUID MASS DISTRIBUTION DATA

367

1 398

1945 O
11 25

32 51

1 35

631
521
2791 8
18 01
15 29
1 20
99

9 84

329

3 841

2195 3
10 17

98 76

7 99

3 605
4 469
5831 8
56 92
62 B2

2 20

2 81

1 673
1 600
2234 0
36 73
35 66
31 43
30 01

727
000
5014 5
20 16

888 00
999 00

3 422
4 202
5318 4
55 49
61 21

8 88
11 25

3 483
3 763
5593 0O
55 97
58 15
2 06
2 26

000
000

o)

00

00

00

00
000
000

0

00

00

00

00

2 192
2 SB&
3807 2
43 55
47 77
16 51
19 57
000

1 020
5546 4
00

26 23
888 00
00

2 535
2 945
3603 5
47 22
51 61
1 40

1 67



J=51

J=61

J=81

T0 60

T0 70

T0 80

T0 <0

TO 100

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IND)
LGF (IN)
TG (R}
EVO

EVF

MRV

MRL

LGO C(IN)
LGF (IN)
TG (R}
EVO

EVF

MRV

MRL

LGO IN)
LGF (IN)
6 (R)
EVO

EVF

MRV

MRL

000
000

9932 9
56 49
45 80

3118
3 794
5629 0
53 12
S8 39
2 08
2 58
2 669
4 071
6288 4
48. &6
60 43
3 99
6 43
3 005
4 151
5447 3
52 24
60 91
8 28
11 80
000
000

0

oo

00

00

00
000
000

[¢]

00

00

00

00



"

rn

¥2-3

J=31

TO

T0

T0

TO

PLANE NO 3

10 LGO (IN)

20

30

40

50

LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF C(IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVD

EVF

MRV

MRL

LGO (IN,
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIQUID MASS DISTRIBUTION DATA

AEROVJVETYT LIQUID ROCKET COMPANY

000
000

00
00

00

000
000

00
00

00

4 592
1 497
4527 4
63 55
34 15
1 66

4 107
1 457
3632 4
60 64
33 49
1 41
46

1 219
1 634
2369 6
29 53
36 16

1 18

6 982
8 734
6343 3
74 43
79 78

4 70

369
3 874
2041 5

59 02
5 03

7 344
9 042
5405 B
75 &3
80 59

1 97

2 64

1 334

270 0
31 45
14 34
165 80
&0 50

7 295
8 985
6177 1
75 47
80 46

4 68

6 26

7 158
8 268
5524 2
75 02
78 52

2 03

2 47

7 329
6 497
6287 7
75 S8
72 49

3 99

3 40

2 940
5 92z
2798 3
&8 35

2 44

5 346
&6 350
6218 8
67 S&
71 90

4 a4

5 45

1 992
4 522
2280 2
41 39
63 13

-~1 83

1 773
1 708
2249 5
38 19
37 24

&8

1 182
3 617
1914 &
28 92
57 o2

1 09



62-J

J=51

AT

TO

T0

TO

T0

T0 1

VAPOR

&0

70

80

90

(¢]0]

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVO

EVF

MRV

MRL

LGO (IN)
LGF (IN)
TG (R)
EVD

EVF

MRV

MRL

LGO (IN)
LGF (1N)
TG (R)
EVO

EVF

MRV

MRL

LGO <INy
LGF (IN»
TG (R)
EVO

EVF

MRV

MRL

954

4 636
2260 9
24 96
63 82

3 86

7 871

8 084

6341 2
77 38

78 03

3 50

3 63

7. 645
7 648
6002 5
76 63
76 64

5 &0

8 156
9 809
6342 3
78 22
82 28
3 06
3 96
B8 000
10 062
6094 7
77 80
82 81
5 12
7 04
7 329
9 042
5533 1
75 S8
80 59
7 88
10 57
000
000

0

00

00

00

00
000
000

o

00

00

00

00

7 599
10 298
6346 5

76 48

83 21

3 42
S5 21

7 491
? 716
5697 7
76 12
82 08

7 10
10 20

7 897
9 922
6343 7
77 46
82 53

4 24

S5 581
& 577
6214 5
68 61
72 81

3 18

7 750
8 744

6065 9
76 97

79 81
S 27

6 23

7 232
9 253
5714 2
75 26
81 06

7 02

9 87

2. 577
3 750
3200 3
47 68
58 05
1 30
1.98

7 243
4 641
6234 8
75 30
63 84
4 33
2. 51

7 130
8 756
6069 2
74. 93
79 B4

6 97

7 087
8 513
5427 4
74 79
79 18

8 37
10 74

2 05



D. VAPORIZATION ANALYSIS INPUT DATA



«

oo
0‘ U rﬁ

L-a

PLANE NO 1 OF0 TRIPLET
pLco JOO XCF DLCF JFO
300 45 0132 300 45
300 46 . 7417 300 46
300 So 2384 300 56



C

R S £
(ST E B G & TP P4

hanfen DL
M N D

,
.
4

¢-a
oo
G

PLANE NO OF0 TRIPLET

HA

XCO DLCO Joo XCF DL.CF JFO
0323 800 49 0000 800 43
Obco 8Go 49 0083 800 45
0582 8500 46 0547 800 44
1477 800 46 2304 800 46
O111 800 45 0165 800 46
009z 800 45 0041 800 45
1893 300 56 2342 . 800 56
2401 300 56 09464 800 44
O6bo 800 56& 0028 800 44
NSIT £00 45 0094 300 56
L/BY Buu Yo 0134 300 46
0379 200 54 0028 800 44



(4

R N A N L A

WM WM b

S

S

r

£€-a
r
LWwNo U

{

i o

‘o
WND U2 LOINe- WU

LGOI IR RN I N

XCO

0066
0000
0Uolé
0303
0220
0934
0439
0110
o034
IS Y
0934
DisE
0U9 73
D417
12485
1oe

QOR339
WA

Dyt
0143
2297
0341
017&
0000

PLANE NO
pLco Jao
1 300 493
1 300 37
1 300 42
1 300 43
1 300 44
i 300 45
1 300 45
1 300 464
1 3C0 54
1 309 5%
1 3Cu Se
1 300 96
i 300 57
L 300 o4
1 300 5%
1 300 95
1 300 24
1 3uu 7
1 300 57
1 300 65
1 30w o5
1 300 oo
1 300 bo
1 300 &7
1 5306 83

XCF

0163
0110
G041

. 0218

0705
3268
1008
0245
0056
0463
G004

. 0B17

001
0109

. 0354

0517
0417

. 0069

0007
Q393
Olilo
008
0043
0014
Otlo

OF0 TRIPLET

DLCF JFO
1. 300 44
1 300 47
1 300 44
1 300 45
1 300 46
1 300 46
1 300 46
1 300 46
1 300 55
1 300 44
1 300 46
1. 300 57
1 300 58
1 300 56
1. 300 56
1 300 94
1 300 56
1 300 26
1 300 &8
1 300 56
1 300 S5a
1 300 66
1 300 a7
1 300 68
1 300 56



v-a

35
36
45
46
55
56
65
65
76

XCo

«0230
«0100
«1900
«1378C
«2370
«2BTC
«0190
«05160
«0042

pLco

e300
«300
«300
«330
«300
«300
«300
«300
«300

PLANE NO.

JOO

35
36
45
46
55
56
6%
66
76

1
XCF

«0017
«0010
«0086
«3140
«4450
« 2660
01120
«1200
«0076

TLOL
DLCF

«300
«300
«300
«300
«300
«300
«300
«300
«300

JFO

35
36
45
46
55
56
65
66
76



§-a

25
35

K
~

37
45
46
47
55
56
57
65
66
67
75
16
77

XCO

«0150
«0360
«35800
« 0092
«0540
1620
«0170
0270
«24b0
«0310
« 0960
«0530
«00b0
«0007
«0210

oLCo

«800
«800
«8G2
«800
o800
«600
«608
e8I
«600
«800
+800
«800
«600
e800
«800C
«8080

PLANE NOo

JOo

35
45
36
36
45
46
46
55
56
56

S
66
66
65
76
76

2
XCF

«0000
«0017
«0000
«0008
«0160
«0130
«0049
«1320
¢ 3650
«0210
« 0660
«2250
« 0250
«0117
«0160
«0180

TLOL
DLCF

«8600
«800
« 800
«800
« 530
«b00
«800
«800
« 800
« 800
«B800
« 800
« R3O0
« 800
«6500
«800

JFO

35
35
36
36
43
46
46
55
56
56
55
66
66
€5
76
16



9-d

25
26
35
36
37
45
46
47
54
55
56
57
64
65
66
67
68
14
75
16
77
78
87
88

XCo

«0150
«0170
«0320
«065C
«01°0
«0376
«1090
«0330
« 0058
« 0620
«1576C
«046C
« 0062
«J469
«099¢
«073C
«00b6
«0050
«0140
« 0046
«0370
«0140
«0045
«0120

DLCO

14300
1.300
1300
1.300
1.300
1.300
1300
1.300
1300
14300
1.300
1,300
1,300
1300
1300
l1.300
1.300
1.300
1300
1.300
1300
l.300
1.30¢C
14300

PLANE NO.

Joc

25
36
35
46
36
45
46
46
55
55
56
56
65
65
66
56
66
15
75
76
66
66
16
16

3

XCF

«0000
«0000
«0031
«0008
«0016
« 0250
«0280
«0110
«0050
«0570
«2730
«0360
«0044
«0670
«2210
«0520
«0053
«0055
«0170
«0230
«0310
«0110
«0064
«0078

TLOL

DLCF

1.300
14300
1.300
1.300
14300
14300
1.300
14300
1.300
14300
1.300
1.300
14300
1.300
1.300
14300
14300
1.300
1.300
1.300
1.300
1.300
1.300
1.300

JFO

25
26
35
46
47
45
56
56
55
55
56
56
65
65
66
57
57
75
15
76
67
67
17
77



(&

AR R b

g 30 oo

LN KN U 2
3

L-Q
d :l {1 o

1]

PLANE NO 1 EDM-LOL
xCC2 DLCO Ninle] XCF DLCF JFO
2058 300 29 0023 300 a5
Coe8 300 2o . 0125 . 300 26
0:-20 300 =9 0130 300 3%
2450 330 S0 0023 300 36
G239 GO0 44 . 0110 300 44
J 380 300 4% . 2150 300 45
300 Sov d4o 2720 . 300 46
oOul7Y 300 47 00793 300 47
Lol Zou 54 0150 300 54
YR D0 300 95 1530 . 300 95
17 7v 300 o6 2380 300 546
o11d 309 S7 . 0180 300 57

grio 300 a7 00957 300 67



KA
(&

nodn

G) Lo v By 1)
(AR O I

- LYW
o

8-a

3

i

SO U oaen e g

NNO L NC

PLANE NG 2 EDM-LOL

xCO DLCO JOO XCF DLCF JFO
0109 800 a5 . 0010 . 800 26
D130 800 35 . 0049 . 800 25
060 800 35 . 0009 . 800 36
Coyv 800 26 . 0015 . 800 26
oo:0 8Co0 44 0136 800 35
0380 800 44 0220 . 800 45
0650 800 495 6180 . 800 45
020 800 36 0230 . 80O 46
o017 8090 47 0087 800 47
00a7 800 54 0184 800 44
0140 800 45 0970 800 45
1939 800 45 2520 . 800 46
6aoo 800 Hb 1460 . 800 56
Cos’ 800 46 o252 800 57
2104 300 55 0155 800 24
Saat 200 55 0580 . 800 55
1ied 800 58 0730 800 55
D0 &600 56 0730 800 56
BR=1Y 800 4o 0220 . 800 56
e yely 820 5% 0058 800 54
180 820 55 0078 500 55
J1ET =179 5o 0087 800 So
0250 S0u 57 0130 300 So
0100 5101V So 0027 800 &7



6-d

PLANE NO 3 EDM-LOL

J Ycey DLCO w30 XCF DLCF JFO
2z 0027 1 300 24 0085 1. 300 33
e Il 1 300 24 0061 1. 300 24
) (O i 300 =5 0006 1 300 29
. D10 1 300 26 0006 1 300 26
Jo 0307 1 300 24 0097 1. 300 33
T Oral 1 300 34 0195 1 300 34
Su 03: = 1 3500 35 018z 1. 300 S
-o 7 E 1 300 35 0201 1 300 36
a7 IS 1 300 24 . 0067 1 300 26
Zh D027 1 300 37 0109 1 300 37
e VR ¥ 300 33 0123 1 300 43
G C 40C 1 300 44 0400 1 300 44
R3] D70 1 309 45 1030 1 300 45
=) 670 1 3u0 45 1370 1 300 45
7 0.300 1 300 36 0739 1 300 46
48 0oL« 1 300 37 0230 1 300 46
&3 00t 1 1 350 43 o122 1. 300 53
S C: 40 1 300 54 0400 1 300 44
o5 Ow70 i 300 45 0730 1 300 9%
50 Owq2 i 300 56 0850 1 300 56
57 oS7 1 300 46 0580 1 300 46
58 o119 1 300 47 0210 1. 300 46
&3 0092 1 300 53 0073 1 300 53
ot 0370 1 300 24 0190 1 300 54
65 0410 1 360 55 0150 1 300 55
oo 0200 1 360 55 0150 1. 300 Y]
&7 0410 1 300 06 0210 1. 300 57
&8 G . 300 57 01460 1. 300 47
7 CO=6 1 300 63 0043 1. 300 63
74 5106 1 300 64 0036 1 300 &4
77 o04HE1 1 300 1S 0030 1. 300 &7
8 g170 1 300 & ooas 1 300 57
3 Q07 & 1 300 b5 0024 1 300 77
= 070 1 3GoH 77 0128 1. 300 67



oL-d

35
36
44
45
46
47
53
54
55
56
57
65
66

XCo

«0000
«0000
« 0270
«3270
el4160
«0220
«0120
e0460
«2020
«1410
«0240
«009¢4
« 0674

DLCO

«300
«300
e300
«300
«300
«300
«300
«300
«300
«300
«300
«300
«300

PLANE NO.

JO O

35
36
44
45
46
47
53
54
55
56
57
65
66

1
XCF

«0690
«0320
«0000
«2010
«1500
«0000
«0000
«0000
e2440
«1780
«0000
«0600
«03590

PAT
DLCF

«300
«300
«300
«300
«300
« 300
«300
«300
«300
«300
«300
«300
«300

JFO

35
36
44
45
46
47
53
54
55
56
57
65
66



Li-a

25
26
35
36
37
44
45
46
47
48
53
54
55
56
57
58
65
66

XCO

«0000
+0000
«0350
«0240
«0C70
#0370
«2040
«3180
«0870
«0210
«0130
«0250
«0400
«0840
«0330
«0130
«0094
«0067

DLCO

«800
«800
«800
«800
«800
«800
«800
«800
«800
«800
«800
«800
«800
«B800
«800
«800
«800
«800

PLANE NO.

JOoO

35
36
45
46
47
44
45
46
47
47
53
54
55
56
57
57
65
66

2
XCF

0134
«0210
«0450
«0740
e0120
«0054
«2213
2358
e1161
«0000
«0000
«0027
«0530
«1070
«0400
«0000
«0103
«0290

PAT
DLCF

«800
«800
«800
«800
«B800
«800
«800
«600
«800
«800
« 600
«800
.« 800
«800
+ 800
«800
«800
+«800

JFO

35
36
35
36
36
45
45
46
46
48
53
55
55
56
56
54
65
66



¢l-a

25
26
34
35
36
37
43
44
45
4%
47
48
53
54
55
56
57
58
65
66

XCo

«0000
«0000
«0260
e 0440
«0182
«0078
«0190
«0770
«1970
«1640
«0550
«0170
«0180
«033¢C
«0640
«108C
«0380
«0120
«0055
«0055

pLCO

1,300
1.300
1.300
1.300
1300
1300
14300
1.300
1,300
1.300
1.300
14300
1.300
1.300
1.300
1.300
1.300
1.300
1.300
1300

PLANE NO.

JOoo

25
26
35
35
36
37
44
45
45
46
47
44
53
5 4
55
56
57
58
65
66

3
XCF

«0130
«0110
«0240
«0480
«0280
«0130
«0022
00632
«1902
«1640
«06830
«0031
«0022
«0280
«0810
«1030
«0480
«0020
«0190
«0240

PAT
DLCF

1.300
1,300
1.300
1.300
1.300
1.300
1.300
1.300
1300
1,300
1300
1.300
1,300
1.300
1.300
1.300
1300
1.300
1.300
1.300

JFO

25
26
35
3%
36
37
44
45
45
46
47
47
54
55
55
56
57
57
65
66



eL-a

1 ] ] ]
INJECTOR TEST NO PC MRJ CR NPLANE 100 10F
0fF0 101 475 2.40 490 3 1 2
0F0 105 480 2.80 251 3 1 2
OF0 106 480 2 80 251 3 1 2
OF0 109 475 2.40 490 3 1 2
0F0 110 480 2170 176 3 1 2
0FQ m 480 2.70 176 3 1 2
OF0 116 1500 2.60 963 3 1 2
TLOL 120 135 2.35 122 3 1 2
TLOL 121 310 2 80 212 3 1 2
TLOL 122 800 275 349 3 1 2
TLOL 123 475 2 65 270 3 1 2
TLOL 124 475 2 65 270 3 1 2
TLOL 127 250 2.85 212 3 1 2
TLOL 128 400 3 00 251 3 1 2
TLOL 129 800 275 349 3 1 2
TLOL 130 135 2 50 176 3 1 ]
TLOL 131 290 2 65 270 3 ] 1
TLOL 132 540 3 00 349 3 1 1
TLOL 133 790 2.80 428 3 1 1
EDM-LOL 157 800 2.80 349 3 1 1
EDM-LOL 158 560 2.85 322 3 1 1
EDM-LOL 159 295 2.90 212 3 1 1
EDM-LOL 160 ~ 150 2 80 176 3 1 1
EDM-LOL 161 800 2 90 349 3 1 1
EDM-L0L 162 550 2 95 322 3 1 1
EDM-LOL 164 290 2 90 212 3 ] 1
EDOM-L.0L 165 800 2 85 428 3 1 1
EDM-LOL 168 550 2 90 349 3 1 1
EOM-LOL 169 320 310 270 3 1 ]
EDM-LOL 7N 640 2 80 616 3 1 1

T0

208
185
185
208
205
205
205

199
227
188
209
209
189
188
188
192
185
186
186

190
180
185
210
185
195
195
194
184
190
200

TF

520
510
510
520
525
525
510

505
49
503
498
498
489
493
503
505
502
504
505

506
488
500
490
520
521
538
607
617
616
584

Vo

80
112
12
80
162
162
85

46
55
82
78
78
45
62
82
24
4
61
40

89
72
61
52
93
76
64
84
67
70
44

] ]
vF RO
91 2.924 x 1074
e 276 xi0?
ne 276 x 10°?
9 2 924 x 1074
164 1.892 x 107%
164 1.892 x 1074
100 2.925 x 107%
58 1495 x 1073
51 1.108 x 1073
92 1 090 x 1073
83 9.920 x 1074
83 9.920 x 1074
a8 1.621 x 1073
62 1.311 x 1073
92 1 090 x 1073
64 2.444 x 1073
80 1.693 x 1073
99 1.365 x 1073
122 1803 x 1073
131 8.380 x 107%
101 9.640 x 107%
85 1.075 x 1073
68 1000 x 1073
133 8140 x 107
108 8560 x 107
92 9 570 x 10°%
144 7950 x 1074
122 100 x 10
ne 98210t
7 1186 x 1073

'] ~ -

RMF 150 TSF
6.797 x 1074 255 1218
5.714 x 107° 256 1218
5 714 x 107 256 1218
6.797 x 1074 255 1218
4.316 x 1074 256 1218
4.316 x 1074 256 1218
6.416 x 1074 278 1218
2.889 x 1073 212 1100
3.347 x 1073 245 1210
2.131 x 1073 278 1218
2.354 x 1073 255 1218
2.354 x 1073 255 1218
3.484 x 1073 222 1180
2.900 x 1073 250 1218
2.131 x 1073 218 1218
1.164 x 1073 212 530
1.009 x 1073 238 595
8.730 x 107 260 655
7.600 x 1074 278 666
5.660 x 10”2 218 666
7.110 x 107 263 645
7.570 x 10 237 595
9 230 x 1074 215 540
5 370 x 1074 278 666
6 310 x 107% 263 640
6.500 x 1072 238 595
3530 x 107 278 666
3 680 x 107¢ 263 640
3740 x 107° 240 605
6 430 x 10°% 270 665



vi-a

] | ! T 1 ]
INJECTOR TEST NO. PC MRJ CR NPLANE 100 1DF TO TF
PAT 178 560 275 349 3 1 1 180 530
PAT 179 300 2 85 279 3 1 1 190 526
PAT 182 150 2.90 212 3 1 1 180 525
PAT 184 300 2 85 279 3 1 1 190 526
PAT 187 800 2 90 754 3 1 1 190 527
PAT 189 150 2 90 212 3 1 1 180 525
PAT 190 165 2.75 109 3 1 1 180 525
PAT 193 560 2 80 349 3 1 1 185 580
PAT 194 340 300 270 3 1 1 190 578
PAT 197 505 3 00 349 3 1 1 180 504

V0

60
42
k)]
42
45
3
65
60
57
62

_VF

132
95
65
95
94
65
143
161
136
122

RMO

7.820
6 300
1 210
6.300
9.480
1 210
7.420
7.820
8.090
7.660

MR XK X X X X X X X

-4
-4

10
10
1073
1074
10
10
10
10
10
1074

-3
-4
-4
-4

RMF

2 580 x
2 400 x
4120 x
2 400 x
3230 x
4120 x
2 450 x
1920 x
2.140 x
2.920 x

TS0

264
230
215
230
278
215
220
264
243
260

TSF

660
600
540
600
666
540
550
660
610
640



E. PREDICTED FUEL VAPORIZATION AND LIQUID PHASE
MIXTURE RATIO



TEST NO

GRID NO.

34
37
4

42
43

44
45
46
47
53
54
55
56
57
58
63
64
65
66
67
68
73
74
75
76
77
83

105

DEPTH AVG

J=

1
2

O O N s W

10

PLANE AVG.

PLANE NO. 1
]

15.85

11.99

11 84

INJECTOR

MRL

0F0

035

01s

014

PLANE NO. 2 PLANE NO. 3
EVF MRL EVF
65.46 0.03
41.73 0
0 ©
52,16 8.26
0 ® 56.98 20
0 @ §8.81 0 05
40.89 0.24 66.00 0 03
55.78 0 66.25 0.00
.73 0.16 a.73 0
19.74 1.04
55 78 0
0 L 61.03 59 05
0 0 29.27 217
15.85 L 15.90 15.64
15.85 o 15.85 0
18.41 1.43
0 ©
0 3
0 @ 0 o
15.85 o 0 ©
15.85 © 15.85 ©
1.06 0.35
0 -
0 ]
15.88 16 26
15.64 41.20
0 0
0 o
52.16 8 26
0 L) 31.70 14
0 o 52 40 003
38.45 021 41.45 0.83
38.21 0 26.65 2 46
5.43 001 23.44 7.46
(] @ 15.85 ®
33 47 0 02 42 26 2 00



TEST NO 109 INJECTOR:  OF0

GRID NO PLANE NO. 1 PLANE NO. 2 PLANE NO. 3
TV WRL “EVE MR —EVF MRL
34 50.72 0.02
37 31.91 0
41 0 @
a2 40.84 5.73
43 0 ® 36.19 117
44 0 ® 47.18 1.42
as 0 - .14 0.22 51.12 0 02
a6 10.98 0.32 91.95 0.06 51.28 0.02
a7 .90 0.15 31.91 0
53 15.07 0 86
54 38.03 2 30
55 0 ® 41.27 37 87
56 0 - 0 ® 21.94 178
57 10.98 ® 10.99 12.74
58 10.98 - 10.98 0
63 13.90 1.20
64 0 ®
65 0 ®
66 0 © 0 ®
67 10.98 - 0 ®
68 10.98 - 10.98 ®
73 1.10 0.30
74 0 ®
75 ’ 0 ©
76 10.98 13.24
77 10.92 33.56
83 - 0 0
DEPTH AVG
=1
2 40.84 5.73
3 0 - 20.53 0 90
4 0 - a1.26 (03
5 0 ® 29,28 0.20 32.10 0.52
6 8.31 0.14 21.89 0 03 20.19 1.98
7 4.16 0.01 17.65 6 06
8 0 - 0 ®
9
10
PLANE AVG. 8.20 0.13 19.81 0.03 32.37 159

E-2



TEST NO. 110/110 INJECTOR* OF0

GRID NO PLANE NO. 1 PLANE NO. 2 PLANE NO. 3
EF . WL CEVE FRC EVF R
34 65.84 0
37 51.22 0
4 0 ®
42 50.47 -
43 0 - 54.49 1.83
as 0 = 55.83 0
45 0 = 50.47 003 66.56 0
46 20.99 0.16 52.64 0 66.88 0
a7 51.22 0.02 51.22 0
53 24.47 0.96
54 52.64 0
55 0 ® 60.15 33.76
56 0 w 16.25 122 21.60 0.03
57 20.99 @ 21.16 15.91
58 20.99 m 20.99 0
63 59.53 2.44
64 16.25 o
65 16.25 w
66 0 w 46.20 1.53
67 20.99 w 42,93 67 07
68 20.99 w 20.99 -
73 25.73 0.51
74 16.25 -
75 ) 0 w
76 21.13 16.54
77 20.67 42.01
83 16.25 0
DEPTH_AVG.
J=1
2 50.47 @
3 0 w 42.26 149
4 0 - 51.60 0
5 0 w 47.46 0.03 47 01 0.1
6 15.88 0.07 40.98 0.51 35.38 2.48
7 24.93 0 41.68 54.53
8 20.99 - 20.99 -
9
10
PLANE AVG 15.67 0.06 38.91 025 46.25 6.78

E-3



1

TEST NO. 116 INJECTOR:  OFO

GRID NO. PLANE NO. 1 PLANE NO. 2 PLANE NO. 3
B _WRL “TEVF . MRL EVF MRC
34 63.06 0
37 47 44 0
4 0 ®
42 64.43 10 32
43 0 ® 56.59 1.85
44 0 ® 57.87 1.28
a5 0 « 46.55 0.06 65.66 0
46 18.57 0.18 55.70 0 65.85 0
47 47.84 0.04 47.44 0
53 23.55 0.88
54 0 - 55.70 0
55 14.80 1.7 60.85 8.47
56 0 w 18.57 ® 18.69 0.11
57 18.57 ® 18.72 14 85
58 18.57 0
63 23.55 0.88
64 55.70 0
65 60.85 8 47
66 0 w 18.69 0.11
67 18.57 w 18.72 14 85
68 18.57 - 18.57 0
73 55.00 2.05
74 34.22 4.65
75 . 14.80 -
76 4.32 165
7 41.57 63.08
83 18.57 -
DEPTH AVG.
J=
2 64.43 0 01
3 0 0 42.49 0 61
4 0 0 54,77 0.86
5 0 0 43.78 4.38 45,92 0.97
6 14.05 1.76 42.64 3.77 32 26 16.12
7 22.33 0.17 30.98 ' 199
8 18 57 0 18.57 0
9
10
PLANE AVG 13.87 1 60 39 60 2.22 47.31 4 96
E-4



TEST NO.

GRID NO

25
26
35
36
37
45
46
a7
54
55
56
57
64
65
66
67
68
73
75
76
77
78
87
88

120

DEPTH AVG.

I=

0
1

O N OB W

9

PLANE AVG.

E-5

INJECTOR-  TLOL
PLANE NO 1 PLANE NO_ 2 PLANE NO 3
EVF FRL EVE FRC EVF FRC
0 > 0 -
0 o
0 = 0 - 0 -
0 - 0 - 0 -
0 - 0 -
0 - 0 - 0 -
0 - 0 o« 0 ®
0 - 0 -
0 @
0 0 0 0 0 0
0 - 0 0 0 0
0 - 0 -
0 @
1.03 0.35 0 0 0 0
0.70 0.91 an 0.74 9.97 0.53
0.75 a.49 0 -
0 w
9.37 1.15
4.84 112 9.51 1.04
0 0 0.09 0.10 7.15 0.28
0 - 0.75 1.82
0.76 1.95
0 0
0 @
0 - 0 -
0 = 0 - 0 -
0 = 0 - 0 -
0 0 0 0 0 0
0.86 0.69 2.99 L3 6.40 0.2
0 0 127 0.31 4.68 1.85
0
020 0.07 109 0.33 2.88 0.20



T

TEST NO. 121

GRID NO.

25
26
35
36
37
45
46
47
54
55
56
57
64
65
66
67
68
74
75
76
77
78
87
88

DEPTH AVG.
1=0

O O N W N~

PLANE AVG.

INJECTOR- TLOL

E-6

PLANE NO, 1 PLANE NO. 2 PLANE NO 3
EVF MRL VF MRL EVF MRL
0 L 0 o
0 o
0 ® 0 © 0 °
0 LJ 0 L4 0 o
0 © 0 ©
0 0 L 0 ®
0 L4 0 © 0 @
0 L 0 L
0 ©
0 0 0 0 0 0
0 = 0 0 0 0
0 L 0 L
0 ©
1.13 0.37 0 0 0 0
0 0 0 0 0 4]
0 L 0 o
0 o«
1.41 190
140 1.45 1.42 1.72
0 0 0.47 o.n 9.03 0.19
0 @ 0 L
0 ©
0
0 o
0 - 0 -
0 0 Ld 0 ®
0 0 - 0 -
0 0 0
0.55 0.14 0 0 0 -
0 0 0.52 0.40 2.74 0 47
0 -
0.13 0.01 0.03 00 0.25 0 04



"

TEST N0 123/124 INJECTOR:  TLOL
GRID NO PLANE NO ) PLANE NO 2 PLANE NO. 3
EVF VRL *TEVF MRL EVF MRC
25 0 « 0 -
26 0 bl
35 0 @ 0 - 0 ®
36 ] - 0 - 0 -
37 ] - (] -
45 0 o 0 ® (] ©
46 0 ® 0 - 0 »
47 ] (] © 0 o
54 0 o
55 0 0 (] 0 0 0
56 0 = ] 0 0 0
57 0 o 0 ®
64 0 o
65 2.16 0.34 0 ] ] 0
66 1.37 094 6.77 0.65 15.69 0.37
67 1.51 4,59 0 ©
68 (] o
74 14.80 0.83
15 8.09 0.92 15.01 0.74
76 0 0 0.31 0.1 12.02 0.19
7 0 - 1.52 1.50
78 1.52 160
87 0 0
88 (] =
DEPTH AVG.
I=0
1
2 0 = ] o
3 (0 - 0 o ] o
4 ] o ] © ] =
5 0 - 477 0.45 0 -
6 1.75 0.71 4.94 1.29 10.18 0.19
7 0 0 3.18 0.26 7.74 1.17
8 0 -
9
PLANE AVG. 0.42 0.07 4.50 0 52 46 0.15



TEST NO:  y27 INJECTOR:  TLOL

GRID NO. PLANE NO. 1 PLANE NO. 2 PLANE NO. 3
BV MR i 173 MRL EVF

25 0 o 0
26 o
35 0 ] ] « o
36 (] o ] - 0
37 0 w 0
45 ] o 0 - 0
46 0 = ] » 0
47 (] « ] @
54 0 ®
55 ] 0 ] 0 0 0
56 0 0 0 0 0
57 0 o 0 ©
64 0 ©
65 1.04 0.43 0 0 0 ]
66 0 0 0 0
67 0 ©
68 0 w
74 8.72 1
75 4.69 1.38 8.09 1.
76 0 0 0.20 012 7.62 0.
77 0 - 0 -
78 0 ®
87 0 0
88 0 o
DEPTH AVG.
1=0

1

2 0 © 0

3 0 @ 0 o« (]

4 0 L 0 L 0

5 0 - 0 - 0

6 0.50 0.17 (] - o

7 (] 0 1.27 0.38 6.80

8 (]

9
PLANE AVG, 0.12 0.02 0.06 0.0 0.63

E-8



TEST NO.

GRID NO

25
26
35
36
37
45
46
47
54
55
56
57
64
65
66
67
68
74
75
76
77
78
87
83

128

DEPTH AVG.

I=

0

O ~N OV 0 & W N -

9

PLANE AVG.

INJECTOR: TLOL

E-9

PLANE NO, 1 PLANE NO, 2 PLANE NO. 3
EVF MRL * _EVF MR VF MRL
0 © 0
0 o
0 © 0 © 0 L
0 - 0 o 0 -
0 L] 0 L
0 o« 0 L 0 @
0 © 0 » 0 «
0 « 0 ©
0 ©
0 0 0 0 0
0 0 1] 0 0
[\] ® 0 «
0 ©
1.1 0.43 0 0 0 0
1.09 113 5.72 0.87 13.43 0.58
1.20 5.54 0 ©
0 ©
12.42 129
6.88 1.29 12.63 115
0 0 0.26 0.13 10.28 0.30
0 ® 1.22 2.10
1.22 2.25
0 0
' 0 -
0 L 0 ©
0 L 0 L] 0 ©
0 hd 0 b 0 ©
0 - 1] - 0 -
1.39 0.86 4.17 1.64 8.62 029
0 0 1.85 0.36 6.52 1.68
(1] -
0.33 008 1.53 0.41 39 022



TEST NO- 129

GRID NO

25
26
35
36
37
45
46
47
54
55
56
57
64
65
66
67
68
74
75
76
17
78
87
88

DEPTH AVG.

—
"
O NN B WN - O

o

PLANE AVG.

INJECTOR- TLOL

E-10

PLANE NO. 1 PLANE NO 2 PLANE NO 3
EVF FRL TEVE FRL 1413 MRL
0 - 0 w
0 3
0 ® 0 ® 0 -
0 L 0 L 0 o
0 - 0 ®
0 w 0 - 0 =
0 - 0 w 0 w
0 - 0 o
18.91 1.22
2.36 1.22 9.50 1.05 20.44 0.62
0 w 0 0 0 0
0 0 w
18.16 1.53
3.55 0.36 9,48 1.06 20.25 0.68
272 0 95 11.06 0.62 23.21 0.37
3.4 4.48 0 w
0 o
21.86 0 82
12.09 0.94 22.09 0.74
2.29 1.27 6.55 0.08 8.1 0.25
7.91 2.01 3.41 1.35
3.4 1.46
16.83 0.93
) 14.37 2.25
0 « 0 3
0 ® 0 w 0 ®
0 w 0 - 0 w
1.48 0.62 2 42 0.26 5.05 017
3.12 072 10.12 1.50 18.90 035
2.29 127 8.50 1.46 m.14 1.08
15.48 1.83
1.84 0.38 5.27 0.53 10 69 0.28



]

— —

]

TEST NO. 130 INJECTOR: TLOL
GRID NO. PLANE NO, 1 PLANE NO 2 PLANE NO. 3
EVF MRL *EVE MRL EVF MRL
25 0 L] 0 o
26 0 3
35 0 © 0 o 0 ©
36 0 L 0 © 0 o
37 0 ® 18.45 35.97
45 0 © 7.10 7.32 28.61 3.44
46 V] L 0 o 22.46 L)
47 6.66 8.48 22.46 ©
54 36.00 2.64
55 5.44 1.31 18.62 1.57 34.13 1.46
56 7 52 2.65 22.46 1.60 35.98 1.30
57 23.24 3.48 38.50 2.88
64 36.04 3.20
65 195 0.42 18.69 1.59 34.76 1.57
66 1.72 1.06 4.87 1.05 7.39 1.04
67 15.54 509 39.86 324
68 39.14 49
74 32.36 2 08
75 12.36 1.65 32.07 189
76 5.69 1.36 13.39 o.n 17.97 0 47
17 20.18 2.1 34.49 3.23
78 34.42 3.45
87 24.39 194
88 37.91 4.3
DEPTH AVG.
1=0
1
2 0 = 0 w
3 0 © 0 L] 5.37 5.98
4 0 o 4.47 2 46 24.86 0.79
5 6.22 1.96 21.51 1.72 35.76 158
6 1.83 0 81 8.60 1.97 18.00 1.85
7 5 69 1.36 15.80 2.08 29.53 2.59
8 31.82 3 56
9
PLANE AVG. 5.01 1.05 16.06 1.79 27.42 201



TEST NO 131 INJECTOR: TLOL

i

)

1

GRID NO. PLANE NO. 1 PLANE NO 2 PLANE NO. 3
FRL (] MRL
25 0 = 0 «
26 0 bl
35 0 - 0 - 0 ®
36 0 - 0 ® 0 ®
37 0 « 8.62 w
45 () w 9.28 7.69 36.01 3.52
46 0 - 0 ® 29.80 w
47 8.62 8.90 29.80 ©
54 46.21 2.70
55 8.17 1.38 25.89 1.64 44.22 1.50
56 10.56 2.78 29.80 1.67 45,84 1.34
57 30.74 3.63 48.54 2.94
64 46.17 3.28
65 8.74 0.44 25.96 1.65 44,93 1.60
66 5.83 L 11.68 1.09 18.87 1.06
67 22.66 5.28 49.97 333
68 52.65 5.72
74 41.92 214
75 16.91 1.72 41.61 1.94
76 8.50 1.43 18.89 0.1 24.34 0.49
77 27.79 2.89 45,07 3.40
78 44.97 363
87 33.53 215
83 48,14 4.78
DEPTH AVG. /
1=0
1
2 0 « 0 ®
3 0 w 0 - 2.51 w
] 0 w 5.83 2.58 32.23 0.80
5 9 06 2.06 28 84 180 45.70 1.63
6 4.34 0.85 15.53 2.05 29.05 1.92
7 8.50 1.43 21.89 2.18 38.74 2.72
8 41.56 3.95
9
PLANE AVG. 7.70 1.10 22 94 1.87 37.46 1.52



TEST NO

GRID NO

25
26
35
36
37
45
46
47
54
55
56
57
64
65
66
67
68
74
75
76
77
78
87
88

132

DEPTH AVG.
1=0

~-N OB W N~

8

PLANE AVG.

INJECTOR:  TLOL
PLANE NO 1 PLANE NO. 2
VF MR VF
0
0 o 0
0 w 0
0
0 o 11.60
0 L 0
0
12.93 154 36.44
14.93 3.10 39 83
39.66
4.06 0.50 36.51
9.95 1.24 27.43
31.58
23.46
13.28 160 26.93
37.67
0
0 o 0
0 L 5.82
13.68 2.3 38.75
7.1 0.96 29 65
13.28 160 30.27
11.76 1.21 33.80

MRL

8 62

1.77
1.81
3.92

1.79
1.7
5.78

1.90
0.12
3.2

2N
1.95
2.25
2.39

EVF

PLANE NO 3
_MRL

(= BN~ = R = I = ]

44,45
39.53
39.53
59.07
57.26
57.88
60.40
58.94
57.91
38,98
60.56
59.61
53.58
53.38
33.26
56.42
56.32
45.76
47.33

41.45
57.97
46.17
49,55
46.62
51.05

0 88
1.73
2 02
283
4.85
1.61



-

T

R

TEST NO.

GRID NO.

25
26
35
36
37
45
46
47
54
55
56
57
64
65
66
67
68
74
75
76
77
78
87
88

133

DEPTH AVG.
1=0

W ~N O ;s W N -

9

PLANE AVG.

INJECTOR.  TLOL
PLANE NO 1 PLANE NO. 2 PLANE NO 3
EVF MRL VF MRL EVE MRL
0 L 0
0 ©
0 L 0 o 0 L
0 o 0 L 0 o
0 ® 13.60 ®
0 o 14.70 8.12 52.61 3.79
0 « 0 45.18
13.60 9.40 45,18 ©
62.51 2.96
12.63 1.46 36.98 1.74 59.03 1.64
18.65 2.95 45.18 1.80 62.25 1.47
47.12 3.91 66.02 3.25
62.54 3 60
4.82 0.47 37.13 1.76 60.04 1.76
4.20 1.18 13.48 1.15 18.04 1.14
31.96 5.65 68.39 3.86
77.09 1 32
58.56 2.34
25.66 1.82 57.87 2.12
13.28 1.62 27.20 0.12 34,61 0.52
40.47 3.08 61.07 423
60.89 4.51
50.60 2.75
56.91 6 9
0 © 0 o
0 L] 0 o 3.96 o
0 © 9.23 2.n 48.08 0.86
14.88 2.19 43.17 1.93 61.82 1.79
4.50 0.91 19 88 2.20 24.56 2.30
13.28 1.52 32.03 2.33 53.3 3.30
34.07 5 60
12.02 1.16 33.15 1.99 49.23 177
E-14



TEST NO 157 INJECTOR  EDM-LOL

GRID NO PLANE NO, 1 PLANE NO 2 PLANE NO. 3
EVE FRL EVF FRL VF WRL

15 40.51 36.11 40.51
23 30.66 0.39
24 46.59 7.61 73.48 2.85
25 17.89 10.10 0 - 7.49 57.93
26 26.55 1.81 50.66 15 22 57.54 51.94
3 27.89 1.13 30 35 0.39
34 61.53 8.62 80.44 2.18
35 16.45 n.21 56.80 8 06 75.91 3.64
36 0 © 27.66 0 72.80 2.46
kY] 25.25 0.50 69.47 3.58
38 39.06 0.59
43 22.16 0.68 48.23 1.43
44 1.39 0.88 61.35 1.95 80.18 1.47
45 27.54 2.85 60.83 1.73 79.65 149
46 27.66 2.7 56.89 1.26 77.29 14
47 2.03 0.95 46.84 0.59 68.68 1.66
48 64.16 114
53 51.40 1.27 75.13 1.67
54 18.54 1.25 61.07 3.43 80.94 2 28
56 21.76 2.51 60 89 3 67 80.35 2.61
56 27.63 2.14 61.19 3.06 80.83 2.28
57 25.29 1.65 61.16 188 76.48 2.00
58 68.95 1.88
63 50.66 3.4 77.48 2.12
64 59.22 5.55 79.90 3.83
65 78.81 5.45
66 59.58 4.96 78.45 374
67 24.52 5.22 50 48 8.27 80.00 3.81
68 . 66.29 1.48
73 75.25 3.41
74 76.79 6.10
7 53.64 7.40 78.56 5 67
78 79.99 4.28
88 71.99 5.30
89 76.70 1.36
DEPTH AVG.
1=0

1 40 51 36.11

2 25 20 530 44.10 5.33 47.33 36.89

3 13.98 61 43 79 490 65.79 2.70

3 26.64 2.47 57 88 161 74.86 1.4

5 27.26 2.25 60.48 3.22 78.75 2.29

6 24 52 5.22 58.37 4.62 76.99 37

7 53.43 740 78 12 4,78

8 7.99 352

9
PLANE AVG 26.67 2.76 57 02 3.23 75.05 377



TEST NO: 158

GRID NO.

15
23
24
25
26
33
34
35
36
37
38
43
44
45
46
47
48
53
54
85
56
57
58
63
64
65
66
67
68
73
74
7
78
88
89

DEPTH AVG.
1=0

O NN S W N

[T+

PLANE AVG.

E-16

INJECTOR:  EDM-LOL
PLANE NO. 1 PLANE NO. 2 PLANE NO. 3
EVF MRL VF MRL EVF MRL
31.89 35.67 31.89
30.06 0.57
34.88 7.68 61.32 2.88
11.95 10.32 0 o 0 L
19.47 1.84 40.23 15.38 42.16 54 26
27 01 1.0 28.91 0.53
48.74 4.10 70.09 2.08
n.o7 11 45 44.32 8.17 64.14 3.3
0 © 19.72 60.03 2 56
21.33 0.50 58.42 3.65
33.03 0 60
22.35 0.64 41.35 1.23
2.34 0.89 48.81 1.97 70 08 151
19.34 2.9 48 97 1.76 69.98 1.53
19.72 2.2 46.59 1.26 67.99 1.30
4.48 0.95 38.02 0.63 59.54 1.54
55.15 0 98
43 68 1.45 66.94 142
15.44 1.26 48.33 3.46 70 46 2.36
19.60 2,56 48.15 3.68 69.38 2.61
19.73 2.19 48,72 3.08 70.10 2.35
19.01 1.68 49.12 1.86 67.42 2.01
60.19 1.93
42,60 3.59 67.93 2.35
46.63 5.61 68.86 3.94
67.62 5.56
47.24 5 01 67.34 389
16.99 5.34 48.03 4.13 69 68 4.00
56.35 1.79
65.34 3.77
65.31 6.21
a.a 7.56 67.47 5.72
69 64 4.29
59.73 5.60
66.45 1.33
31.89 35.67
18.30 5.41 33.52 5.38 41.45 17 27
9%.41 6.24 34.86 4.79 56.08 2.75
18.94 2,52 46 87 1.63 65.51 1.42
19.12 2.30 48.29 3.25 68.58 2.32
16.99 5.34 46.63 4.67 66.38 3.94
41.21 7.56 67.55 489
59.73 3 66
18.85 2,82 45,89 3.24 65.30 306



TEST NO. 159

GRID NO.

15
23
24
25
26
33
34
35
36
37
38
43
44
45
46
47
48
s3
54
55
56
57
58
63
64
65
66
67
68
73
74
77
18
88
89

DEPTH AVG.
=0

W N O e W Ny

9
PLANE AVG.

INJECTOR  EDM-LOL
PLANE NO. 1 PLANE NO. 2 PLANE NO. 3
BV MRL VE MR VE
26.20 34.83 26.20 0
19.95 0.48
31.53 810 56.25 3.18
10.61 10.68 0 - 0 -
16.16 1.93 35.05 16.66 7N 58.97
12 37 1.13 17.04 0 42
42.53 4.23 63.90 2.25
9.84 1.8 38.89 8.91 58.48 3,15
0 « 16.43 0 52.87 2.80
17.81 053 52.91 4.05
28.37 0.64
18.78 0.77 28 48 1.43
1.60 0.91 42,57 2.18 63.91 1.73
16.19 3.05 42.66 1.93 63.81 1.75
16.43 2.32 40.59 1.39 62.01 1.43
3.23 0.98 32.66 0.68 53.41 1.55
48.86 0.96
37.64 1.63 60.66 1.66
12.68 1.3 42.20 3.82 64.21 2.70
16.36 2.69 42.06 4.06 63.16 3.0
16.42 2.30 42.47 3.4 63.86 2n
15.76 1.76 42.78 2.05 61.20 2.27
53.13 1.96
36.80 4.00 61.62 2,73
40.82 6.16 62.70 4,50
61.55 6 34
41.28 5 51 61.22 4,48
14.49 5.57 41.92 4 54 63 48 4,57
50.22 219
59.31 4.35
59.43 6.98
36.45 8.41 61.37 6 42
63 45 4,82
54.80 6.59
60.58 142
26 20 22.55
15.30 5.63 30.01 5.75 33.86 18.79
8.36 6.44 28.54 5.16 49.38 303
15.80 2.64 40.80 1.79 59,19 1.57
16.24 2.4 42,00 3.59 62.28 2.65
13.49 5.57 40.57 5.14 60.23 4,53
36.45 8.41 61.46 5.52
54.80 4,24
15.86 2.95 39.76 3.51 58.95 3.44



TEST NO

GRID NO

15
23
24
25
26
33
34
35
36
37
38
43
44
45
46
47
48
53
54
55
56
57
58
63
64
65
66
67
68
73
74
77
78
88
89

160

DEPTH AVG.

1=0

D~ OV s W N -

9
PLANE AVG.

E-18

INJECTOR-  EDM-LOL
PLANE NO_ 1 PLANE NO. 2
EVF MRL EVF _RL
17.12 32.37
16.88 7.30
4.75 10.11 0 w
10.07 1.75 23.13 14.16
16.20 0.67
28.33 2.86
4.35 n.23 24.86 7 58
0 ® 9.87 -
20.58 0.44
24.74 072
8.12 0.81 28.87 178
9.43 2.79 29.62 1.59
9,87 2.1 29.49 1.12
8.66 0.87 24.39 058
29.86 1.45
10.04 1.18 28.32 3.14
9.65 2.45 28.16 3.32
9.88 2.09 28.90 2.78
10.13 1.59 29.59 1.67
) 28.59 3.61
26.87 5.13
27.64 4.55
7.72 5.16 28.27 362
10 68 7.38
17 12 32.37
9.24 5.26 17.02 5.03
3.70 612 20.54 4.12
9.63 2.4 29.04 1.47
9.81 .19 28.66 2.94
7.72 5.16 27.86 4.26
10.68 7.38
9.60 2.Nn 27.88 2.91

PLANE NO. 3
EVF TIRL
17.12 0
30.89 0.79
36.87 2 54
0 o
23.72 50 44
28.43 0.69
47.67 {0
40.84 3.23
36.94 2.33
36.84 3.22
23 %0 0.54
41.66 0.62
48.42 121
48.94 123
48.52 0.93
38.07 1.37
39.12 0.64
49 98 1.16
48.15 1.94
46.48 2.10
47.53 1.93
48.55 1.59
51.09 1.80
87N 2.05
45.97 3.26
44.59 4.64
4.4 3.28
47.66 3.31
39.46 182
45.83 3.40
42.06 5.32
40.53 4.78
47.60 3.49
11.02 497
40.50 168
31.75 16.03
37.58 2.36
45.88 114
48.90 2.35
84,98 333
45.70 4.13
11.02 3.48
45 62 2.76



TEST NO. 161 INJECTOR- EDM-LOL

GRID NO PLANE NO 1 PLANE NO 2 PLANE NO 3
TEVF . WML “EVF . WRL EVF MRL
15 40.93 37.15 40.93 0
23 25 89 0.31
2 50.75 8.38 76.53 3.30
25 20.16 10.67 0 ® 8.82 59.72
26 28.04 1.94 52.60 16.81 59.66 57.84
33 19.05 1.29 23.06 0.26
34 60.53 5.22 82.87 2.62
35 18.68 11.82 59.88 9.00 78.48 a.24
3 0 © 29.78 0 75.72 2.86
37 25.80 0.53 n.72 4.09
38 40.18 0.64
43 21.19 0.78 28.05 1.51
as 0.84 0.92 64.26 2.21 82.59 1.77
a5 29.96 3.06 63.40 1.94 82.02 1.79
86 29.78 2.33 59.12 18 79.66 1.69
a7 1.64 0.98 48.05 0.64 70.69 1.86
a8 66.12 1.27
53 52.81 1.38 76.93 2.14
54 18.49 1.32 64.02 3.87 83.34 2.74
55 30.08 2.70 63.85 .17 82.90 3.18
56 29.7 2.30 63.89 3.45 83.25 2.77
57 26.32 1.717 63.73 2.08 78.47 2.34
58 70.76 2.10
63 ) 52.21 3.38 79.66 2.48
64 62.19 6 24 82.43 4.61
65 81.04 6.56
66 62.30 5.58 81 05 4.49
67 26.98 5.58 63.23 4.95 82 32 4.56
68 . 68.14 1.67
73 77.28 167
74 79.09 7.23
7 56.87 8.34 81.1s 6.80
78 82.31 515
88 75.14 6.28
89 79.29 1.59
DEPTH AVG.
1=0
1 40.93 37.15
2 26.82 5.63 47.47 5 87 46.08 39 55
3 15.87 6.43 44.61 5.50 67.08 3
4 28.79 2.65 60.23 18 51.74 1.74
5 29.30 2.42 63.18 3.64 81.04 2.76
6 26.98 5.58 60 96 5.23 79.35 4.52
7 56.87 8 34 80.49 5.7
8 75.14 a.15
9
PLANE AVG. 28.77 2.9 59.34 3.61 66 15 4.33



— TEST NO. 162

GRID NO

———

— 15
23
24

25 .
26
13
3
_— 35
‘ 36
37
38
43
44
45
— 46
, 47
‘ 48
53
54
55
56
— 57
58
63
64
— 65
66
67
—_ 68
73
74
77
78
88
89

DEPTH AVG.
1=0

BN Ss W N —

9
PLANE AVG.

INJECTOR: EDM-LOL
PLANE NO. 1
EVF FRL EVFPLANE 02 FRL EvrPLANE 3 FRL
36.26 37.94 36.26 0
34.36 0.57
40,05 7.89 67.13 2.94
14.46 10.64 0 - 0 ®
23.39 1.89 45.58 15.76 47 54 55.51
.32 1.07 33.19 0.53
54.70 442 75 82 2.10
13.39 11.81 49.98 8.35 69.66 376
0 « 23.72 0 66.39 2.59
24.53 0.52 68.16 373
37.10 0 62
25.21 0.62 45.90 1.32
2.72 0.92 54.80 2.01 75.40 1.49
23.27 2.99 55.01 1.79 75.33 1.52
23.72 2.27 52.51 1.29 73.50 1.32
5.26 0.98 43.17 0.64 65.27 1.68
60.92 1.10
49.24 1.45 72.67 1.44
18.49 1.30 54.30 3.53 75.72 2.36
23.57 2.64 54.11 3.75 74.66 2.58
23.72 2.25 54.73 3.14 75.36 234
22.82 1.72 55.17 1.89 72.79 2 00
66 81 2.12
48.05 3.58 73.56 2.33
52.48 5.73 78.15 3.93
72.93 5 56
53.14 5.11 72.63 385
20.47 5.49 53.99 4.24 74.94 3.99
61.91 1.67
71.09 3.77
70.59 6 22
46.58 7 63 72.79 577
74 91 433
65.53 5,54
72.03 137
26.26 37.94
22.00 5.60 38.35 5.51 46.21 17.72
.38 6.43 39.77 4.98 61.45 2.79
22.78 2.59 52 72 1.66 70.98 1.45
23.44 2.36 54.13 3.31 73.98 2.3
20.47 5.49 52.47 4.76 .74 39
46.58 7.63 72.93 4 92
65.53 3.65
22.87 2.91 51 64 3.33 70.71 3.10

E-20



TEST NO.

GRID NO

15
23
24
25
26
33
34
35
36
37
38
43
44
45
46
47
48
53
54
55
56
57
58
63
64
65
66
67
68
73
74
77
78
88
89

164

DEPTH AVG,

1=0

M NN D W N -

9
PLANE AVG.

INJECTOR EDM-LOL
PLANE NO. 1 PLANE NO 2 PLANE NO 3
F MRL EVF MRL EVF MRL
30.28 35.07 30.28 0
20.58 0.42
39 09 8.36 64.36 3.33
14.02 10.73 0 » 6.64 64.50
19.64 196 41.02 17.06 48.31 59.18
13.89 1.20 19.40 0.38
49.79 4.56 70.71 2.43
13.02 11.89 46.09 9.14 66.34 4.0
0 L 20.32 0 60.84 2.9
19.81 0 53 59.94 4.19
31.67 0.65
17.52 0 80 28.17 1.49
0.90 0.92 49.71 2.24 70.60 1.83
20.26 3.09 49.40 1.99 70.28 185
20.32 235 46.55 1.43 68.11 1.57
1.35 0.98 37.46 0 68 59.33 1.66
54.36 1.05
42,30 1.60 66 16 1.86
14.15 1.33 49.41 3.93 nn 2.84
20.39 2,72 49 27 4.20 70.48 323
20.30 2.32 49.51 3.51 70.91 2.86
18.86 1.78 49.60 2.12 67.47 2.43
57.28 2.00
41.72 3.92 67 86 2.79
48.00 6.33 70.01 4.76
68.99 6.71
48.28 5.67 68.83 4.75
18.00 5.62 48.97 4.77 70.25 4.77
. 56.32 214
65.74 4.43
67.25 7.43
43.87 8 65 68.83 6 84
70.24 5.16
63.01 6.92
67.32 1.52
30.28 35 07
18.77 5.67 36 68 5.91 38.81 41.67
11.06 6 47 33.61 5.36 55.75 3.19
9.36 1.99 47.04 185 65.16 168
20.25 2.44 48.96 3.70 68.94 2.82
18.40 5.62 47.39 5.29 67.19 4.75
43 87 8.65 68.47 5 85
63.01 4.47
14.28 2.64 46.10 3.62 65.29 4 47

E-21



TEST NO.

GRID NO.

15
a3
28
25
26
33
33
35
36
37
38
43
44
45
46
47
48
53
54
585
56
57
58
63
64
65
66
67
68
73
74
7
78
88
89

165

DEPTH AVG

1=0

O ~N N W N e

9
PLANE AVG.

INJECTOR-  EDM-LOL
PLANE_NO. 1 PLANE NO 2 PLANE NO 3
VF MRL VF MRL MRL
13.57 23.55 13.57 0
60.05 0.55
81.10 16,35 95.15 11.56
46.03 13.99 0 » 14.58 §5.25
12 86 2.08 56.43 23.33 70.18 89.44
56.49 2 07 59.80 0 48
69.87 10.79 70.26 6 79
44.44 15,24 80.50 17.98 94.56 14.40
0 « 34.58 86.91 4.55
33.66 0.60 87.13 9.15
50.31 078
35.09 1.09 a2.n 1.49
14.3 0.94 80.66 4.40 92,91 5 31
46.78 4.09 71.15 2.08 92.51 3.91
34.58 2.81 61.07 2.06 83.23 4.49
14.61 1.00 1.8 0.60 61.11 2 95
72.29 1.34
42.70 1.06 79.10 5.64
16.32 1.4 80.80 7.88 94.55 8 22
41.70 3.45 80.78 9.40 95.96 11.69
34.04 2.77 76.43 6.43 95.59 11.07
6.03 1.84 70.67 347 84.10 478
69.54 2.10
) 61.79 4.54 96.55 1301
79.48 12.22 95.67 17 93
95 16 25,37
75.44 10.14 94 78 16.41
52.44 7.89 76.40 9.88 92.11 10.59
. 93.60 10.68
93.48 12.83
94.24 23.56
84.13 25.89 94.62 23 55
92.13 11.90
94.85 29 60
90.54 3.79
13.57 23 55
18.01 7.0 69.86 9 62 72.26 49 40
37.76 8.30 57.76 1,08 76.97 819
39.01 3.39 66.01 2.50 80.55 3.98
34,99 297 76.10 7.43 90.65 912
52.44 7.89 74.44 9.79 94.36 16 44
84.13 25.89 93.21 16.90
94.85 17.90
36.98 3.75 68.19 6.30 85.08 10 73

E-22



TEST NO 168

GRID NO

15
23
24
25
26
33
34
35
36
37
38
43
44
45
46
47
48
53
54
55
56
57
58
63
64
65
66
67
68
73
74
77
78
88
89

DEPTH AVG.
1=0
1

O~ N W N

9
PLANE AVG.

INJECTOR
PLANE NO. 1

EVF MRL
47.29 16.02
1.34 2.05
46.25 17.48
0 ©
12.47 0.98
34.61 4.05
6.52 2,52
12.73 1.05
14.05 1.47
28.30 337
6.15 2.49
0.59 1.85
50.36 8.80
8 48 7.95
39.30 9 51
18.68 3.23
14 19 279
50,36 8.80
10.07 3.72

EDM-LOL
PLANE NO, 2 PLANE NO 3
EVF MRL MRL
4.83 22 69 4.83 0
57.63 0.73
81.92 22.15 94.96 18.10
0 L 11.15 61.86
55.87 27.46 n.%4 115.12
54.78 2.17 57.47 0.64
47.56 6.56 49.18 415
73.41 19.74 93.46 20.71
6.52 0 80.19 5.24
30.14 0.64 88.18 13.65
46.22 0.87
31.44 1.19 33.63 1.51
68 07 4.37 86.02 539
45.08 2.34 85.07 4.72
41.43 196 69.1 3.44
36.07 0.89 §7.95 1.93
56.97 103
26 26 1.80 64.52 3.96
71.65 8.27 89 71 8.32
71.56 9 45 94.26 19 08
66.56 6.81 93.32 13.96
52.01 3.27 73.98 4.94
60.59 2.41
58.75 6.44 95.65 23 87
71.06 13.09 94.13 24 68
93.51 33.62
67.51 11.18 93.74 24,85
67.92 9.30 85.23 10.51
73.19 5.00
92.94 .17
92.92 33.23
83.60 35.60 93.26 32.03
85.17 10 55
94.91 50 41
86.01 414
4.83 22 69
70.32 12.25 70.82 61.15
41.80 10 56 69.61 10.41
47.34 2 61 71.10 N
65.38 7.68 85.59 12.17
67.01 10.37 88 49 20.9
83.60 35.68 89.58 21 81
94.9 29 42
52 53 6.59 77.92 13.49

E-23



TEST NoO.

GRID NO

15
23
24
25
26
33
34
35
36
37
38
43
44
45
46
47
48
53
54
55
56
57
58
63
64
65
66
67
68
73
74
77
78
88
89

169

DEPTH AVG

I=

0

W N O s W N -

9

PLANE AVG.

INJECTOR:  EOM-LOL
PLANE NO. 1 PLANE NO. 2 PLANE NO 3
EVF MRL VF “MRL EVF MRL
3.25 26.74 3.25 ]
73.55 18.80 49,74 0.83
0 w 90.57 13.04
38.22 15.46 48,93 27.35 14.88 n.22
2.17 2.20 65.55 112.67
48.68 2.05 51.49 0.73
45.43 6.87 45,86 45.86 4.35
37.35 16.94 68.39 19.19 88.68 15.53
(] ® 10.40 72.83 4 9
26.28 0 67 82.22 11 69
41,40 0.91
27.82 1.25 29,44 1.53
10.34 1.03 65.00 4.47 83.20 5.24
31.80 5.22 45,58 2.52 82.42 4.61
10.40 2.75 39.81 2.09 67.87 3 66
10 55 1.1 31.81 0.91 55.04 2.04
54.19 1.10
28.02 1.9 60.47 3.99
11.66 1.55 66.86 8 08 86.03 79
26.89 3.57 66.79 9.39 89.49 12.66
9.89 2.N 60.36 6.63 88.41 10.42
0.93 1.99 50.17 3.47 70.33 5.06
48,44 2.35
51.70 6.30 87.36 10.21
66.09 12.79 89.30 17.63
88 67 25,27
60.44 10.69 88.27 17.51
41.18 8.41 60.93 9.03 81.52 10 93
: 67.09 488
87.10 15 21
87.85 25 14
75.52 27.65 87.86 23 45
81.49 11.27
90.50 35.42
80.83 3.70
3.25 26.74
1.717 7.86 62.87 1.15 64,78 62.97
3.7 9.20 39.85 10.46 64.32 8.55
19.50 3.43 46.25 2.74 68,82 3.76
5.7 3.00 60.86 7.58 80.65 9.19
41.18 8.0 60.43 10.06 83.32 15.75
75 52 27.65 84,90 17.49
90.50 20 98
17.97 3.88 50.16 6.52 74.07 n 23

E-24



TEST NO.

GRID NO

15
23
24
25
26
33
34
35
36
37
38
a3
44
45
46
47
48
53
54
55
56
57
58
63
64
65
66
67
68
73
74
77
78
88
89

m

DEPTH_AVG.

I=0

M N O U & W N -

9
PLANE AVG.

E-25

INJECTOR:  EDM-LOL
PLANE NO 1 PLANE NO 2 PLANE NO 3
EVF MRL VF MRL EVF MRL
35.66 30.01 35.66 0
34.15 0.49
56.72 9.84 78.78 4.70
24.32 .17 0 L 14.34 60 50
21.59 204 47.77 19.57 58.11 70 22
32.51 1.35 33.49 0.46
58.76 7.99 §9.02 503
23.19 12.31 61.21 11.25 80.46 6 26
0 L 26.23 72.49 3.40
23.17 0.55 71.90 5.45
37.24 068
15.19 0.99 36.16 1.18
8.69 0.89 62.82 2.81 80.59 2 64
29.85 3N 58.15 2.26 78.52 2.47
26,23 2.48 51.61 1.67 68.35 2.44
8.92 0.96 38.70 069 63.13 1.83
§7.02 1.09
44.76 1.87 63 82 386
1.88 1.32 63.19 4.94 82.28 3.96
28.77 2.91 63.12 5.55 83.21 5.21
26.01 2.46 60.75 4.35 82.53 4.24
18.76 1.84 58.39 2.58 72.81 3.18
58.05 1.98
45.80 3.88 78.03 3.63
61.87 7.86 82.81 7.04
82.08 10.20
59 64 6 97 80.93 6.82
29.17 5.99 60.43 6.43 79.81 6 23
63.84 2.51
76.64 5.60
80.59 10.57
60.91 11 80 81.06 9.87
79.84 6.97
79.18 10.74
77.03 2 05
35.66 30 01
22.01 5.88 50.66 6.87 51.92 43.79
19.70 6.71 43.91 7.28 62.10 4.54
27.12 2.85 54.84 2.16 69.59 2.30
25 84 2.59 60.81 470 78.15 4.17
29 17 5.99 58.15 6.58 78 09 675
60.19 1 80 79.46 8 06
79.18 6.80
26.37 3.15 55.41 4.0 72.46 5.79



TESTNO 178

GRID NO

25
26
34
35
36
37
43
44
45
46
47
48
53
54
55
56
57
58
65
66

DEPTH AVG.
I=0

O O~ s W N -

PLANE AVG

E-26

INJECTOR: PAT
PLARE NO. 1 PLANE NO 2 PLANE NO. 3

EVF MRL VF MRL EVF MRL

0 0 0 0

0 0 0 0
50.74 2 40
0 0 0 0 31.20 1.77
0 0 0 0 20,94 1.35
0.69 1.60 40.94 1.79
55.99 49 94
0 L 53.34 o 95.63 10 44
53.34 6.17 84.27 5.00 95,52 8.70
39.73 312 79.66 6.46 95.55 8.52
0 ® 39.73 0 40.17 3.0

0 ® 39.73 o

0 o 0 ® 64.63 ©
0 L 64.63 67.36 90.46 6.75
33.18 2.62 67.98 2.94 90.61 6.08
30.77 2,47 67.09 3.03 90.99 6.29
0 o 3.077 75.30 3.78
0 o 1.0 57.41
1.19 0.44 51.30 2.99 76 46 1.13
53.41 6.56 74.14 1.00 79.55 1.02

0 0 0 0
0 0 0 06 0.16 33.94 184
47.65 4,78 1307 4,59 85.95 9.13
32.16 220 60.12 8.15 87.62 7.29
27.82 2.89 68.15 1.87 78.18 1.07
4.1 3.44 §8.02 4.87 n.n 7.55



TEST NO

GRID NO

25
26
34
35
36
37
43
44
45
46
47
48
53
54
55
56
57
58
65
66

179/184

DEPTH AVG

—
L]
o

O N BB W~

9

PLANE AVG.

E-27

INJECTOR:  PAT
PLANE NO ) PLANE NO 2 PLANE NO 3
EVE FRL EVF FRL —EVF WAL
0 0 0 0
0 0 0 0
3.28 1.76
0 0 0 0 0.95 1.49
0 0 0 0 0.18 1.1
25.51 1.0 71.76 1.98
52 08 -
0 - 52.08 ® 96.20 6.97
52.08 5.55 85.50 4 01 96.30 5.98
48.78 3.13 83.95 5.70 96.07 5.69
0 o 83.75 8.32 94.86 6.01
0 o 83.75 =
0 © 0 ® 68.42 ™
0 @ 68.42 81.66 91.05 11.94
44.73 2.69 80.36 2.97 94.90 5.28
42.92 255 79.56 3.05 44.96 5.37
0 - 80 60 7.66 94.20 6.21
0 w 80.60 ®
12.05 0.45 54.88 2.83 79.44 0.98
51.81 5.88 73.25 0.84 79.36 0.83
0 0 0 0
0 0 2.34 0.17 9.40 1.52
50,70 4.40 84.21 5.15 95.21 5.7
43,97 2.26 79.83 10.33 94.06 5.75
21.1 2.63 68 44 1.7 79.40 0.90
40.28 3.27 68.86 5.81 81.56 514



TESTNO 182

GRID NO.

25
26
34
35
36
37
43
44
45
46
47
48
53
54
55
56
57
58
65
66

DEPTH AVG.

-
]
@ N A W~ O

(<3

PLANE AVG.

EVF

PLANE NO 1

28.72
22.38

18.88

17.57

6.27
28.74

26.05
18.33
15.12

18.95

INJECTOR:

MRL

5.41
3.00

2.59
2.46

0.46
5.75

4,27
AL
2.58

E-28

PAT
PLANE NO 2 PLANE NO 3
_EVF MRL EVF MRL
0 0 0 0
0 0 0 0
35.58 2.98
0 0 34.13 2.50
0 0 14.36 1.67
0.34 1.69 18.67 1.81
79.35 64.28
64.52 51.08 79.85 6.00
60.27 3.n 79.58 5.07
56.35 5.24 79.46 4 93
22.34 0 22.65 2.47
0 ® 64.56 394
0 © 44.67 ©
44.67 44.60 71.53 5.85
46.92 2.n 72.25 4.51
46.11 2.80 72.56 4.58
17.57 0 17.73 2.78
0 L 17.57 o
33 4 2.98 57.32 1.06
49.88 0.85 57.12 0.86
0 0 0 0
0.03 0.17 27.76 2,39
51.10 5.9 70.14 7.39
40 67 6.13 61.75 4 07
45.58 1.78 57.21 0.95
40 V7 53 60 41 5 66



— -

) R et
Sy Tt
T A

TESTNO 187 INJECTOR:  PAT ORI
GRID NO PLANE NO _1 PLANE NO_ 2 PLANE NO 3
EVF MRL EVF MRL EVF MRL
25 0 0 0 0
2 0 0 0 0
3 49.77 2.59
35 0 0 0 0 47.90 2.16
36 0 0 0 0 22.78 1.42
37 2.23 1.70 55.83 2.06
43 51.20 41.717
a4 0 - 48.49 - 94.40 9.15
4 48.49 6.07 81.59 4.74 94.28 7.70
46 39.31 3.24 78.05 6.42 94.32 7.5
47 0 - 39.31 0 52.43 3.15
a8 0 - 39.31 >
53 0 - 0 - 68.07 >
54 0 m 68.07 78.89 89.69 747
55 33.82 2.75 68.45 3.09 89.96 6.06
56 31.83 2.60 67.80 3.19 90.23 6.21
57 0 o 31.83 76.47 4.03
58 0 - 31.83 -
65 10.70 0.46 50.64 3.3 75.89 1.19
66 38.40 6.44 70.44 0.98 76.59 0.99
DEPTH AVG.
1=0
1
2 0 0 0 0
3 0 0 0.20 0.17 42.99 2.1
4 44.65 4.75 .35 4.49 86.85 8.24
5 32.98 2.30 60.88 9.40 86 95 5 49
6 25.55 2.86 62.25 192 76.28 1.08
7
8
9
PLANE AVG 33.13 347 57.02 5.07 78.99 6.54

E-29



TEST NO

GRID NO

25
26
34
35
36
37
43
44
45
46
47
48
53
54
55
56
57
58
65
66

190

DEPTH AVG.

I-

0
1

O N O WL s WN

9

PLANE AVG.

INJECTOR.  PAT

E-30

PLANE NO. 1 PLANE NO 2 PLANE NO. 3
EVF MRL v _EVF MRL EVF MRL

0 0 0 0

0 0 0 0
43.83 2.58
0 0 0 0 25.75 196
0 0 0 0 17.64 1.44
0.45 1.60 23.75 n
89.60 91 58
0 L 78.47 77.13 90.44 1.37
41.53 5.52 74 62 4 07 90.22 6 20
32.17 298 70.63 5.62 90.12 5.96
0 © 32.17 0 32.51 2 68
0 L 7.4 56.25

0 L 0 o 56.58 ©
0 ® 56.58 55.51 83.70 6.41
27.15 2,54 60.01 2.76 84.02 501
25.25 2.40 59.03 2.84 89.38 5.13
0 L 25.25 0 25.43 2.9

0 © 25.25 L
9.01 0.44 43.61 2 92 68.84 107
41.57 5.87 63.67 0.88 70.19 0.89

0 0 0 0
0 0 0.04 0.16 27.35 1.99
13.46 1.13 64.51 7.33 80.66 9.5}
26.35 2.13 52.59 6.94 72 81 4 50
21.84 2.62 58.41 1.76 69.59 0.97
18.45 1.60 51.00 6.43 69.60 6.93



TEST N0 193

GRID NO

25
26
34
35
36
37
43
44
45
46
47
48
53
54
55
56
57
58
65
66

DEPTH AVG.
I=0
1

O N OO B W N

9
PLANE AVG.

INJECTOR PAT

E-31

PLANE NO. 1 PLANE NO 2 PLANE NO 3
EVF MRL EVF MRL EVE MRL
0 0 0 0
0 0 0
55.38 274
0 0 0 0 32.83 1.90
0 8.78 0.59 1. 510
0.15 163 19.63 1.73
98.85 662 16
0 0 95 88 394 88 98.56 34.08
66.08 8.76 91.14 9 56 98 43 27.07
26.42 3.04 82.43 912 98.72 33 57
0 o 26.42 0 26.74 2 52
0 o 26.42 o
0 ® 0 © 57 61 un
0 © 57.61 57.22 92 03 7.69
8.43 2.39 60.81 3.10 91.87 920
5.05 2.25 62.04 3.30 92.82 10 15
0 w 505 0 74.88 388
0 o 76 36 63.33
13 52 0.46 54 54 3.43 79.84 147
67.36 9 58 84 06 1.69 87.87 1.77
0 0 0 0
0 0 497 0 43 50.54 2.76
49.49 6.37 74 65 24.89 86.33 44.18
7.00 2.00 50.41 7.39 88 77 9.96
34.73 412 76 32 2.45 84.32 1.63
24.68 418 57.87 18 29 80.48 28.09



TEST NO

GRID NO

25
26
34
35
36
37
43
44
45
46
47
48
53
54
55
56
57
58
65
66

194

DEPTH AVG.

—
]
o

W O N O O & W N -

PLANE AVG.

E-32

INJECTOR PAT
PLANE NO. 1 PLANE NO 2 PLANE NO 3
EVF MRL EVF MRL EVF MRL
0 0 0 0
0 0 0
51.74 3.08
0 0 0 0 30.74 2.17
0 0 8.02 0.62 87.48 4.38
0.16 1.75 27.90 1.94
96.50 279 04
0 o 91.01 199.00 96.67 20.35
56.90 7.92 86.59 7.86 96.56 16.92
35.58 3.52 79.07 8.77 96.61 17 43
0 o 35,58 0 35.87 308
0 L 35.58 o
0 o 0 L 53.66 ®
0 o 53.66 56.67 89.7 9.12
13.68 2.64 60.08 336 89.77 8.89
8.17 2.45 59.74 3.50 90.40 9 42
0 o 8.17 0 72.28 413
0 © 67.84 50.79
11.76 049 51.41 3.63 76.88 1.52
57.45 8.49 77.30 1.45 82,24 1.52
0 0 0 0
0 0 4 55 045 48 93 2 84
47.98 5.99 73 33 15 56 86.25 22 90
11.36 219 44.82 7.55 86.36 9.39
29.76 370 70.51 24 79.87 1.52
25.49 4.07 55.66 12.12 79.38 16 03



TEST NO

GRID NO

25
26
34
35
36
37
43
44
45
46
47
48
53
54
55
56
57
58
65
66

197

DEPTH AVG.

1=

0

QO N OO D W N ~—

9

PLANE AVG

E-33

INJECTOR  PAT
PLANE NO__1 PLANE N0 2 PLANE NO 3
EVF MRL EVE MRL EVF MRL
0 0 0 0
0 0 0 0
90.14 4 42
0 0 37.09 1177 90.03 .n
0 0 0 0 23.98 1.40
21.92 1.82 65.32 2.16
46.72 45.66
0 © 44,32 L 93.15 7.28
44,32 5.80 78.84 4.14 93.11 6.18
40.70 327 77.34 5.89 93.01 5.91
0 L 40.70 0 79.51 3.51
0 © 40.70 L
0 © 0 © 38.42 38 36
0 L 36.79 © 71.56 o
36.79 2.81 71.56 3.05 90.47 5.48
35.21 2.67 71.06 316 90.61 559
0 L 3521 80.00 4.06
0 L 35.21 o
10.15 0.47 49.97 3.09 75.09 1.1
44,08 6.15 66.45 0.89 73.01 0 88
0 0 0 0
0 0 14.75 0.72 70.84 .27
42.81 4.59 70.25 4.05 90 32 6.89
36.12 2.35 63.66 2.01 85.77 6.15
23.52 2175 62.13 186 73.93 0.99
33.60 3.42 58.75 3.25 83.71 6.1



F. NOMENCLATURE



r‘ﬂ‘l, uncor

S

Qe —

=

Chamber Contraction Ratio
Heat of Vaporization, J/kg
Length of Straight Chamber Section, cm

Constant Containing Drop Size and
Velocity

Constant Containing Propellant
Properties

Generalized Length, cm

Length of Converging Chamber Section, cm
Molecular Weight

Chamber Pressure, kPa

Mass-Median Droplet Radius, um

Uncorrected Mass-Median Droplet
Radius, wm, Figure 27

Converging Nozzle Shape Factor
(V+ a4 cy + 1/Cy)/3

Propellant Temperature, °K
Propellant Critical Temperature, °K
Reduced Temperature, T/TC

Crons hantdniiane, Vigely e
Dynamic viscosity, kg/m-sec

Density, kg/m3

Surface Tension, N/m
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