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SUMMARY

The work reported herein was conducted in support of the use of
thermal radiation simulators (TRS) on the Defense Nuclear Agency (DNA) high
explosive (HE) event MILL RACE. The type of TRS used on MILL RACE was the so-
called flame or torch TRS, which consists of a set of nozzies each burning

aluminum powder in sprayed liquid oxygen (LOX).

Guidance and technical assistance were provided to DNA Field Command
and in turn to any MILL RACE experimenters, who would be utilizing the TRS.
Models of the thermal radiation were developed and then estimates were made of
the expected thermal environments at wvarious locations. New TRS data were
incorporated into a data base which was then used to improve the mode!
predictions. Recommendations were made indicating where calorimeters should
be placed in order to best support the modeling effort. Unfortunately, other
requirements, such as the determination of proper operating conditions for the
TRS nozzles, generally precluded use of the recommendations concerning data

collection for improving the models.

In addition to the estimation of thermal environments, this effort
contained a task to investigate interference to the HE-generated air blast
from thermal effects generated by the TRS units. Of primary concern were
effects that would adversely affect planned air blast loading. If the
interference effects were considered to be significant, suggested aiternative
approaches were to be made toward meeting the objectives of the combined

thermal-air blast experiments.

Finally, the models were again refined as a part of this effort, #__ .
after the MILL RACE event occurred. The objective of this latter task was to = R
a

improve the model developed earlier by incorporating two modifications: (n

represent each flame as an inverted cone rather than a right circular

cylinder, and (2) account for the change in view angle resulting from flame

obscuration.

t

/N T ALaiabilty Codes
A e ———
e /) : " Avad and for
ity 1:% Special
| N pe

i

ot CEE N R TR R P R A . - A 3 . L PRI A [T M Y N
P A T Y A A I TP A BRI R A A L S P TN




This effort produced a number of results and conclusions during the
course of estimating the radiated thermal environments from aluminum-liquid
oxygen (LOX) thermal radiation simulators (TRS). Most importantly, it
produced models of TRS generated peak flux that represent those same
environments in the field. The inverted cone model is the best developed to
date when flame obscuration and an accurate treatment of view angle are

included.

It is now possible to use one calibration of the inverted cone model
to represent all nozzle arrangements used thus far. Consequently, the data
base may now be of sufficient size to allow certain statistical inferences to

be made about the inherent variability of using the TRS in the field.

In the area of TRS-Air Biast interference; the results are iess
clear. The effort conducted is largely incomplete, and additional work is
required to resolve the issues. Calculations indicate that incipient blowoff
of ground material was probable on MILL RACE. Other calculations have also
indicated that incipient ground blowoff is probable at the DNA TRS site at
Kirtland Air Force Base (KAFB) in Albuquerque, New Mexico. What looks like
the "steam porch" phase of ground blowoff has been seen in the photographs
taken at the TRS site. The effect of any resultant hot thermal layer

immediately above the ground on air blast propagation was not investigated.

It was also concluded that modeling a TRS flame as merely a hot clean
flame, i.e. one containing no particulates, will not accurately simulate
results from MISERS BLUFF. During MISERS BLUFF the overpressure was reduced
on one of the targets placed immediately behind the TRS units. Numerical
calculations performed for overpressures up to 10 psi and for flame widths up
to two meters wide demonstrated that other effects will need to be considered.
Additional work is recommended to quantitatively understand the infivence of
particulates on the effect seen during MISERS BLUFF.

Our recommendations in the area of TRS modeling are that much
experimental work and some modeling work need to be done. In the area of TRS-

airblast interference, our recommendation is to determine how well the current
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interference mitigation techniques will find acceptance in the nuclear
survivability and wvulnerability community. The current technique is to fire
the TRS early enough to allow the flame and its combustion products to rise
above the target so that they will not interfere with the air blast. For some
nuclear scenarios, this approach will introduce a significant cooling period

before air blast arrival.

A substantially more exhaustive and careful effort to obtain
calorimeter data needs to be performed. This recommendation is made with the
knowledge that the data base essentially doubled during September 1982 when
DNA and SAl conducted a Calibration Program of the DNA TRS site at Kirtiand
AFB. Even with those data, significant additional data obtained under more
controlled conditions is necessary if the community is to be expected to place

great reliance on modeled results.

More thorough data interpretation and analysis is recommended. At
least four individuals have read the "peak" flux off oscilliscope traces
that have been entered into the DNA data base. Now that these data are being
recorded digitally, the detailed temporal waveforms can be made avaiiable for
meaningful data analysis. There has been no consistent approach applied to
evaluating these data. In some cases data were withheld as not being

representative.

The TRS development to date has been geared toward improving the
flame generation. Little emphasis has been given to evaluating reliability or
repeatability. We strongly recommend that one design be fixed for future use
in the DNA HE program, and that that design be calibrated under realistic

field conditions.

Finally, we regretably observe that much difficulty in accessing the
DNA-provided computational facilities at KAFB made it virtually impossible to
continue the investigation of TRS-air blast interference. It is recommended
that DNA, not a contractor, more closely monitor difficulties that contractors
are having when using government furnished equipment., Whether this would lead

to any improvement in throughput is debatable; nevertheless, we feel it is




B he s of 0 2 2R R

:

et

-~ A .’ .t R ) DY P
TN L T ATV ST S N Wrer O

important to improve this communication of the problems we have been having,

so that DNA management might have representative information available when
decisions are made.
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PREFACE

The work reported herein was performed by Science Applications, Inc.
(SAl) for Defense Nuclear Agency (DNA) under DNA contract No. 001-81-C-0020
during the period 20 October 1980 to I3 August 1982. The SAIl principal

investigator was Mr. Burton S. Chambers, Ili.

This work was conducted for the Shock Physics Test Division (SPTD) at
Headquarters, DNA, in support of the MILL RACE High Explosive (HE) Event. It
included both a pretest and posttest phase, and was coordinated with Field
Command, DNA (FCDNA) at Kirtland AFB, New Mexico, as well as with some of the
MILL RACE TRS experimenters.

Mr. R. C. Webb was the DNA Contracting Officer's Representative (COR)
until his transfer to BMDSCOM in December 1980. LTC Robert Flory, United
States Army, was the COR during the remainder of the effort. Lt. Col. Ronald
Bousek, United States Air Force, was the point of contact at FCDNA.

The author thanks LTC Flory, Mr. Webb, and Lt. Col. Bousek for their
useful guidance and suggestions during the technical effort. The continuing

interest of Mr. Tom Kennedy, Director of SPTD, is also most appreciated.

Finally, the author would like to express his appreciation for the
many fruitful technical discussions with Mr. John Dishon, Dr. Richard Miller,
and Mr. Jerry Lattery of the Radiation Effects Division of SAl. These many
discussions substantially helped the author in formulating simple descriptive
modeling algorithms, which represent the radiated environment from the DNA TRS

simulators in the field.
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SECTION |

INTRODUCTION

The effort reported herein was conducted in support of TRS
experiments on MILL RACE and consisted of a pretest and posttest phase. The
objectives for the pretest phase were: (l) to provide guidance and technical
assistance to DNA Field Command and the MILL RACE TRS experimenters, and (2)
investigate possible interference of the TRS units with the MILL RACE air
blast, and then to suggest alternative approaches for meeting experimental
objectives, if interference effects were expected to be significant. The
objective of the posttest phase was to improve the modeling of the TRS
radiated environment, where flames partially obscure one another, by modifying
the earlier obscuration model as follows: (1) represent the flame as an
inverted cone rather than a right cylinder, and (2) account for the change in

view angle resulting from flame obscuration.

-1 THE DNA THERMAL SIMULATION PROGRAM.

An important difference between explosions of nuclear weapons and
chemical high explosives (HE) is the fraction of energy released in the
electromagnetic spectrum. Since a nuclear explosion starts at a much higher
energy state, the transport, absorption, and reradiation of this energy
becomes quite significant (Reference |). The chemical HE, on the other hand,

releases most of its energy in mechanical form, ie. air biast.

During the nuclear explosion a large amount of energy is reradiated
from the X-ray generated fireball in the form of light and heat; both forms
are commonly referred to as thermal radiation. This thermal radiation,
generally arriving before the shock wave, can precondition an exposed weapon

system, so that its response to air blast may be modified from what it would
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be to air blast alone.

The combination of air blast and thermal radiation loading can cause
synergistic effects (ones more severe than what would be expected from both
loadings operating independently). These synergistic effects have been
observed on various military equipment (Reference 2). Until fairly recently,
however, these effects have been impossible to generate in the field, without
above-ground nuclear testing, due to the lack of thermal simulators that

produce significant radiative output over large areas.

DNA has been providing simulated nuclear weapon environments with HE
events to investigate various nuclear weapon-related effects. The simulated
environments provided hove been air biast and ground motion. The HE evenis
have been conducted for many years to support the United States mihtary
services, and in some cases, our allies. More recently, the Shock Physics Test
Division (SPTD) at DNA has been supporting research that is identifying
various ways to simulate intense thermal radiation, characteristic of nuclear
weapons, in order to study both synergistic thermal-air blast effects and

thermal-only effects.

DNA is sponsoring both the development of large area thermal
irradiation simulators to allow observation of full scale effects and the
development of smaller laboratory thermal simulators that provide better
simulation fidelity. Effective use of both types of these facilities should
allow significant advances in our knowledge of nuclear weapon thermal effects

and synergistic thermal-air blast effects.

The first significant large area irradiation system, initiated seven
years ago, was the so-called bag system developed by Dishon and Lattery of
Science Applications, Inc. (SAl) for DNA. The bag system consisted of an
ensemble of mylar bags, each bag being a cylinder, hemispherically copped at
both ends, about 6 meters high with a diameter of 1.5 meters. Each bag was
filled with pure gaseous oxygen into which was sprayed aluminum powder.  This

mixture was then ignited with a device resembling a common raiiroad flare.
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, The bag system was fielded during the late seventies at a site used
by DNA on Kirtland AFB. Various targets of military sig.aificance were exposed
to thermal-only environments. These tests allowed qualitative assessments of
S the effects induced from large area irradiation onto targets of significant
size. Effects such as aircraft panel buckling, which would be hard to obtain
on small tests, were observed. This type of data was felt to be useful for

validating large complex structural analysis computer codes.

. One ensemble of TRS bags was fielded on DNA HE event MISERS BLUFF
where it became obvious that the use of the TRS actually interferred with the
air blast loads delivered to the exposed U.S. Army S5-280 hardened shelter.
The bag system had been placed in close proximity to the shelter, between it
and the HE. When the air blast propagated through the hot combustion products
of the bags, its peak overpressure was significantly reduced. This experiment
provided some of the motivation for seeking an improved way of burning the

aluminum powder.

A significant advancement in simulators was achieved when Dishon and
his co-workers at SAl successfully developed the flame TRS system under DNA
sponsorship. The flame system is now recognized as a significant improvement
over the bag system, not surprisingly since it was designed to avoid many of

the undesirable features of its predecessor.

The flame system consists of a set of nozzles, vaguely similar to
rocket engines, but directed upwards, that burn aluminum powder in an oxygen
rich environment. The aluminum powder is fluidized in nitrogen gas to
facilitate flow through the plumbing from supply to nozzle. Liquid oxygen
(LOX) is also sprayed into this mixture in the nozzle. The resulting
combustible mixture is ignited with a flame that is burning outside the
nozzle. This outside flame is lighted before the aluminum and liquid oxygen
mixture is flowing, and its fuel is wusually propane. After the aluminum and
oxygen mixture is ignited, a bright flame is produced that can burn until the

materials being injected are exhausted.

Due to the time taken for the burning of the aluminum particles, the e
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initial momentum associated with the spray, and buoyancy forces, the flame
from each nozzle typically reaches a significant height of three to eight
meters depending on how rapidly aluminum is introduced into the system. The
radiating part of each flame, for a 5 kilogram per second burn of aluminum,
appears approximately as an inverted cone of height about 6 meters and

diameter of 5 meters at the cone's "base" (the nozzle is at the cone's apex).

This latter simulator, the Al-LOX flame system, was fielded on MILL
RACE, ond is the system that has been modeled during this effort.

-2 THE DNA THERMAL SIMULATION MODELING PROGRAM.

DNA has also been sponsoring research on calibrating these AI-LOX
flame sources to allow their use in the field, either as stand-alone systems
or in conjunction with large HE events. The experimental calibration programs
have been complemented with modeling efforts to allow interpolation, and in

some cases extrapolation, of the environments.

In preparation for the MILL RACE experiment, the effort reported
herein was initiated to provide guidance and technical assistance to DNA Field
Command and to the MILL RACE experimenters who would be utilizing the Al-LOX
flame source. Specifically, estimates were made of the thermal environments
expected from the TRS units at various experiment Jocations and then provided
to FCDNA for planning the use of the TRS units.

The estimates were based on early models of the bag system, that had
been developed from a very limited data base. As data generated under another
DNA contract were made available, they were incorporated into the DNA TRS data

base and were used to expand and improve the existing models.

When the test bed configuration was altered, or when significantly
different (and better) estimates of the AI-LOX TRS environment became available,

updated estimates were provided to FCDNA and these were in turn given
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to the MILL RACE experimenters. Recommendations were also made, on :;::'.‘
a limited basis, where calorimeters should be placed in order to improve the
modeling effort. Other requirements, however, generally precluded use of

these recommendations by the TRS developers.

-3 THE DNA THERMAL-AIR BLAST INTERFERENCE PROGRAM.

In addition to the estimation of thermal environments, this effort
included a task to investigate possible modifications to (or interference
with) the HE-generated air blast by thermally induced effects generated by the
TRS wunits. Of primary concern were adverse effects on planned air blast
loading, as was seen on MISERS BLUFF (Reference 2). If the interference
effects were considered significant, suggested alternative approaches for
meeting the objectives of the combined thermal-gir blast experiments were fto
be made.

It is necessary to place the flames relatively close to the targets

to be irradiated since the thermal output of even these powerful TRS
simulators is small in comparison to that of a nuclear burst (approximately
five orders of magnitude below a kiloton of energy). This arrangement ’
produces combined air blast and thermal effects under certain conditions.

These effects can approximate those that would be seen during an actual

. nuclear explosion. However, if the TRS simulator is not sufficiently strong llf-‘_-l:
- to allow its placement far enough away from the irradiated target, it is
possible that the combined effects generated may only fortuitously simulate - -.
real ones. _’_.
An exarmple was the experience on MISERS BLUFF where an 5-280 U.S. Army ';f‘_i-'_*_f
Shelter was exposed to both thermal and air blast (Reference 2). The only o
available large scale simulator for MISERS BLUFF was the bag TRS. It had to o
be placed very close to the target in order to be able to deliver the required '-;'.‘-;Ef:

environment. Because the timing between the onset of thermal irradiation and
air blast arrival was set to simulate a particular nuclear scenario with this
- MISERS BLUFF experiment, the air blast arrived while the TRS-generated

N 15




fireball was still in front of the shelter. When the air blast passed through
this hot region, which was essentially touching the target surface, the
received air blast overpressure was appreciably reduced. This effect was

considered undesirable by the U.S. Army.

On MILL RACE, however, an attempt was made to mitigate the direct
influence of the flame on the aqir blast peak overpressure by allowing
sufficient time for the flame to just rise out of the way before air blast
arrival. The length of time necessary for this to occur was determined during
a series of small yield HE shots at the TRS test site at Kirtland AFB. This
modest HE test program, caliled the Pentolite series, aiso determined if the

air blast would be modified by passage through the region of space previously

occupied by the flame. This approach of avoiding thermal "interference" with
air blast takes advantage of the expected time delay in the real world case T
and is the current planned approach for use of TRS wunits during future HE : o
tests. T

However, careful consideration of the consequences of this approach
are advisable since its use could lead to other problems of interpretation.
For example, if the target cools too much before air blast arrival, the test ‘
may not meaningfully represent the worst possible effects. One might
incorrectly conclude that some system is less vulnerable to combined effects

than it really is.

-4 TRS UNITS FIELDED AT MILL RACE.

Four flame systems were eventually fielded for the DNA HE event, MILL
RACE (Reference 3). Throughout this report, the systems are referred to as:
(1) UK-1, (2) UK-2, (3) BRL, and (4) Navy. Each of the four TRS systems
consisted of one line of equally spaced nozzles. The UK-l system, fielded for
the use of the United Kingdom experimenters, consisted of eight nozzles of

seven feet separation. The UK-2 system, also for the United Kingdom,

consisted of four nozzles spaced at the same seven foot interval. The BRL L

system, fielded primarily for use by the U. S. Army Hardened Army Tactical
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Shelter (HATS) program, consisted of four nozzles spaced three and one-half
feet apart. Finally, the Navy system, fielded for wvarious {J.5. Navy

experiments, consisted of four nozzles spaced ten and one-half feet apart.

-5 REPORT OUTLINE.

The .rincipal product of this effort has been the development of
models that describe the radiated thermal environment in the field from AI-LOX
TRS systems burning at the rate of 5 kilograms of aluminum per second.
Although numerous calculations were performed that were useful in helping DNA
site the TRS experiments on MILL RACE, none of these are difficult nor
expensive to replicate, and therefore, there is little reason to document them
beyond the numerous technical memoranda that have already been generated. It
is worthwhile, however, to present what has been learned during the modeling
effort, since this will have lasting value to those who will use the TRS on

future HE tests and in large shock tubes.

Therefore, the bulk of the report discusses the models of TRS
generated environments. Section 2 presents an overview of the modeling effort
and discusses how a model is calibrated before being used. Section 3 presents
comparisons of resuits with MILL RACE. Section 4 presents the models and
algorithms that were developed. Section 5 summarizes the work done on TRS
interference with air biast. The results given are preiiminary in nature,
since not all of the issues have been resolved. Finally, Sections 6 and 7

present our conclusions and recommendations.
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SECTION 2

MODELING TRS RADIATED ENVIRONMENT

This section presents an overview of the modeling activity and the
goals for this effort. A more detailed presentation of the actual models used
to estimate the thermal environments produced by the DNA AI-LOX TRS is given

in Section 4.

All of the various versions of the models discussed here have
historically been referred to as ALFGEE, which is an acroymn for Aluminum-LOX
Field Generated Environment Estimator. Basically, ALFGEE is simply a
numerical simulation that represents the current capability to estimate TRS-

generated thermal environments.

In the early attempts to model TRS radiated environments, the goal
was to develop ways of estimating these data within some acceptable accuracy.
Consistency of model parameters with the physical observables was desirable
but not essential. Later it became apparent that more reliance would be
placed on the modeling capability because of the costs associated with
measurement, and therefore the goal shifted to developing a more universal
model, one that agreed better with the physical observables.

The most important motivation for improving the models was due to
their use in HE events. Model predictions are vused to lay out experiment
locations. Inadequacies in estimation can translate into experimental

requirements being compromised.

2-1 MODELING FLUX.

When the TRS units are ignited the radiated power rises rapidly to
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its peak in a few tenths of a second. The power from the flames then remains
at the peak for a duration close to the burn time, typically a second or so,
and then decays rapidly. Usually, the result is that most of the received

energy comes from the flames while they are radiating at their peak power.

The resultant environment, that has been modeled during this and
earlier efforts, is the flux received at a surface placed in the field facing
the flames. The flux is modeled in calories per square centimeter per second.
Furthermore, this modeling has been restricted to times when the flame has
stabilized in shape and power corresponding to when the flux is at or near its

peak vajue.

A suggested alternate approach is to model fluence measured in
calories per square centimeter. However, we have chosen to not explicitly
model the fluence. Instead, it is calculated as the product of the burn time
and the modeled peak flux. This only approximates the fluence since the flame
dimensions depend on time. Errors associated with the chosen approach have
not been evaluated yet for a variety of reasons. Furthermore, the need to
independently model the fluence has not been urgent, since the TRS units have

normally been used to generate relatively long pulses.

While advantages may exist to model the fluence, reasons exist to
prefer modeling the flux, if a choice has to be made. First, modeling fluence
requires the time dependency of all the parameters; otherwise the burn time
would have to be included in the model in a complicated way. Second, any
smoke generated during an experiment could corrupt the late time flux, and
hence the fluence, in a way that greatly complicates the analysis. Sufficient
photographic data do not exist to establish which calorimeters have been
obscured by smoke, hence past data may have limited value. Third, the data
taken early in the program suffered from a thermal effect on the calorimeter
test stands. The poles, holding the calorimeters, would tip back as they were
irradiated as a result of asymmetrical thermal stress. The diameters of the
poles used in the early tests were too small. This latter effect was studied

and a summary is presented as Appendix A.
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All of the effects listed above tend to alter the flux data
especially at later times. Therefore, we chose to include the early time
(peak at earliest time) data in the modeling data base expecting that this
would be sufficient for our needs. Modeling the rest of the effects, that may
be needed some day, was not considered a reasonable approach for the initial
phase of the modeling effort. At that time few data existed anyway, so
little benefit would have resulted.

2-2 INTRODUCTION TO THE ALFGEE MODELS.

An ALFGEE model consists of relationships and parameters that
determine the received thermal radiation at some detector given additional
information about the number of nozzles, their spacing, and such. An example
of a relationship is the way the radiated power per unit height varies as a
function of height. An example of a parameter is the height of the radiating
part of the flame. A relationship is typically described by an equation and

one or more parameters. A parameter is described by a single numerical value.

The calculation of the received environment in the field is
straightforward once the geometrical shape of a TRS flame has been
established, if its radiance is known. The irradiance is calculated at
desired positions in the field upon some imaginary surface, the normal of
which is oriented in some specified direction, by simply integrating over the
radiating elements, accounting for the viewing angles to both the detector and
each element. Atmospheric attenuation is insignificant for most of the energy

for the distances involved, and therefore, is not included.

A number of approaches have been used during the modeling effort to
represent the geometrical nature of the flames when calcuiating irradiance,
The first representation was a linear array of point sources each radiating
with constant power. Initially, it was easy to modify parameters to produce
adequate agreement with the limited data. This was especially true because
many tests were conducted with the same calorimeter layout, which although

providing a measure of how well the TRS deveiopment was proceeding, did not
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yield information at other locations needed to stress the modeling task. Many

combinations of parameters can produce good agreement.

The first refinement, motivated by the eventual taking of data at
other heights, was to use the same linear array of point sources as in the
first representation but with a linear falloff in power with height. This
second model served the community well until interest existed in placing
calorimeters off to the side of the TRS units. It subsequently became clear
that the model needed to account for the effect of flames obscuring a
detector's view of other flames. A cursory analysis indicated that

considering this obscuration would substantially improve agreement.

The radiating right circular cvlinder shape was selected as the third
representation for its simplicity in dealing with obscuration. [t proved to
be quite acceptable until data became available for the early test firings of
the MILL RACE nozzles. Before those events, all the data had been taken for a
nozzle spacing of 3.5 feet. With the early test firing data available (two
sets of 7 feet spacing and one set of 0.5 feet spacing), it became clear that

it would be necessary to adjust model parameters for each nozzle spacing.

Further study, however, suggested that it might be possible to avoid
recalibrations for each spacing by changing the representation of the flame's
geometrical shape. Corisequently, additional work was performed to improve the
agreement between data and models subsequent to the MILL RACE event. This
additional work resulted in the fourth representation that was designed to
approximate the actual flame shape. Video and photographic records show
flames that look like inverted cones with dense clouds of combustion products
above them. Therefore the final representation was patterned as a radiating
inverted cone capped with an opaque right cylinder. The power per unit length

relationship was modified to reflect this newer geometry.

The use of the inverted cone representation has been found to
adequately replicate the experimental data. It appears that a single
calibration of the model provides reasonable agreement with the data base for

a nozzle that burns 5 kilograms of aluminum per second for many nozzle
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spacings. Since the inverted cone model was the best one developed during

this effort, it is described in more detail in the following subsections.

AT TN
'
.
.

An additional point must be presented before proceeding to the
discussion of the inverted cone model. As a result of our review of the data,
we conclude that there is reason to believe that each TRS unit, by itself, is
reproducibie if fired under the same operating cor itions and characteristics.
There is much variability in the data, however, and some of this we suspect is

due to differences among the TRS units, for example, nozzle design.

2-3 INTRODUCTION TO THE INVERTED CONE MODEL.

After MILL RACE the inverted cone model was developed and algorithms
for flame obscuration effects were included. Each flame was treated as a
radiating inverted cone capped by an opaque cylinder, consistent with
available photographic data. The radiating portion is considered to be a
diffuse source. Capping the flame with the opaque cylinder approximates the
influence from smoke generated by the flames. In addition, the effect due to
change in view angle resulting from flames obscuring one another was
considered and added to the model. The energy incident on any flame is
modeled as being fully absorbed with no appreciable effect on the flame's

radiating characteristics.

In the model each flame is represented as an ensemble of point
sources above the nozzle, along its axis of symmetry. This is adequate as
long as enough points are included on the axis to allow an accurate
integration, and if the effect from flame-flame obscuration is properly

estimated.

The parameters of the inverted cone model are: (l) flame strength or
power, measured in calories per second, (2) flame width or diameter (at the
"base" of the inverted cone), measured in centimeters, (3) flame height at the
point where significant radiation seems to end, also in centimeters, (4) and

(5) two adjustable parameters that quantitatively represent the height

ro
(2]
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variation of power per unit length divided by the radius of the flame at that
height, and (6) the ground's albedo. These six parameters are discussed more
fully in Section 4.

2-4 CALIBRATING ALFGEE MODELS.

In practice, before any ALFGEE model is used, it is calibrated to the
data. A calibration is defined as the set of six parameters that best
represent the data being modeled, where this set will probably be different
from the set for another physical representation of the flame's geometry. The
right cylinder representation was the one most widely used during this effort.
It was also the one used to predict the environments for MILL RACE. The more

recent inverted cone model had not been exercised much during this effort.

The process of model calibration aenerally proceeds as follows. A
set of parameters are chosen, usually based on past experience. Calculations
for points where data exist are performed and these compared with the
experimentally measured values. The difference between the predicted and
experimental values is also computed and is called the residual. The absolute
strength parameter of the flame model is adjusted to give a zero residual sum.
The model's measure of goodness is defined to be the smallness of the sum of

the variations, where a variation is computed as the residual squared.

The entire TRS data base should not necessarily be used when
calibrating a model. A subset should be chosen, for example, excluding
measurements made with defective calorimeters, or measurements where the
aluminum and LOX flow rates are largely different from current practice. The
resultant calibrations can be compared to see how well they represent the data
base. It is important to inspect individual comparisons to be sure

differences are random rather than biased.

Since ALFGEE is a six parameter model, any subset must contain at
least six perfect data points to determine a unique model. Since the data

taken in the field are subject to variability, much more data must be
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available to provide a statistically meaningful sampling.

The best model is not necessarily that with a zero residual sum and
the lowest sum of variations, even though it has been our practice to select
our parameters on that basis. For example, if a comparison of the data with a
calibrated model showed consistently lower flux close in to the flames and
consistently higher flux farther out, another calibrated model might be
preferable even if its residual sum was nonzero and it had a larger sum of
variations. Forcing the residual sum to be zero and using the sum of
variations as the measure of a model's ability to represent some data base

subset, is an appropriate technique when the data show no biases.

2-5 EXAMPLES OF CALIBRATIONS.

This subsection presents results of four different calibration
studies, out of many, that have been performed during this effort. These are
examples of results generated with plausible model parameters. They were not
produced with the intent to derive the optimum calibration. Instead, when
someone needed a prediction within a short time constraint and only a meager
set of data existed, we would run the necessary calculations to quickly arrive

at a better calibration, and then provide revised model estimates.

Table | shows comparisons for different calibrations of the right
circular cylinder model. The table consists of seven columns of data. The
first column is the power of the TRS wunit (ABS.STR) in calories per second.
The second (F.DIAM) is the flame diameter in centimeters. The third (F.HGT)
is the height of the flame's radiating portion, also in centimeters. The
fourth (BK-HGT) and fifth (BK-STR) are coefficients, described later, that
affect the wvariation of the power per unit length (height) of flame with its
height. Both coefficients are non-dimensional. The sixth column is the
ground albedo, another model parameter. Finally, the seventh column is the
sum of the variagtion that serves as our measure of a model's goodness of fit.

The lower this number, the better the agreement.
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Table 1. Variation study for Navy TRS (no passive calorimeters).

VARIATION STUDY FOR NAVY TRS (NO PASSIVE CALORIMETERS) T
19-APR-82 IS LAST UPDATE DNA TRS B. CHAMBERS vy
ST
ABS.STR F.DIAM  F.HGT BK-HGT BK-STR ALBEDO SUM-VAR NI
23390100 160.00  755.70 0.20 1.00 0.00 103 '
23390100 160.00  755.70 0.20 1.00 0.00 103
23697200 160.00  755.70 0.20 0.80 0.00 103
23999600  160.00  755.70 0.20 0.60 0.00 104
24297100 160.00  755.70 0.20 0.40 0.00 104
24589800 160.00  755.70 0.20 0.20 0.00 105
24878100  160.00  755.70 0.20 0.00 0.00 106
23390100 160.00  755.70 0.20 1.00 0.00 103
21887000 160.00  755.70 0.40 1.00 0.00 105
20660300 160.00  755.70 0.60 1.00 0.00 113
19948000 160.00  755.70 .80 1.00 0.00 124
19775500  160.00  755.70 1.00 1.00 0.00 128
24873900 160.00  755.70 0.00 1.00 0.00 106
23390100 160.00  755.70 0.20 1.00 0.00 103
19775500  160.00  755.70 1.00 1.00 0.00 128

—— — — ———— —————— o ——————— —— ——— . —  — —— —— ———————— — ————— o —— —— — —— -
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For the chosen subset, representative of the Navy MILL RACE TRS unit,
large variations in some of the model parameters, as iliustrated in Table |,
did not make much difference. Specifically, it shows that the sum of the
variances is insensitive to the details of the relationship describing how the
power from the flame depends on normalized height. The two parameters, BK-HGT
and BK-STR, quantify this relationship. The interpretation that best fits

this case is that the modeis are equally inadequate.

In the above example, the chosen data base consisted of nineteen
measurements made with the calorimeters from pre-MILL RACE test firings and
the active ones from MILL RACE. Nine of the measurements were taken at the
test firings and were read by Miller of SAl. The nozzles during that firing
were [,75 meters above ground. Ten of the measurements were made on MILL
RACE. Four of these were read by the author. Six were calculated by Bousek
of FCDNA from the fluence divided by 2.4, the burn time. The sum of the flux
measurements for the nineteen points was 297 calories per square centimeter

per second.

Table 2 shows the results for the same Navy TRS unit and the same
nineteen point data base subset, but using the inverted cone.model. The
columns are the same as in Table |, except for two parameters that describe
the power per unit flame length with height relatonship. The two new
parameters are the luminosity limit, a height normalized by the flame height
(LUM.LIM), and the power at the nozzle (P@NOZZ), which is relative to the
power per unit height at the flame height (defined as unity). This latter

parameter is normalized to conserve energy within the model.

In Table 2 the sum of the wvariation is much more sensitive to
variations in the model parameters. The inverted cone model reduces the sum
of wvariances by fourteen percent, and therefore could be considered a better
model of these data.

Table 3 compares various calibrations of the inverted cone model to
another subset of the data base. Here the effect of adding the passive

calorimeter data was considered. Twenty two additional measurements were
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Variation study for Navy TRS (does not include passive calors).

VARIATION STUDY FOR NAVY TRS (DOES NOT INCLUDE PASSIVE CALORS)

21-APR-82 IS LAST UPDATE

ABS .STR

30427800

37174700
32798800
30427800
27920100
25807700
24003900
23111200
22618100

30427800
28408500
26640800
25080200
23692300
22450000

30427800
34731200
38761700
50809200
91850900

29115100
30427800
33724300

28636400
30427800
38487500

18165500
19939300
22137400
23111200
24664700
27452000

F.DIAM

480.06

480.06
480.06
480.06
480.06
480.06
480.06
480.06
480.06

480.06
480.06
480.06
480.06
480.06
480.06

480.06
480.06
480.06
480.06
480.06

400.00
480.06
600.00

480.06
480.06
480.06

480.06
480.06
480.06
480.06
480.06
480.06

.......

F.HGT

640.08

640.08
640.08
640.08
640.08
640.08
640.08
640.08
640.08

640.08
640.08
640.08
640.08
640.08
640.08

640.08
640.08
640.08
640.08
640.08

640.08
640.08
640.08

600.00
640.08
800.00

400.00
500.00
600.00
640.08
700.00
800.00

Py

DNA TRS

LUM.LIM

P@NOZZ

B. CHAMBERS

ALBEDO SUM-VAR

0.00
0.00
0.00

0.00
0.00

129

243
160
129
105
93
89
89
90

129
198
275
356
439
521

129
155
182
255
382

135
129
147

112
129
219

o - —————— ————————————————————— o —— ————— —————— ———— —— ——————————
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Table 3. Variation study for Navy TRS (includes passive calorimeters).

P VARIATION STUDY FOR NAVY TRS (INCLUDES PASSIVE CALORIMETERS)
18-APR-82 IS LAST UPDATE DNA TRS B. CHAMBERS

ABRS.STR F.DIAM F.HGT LUM.LIM P@NOZ2Z ALBEDO SUM-VAR

- —— - — - — —— - ——————— —— - - — —— — ) - "  — - —— . —— " — — ==

28073100 480.06 640.08 1.00 1.00 0.00 1215
33556300 480.06 640.08 1.00 0.00 0.00 1870
30027600 480.06 640.08 1.00 0.50 0.00 1409
28073100 480.06 640.08 1.00 1.00 0.00 1215
25972000 480.06 640.08 1.00 2.00 0.00 1056
24176300 480.06 640.08 1.00 4.00 0.00 960
22622000 480.06 640.08 1.00 10.00 0.00 907
21845900 480.06 640.08 1.00 25,00 0.00 891
21415100 480.06 640.08 1.00 100.00 0.00 885
28073100 480.06 640.08 1.00 1.00 0.00 1215
26001800 480.06 640.08 1.00 1.00 0.20 1165
24215200 480.06 640.08 1.00 1.00 0.40 1159
22658300 480.06 640.08 1.00 1.00 0.60 1183
21289500 480.06 640.08 1.00 1.00 0.80 1226
20076700 480.06 640.08 1.00 1.00 l1.00 1281
28073100 480.06 640.08 1.00 1.00 0.00 1215
31733800 480.06 640.08 1.20 1.00 0.00 1323
35081500 480.06 640.08 1.40 1.00 0.00 1370
45327400 480.06 640.08 2.00 1.00 0.00 1546
81808900 480.06 640.08 4.00 1.00 0.00 1792
26763100 400.00 640.08 1.00 1.00 0.00 1254 e
39983700 800.00 640.08 1.00 1.00 0.00 916 AR
23188900 480.06 500.00 1.00 1.00 0.00 972 e
34628200 480.06 800.00 1.00 1.00 0.00 1552 *3“¢
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added and then some of the calibrations in the previous table were redone. The
variabitity of these additional data, as measured by the sum of the variations
divided by the number of points, increased. The variability is increased by
adding the passive calorimeter data. The added data were calculated from the
measured fluence by Bousek of FCDNA. The approach of using measured fluences

to determine flux can be misleading in the opinion of this writer.

Table 4 presents calibrations to data taken from two sets of nozzles
using the inverted cone model. The two sets were lumped together because they
were both spaced seven feet apart. The two sets were the UK-l and UK-2 MILL
RACE nozzles. UK-l was an eight nozzle array and UK-2 was a four nozzle
array. The data consisted of thirty three measurements: ten were the UK-]
pre-MILL RACE test firings for UK-l and were read by Miller of SAl; eleven
were from the pre-MILL RACE test firings for UK-2 and were read by Lattery of
SAl; eight were the UK-l MILL RACE results read by this writer; and four were
the UK-2 MILL RACE results also read by this writer. The sum of the measured
values was 794 calories per square centimeter per second. The lowest sum of
variances was 323 in flux squared wunits. This result was not much different
from the one obtained by using the best modeling for the Navy unit (Table 2),
the latter shown at the bottom of Table 4 for the UK data. The residual is 29
calories per square centimeter per second, and is non-zero because the
parameters were deliberately not changed. This latter comparison led us to
believe that it is possible to build a unified model, that is, one with

parameters that are independent of nozzle spacing.

2-6 DNA TRS DATA BASE.

A data base has been compiled from the experimental measurements
recorded during the recent years of TRS firings. Any subset of the data base
can potentially be used to calibrate any ALFGEE model, e.g. cylindrical or
inverted cone. Depending upon the success achieved in replicating the
experimental data, appropriate subsets of the data base can provide an
indication of the overall variability of the data. Whether any variation haos

been caused by experimental error or instead by lack of repeatability is not
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Table 4. Variation study for UK's TRS (does not include passive calors) .

VARIATION STUDY FOR UK'S TRS (DOES NOT INCLUDE PASSIVE CALORS)
26-APR-82 IS LAST UPDATE DNA TRS B. CHAMBERS

ABS.STR F.DIAM F.HGT LUM.LIM P@NOZ2Z ALBEDO SUM-VAR

. . ———————— —— ————— —  — . — G — — ————_ —— —— . —— — T T ——— — — ———— i —— -

24311200 480.06 640.08 1.00 25.00 0.00 371
20369200 480.06 350.00 1.00 25.00 0.00 858
20596000 480.06 400.00 1.00 25.00 0.00 670
21073600 480.06 450.00 1.00 25.00 0.00 536
21724500 480.06 500.00 1.00 25.00 0.00 447
23445900 480.06 600.00 1.00 25.00 0.00 379
$ 25754100 480.06 700.00 1.00 25.00 0.00 368
s 28395300 480.06 800.00 1.00 25.00 0.00 395
”; 33920700 480.06 640.08 1.00 1.00 0.00 620
25426300 480.06 640.08 1.00 10.00 0.00 381
24311200 480.06 640.08 1.00 25.00 0.00 371
23701300 480.06 640.08 1.00 100.00 0.00 368
24311200 480.06 640.08 1.00 25.00 0.00 371
23069900 480.06 640.08 1.00 25.00 0.20 424
21949300 480.06 240.08 1.00 25.00 0.40 491
21370600 300.00 640.08 1.00 25.00 0.00 334
g 22019700 350.00 640.08 1.00 25.00 0.00 342
. 22835100 400.00 640.08 1.00 25.00 0.00 339
o 23728800 450.00 640.08 1.00 25.00 0.00 360
24311200 480.06 640.08 1.00 25.00 0.00 371
27017000 600.00 640.08 1.00 25.00 0.00 374
24311200 480.06 640.08 1.00 25.00 0.00 371
o 25351200 480.06 640.08 1.50 25.00 0.00 354
- 26441300 480.06 640.08 2.00 25.00 0.00 342
29064100 480.06 640.08 3.00 25.00 0.00 348
31615000 480.06 640.08 4.00 25.00 0.00 340
24828600 400.00 640.08 2.00 25.00 0.00 323
23111200 480.06 640.08 1.00 25.00 0.00 391
* NOTE: THIS IS A SPECIAL CASE (10.5) SUM OF RESIDUAL> 29
3 ::1
30




easily deduced.

Subsets of the data base have been chosen (and used to establish

different calibrations) as statistically meaningful collections representing

o either: (1) a particular type of event, such as the collection of all multi-
8 nozzle events wherein the nozzles are separated by 7 feet, or (2) where
g certain suspect measurements have been removed for example for the 3.5 feet .
- nozzle separation data. The most suspicious data, those obtained from early
' experiments performed with different reactant flow rates, were removed in an

attempt to avoid skewing the data.

Appendix B presents some of the peak flux data taken during the
development program, as reported to this author, along with comparisons of an
early model based on the right cylinder. The recorded peak value has been
found to depend on who is reading the oscilliscope traces, primarily due to
the interpretation of what is peak flux. Some take the absolute peak, they
don't average over the rapid oscillations. Others use a faired curve through
the data removing the high frequencies (kiloHertz and above). Therefore, the

appendix includes more comparisons than would otherwise be needed.
2-7 CALORIMETER LOCATIONS, S

Figures | through 6 illustrate where the calorimeters have been
located relative to the flames. Each calorimeter is represented by a small )
circle, which is connected to its projection on the ground. The circle is
drawn slightly to the calorimeter's right. The flames are pictorally shown as
four straight lines always starting at the nozzle. Each of these figures are
projections; they are perspective only for an eye position infinitely far
away. The coordinate scale is shown in the upper left hand corner and is in
centimeters. This scale refers to the distance at the end of each coordinate

axis. Each axis is subdivided into ten intervals, each interval bounded by

, tic marks.

Mote that the pre MILL RACE test firings of both the UK-l eight

nozzle array and the Navy four nozzle array were positioned above the ground
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Pmax = 687 for: Events D34-D45 (4 nozzles 3.5' spacing)
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Figure 1. Calorimeter locations: events D34 to D45.
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Pmax

= 687 for: Events PENT2-5 (4 nozzles 3.5' spacing)

Figure 2. Calorimeter locations: events pentolite 2 to 5.

33

S L L~ - e . St . - PP o

3
-



W T, Wi N VT IV

Pmax = 746.8 for: UK-~1l pre- MILL RACE (8 nozgzie [7' aging)
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Figure 3. Calorimeter locations: event pre-MILL RACE UK-1.
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Pmax = 754 for: Navy pre-MILL RACE (4 nozzle 10.5' spacing)

A

Figure 4. Calorimeter locations:

event pre-MILL RACE Navy.




Pmax 687 for: UK-2 pre-MILL RACE (4 nozzle 7' spacing)
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Figure 5. Calorimeter locations: event pre-MILL RACE UK-2.
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Pmax = 687 for: BRL pre-MILL RACE (4 nozzle 3.5' spacing)

Z

Figure 6. Calorimeter locations: event pre-MILL RACE BRL.
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since both arrays were too long to fit in the TRS pit at the KAFB site. The
nozzles were above the y-axis in the figures and were at a height of 1.75
meters. Referring to Figure 4, this height of 1.75 meters when divided by the
coordinate scale, 7.54 meters, produces a value of 0.232, which corresponds to
2.32 tic marks up the z axis. This illustrates how to use the coordinate

scale.

2-8 BIAS OF DATA BASE WITH EVENT.

One of the better calibrations was chosen to be compared with all the
data available in the data base (including MILL RACE diagnostic calorimeters)
to find any evidence of bias. The parameters for the chosen model are shown
above in Table 4 as the last entry. That calibration was to the Navy data,

which did not include the passive calorimeters.

The ratio of each experimental datum over the model value was
computed and stored in a list along with its x (range) and 2z (height)
coordinates. Each calorimeter and event identification was also included.
Appendix C contains two tables that present this information, which is based
on the data available to this writer up to and including MILL RACE, in two
different orders. The first table shows the list in chronological order. The
second table shows this list sorted on the value of the result ratio. It is

included as Appendix C for reference.

Figures 7 and 8 show the variation of the ratio of measured values to
calculated ones for two sets of data. The first set is for the TRS unit at
the DNA site at KAFB. Initially this consisted of two nozzles, or one half of
a normal wunit, but later was modified to include two more nozzles. The second
is for the four sets of TRS units built specifically for use on MILL RACE.
There does not seem to be any discernible bias with event nor with time.

However, there is clearly considerable variation in how well the data agree.

The distribution of variability with ratio is shown as Figure 9. In

general since the ratio is used, figures of this type are more useful when the
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Figure 9. Distribution of ratio differences.




log of the ratio is shown. The information to be gained, however, did not seem
significant enough to replot the data. What this figure does show is that in
general the spread in data appears almost normally distributed.

Toking the data shown in Figures 7 and 8, subtracting one from the
ratio and then accumulating the result as datum number increases, Figures 10
and |l are generated. If there was no bias with time, these figures would
oscillate about zero. Where there is a positive or negative slope over a
number of data points, an event is indicated which on average is higher or
lower, respectively, than the model calculations. One such dominant slope
region is on Figure |0 from datum number 45 to 66. This region corresponds
exactly to Events D-30, D-3i, D-32, D-33, D-34, and D-35. Whether this same
region may have been seen in Figure 7 is debatable. The region is quite
discernible in Figure 10, which makes the latter type of presentation useful
for data analysis. The trend is also seen in Figure 1l for the UK-l and BRL
MILL RACE pretest firings.

2-9 BIAS OF DATA BASE WITH RANGE AND HEIGHT.

In order to establish whether there existed a bias with calorimeter
field position, the figures within this subsection were prepared. All the
active calorimeter data were separated into two groups. One group was for the
DNA TRS site unit, and the other group were all the MILL RACE units. Three
figures were prepared for each set., The first shows the projection of the
locations of each calorimeter on the range-height plane. The second shows the
ratio of the measured value to the computed one for the calibration used in
the preceding subsections as a function of range. The third shows this same

ratio as a function of height.

For the DNA TRS site unit, all data from Events D-15 to Pentolite 5
are shown in figures 12 through |4, The first thing that should be noticed
is that the field has only been modestly covered. However, the nozzles have
been near the ground in all cases. The second thing to be noticed is that

there does not appear to be a clear bias of the variability with range.
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However, there does appear to be a slight bias as a function of calorimeter
height. This bias with height is looked at more closely in the following
subsection.

Figures 15 through 17 show similar data, but instead for the MILL
RACE nozzles. Here again there does not appear to be any overall bias,
neither with range nor with height. The interpretation in this case is not as
straightforward, because during two of the pretest firings, the nozzles were
t.75 meters above the ground.

2-10 A CLOSER LOOK AT BIAS OF DATA BASE WITH HEIGHT.

Some of the data presented in the previous subsection showed an
apparent bias of the ratio as a function of height. In this subsection,
smaller samples of the data base are presented that were analyzed to see if
the height bias can be made more visible, or if it is a function of event, or
equivalently, time.

Figure 18 shows a plot of ratio versus height for all the data
earlier than the Pentolite series, that is, Events D-15 to D-45. A slightly
better hint of a height bias is seen. The alternative plot style also makes
it clear where the points are really located. Subdividing these data further
into two subsets, yields Figures 19 and 20. The choice of Event D-26 as the
break point was somewhat arbitrary. Nevertheless, we see that the height bias
is very clear for the very early data, whereas it is not clear that a bias
exists for the later data.

During the early testing, considerable work was being done to improve
the flame output. In fact, the reason the data earlier than D-15 has not been
used in the mc.eling effort is that reasonable operating characteristics had
not been established.
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2-11 A CLOSER LOOK AT REPRODUCIBILITY.

After having inspected the entire data base taken up through MILL
RACE, having gained a certain confidence in the data, and having finished the
time urgent work for MILL RACE, we went back to look at the flux data to see
if we could arrive at some measure of reproducibility. The most readily
comparable data to establish this, as it turns out, are the early data. They
are unique in that the calorimeters were never moved, except for FX-l after it
was established that both sides of the TRS unit generated nearly identical
flux levels at the same range. Furthermore, the TRS unit consisted of the

same two nozzles.

Figures 2i through 24 show the peak flux measurements for the four
calorimeters that were available in the early test program. The calorimeters
were labeled as FX-[, FX-2, FX-3 and FX-4. The position for calorimeter FX-I|
changes immediately after event D-2|. Clearly, the data recorded for event

D-27 is anomalous.

Replotting these data, leaving out event D-27 and splitting the plot
for FX-1 to reflect the two positions, more clearly reflects the true nature
of the data. These are shown as Figures 25 through 29. The mean for FX-I for
events D-15 through D-21 is 41.3 calories per square centimeter per second.
The corresponding unbiased standard deviation, s, is 1.39 in flux wunits. This
compares quite well with the mean for FX-4 for events D-I5 through D-31 with

D-27 removed. The mean for FX-4 is 40.9 and its unbiased standard deviation
is 2.90.
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Statistics for Events D-15 through D-3I

Height Event Mean Standard
Calorimeter (ft) Start End m Deviation s/m
FX-1 5.0 D-15 D-21 41.3 1.39 0.03
FX-1| 7.5 D-23 D-31 59.9 3.84 0.06
FX-2 10.0 D-15 D-31 13.5 2.37 0.18
FX-3 10.0 D-15 D-3i 319 5.44 0.17
FX-4 5.0 D-15 D-31 40.9 2.90 0.07

The flux varies the most at the higher calorimeters. This is where
the effects of wind will be most pronounced. From these data we get an
indication that the shot to shot repeatability will depend on where the
measurement is being made. Within the limited volume of space where the data
were taken, the data suggest that the standard deviation is about 7 percent
below 5 feet (1.52 meters) in height for ranges within 6 feet (1.83 meters) of
the nozzles, and is 18 percent at 10 feet (3.05 meters) height within a range
of 6 feet (1.83 meters) to 12 feet (3.66 meters).
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SECTION 3

L.

COMPARISONS WITH MILL RACE

This section presents comparisons of various ALFGEE models with
calorimeter data taken on MILL RACE. These comparisons illustrate the size of
the differences that can be expected as a result of calibrating ALFGEE to
limited data. Twenty diagnostic calorimeters were fielded by Ballistics
Research Laboratory (BRL) for DNA. One of the calorimeters failed to produce
any data. About half of the rest agreed very well with the model predictions.
Two calorimeters gave very different values from what was expected. One of
them was about 50 percent too high and the other was about 50 percent too low.
On the whole, the modeling provided a reasonably accurate prediction

capability.

Not all of the TRS units burned as had been hoped. One in
particular, UK-I, had two nozzles that did not ignite, because a jammed flow
valve stopped aluminum flow. Furthermore, another nozzle on this same wunit
apparently did not burn well due to a faulty pilot flame. Based on
performance of the TRS units on MILL RACE, experimenters should consider
possible deviations from planned environments, especially at locations where

little experimental data exist upon which to base the modeling.

3-1 ALFGEE MILL RACE COMPARISONS (CYLINDRICAL).

The comparisons of the peak flux data taken on the BRL/HDL HATS TRS
is summarized first since its nozzle separation was the same as all the data
taken prior to the pretest firings of the MILL RACE TRS units. [ts nozzles
were spaced 3.5 feet apart. The agreement with the model, as it existed prior
to MILL RACE, is shown in Table 5 (Model A cylindrical). Only three out of

four diagnostic calorim:ters yielded data for this four nozzle burn. Only two

66




Table 5. Comparisons of BRL TRS at MILL RACE with DNA ALFGEE model.

Peak Flux (cal/cm/cm/s)

Mill Race Model-A  Model-B  Mode|-82

F-1 62.0 39.8 39.6
F-2 50.6 55.6 52.2
F-3 No data  55.9 52.5
F-4 37.6 40.7 40.4

Note: Model-A is best model used prior to MILL RACE.
Mode!-B is recalibration to 162 point data base.
Model-X is inverted cone 3.5' calibration.

41.0

54.8

55.1

41.8

"R RS Al S




of these calorimeter records were consistent with the expected environments.
The cylindrical model was calibrated to the meager data obtained during the
BRL TRS unit pretest firings. This calibration improves the agreement of model
and MILL RACE data. We assert that these comparisons show that the data from

calorimeter F-1 is highly suspicious.

The results for UK-2 are shown in Table 6, where the calibration
based on the sparse eleven point 7 feet spacing data base vyields the best
agreement. Calorimeter F-l is the only one that disagrees by more than three

per cent from the expected environment,

The results for UK-l, the only 8 nozzle system (7' spacing), was
unique in that two nozzles, numbers 3 and 4, did not inject any aluminum intfo
the air. Not only did these nozzles fail to contribute any flux to the
environment, but the fact that they did not ignite makes it difficult to
select an appropriate calibration with which to measure the performance of the
TRS system. Furthermore, the films of the BRL TRS shown during the MILL RACE
symposium show that nozzle 7 burned in an wunusual manner and may have

contributed significantly less flux than otherwise would have been expected.

Because the effect of the nozzles either not firing or misfiring was
uncertain, a number of calculations with different models were performed with
the intent to estimate the magnitude of the possible effects. The results,
summarized in Table 7, show that the calibration to the (I point 7' spacing
data again yielded the best overall agreement but only when nozzles 3 and 4
are turned off. No evaluation of the effect of additionally turning off

nozzle 7 has been made.

Finaliy, the 10.5' spacing Navy 4 nozzle TRS results are summarized
in Table 8. A study was performed to determine whether any use of the data
obtained during the experimental calibration of the Navy TRS could be made for
calibrating a model based on a cylindrical flame. It was possible to
substantially improve the agreement for the two calorimeters that were placed
farthest out. However, the results for the two close-in calorimeters were

degraded.
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‘ Table 6. Comparisons of UK-2 TRS at MILL RACE with DNA ALFGEE model. -f’
: Peak Flux (cal/cm/cm/s)
Mill Race Model-A Model-C  Model-82
F-l 12.5 4.4 14.3 14,7
F-2 30.3 28.9 29.5 30.8 - 2
F-3 32.0 29.9 31.7 32.0 *‘:
.;.:
Fat 21.7 21.7 21.6 23.0
Note: Model-A is model used prior to MILL RACE _.

Model-C is recalibration to || point 7' data base.
Model-Y is inverted 7' calibration.
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Table 7. Comparisons of UK-1 TRS at MILL RACE with DNA ALFGEE model.

Peak Flux (cal/cm/cm/s)

Mill Race Model-A  Model-SI Model-C  Model-S2 Model-82

F-1 16.5 22.0 9.3 20.0 (9.3 22.2
F-2 22.5 22.3 22.2 29.1 22.0 23.8
F-3 12.7 4.4 13.2 32.2 2.7 4.1
F-4 1.2 8.4 9.7 14.0 9.2 8.3
F-5 6.8 9.5 1.3 19.4 9.5 9.2
F-6 13.6 13.9 15.1 23.7 Hh.2 13.7
F-7 l4.4 13.2 15.5 19.3 1.0 13.2
F-8 1.5 10.8 12.8 14.0 10.2 10.8

Note: Model-A is 3.5' model used prior to MILL RACE

Model-S| is recalibration to || point 7' data
base (N 3&4 OFF).

Mode!l-C is recalibration to || point 7' data
base (N 3&4 ON ).

Model-52 is recalibration to || point 7' data
base (N 3&4&6 OFF - should have been
3&4&7).

Model-82 is with Nozzles 3 & 4 off.
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Table 8. Comparisons of NAVY TRS at MILL RACE with DNA ALFGEE model.

Peak Flux (cal/cm/cm/s)

Mill Race Model-A Model-C  Model-D  Model-Z Model-82

F-1 13.2 15.4 14.3 16.5 15.2 15.4
F-2 3.2 9.7 1.4 3.2 (1.9 10.0
F-3 12.0 9.7 N 12.8 1.6 10.0
F-4 12.0 18.8 17.4 20.] 18.5 18.9

Note: Model-A is model used prior to MILL RACE
Model-C is recalibration to || point 7' data base.
Model-D is recalibration to 9 point 10.5' data base.
Model-Z is Inverted calibration to |9 pt 10.5' data.
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It should be mentioned that the calibration shot performed on the
Navy TRS unfortunately included only calorimeters placed at the same height of

3.2 meters. That particular arrangement makes it very difficult to calibrate

any model with any degree of confidence.

USE OF INVERTED CONE MODEL WITH TRS DATA BASE.

Predictions based on the new inverted cone model with the changed

view angle algorithms were compared with the entire TRS data base to determine :A.._.

whether it is indeed an improvement, and what are the best parameters to model

the experimental results. The conclusion thus far seems to be that all of the

recent data could be represented with one calibration, instead of having to

resort to a different calibration for each nozzle spacing. In other words, it

may be possibie to explain the effects of greater nozzle separation on

geometric and obscuration considerations. If in fact this conclusion s

finally supported, a possibly sound basis for better quantifying the shot to

shot variability may now exist.

As further testimony to the apparent improvement gained with the new

inverted cone mode!, we would like to mention that two of the mode! parameters

were taken directly from cursory measurements on still pictures of flames at a

time of peak flux. This latter fact greatly improves our confidence that the

_’:' newest model may approximate very well the TRS flame thermal

radiation environment.

COMPARING CALIBRATIONS FOR MILL RACE.

A number of comparisons between pairs of calibrations were performed
to evaluate the sensitivity of the agreement with the MILL RACE data to model

parameters. Some of the comparisons were useful; many were not. [n order to

acquaint the reader with the relative changes made with different model '.-f‘_:j,

parameters, the following comparison is presented.

.......
...............
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Table 9 is one example of the comparisons made between different
models. This table shows four calibrations and compares the results of each
model prediction for the set of data that includes both the UK-1 and UK-2
units pre MILL RACE test firings and the MILL RACE firings. Since two of the
nozzles did not fire for the UK-l unit on MILL RACE, their source strength was
set to zero in the model predictions. No account, however, was taken for the
badly fired nozzle, since we had no way of knowing what its strength was on
the test.

Overall the comparisons presented here show that the cylindrical
model gave slightly better results than the three calibrations to the inverted
cone model. While this will sometimes be the result for these types of
comparisons, the general result has been that the inverted cone model can more
consistently agree with experimental data. This particular comparison
illustrates that choosing the best geometrical representation for modeling is

not necessarily straightforward.

3-4 COMPARING FLUX FIELD MAPS.

Substantial differences can exist between the predictions of one
model over another at some locations. [ ess often, this can even be true if
both were calibrated to similar data. [t happens quite frequently, however,
when the models have to be used in regions where the results must be

extrapolated.

The following tables, 10 through |3, show some comparisons between
pairs of two models that shed some light on where biases can be significant.
For example, the comparison of model A and mode!l D for the Navy MILL RACE TRS
unit shows similar results at the ground, but model D predicts a significantly

higher flux (about 40 percent) at 3 meters height.

These types of comparisons can be important for plaonning HE tests
because they illustrate the uncertainties in model predictions. When these

uncertainties are large and when this is important to the experimenter, he
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Table 10. Navy model comparison for MILL RACE maps.

NAVY MODEL COMPARISON FOR MILL RACE MAPS 29DEC81

e . ——— ——————— o — ———— —— - ————— - ——————

X (M) Y (M) Z (M)

..........
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Table 11. BRL model comparisons for MILL RACE maps.

BRL MODEL COMPARISONS FOR MILL RACE MAPS 29DECS81

X (M) Y (M) Z (M) MOD A MOD B B/A
2 0 0 45.43 42.01 0.92
4 8.19 8.70 1.06

8 1.04 1.15 1.11

0 3 48.75 45.08 0.92

4 8.72 9.28 1.06

8 1.07 1.18 1.10

6 0 0 12.21 11.27 0.92
4 7.10 6.81 0.96

8 2.43 2.42 1.00

0 3 12.66 11.68 0.92

4 7.33 7.03 0.96

8 2.48 2.47 1.00

- — . —— . —— ——— — - — " —— . —— Y — ", - —— = ———— ——— —— -
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should insist on more calibration of the TRS unit to be used.

3-5 A NOTE ON THE MILL RACE DATA.

Comparison of experimental measurements with theoretical predictions
or model results should include a presentation of the experimental data. Since
the data are still unpublished, a preliminary resuit for calorimeter F-4
exposed to the BRL unit on MILL RACE is shown as Figure 30.

Calorimeter F-2 exhibited a waveform similar to that shown in Figure
30 for F-4. Calorimeter F-1, on the other hand showed a significantly

different waveform. Unfortunately, calorimeter F-3 failed.

All four calorimeters had been placed at the same range, 1.9 meters,
from the nozzles on the ground zero side of the array. They also had been
located at the same height of 2.0 meters. One calor' meter was placed in front
of each of the four nozzles in an effort to record each nozzles' performance.
Since the field of view of each calorimeter was not limited some contribution
from the other nozzles was measured at each calorimeter (those that worked,
that is).

The agreement of the BRL MILL RACE data with the model calculations
was good (within ten percent) for calorimeters F-2 and F-4. Since these were
the ones with similar waveforms, the agreement is encouraging. The fact that
the agreement is poor for F-| does not immediately lead to a conclusion. Did
wind affect the results for this calorimeter? Is the model reliable?  Until
the the number of diagnostic calorimeters is increased on these tests, many
questions will remain unanswered. If the wvariability of the experiment was
substantially less, then it would be sufficient to use just a few diagnostic
calorimeters. Since that is not the case, it should be our practice to use at

least three calorimeters per nozzle.
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SECTION 4
THE ALFGEE MODELS

This section presents the ALFGEE algorithms used in the modeling
effort. For those readers interested in a brief introduction to the pertinent
parts of radiation theory, we suggest a review of pages 183-188 in Reference
4. In addition, pages 36 and 82 of Reference | present the equations for
calculating the flux from either an extended source or an ensemble of point
sources. This review is recommended for those that wish to follow the ensuing

discussion.

4-| RADIATION FROM THE FLAMES.

The calculation of the radiant flux across a surface facing the
flames is simply an integration over the sources of radiation, accounting for
the effects of geometry. A surface integral is evaluated over an extended
source. Addition of all the contributions from each source is performed for
an ensemble of point sources.

An extended source can be approximated by a set of point sources, and
then the flux computed as for an ensemble of point sources. The key is
choosing where to place the points. This is not much different from
numerically solving a surface integral. In fact, to obtain the same accuracy
in both methods would require about the same amount of calculation. There is
essentially no difference between treating the surface as point sources and as

small surfaces when the extended source is opague.

When certain symmetries exist it is possible to replace a surface
integral with a single point. An example of this is radiation from an

isotropic radiating sphere out to a collecting surface, which is outside of




the sphere and is facing the sphere. As long as the entire sphere that can be
possibly visible to a collecting surface (depends on range) is visible to it,
the received radiation would be the same as that from a point source placed at

the center of the sphere.

For modeling purposes, we have chosen to approximate the extended
source as a set of point sources placed on the axis of symmetry of the flame.
The intent is to avoid integration over the width of the flame, thus keeping
the amount of calculation at a minimum. This approach introduces small
errors; these are unimportant because the model is vultimately calibrated to
data. Hence, any bias introduced with height will tend to be removed with the
subsequent calibration. This approach is an outgrowth of the earlier work on
the bag source reported in Reference |. Similarily, the criterion of how many
point sources need to be distributed along this line was taken from this
earlier work. An additional constant factor was included to ensure accuracy

in unusual geometries.

Once it has been established how many points are needed to represent
a flame (this is done for each field point), the source strength of the entire
flame is distributed in proportion to the power-per-unit-length-model, which
is described later. Since the number of points needed to represent each flame
changes with field position, the source strength of each point source is

normalized to the total from the ensemble.

Features such as normalization help ensure a continuity in the
results when the collecting surface moves about in the illuminated field. For
example, as the field point is moved toward the flames, the number of source
points increases as the range decreases, yet the computed flux apparently
exhibits no discontinuity. Naturally, these smooth transitions should not be
important to the experimenter nor required by him. Nevertheless, they do help

reduce noise in the computed results, which is useful when drawing contours.
The point sources are distributed along the centerline of a nozzle
and span the height of the radiating part of the fiame. The height of the

flame is adjustable by the analyst. In early models, the resemblance of this
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parameter to an actual fiame height was coincidental. More recently, however,

the best fits using the latest inverted cone model seem to yield a "flame
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height" parameter that appears to agree well with photographs. -

N o
t .

’,
v, »
) ]

4-2 ALFGEE COORDINATE SYSTEM.

Figure 3| presents the ALFGEE coordinate system used throughout this

report. The ALFGEE coordinate system, formed by three Cartesian coordinates:

x,y, and z, is right handed. The x-coordinate, commonly called the range, is

usually the distance measured from the detector (or field point) where the

irradiance is being calculated to the plane containing the nozzle centers of

symmetry. The y-coordinate, commonly called the cross range, is usually the

distance measured from the field point to the plane passing through the center

of an even numbered array of nozzles that is perpendicular to the plane

X containing the nozzle centers of symmetry. Historically, the nozzles have
. been placed along the ground in a straight line. The z-coordinate, height, is

normally measured to and above the ground plane.

Occasionally, the origin of the coordinate sytem will be changed,
typically for an experimenter's convenience. This is readily accomplished,
since the implementation of the algorithms has always included the flame

coordinates.

The normal to the detecting surface is shown in Figure 31 as a unit
vector, n. This normal is described by two angles, one is similar to and is
called azimuth and the other is its elevation above the ground plane. The
azimuth is specified by a rotation about the height axis, where an azimuth of
zero is a normal pointed towards the negative x direction. The elevation is
specified by a rotation about a line perpendicular to the normal and in an xy

plane, ie. a plane of constant z.

&4
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4-3 TREATMENT OF GROUND REFLECTIONS (ALBEDO).

When the flames are close to other surfaces, some energy will be
scattered by these other surfaces and may illuminate the collecting surface
under consideration. Usually, the TRS nozzles are fired quite close to the

ground.

Calculation of the scattered radiation would be more difficult, if
done correctly, than the calculation of the direct radiation. This is because
the ground is a diffuse reflector. Radiation incident upon the ground is
scattered into the hemisphere of air above. This scattered radiation reaches
the collecting surface if the scattering point is visible to the collector.
Therefore, the incident flux on the ground should be calculated at many points
on the ground, and then an integration over this large source performed for

each collector location.

Again to reduce the amount of computation, certain approximations
were made. Rather than perform the integration, we decided to treat the
.;j‘ ground as a specular reflector with a reflection coefficient equal to the
s average albedo. This albedo is also a parameter that the analyst can
- adjust so calibration will again mitigate some of the errors associated
with this approach. However, this model will not calculate any contribution
from the ground for any coilecting surface facing away from the flames., In

that case, the model will clearly underpredict the received flux.

When the decision was made to proceed in this fashion, it was hoped
that some experimental data would be available soon, to allow an assessment of
the adequacy of this technique. Unfortunately, none of the recommended albedo
experiments had been made by the time this effort was completed. Some

attempts at a measurement have since been made (early 1983), but these are

. inconclusive.  Meaningful measurements need to be made. Nevertheless, this
f approach seems to admit to reasonable modeling of the data. At some point when
~ more reliance is placed on the modeling, it seems reasonable to resolve the

remaining issues.
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Finally, this approach used does not provide any angular dependence
of the scattering by the ground. If the reflectivity of the ground changes as
the angle of incidence (off the normal) changes as some authors have

suggested, the albedo should depend on ground range from flame to collector.

4-4 STRENGTH OF A NOZZLE.

The model also includes another adjustable parameter that allows the
analyst to modify the power of each flame and hence scale the output. This
parameter has always been the last one adjusted when calibrating the model.
Once a comparison has been made between a subset of the data base and the
corresponding calculations for one set of parameters, the sum of the residuals
can always be forced to be zero by multiplying the strength used in the
calculations by the ratio of the sum of the measured values to the difference

of the sum of the measured values and the sum of the residuals.

4-5 POWER PER UNIT HEIGHT.

One of the most important parts of the model is the distribution of
the radiated power per unit height along the axis of the flame. Yet the
modeling to date has relied on essentially no data to establish this basic
relationship. An early cursory review of some photographic data indicated
that there existed areas within the flame that radiated more energy per unit
cross sectional area than other areas. Qualitatively, except for a small
region very close to the nozzles, the brightness in the visible spectrum
seemed to be a maximum near the nozzles, which decreased with height and cross
sectional width. Whether the flame was radiating as a volume or as a surface
could not be easily determined. However, if the flames were indeed opaque and
were radiating from a relatively small region at the surface of the flame, the

radiation clearly is not Lambertian.

In spite of this lack of data cnd in spite of our uncertainty as to the

details of how these flames radiate, we chose to adopt a simple model based on
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some qualitative interpretations of some photographic and video records. The
measure of success in the early modeling efforts was the wutility
demonstrated by the model.

The model of the power per unit height chosen for the cylindrical
representation included two adjustable coefficients. These coefficients
provided a limited ability to adjust the distribution of energy along the
flame axis to best fit the available data. One coefficient was normalized by
the height of the radiating flame and separated the model into two regions. In
the first region the normalized power per unit length was assummed to be a
constant value, unity. In the second region the functional dependence chosen
was a linear decrease with height. The second coefficient was the net
difference from unity of the power per unit length at a normalized height of
one. Thus, if the first coefficient equals one (or the second equals zero),
the functional form would be a constant. If the first equals zero, and the
second is set to one, the functional form would be linear with the maximum at

the nozzle, decreasing to zero at the normalized flame height of one.

During the development of the inverted cone model, it was decided,
after much consideration of the experience gained by calibrating to the
various data, that a more realisiic mode! should include the width of the
flame at each source point. For the cylindrical model this of course cannot
make any difference. The model that evolved was similar to the original one
except that the constant region was removed and an additional linear region
was added above the radiating flame. This was accomplished without increasing
the number of coefficients by requiring the power per unit length to decrease
to zero at the top of the second region. An alternate approach would have
been to add a third region, but this would have required one more adjustable

parameter in the model.

4-6 FLAME-FLAME OBSCURATION.

The very early models did not reduce the received flux when one flame

obscurred the view of another. If a flame was completely shadowed by another

88

4 . . - . . - - -
P et o Ty o . - . . . Lo - L. . . e
PR U S TWVES R A WEALA. A . Y S I U Ui TSI DU I P T S P DU D P DU DT DWW DW RS Ny W IO W Y I Y J




Ak M et aut Al Aad el e die b 3

flame, its contribution to the flux was calculated as if the closer flame were
transparent to the radiation from it. Initially, this approximation worked
because in use the flames only infrequently obscurred one another, or the
obscurred surface area was small. Eventually, however, as more nozzles were
added to the flame arrays and more ground area was planned for experiments, it

became clear that consideration of obscuration effects was essential.

In the cylindrical flame model, the geometry is straightforward. The
original algorithms for computing this geometry work well so long as the
flames do not touch. They lead to unphysical asymmetries in the results if the
flames touch. This early approach included the assumption that the flames did
not touch, to avoid some computations. For most of the early cases this was

an adequate approximation.

To compute the radiation from any flame when obscuration effects are
included, the effect of all the other flames on it must be considered. Every
combination of flame pairs must be evaluated. In the ensuving discussion, one
flame of the pair, at which radiation is being summed, is the radiating flame
or radiator. The other possibly obscuring flame is called the obscurer. When
the flames do not touch, only an obscurer closer than the radiator need be

included. Those farther out cannot obscure even if they are different sizes.

Rather than computing the geometry for each combination of flame
pairs, we can avoid half of the computations by sorting the flames. Then when
the range to an obscurer exceeds that for a radiator, in order of range from

the fixed point the rest of the obscurers for this radiator can be ignored.

When the development of the inverted cone model was started, the need
for including intersecting flames was identified. Treating obscuration is
more difficult, especially since the radius of the flames depends upon height
in this model. Further, some symmetry is lost owing to the ground albedo.
These lead to a substantial increase in computation. To reduce the
computation, each inverted cone is approximated as a set of stacked disks.

This simplification does not introduce appreciable error.
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It has been assumed throughout the modeling effort that the models 2T
would be used for ensembles of identical flames. Each flame must be the same s
size and all the nozzles must be at the same height for the obscuration models o

to work correctly. When there exists a need to use these models for other

arrangements of TRS units, or mixtures of different types of units, additional

modeling effort will be required.
=
]
4-7 AN ERROR IN EARLY FLAME-FLAME OBSCURATION MODEL. #.

The implementation of the ALFGEE models, used for many of the
calculations reported herein, contains a deficiency in the obscuration model.
When flames touch, the obscuration algorithm does rot accurately calculate the
effects. Table |4 shows the results that are generated with this
implementation. Note that for some results, the expected symmetry about y=0
is not produced. This effect is seen in the calculations for four nozzles.

These calculations were performed for a particular MILL RACE experiment.

This particular defect existed in all obscuration models used
throughout this effort. The results presented in this report, however, have

not been affected thereby with the exception of the results in Table l4.

A listing of the implementation containing the error is included as
Appendix E. This particular implementation was written by the author on an
Appte [l Plus microcomputer. It was written in Apple Pascal (version I.1) for _
use on that machine. This listing is included to complete the presentation of
the algorithms developed under this effort. These algorithms were implemented ‘

and tested for actual cases of interest. "-':", QL'
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Table 14. Comparison of different spacings in front of deckhouse.

RANGE OF 3.26 M

POSITION 6 FEET SPACING 9 FEET SPACING 12 FEET SPACING
2 NOZ 4 NOZ 2 NOz 4 NOZ 2 NOZ 4 NOZ

-200 12.96 14.51 12.98 14.30 12.75 13.88
-150 14.79 16.09 14.25 15.37 13.36 14.32
-100 16.30 17.39 15.11 16.06 13.60 14.42
-50 17.27 18.20 15.57 16.38 13.62 14.32
0 17.60 18.40 15.72 16.41 13.60 14.21

S0 17.27 17.96 15.57 l6.18 13.62 14.15
100 16.30 16.89 15.11 15.64 13.60 14.06
150 14.79 15.31 14.25 14.71 13.36 13.77
200 12.96 13.41 12,98 13.38 12.75 13.11
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SECTION 5

TRS - AIR BLAST INTERFERENCE -

This section presents the limited work that was done to address some
of the TRS-air blast interference issues. This work consisted of an initial T
look at how far out from the TRS units blowoff effects might be seen on event
MILL RACE. These calculations were performed to estimate how much ground area i
can respond to the incident thermal radiation. To properly assess the effect
on the air blast will require lorge and long running two and three dimensional

calculations.

In addition, some simple one dimensional HULL-type calculations were
performed to determine the magnitude of the effect a hot flame has on
overpressure when air blast propagates through it. These calculations showed
a small effect, which is contrary to the MISERS BLUFF result. This difference
is attributed to the sizable effect expected from particulates in the flame.

Unfortunately, computer related problems preciuded us from performing further

calculations.

5-1 BLOWOFF.

When thermal radiation is rapidly deposited into the ground, it can
lead to an effect known as blowoff. The deposited energy does not have
sufficient time to conduct away from the irradiated surface. For blowoff 1o
occur, the temperature in the ground must quickly increase to the boiling
point of water and some steam can be generated from any free water.
Additional energy can raise the temperature further to where water and carbon
dioxide bound to crystalline material can be explosively released. This rapid
release of gases con drag up particulates, which are subsequently heated, and

that appear as "blowoff" material. The importance of this material is in how
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it affects air blast propagating through it. The nuclear air blast precursor

is a good example.

The whole blowoff process is extremely complicated and not well
understood even after considerable research. It is known that the amount of ,
energy that it takes per unit area of soil to cause blowoff depends on many

factors such as soil type, flux, and incident angle to name a few.

Nonetheless, for NTS type soils, similar to WSMR soils, and for
nuclear weapon flux levels (for tens of Kiloton devices) an approximate valuve
of six (6) calories per square centimeter has been used (Reference 5) and
seems to be an appropriate value for our purposes for estimating incipient
blowoff. This criterion is called the blowoff threshold.

5-2 POTENTIAL BLOWOFF ON MILL RACE.

Figures 32 through 37 present contours of equal peak flux incident on

the ground calculated posttest for the MILL RACE event. The expected blowoff

area is determined by this peak flux multiplied by the burn time to give f.‘zj'-“-'_
fluence. Where the fiuence exceeds the blowoff threshold, blowoff can occur. -A :
Each figure is drawn to the same scale to allow comparison. The dimensions q

are in meters and the flux is in calories per square centimeter per second.

As an example, Figure 32, shows the flux perpendicular to the ground
from the BRL MILL RACE four nozzle array. The let*er N shows the location of

each nozzle along the y-axis. If the burn vime is one second and the blowoff

threshold is 6 calories per square centimeter, then contour 5 encloses the
blowoff area. Contour 5 crosses the x axis at about 3.7 meters and crosses
the y axis at about 3.8 meters. The contours look almost circular about the

origin.

The results for Figure 32 were based on the cylindrical model

calibrated to the BRL source. The data were not generated for negative y

values because of the symmetry on either side of the x axis. e
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ALFGEE Cylindrical: BRL Model B: Flux perpendicular to ground

Y e
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Figure 32. Flux on sround contours: BRYL model B




AD-R168 707

UNCLASSIFIED

ESTIHRTXHG RADIATED THERMAL ENVIRONMENTS FROM
ALUNIN 0X C(LIQUID OXYGEN..CU> SCIENCE AND
ENGINEERINB ASSOCIRTES INC SALEM MA_ B S CHHHBERS
15 DEC 84 SER-62-00-0:01 DNA-TR-83-3




“.':.\ gA_.J\.). % ARG L ALt LG LA EA L7 el o hen N T O L N L, P WL T g W < AR O NAL A NP A s b e Bl Ralatuty o0

3

[ R VLR T

"'" |0 0 2

- B2 T kS S
e T |

£l

I
|

o

[.

I
=

I

N
o
o

|
i

MITRO b Vot




Y

S——

ﬂ----_-_--

o =

65 ¢4 3 [!

Figure 33. Flux on 2round vontours:

ALFGEE Cylindrical: UKl Model S3: Flux perpendicular to ground
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ALFGEE Cylindrical: UK2 Model C: Flux perpendicular to ground

Y
10
8 Contour Values
! i
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Figure 34. Flux on ground contours: UK2 model
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ALFGEE Cylindrical: Navy Model C: Flux perpendicular to ground

Y
1 Oy
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Figure 35. Flux on vround contours: Navy model C.
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ALFGEE Cylindrical: Navy Model D: Flux perpendicular to ground .}3
Y .
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ALFGEE Inverted Cone: Navy: Flux perpendicular to ground
Y
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Figure 37. Flux on ground contours: Navy inverted cone.
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Figure 33, on the other hand, shows that symmetry did not exist
during MILL RACE. The UK-! nozzles 3 and 4 did not ignite, and nozzle 7
burned unreliably. Adjusting the output for these three nozzles removes the

3

P
LA

symmetry, thus both positive and negative y values were computed and plotted.

N
7

Knowing the burn time for an array, the contour plots can be used to
estimate the area of blowoff, given any blowoff threshold for burn times
similar to those used in MILL RACE. The burn times for each nozzle array are:
Navy 2.4 seconds; BRL 1I.| seconds; UK-2 1.0 seconds; and UK-| 2.0 seconds
(Reference 3). By way of example, desert soil at NTS can start to blowoff at
about 6 calories per square centimeter. The burn time for the eight nozzle
UK-1 MILL RACE array was 2 seconds. The above blowoff criterion then
corresponds to a flux of 3 calories per square centimeter per second, which is
contour 3. The extent along the x axis is about 6.6 meters. The burn time,
on the other hand, for the four nozzle UK-2 MILL RACE array was only one
second. Therefore, contour 5 represents the blowoff threshold. It extends

out to about 4.7 meters.

The area that exceeds the blowoff threshold for UK-| greatly exceeds
that for UK-2 because the burn time is twice as long and there are one to two

more nozzles burning.

5-3 ONE DIMENSIONAL FLAME CALCULATIONS.

Table 15 summarizes the cases run to investigate the influence that a
slab of hot oir, sandwiched between cold ambient air, would have on air blast

propagating through this layer.

Three incident overpressures were considered: 3, 7, and |0 psi. The
case number (first column in the table) is the overpressure multiplied by 100.
Two flame widths were briefly looked at. They were one and two meters and are
indicated by the second column. The third column shows the ratio of the flame
internal energy to ambient, The temperature ratio is not shown and depends on

the equation of state. The corresponding flame temperature is approximately

100

e e e el ek ek el
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between 2500 and 3000 degrees Kelvin, clthough the results are not too

sensitive to the temperature in this range.

The results are shown for various observer locations beyond the
flame. Two blocks of data are shown for each overpressure. The first (top)
block is the overpressure at the corresponding observer location. The second
block is the percentage differences. The first line in each block is the free
Qir case, ie. no flame is present. This is the baseline case against which
every other case is compared. The distance from the center of the flame fto

observer |10 is 10.

The largest change observed was for 10 psi and this change was only
three percent for distances close to the flame. Thus the induced effect due
to the presence of just a hot air layer is small for the flame widths

considered for overpressures less than 10 psi.

It is our hypothesis that the TRS flame must have some matter inside
them that does not contribute significantly to the pressure. Otherwise, it
would be expected that the bright hot flame would produce associated air
blost, as was seen in early TRS bag designs. Whether solid particulates are
formed or liquid droplets (molten aluminum oxide, for example) remains to be
determined. In either case, it is expected that once sufficient particulates
or droplets have been formed with a resultant material density of the order of
the aqir density, then the flow will be aoffected significantly by these small
pieces of matter through, at least, aerodynamic drag. Therefore, to establish
the non-interference of TRS flames, additional one dimensional calculations
with interactive particles, that can numerically simulate either solid

particulates or liquid droplets, will need to be performed.

5-4 ADDITIONAL AIR BLAST INTERFERENCE WORK.

It was shown in the previous section that the induced effect on air
blast due to the presence of just a hot air layer is small for the flame

widths considered for overpressures less than 10 psi. In order to establish
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the non-interference of TRS flames, additional one dimensional calculations

with interactive particles will need to be performed.
Another effect that needs to be addressed is the induced three

K dimensional flow as a result of the three dimensional character of the TRS
P flame-air blast interaction. Such an investigation was outside of the scope of

this effort.

The current practice in the field is to mitigate any air blast
interference problems by firing the flames early enough to allow the complete
burn of the flame as well as its rise out of the way before air biast arrival.
Although this is felt to be a reasonable approach for reducing the direct
influence of the flome on the local peak overpressure, the effect of the
combustion products on air blast further down range and on the rest of the
local air blast waveform has not been established. The most significant
problem introduced by this approach to air blast interference mitigation may
well be the possibly artificial delay introduced in. the arrival of the air
blast relative to thermal exposure. Considerable analysis may be required for

each weapon system thusly exposed on a combined air blast / thermal test.
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SECTION 6

CONCLUSIONS

This section presents the conclusions drawn in the area of estimating
the radiated thermal environments from aluminum-liquid oxygen (Al-LOX) thermal
radiation simulators (TRS). Some conclusions were also drawn in the area of

TRS-air blast interference, however these were significantly limited.

6-1 MODEL DEVELOPMENT.

Most importantly, this effort produced modeis to caiculate flame TRS
generated peak flux that represent those same environments in the field. The
inverted cone model is the best developed so far when flame obscuration and an
accurate treatment of view angle are included. This mode! produces results
that are in closest agreement with the data up through MILL RACE.

It is now possible to use one calibration of the inverted cone model
to represent all cases. Consequently, the data base may now be of sufficient
size to allow certain statistical inferences to be made about the inherent

variability of the flame TRS in use in the field.

Mode! development was evolutionary. First we tried to provide a tool
for interpolation based on simple physical principles. Nexr, refinements were
developed in the representation of flame geometry, and a more accurate
treatment of flame-flame obscuration. While model development was ongoing,
the model was exercised for TRS development work, pre-MILL RACE nozzle

checkout, experiment site layout, and experiment interpolation and analysis.

Some of the early data were affected to an unknown extent by

calorimeter stand tip-back. This effect was more serious on the late time
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flux data for much of the early calorimeter data. The current practice is to
use heavier poles at the TRS sites; these are much less suseptible to thermal

stress deformation.

We conclude that a substantially more exhaustive and a more careful
effort to obtain accurate calorimeter data needs to be conducted. Further,
more thorough data interpretation and analysis is required. At least four
different individuals have read the 'peak" flux off of oscilliscope traces
that have been entered into the DNA data base. Now that these data are being
recorded digitally, the detailed temporal waveforms can be made avaitable for
more meaningful data onalysis. There has been no consistent approach applied
to evaluation of the available data. In some cases data was withheld as not

being representative,

The TRS development to date has been directed toward improving the
flame generation. Little emphasis has been applied toward evaluating
reliability or repeatability. We strongly recommend that one design be fixed
tfor future use in the DNA HE program, and that this design be calibrated under
realistic field conditions. Such calibration should be done wusing many more
calorimeters than have been used in the past. While it is recognized that
tunding limitations tend to preclude having enough of what is needed, the
calibration of the DNA thermal simulation "workhorse" should be viewed as the

foundation of the nuclear thermal effects simulation program.

6-2 TRS-AIR BLAST INTERFERENCE.

In the area of TRS-Air Blast interference, the results are less

clear. The conducted effort is largely incomplete, and additional work s
required to resolve the issues. Calculations indicate *hat incipient blowoff
of ground material was probable on MILL RACE. Other calculations have

indicated that incipient ground blowoff is probable for the normal one second
burn at the DNA TRS site at KAFB. Additional burn time would extend the
blowoff area. What looks like the "steam porch" phase of ground blowoff has

been seen in the photographs taken at the TRS site.
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It was also concluded that modeling a TRS flame as merely a hot clean

flame, i.e. one containing no particulates, will not accurately simulate
results from MISERS BLUFF. During MISERS BLUFF the overpressure was reduced
on one of the targets placed immediately behind the TRS units. Numerical

calculations performed for overpressures up to 10 psi and for flame widths up
to two meters wide demonstrated that other effects will need to be considered.
Additional work is recommended to quantitatively understand the infivence of
particulates on the effect seen during MISERS BLUFF.

Finally, much difficulty in accessing the DNA-provided computational
facilities at KAFB made it very difficult to continue the investigation of

TRS-air blast interference.
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SECTION 7

RECOMMENDATIONS

This section presents recommendations that resulted from performance

cf the work.

We recommend that additional work be performed to quantitatively
understand the influence of particulates in the effect seen during MISERS
BLUFF.

Our recommendations in the area of TRS modeling is that much more
experimental and some modeling work needs to be done. In the area of TRS-
airblast interference, our recommendation is to determine how well the current
interference mitigation techniques will find acceptance in the nuclear

survivability and wvulnerability community.

A substantially more exhaustive and a more careful effort to obtain
calorimeter data needs to be done. This recommendation is made with the
knowledge that the data base essentially doubled during September 1982 when
DNA and SAIl conducted a Calibration Program at the DNA TRS site at Kirtland
AFB. Even with those data, significant additional data under more controlled
conditions is necessary if the community expects to place great reliance on
modeled results.

More thorough data interpretation and analysis is recommended. At
least four different individuals have read the "peak'" flux off of oscilliscope q
traces that have been entered into the DNA data base. Now that these data are ’
being recorded digitally, the detailed temporal waveforms could be made

available for more meaningful data analysis. There has been no consistent

approach applied to evaluating these data.
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The TRS development to date has been geared to improving the flame
generation. Little emphasis has been given to evaluating reliability or
repeatability. We strongly recommend that a design be frozen for future use
on the DNA HE program, and that that design be calibrated under realistic
field conditions.

Finally, we regretably observe that much difficulty in accessing the
DNA-provided computational facilities at KAFB made it virtually impossible to
continue the investigation of TRS-air blast interference. It is recommended
that DNA, not a contractor, more closely monitor difficulties that contractors
are having when using the government furnished equipment. Whether this would
lead to any improvement in throughput is debatable; nevertheless, we feel it
is important to improve this communication of the problems we have been
having, so that DNA management might have better information available when

decisions are made.
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APPENDIX A

ANALYSIS OF CALORIMETER POLE BENDING

This appendix presents results from an analysis of the influence of
the bending of the pipe, that holds the fixtures that in turn hold the
calorimeters, on received thermal flux. The bending of a pipe, commonly
called a calorimeter stand, is due to thermal stress that results from
asymmetrical thermal loads. The effects can be significant. For this reason,
the calorimeter stands were replaced with larger pipe, which will not be so
easily bent.

The analysis consisted of inspecting the sensitivity of the flux fto
the changes of a pole's position as a result of irradiation. To simplify the
analysis, the case considered was for wuniform illumination of one side of the
pole, causing it to tip back with a shape identical to an arc on a circle.
This shape change causes the calorimeter's range to increase, its height to

decrease, and its normal's elevation to increase.
?

The result is that each of the three above changes will reduce the
received flux as the bending increases. The dominant effect, considering the
change in geometry relationships, is the effect on range. For every
centimeter the pole is tipped back at the calorimeter, the flux was reduced
0.4%. During the early testing, we estimate that this effect could have
been of the order of |0 percent for later times. This is another reason
for choosing to model the early peak flux, rather than the fluence. Recent
data are not affected by this phenomenon due to larger pipe size. Table 16
summarizes the type of results generated.
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APPENDIX B

TRS PEAK FLUX DATA: PRIOR TO MILL RACE

This appendix presents peak flux data taken on various two and four
nozzles burns performed on the current DNA TRS nozzles at the KAFB site prior
to the testing of the MILL RACE nozzles. This appendix documents where each
calorimeter was located, as well as different interpretations of the "peak"

flux's value.

Three tables are included. The first, Table 17, documents events D-
I5 through D-45, where data of some significance existed. @ Comparisons were
made with an early calibration of the right cylinder model in this table.
During the period of time when these data were being recorded, numerous
adjustments were made to the operating parameters for the nozzles, and

therefore, the variability in the data is considerable.

The second table, Table 18, presents the data taken during the
Pentolite series. Comparisons were also made with an early calibration of the
right cylinder model in this table. These data are interesting because more

calorimeters were available on each shot.
Finally, Table 19, re-documents some of the events in the series D-34
through D-45. However, here comparisons were made with an early calibration

of the inverted cone model. On the average, the inverted cone model improved

agreement with the data.
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APPENDIX C

A MODEL. COMPARED WITH DATA BASE

This appendix presents a comparison of the available peak flux data
with one calibration to the inverted cone model. Two tables are included;
both list the same data, but in two different orders. One is sorted by event,
Table 20, and is almost chronological. The other, Table 2l, is sorted by the
ratio of model results to measured results. The model used was the inverted

cone. These lists illustrate how the differences are statistically dispersed.
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Table 20.
X 2
-182.90 152.40
365.80 304.80
182.90 304.80
182.90 152.40
-182.90 152.40
365.80 304.80
182.90 304.80
182.90 152.40
-182.90 152.40
365.80 304.80
182.90 304.80
182.90 152.40
~-182.90 152.40
365.80 304.80
182.90 304.80
182.90 152.40
-182.90 152.40
265.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40
121.90 228.60
365.80 304.80
182.90 304.80
182.90 152.40

R

1.11
0.54
0.69
1.09
1.21
0.82
0.76
1.13
1.16
0.75
0.78
1.13
1.16
1.00
0.88
1.26
1.21
0.80
0.78
1.17
1.11
0.86
0.83
1.22
1.27
0.96
0.97
1.26
1.11
0.91
0.83
1.05
1.11
0.89
0.85
1.05
1.11
0.97
0.93
1.26
1.11
0.86
0.83
1.17
1.11
0.81
0.88
1.17
1.27
1.08
1.10
1.00

CALOR

FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX~4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4
FX-1
FX-2
FX-3
FX-4

136

EVENT

D15
D15
D15
D15
D17
D17
D17
D17
D19
D19
D19
D19
D20
D20
D20
D20
D21
D21
D21
D21
D23
D23
D23
D23
D24
D24
D24
D24
D25
D25
D25
D25
D26
D26
D26
D26
D28
D28
D28
D28
D29
D29
D29
D29
D30
D30
D30
D30
D31
D31
D31
D31
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Table 20. Event sort of model comparison with data base (continued).

121.90 228,60 1.30 FX-1 D32

365.80  304.80 1.09 FX-2 D32

182.90 304.80 1.11 FX-3 D32

182.90 152.40 1.22 FX-4 D32

121.90 228.60 1.19 FX-1 D33

365.80  304.80 1.08 FX-2 D33

182.90  304.80 0.97 FX-3 D33

182.90  152.40 1.17 FX-4 D33

365.80  228.60 1.18 FX-3 D35

365.80  228.60 1.07 FX-4 D35

152.40  228.60 1.24 FX~1 D34

365.80 304.50 1.25 FX-2 D34 o

182.90  304.50 1.05 FX-3 D34 S

182.90  152.40 1.25 FX-4 D34 SR

365.80  228.60 1.16 FX-1 D39 RO

365.80  228.60 1.18 FX-2 D39 ¢ |

365.80  228.60 1.18 FX~3 D39 N

365.80  228.60 1.02 FX-4 D39 s

182.90  228.60 1.00 FX-1 D40 N

182.90  228.60 1.06 FX-2 D40 )

182.90  228.60 0.86 FX-3 D40

182.90  228.60 0.74 FX-4 D40

274.30  228.60 1.30 FX-1 D43

274.30  228.60 1.21 FX-2 D43

274.30  228.60 0.91 FX-3 D43

274.30  228.60 0.73 FX-4 D43

304.80 228.60 1.06 FX-1 D44

182.90  203.00 1.19 FX-3 D44

304.80  228.60 0.99 FX-1 D45

182.90 203.00 1.13 FX-4 D45

200.00  200.00 1.09 FX-1  PENT-2

200.00  200.00 0.95 FX-2  PENT-2

200.00  200.00 1.15 FX-3  PENT-2

200.00 200.00 1.09 FX-4  PENT-2

350.00  200.00 0.95 FX-5  PENT-2

350.00 200.00 0.97 FX-6  PENT-2

350.00 200.00 1.04 FX-7  PENT-2

500.00 200.00 0.92 FX-11  PENT-2

200.00  200.00 0.95 FX-1  PENT-3

200.00  200.00 1.08 FX-2  PENT-3

200.00 200.00 0.96 FX-3  PENT-3

200.00 200.00 0.66 FX-4  PENT-3

350.00  200.00 1.06 FX-5  PENT-3 .

350.00 200.00 1.01 FX-6  PENT-3 ‘

350.00  200.00 0.91 FX-7  PENT-3 o

500.00 200.00 1.04 FX-8  PENT-3 o

500.00  200.00 1.09  FX-10  PENT-3 —_—

500.00 200.00 1.04 FX-11  PENT-3 .

200.00 200.00 0.77 FX-1  PENT-4 D

200.00 200.00 1.12 FX-2  PENT-4 B

200.00 200.00 1.22 FX-3  PENT-4 -

200.00 200.00 0.77 FX-4 PENT-4 LT

350.00 200.00 0.98 FX-5  PENT-4 [ ]

350.00  200.00 1.22 FX-6  PENT-4 R

350.00 200.00 1.06 FX-7  PENT-4 D

500.00  200.00 1.04 FX-8  PENT-4 N

500.00 200.00 1.38 FX-10  PENT-4 T
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Table 20.

500.00
200.00
200.00
200.00
200.00
350.00
350.00
350.00
500.00
500.00
500.00
300.00
300.00
300.00
269.00
183.00
300.00
589.00
511.00
511.00
589.00

0.00
244.00
589.00
244.00
244.00
244.00
244.00
589.00
589.00
244.00
274.00
274.00
274.00
274.00
274,00
274.00
274.00
274.00
274.00
274.00
274.00
183.00
183.00
183.00
183.00
183.00
183.00
183.00
183.00
183.00
183.00
183.00
180.30
271.80
261.60
596.90

Event sort of model comparison with data base (continued}.

200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
200.00
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
317.50
335.00
122.00
335.00
122.00
335.00
122.00
122.00
229.00
229.00
229.00
229.00
172.00
265.00
357.00
357.00
357.00
265.00
172.00
265.00
200.00
172.00
200.00
116.20
166.40
139.10
229.90

1.14
1.01
1.01
1.22
1.13
1.21
1.17
1.29
1.04
1.16
1.25
1.22
1.26
1.25
1.30
1.14
1.03
1.24
1.20
1.28
1.29
0.57
1.05
1.08
1.15
1.08
0.81
1.07
1.07
1.12
1.00
0.95
0.99
1.01
1.05
1.01
0.96
0.89
0.88
0.93
0.95
1.03
1.22
1.09
1.08
1.20
1.13
1.04
1.11
1.06
1.22
1.16
1.17
0.82
0.94
1.03
0.81

FXx-11
FX-1
FX-2
FX-3
FX-4
FX=-5
FX-6
FX-17
FX-8

FX-10

FX-11
FX-1
FX-2
FX-3

CAL-4

CAL-6
FX-4

CAL-1

CAL-2

CaL-3

CAL-5

CAL-1

CAL-2

CAL-3

CAaL-4

CAL-5

CAL-6
FX-1
FX-2
FX-3
FX-4

CAL-1

CAL-2

CAL-3

caL-4

CAL-5

CAL-6

CAL-7
FXx-~1
FX-2
FX-3
FX-4

CAL-1

CAL-2

CAL-3

CAL-4

CAL-5

CAL-6

PENT-4

PENT-5

PENT-5

PENT-5

PENT-5
PENT-5

PENT-5

PENT-5
PENT-5S

PENT-5
PENT-5
UK1-PRE
UK1-PRE
UK1-PRE
UK1-PRE
UK1-PRE
UK1-PRE
UK1-PRE
UK1-PRE
UK1-PRE
UK1-PRE
NAV-PRE
NAV-PRE
NAV-PRE
NAV-PRE
NAV-PRE
NAV-PRE
NAV-PRE
NAV-PRE
NAV-PRE
NAV-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
UK2-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
BRL-PRE
UK-1 MR
UK-1 MR
UK-1 MR
UK-1 MR

Matacade fbrade b A S
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Table 20. Event sort of model comparison with data base (continued).
591.80 230.50 0.81 F-5 UK-1 MR
467.40 168.90 1.15 F-6 UK-1 MR
576.60 229.90 1.36 F-7 UK-1 MR
576.60 229.20 1.42 F-8 UK-1 MR
268.00 179.10 0.83 F-1 UK-2 MR
269.20 179.10 0.98 F-2 UK-2 MR
269.90 189.90 1.00 F-3 UK-2 MR
259.10 179.10 0.94 F-4 UK-2 MR
-190.50 200.70 l1.67 F-1 BRL MR
-190.50 200.70 1.07 F-2 BRL MR
! -190.50 200.70 1.00 F-3 BRL MR
p 276.90 92.70 0.87 F-1 NAVY MR
i 576.60  207.00 1.11 F-2 NAVY MR
§ 576.60  171.40 1.04 F-3 NAVY MR
271.80 92.70 0.65 F-4 ©NAVY MR
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Table 21. Ratio sort of model comparison with data base, ..:',j-:'
Y
X 2 R CALOR EVENT e
. 365.80 304.80 0.54 FX-2 D15 e
: 0.00 317.50 0.57 CAL-1 NAV-PRE SR
271.80 92.70 0.65 F-4 NAVY MR
200.00  200.00 0.66 FX-4  PENT-3 i
- 182.90  304.80 0.69 FX-3 D15 o
& 274.30  228.60 0.73 FX-4 D43
- 182.90 228.60 0.74 FX-4 D40
’ 365.80  304.80 0.75 FX-2 D19
h 182.90  304.80 0.76 FX-3 D17
200.00  200.00 0.77 FX-1  PENT-4 _—
P 200.00 200.00 0.77 FX-4  PENT-4 w
g 182.90 304.80 0.78 FX-3 D21 g
4 182.90 304.80 0.78 FX-3 D19
¢ 365.80  304.80 0.80 FX-2 D21 L
365.80 304.80 0.81 FX-2 D30 S
244.00 317.50 0.81 CAL-6 NAV-PRE -
591.80 230.50 0.81 F-5 UK-1 MR o
596.90  229.90 0.81 F-4 UK-1 MR ol
365.80 304.80 0.82 FX-2 D17
180.30 116.20 0.82 F-1 UK-1 MR
182.90 304.80 0.83 FX-3 D25
182.90  304.80 0.83 FX-3 D23
182.90  304.80 0.83 FX-3 D29 B
268.00 179.10 0.83 F-1 UK-2 MR o
182.90 304.80 0.85 FX-3 D26 .
365.80  304.80 0.86 FX-2 D23 .
365.80 304.80 0.86 FX-2 D29 e
182.90 228.60 0.86 FX-3 D40
276.90 92.70 0.87 F-1 NAVY MR
~ 182.90 304.80 0.88 FX-3 D20
- 182.90  304.80 0.88 FX-3 D30
274.00  229.00 0.88 FX-1 UK2-PRE
365.80  304.80 0.89 FX~2 D26 R
274.00 122.00 0.89 CAL-7 UK2-PRE o
- 365.80  304.80 0.91 FX-2 D25 i
: 274.30  228.60 0.91 FX-3 D43 g
350.00 200.00 0.91 FX-7  PENT-3 o
500.00  200.00 0.92 FX-11  PENT-2 -
182.90 304.80 0.93 FX-3 D28 S
274.00  229.00 0.93 FX-2 UK2-PRE
271.80 166.40 0.94 F-2 UK-1 MR =
259.10 179.10 0.94 F-4 UK-2 MR "
200.00 200.00 0.95 FX-2  PENT-2
350.00  200.00 0.95 FX-5  PENT-2 A
200.00  200.00 0.95 FX-1  PENT-3 R
274.00 335.00 0.95 CAL-1 UK2-PRE i
274.00  229.00 0.95 FX-3 UK2-PRE —=
365.80  304.80 0.96 FX-2 D24 S
200.00  200.00 0.96 FX-3  PENT-3
274.00 122.00 0.96 CAL-6 UK2-PRE

182.90  304.80 0.97 FX-3 D24 R




365.
182.
350.
350.
269.
304.
274.
365.
182.
182.
244.
269.
-190.
350.
200.
200.
274.
274.
365.
300.
274.
261.
350.
500.
500.
500.
500.
183.
576.
182.
182.
182.
244.
274.
182.
304.
350.
350.
183.
365.
244.
589.
-190.
365.
365.
200.
.00
244.
183.
.90
365.
200.
.00
500.
.00
.90
-182.

589

182

200

183
182

Table 21.

80
90
00
00
20
80
00
80
90
90
00
90
50
00
00
00
00
00
80
00
00
60
00
00
00
00
00
00
60
90
90
90
00
00
90
80
00
00
00
80
60
00
50
80
80
00

00
00

80
00

00

90

........

Ratio sort of model comparison with data base (continued) .

304.80
304.80
200.00
200.00
179.10
228.60
122.00
304.80
152.40
228.60
317.50
189.90
200.70
200.00
200.00
200.00
335.00
335.00
228.60
317.50
229.00
139.10
200.00
200.00
200.00
200.00
200.00
265.00
171.40
152.40
152.40
304.50
317.50
122.00
228.60
228.60
200.00
200.00
265.00
228.60
317.50
317.50
200.70
304.80
304.80
200.00
317.50
317.50
357.00
152.40
304.80
200.00
200.00
200.00
265.00
304.80
152.40

0.97
0.97
0.97
0.98
0.98
0.99
0.99
1.00
1.00
1.00
1.00
1.00
1.00
1.01
1.01
1.01
1.01
1.01
1.02
1.03
1.03
1.03
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.05
1.05
1.05
1.05
1.05
1.06
1.06
1.06
1.06
1.06
1.07
1.07
1.07
1.07
1.08
1.08
1.08
1.08
1.08
1.08
1.09
1.09
1.09
1.09
1.09
1.09
1.10
1.11

......
''''''''''''''''

FX-2
FX-3
FX-6
FX-5
F-2
FX-1
CAL-2
FX-2
FX-4
FX-1
FX-4
F-3
F-3
FX-6
FX-1
FX-2
CAL-3
CcaL-5
FX-4
FX~4
FX-~4
F-3
FX-7
FX-8
FX-11
FX-8
FX-8
CAL-6
F-3
FX-4
FX~-4
FX-3
CAL-2
CAL-4
FX-2
FX-1
FX-5
FX-7
FX-1
FX-4
FX-1
FX-2
F-2
FX-2
FX-2
FX-2
CAL-3
CAL-5
CAL-3
FX-4
FX-2
FX-~1
FX-4
FX-10
CAL-2
FX-3
FX-1

.....

D28

D33
PENT-2
PENT-4
UK-2 MR
D45
UK2-PRE
D20

D31

D40
NAV-PRE
UK-2 MR
BRL MR
PENT-3
PENT-5
PENT-5
UK2~PRE
UK2~PRE
D39
UK1~PRE
UK2~PRE
UK-1 MR
PENT-2
PENT-3
PENT-3
PENT-4
PENT-5
BRL~-PRE
NAVY MR
D25

D26

D34
NAV-PRE
UK2-PRE
D40

D44
PENT-3
PENT-4
BRL-PRE
D35
NAV-PRE
NAV-PRE
BRL MR
D31

D33
PENT-3
NAV-PRE
NAV-PRE
BRL-PRE
D15

D32
PENT-2
PENT-2
PENT-3
BRL-PRE
D31

D15
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Table 21.

121.90
121.90
121.90
121.90
121.90
121.90
182.90
183.00
576.60
200.00
589.00
182.90
182.90
182.90
200.00
183.00
500.00
183.00
200.00
244.00
467.40
-182.90
-182.90
365.80
500.00
183.00
182.90
182.90
182.90
182.90
350.00
183.00
365.80
365.80
365.80
121.90
182.90
511.00
183.00
-182.90
-182.90
274.30
350.00
182.90
182.90
200.00
350.00
200.00
300.00
183.00
183.00
152.40
589.00
365.80
182.90
500.00
300.00

.....

Ratio sort of model comparison with data base (continued) .

228.60
228.60
228.60
228.60
228.60
228.60
304.80
172.00
207.00
200.00
317.50
152.40
152.40
203.00
200.00
357.00
200.00
317.50
200.00
317.50
168.90
152.40
152.40
228.60
200.00
172.00
152.40
152,40
152.40
152.40
200.00
200.00
228.60
228.60
228.60
228.60
203.00
317.50
357.00
152.40
152.40
228.60
200.00
152.40
152.40
200.00
200.00
200.00
317.50
172.00
200.00
228.60
317.50
304.50
152.40
200.00
317.50

1.11
1.11
1.11
1.11
1.11
1l.11
1.11
1.11
1.11
1.12
l1.12
1.13
1.13
1.13
1.13
1.13
1.14
1.14
1.15
1.15
1.15
1.16
1.16
1l.16
1.16
1.16
1.17
1.17
1.17
1.17
1.17
1.17
1.18
1.18
1.18
1.19
1.19
1.20
1.20
1.21
1.21
1.21
1.21
1.22
1.22
1.22
1.22
1.22
1.22
1.22
1.22
1.24
1.24
1.25
1.25
1.25
1.25

FX-1
FX-1
FX-1
FX-1
FX-1
FX-1
rX-3
CAL-7
F-2
FX-2
FX-3
FX-4
FX-4
FX-4
FX-4
CAL-5
FX-11
CAL-6
FX-~3
CAL-4
F-6
FX~1
FX-1
FX-~-1
FX-10
FX-3
FX-4
FX~-4
FX-4
FX-4
FX-6
FX~4
FX-~3
FX-2
FX-3
FX-1
FX-3
CAL-2
CAL-4
FX~-1
FX~-1
FX-2
FX~-5
FX-4
FX-4
FX-3
FX-6
FX-3
FX-1
CAL~-1
FX-2
FX~-1
CAL-1
FX-2
FX-4
FX-11
FX-3

D23

D25

D26

D28

D29

D30

D32
BRL-PRE
NAVY MR
PENT-4
NAV-PRE
D17

D19

D45
PENT-5
BRL-PRE
PENT-4
UK1-PRE
PENT-2
NAV-PRE
UK~-1 MR
D19

D20

D39
PENT-5
BRL-PRE
D21

D29

D30

D33
PENT-5
BRL-PRE
D35

D39

D39

D33

D44
UK1-PRE
BRL-PRE
D21

D17

D43
PENT-5
D23

D32
PENT-4
PENT-4
PENT-5
UK1-PRE
BRL-PRE
BRL-PRE
D34
UK1-PRE
D34

D34
PENT-5
UK1-PRE
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Table 21.

182.90
182.90
182.90
300.00
121.90
121.90
511.00
350.00
589.00
121.90
274.30
269.00
576.60
500.00
576.60
-190.50

........
PP Y T S SR Sy

152.40
152.40
152.40
317.50
228.60
228.60
317.50
200.00
317.50
228.60
228.60
317.50
229.90
200.00
229.20
200.70

R

1.26
1.26
1.26
1.26
1.27
1.27
1.28
1.29
1.29
1.30
1.30
1.30
1.36
1.38
1.42
1.67

FX-
FX-
FX-
FX-
FX~
FX-
CAL-
FX-~
CAL-~
FX-
FX-
CAL-
F-

4
4
4
2
1
1
3
7
5
1
1
4
7

FX-10
F-8
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Ratio sort of model comparison with data base (continued).

D20

D24

D28
UK1-PRE
D24

D31
UK1-PRE
PENT-5
UK1-PRE
D32

D43
UK1-PRE
UK-1 MR
PENT-4
UK-1 MR
BRL MR
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APPENDIX D
TRS CALORIMETER LOCATIONS: MILL RACE

This appendix documents the locations of the calorimeters on MILL

RACE. Four arrays of nozzles were fielded. Three arrays consisted of four

nozzles each, and one array consisted of eight nozzles.
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APPENDIX E
ALFGEE LISTINGS

This appendix presents listings of an implementation of the ALFGEE
algorithms on an Apple Il microcomputer system. The language used is Pascal
and the operating system is Apple Pascal Version I.l. These are derivatives
of the UCSD ll.l Pascal system.

The implementation is in seven files. These are given in the usual
Pascal ordering, where entities are defined before being used (or referenced).

The main program is contained on the last file.

Your attention is directed to an earlier section (4.7), where it is
stated that this implementation will not provide correct results for touching
flames. Further, the default values for the model parameters, contained

herein, are outdated.

— 2,
pPAGE §o
REVIOUS

| 4 15 BLANK Q>

151

PPN LI PR PR P P T T T T VL v TV W VYV o




ARALan oA 1

TTVTe Y Y

D A Nl fad e Al A ra e

BRRNIM 1)

“LX4LTLINNCINID 19113 349471y 8¢ oand1y

(eydie-e33y3)sod x uir + u

{ X =: TIX
{(eyd1e+e3ay3l) NIS & U1 + uk =: g1k
!(eydie+e3ay3)soD 5 U1 + ux =: ZIx

t((uaypx0°2) /((ua)yds - (P)UDS - (T2)uDS))sooe =: eydye
t1d + e384l =: e38Y3l NIHL TX > UX 41

t((1x-ux) /(1A-uf) ) NVI¥ = e3oy3y ASTA 0°Z/1d- =: ©39Y3 NAHL [X=UX JI

NI53Jd
NEHL (Ul + 11 => p) aNv (0°0 < p) dI
¢ ((TA-uk) 40S+ (TX-ux) ¥DS) JHOS =: p
{(ux)gdy =: uzi {(1a)sdy =: 11
1981V =: UoT3098133UTD
NISdd

{IVdy :e3jayy ‘eydie yva
‘6926ST¥T € = 1d ISNOD
fUOT3IO3S133UTD NOILONNJI

‘{ang
ana
Zp1d + Zpid =: sooe FsTA 0°0 SO0® NJAHL 0°0 < ¥ JI "SI

((A)390s / x)NVLY - zpid =: sooe NAHL 0°0 <> K aI
£(x)¥0s - 0°1 =: £
NISad
gs713 gp1d =: sooe NJHIL uorisde > (X)sSgv JI HASTH

(sooe) LIXd NIHL 0°T < (X)savy 41
{0°0 =: sooe NIodd

IMVEY K y¥va
{18-d0°T = uoTtsda {[Z£96L0LS"T = zP1d ISNOD
{sooe NOILONNJ

NOILVINIWIATIWI
!NVATOOH : (IVad 214 ‘Zix ‘11K ‘11X ‘p WVA

{IVAY :ulx ‘uk ‘ux ‘11 ‘1L ‘1x) UOT3038I193UTD NOILONNJI
SV (TVE :X)sooe NOILONNA

{s3usbay on 3 °our ‘ia3nduwos atddy 086T’6L6T u:mﬂuhmoo_ {puaddsueiy sasn
dOVIHAINT

“:oﬁuowmuwucﬁ 972119 LINN
{+ss])

152

llab sl




11111.1 qnv “
; RIS LI o e =
. L [ e A A .
s NN AN ,

.. v’ . 2T o
. [ /R e e p -

- (pONUTIU0D) IXAL LINA'INID 9111 49471V "8§ 9andiy

153

*dNd NIODJd
{aN3
{gNd
: {9ndl =: UOT3O9SIIJUTD
¢t (eydTe-e39Y3)NIS » U3 + Ul =: T14

. s e e - . . . . .
g s Do . . ‘ . s e . . L. .. . . .. .. ....
i el Ao /gt . Lt ! ‘g . .t [Py | Coa e PRI Ny 0 s



Ty e - oy

o .
,.. ....‘ -
+

A D it .41“1 "

LXAL SUVA SYL  "S1T) U49d1V  "65 2Indry

“aNd
NIDdd

{aNd
NIDJd

{00 TAuunp J¥NG ID0d9d
NOIIVINAWATIWI
{00 TAwunp FUNATO0¥d

IMADIINI *usTreai‘uatiur
I{NVITI004d: bngep‘siayaioubt
{IVAY:JASTD/Je3aYl ‘ JISTPZ ' IISTPA  JISTPX
{IYFY :0ADTD/0RIBYI‘ 0ISTPZ/03ISTPA‘0ISTPX
£4YHD J0 [§°°T)] AVYYY aaNOvd:doorixau
fIyEyiap‘aIp’‘zp’Ap’xp
{YAOIINI T ‘3IT /2T AT %1
{YIoAINI:dU‘Ju’zu’Au’xu
vy Jo [sbeqouxew* 1] AVyyV:beqs’beqy’beqz’beqh’beqgx
!7vay syl buarysbeq’ beqssanbysaq beqyoaybray’ beqyoyiprm
- {9aoIINI :sbequ
{rygy t J3e00q3iby’ 3ysooe3by’opaqre
tygy :bapoipea’perolbap’ 1danog

{9NIYLS :A3P3IN0 {IXIL:1d VA

154

PPy

saysop
R T . = saysep
¢ = aurrsenb !go1 = sbeqouxeu
= aurt3dwoxrd {yg9Z6STHTI € = Td LSNOD 3

FOVANIINI L
* 28-1dv-€1 :uUOTISsIap w 4
{safqeriea LINN B

{-a$} {+s$}




......

CY ¥ r _f_ 3

4 — ; o, -
ERROREC! AN RSO - ARG - -HINENOSAOD

AN i T . BN .

. . L.
PN L SEIENAT  SEUCTCRUCICIT AR,
o

SO AT U ST . MV | LT ‘B

“IX4LVINANI "S¥d 91713 HAD4TV  0p 2andry

!0°T =: yibuaijsbeq
‘peioybap / T =t bapojpes i0gT / 1d =: peiojbap
{1d 4 0°v =: 1dinoz

NIS3d

SYADFILNI: /T wva
{3Tne3ap FIYNAAD0¥d
tana ! (Cfe)od (TN B (x)avay! (T %) b (s)Fi1um! (('e)D NIDFA!S ue 396 FUNATD0Nd
: {aNdI
t(L'e)ol(1'Y)b
(W&,=0) 4O (,X,=P) =: x !(o)avay ‘(,& O)N 10 s3)x,)dLTUM
(1A B! (s)TLIum
t{(C’e)9 NID3d
_ f{ONI¥LS :0 ¥VA
‘{q_ue_ 3ab =YNQ@AD0Yd
‘and (C*e)of (T'%)b¢(x)qvau (1Y) 6! (s)arTumM? (L‘e)9 NIDFd!T ue 386 3indddo¥d
fanal (L’e)ol (T'%) B! (x)avay s (1/%) b (s)ALIUM! ((‘e)D NIDAA!X ue 386 FUNdFIONd
*aNg ¢ (T’'Y) ZAX0L0D ¢ ((6Z)¥HD)FLITIYM ¢ (T'Y) AXOLOO NIDIE ! (MEOAINI:T’Y)bD FWNATDONd
{anNa
: aeyolab ! (yo)AaALIum
((L)YHD) ALI¥M IVIATY
NI5odFg
fdVHD YD ¥vA
{1eyo3ab NOILONNA
‘aNg {(s)ALI¥M ¢ ((6Z)WHO)ALTIUM * (T'0)AX0L0D NIndg {3e3zdword m¥nadoOud
NOILVINAWATIWI
‘ejeppeal FYNAII0Ud
fYVHD :(Do0s:s)ieysisab NOILONNJA
! (ONIYLS S ‘¥ADILNI:T) 3e3dwoad FynaadOud
! (DNIYLS:X m<>“mmwmazHuH‘x“wszam"m“mmwmszH"ﬂ.mvmlcmluwm JANAIO0Hd
{ (NYIT0049 : X YVALMEDILNI: T/ N {ONINLS 18 {¥TDFALNI: (“©) q_ue 38b F¥NAIDOUd
{ (QADALNI :X YVA‘MIOFINI T’ {ONIYLS:6 YADAINI:{‘e) T_ue 386 IYNAII0dd
S{IVENIX WYASMIDIINIC T’ A ¢ONINIS S {¥ADIAINI:['e) X ue 386 FUnaAIDOUd
{¥YVHD 40 JAS=20S AdXid
‘serqeries [IQOD°SUVA'S¥L n$}
{sauabay Dn 3 *our ‘1393ndwo) a1ddv 086T1'6L6T u;mﬂu>moo_ ‘pusadsuriy
sdsn
JOVIYAINI
{ z8-3dv-g1 :uorsiap |
fandursiy LINM
{-as} {+s$}

nSU "
{s NI yo TIINN ¢(yo’pieoqhay)avay !¢

155

o
o
- A
.
.~.-l
‘s
o
s
A

e

.

i

A




......

* (pNUTIU0D) LXAL VININI'SUL 9113 394V ‘op 24ndud R

!(,(o9s)swry uang ( - ) yjbusiys pouw §,)NTILIIM .
! (saysep) NTALIYM {NTILIYM NIDIE o

fpeaygnuaw I¥NAID0Ud T
‘and A
t A § memmesme—ee seSmsssses SEsSTssmEsmT - = v NTHELIYM <t ,..u(
t(, (wo) 2z (wo) X (wo) x  w  §,)NIILIUM S
! (saysep) N'IILINM ‘NIILIYM NID3E e
{peayznuaw FINAID0Ud T
{gNd S,
t{y, ===-=  mmomme—mee- -=-=-,) NI3L1dM R
t(, °ntea uo13dri10sap $ )NTILIUM N
! (saysep) NTALIEM ‘NTILIUM £((TT)YHD) ALIUM B
NID3g e
{peaynuauw JYNAID0Ud et
‘aNd S
tggIdd =: skayaiouby PN
£ ,X, =: [g)door3ixau o
{,Xx, =t [p]door3ixau N
t,2, =t [g]door3xau K

t, L, =¢ [z]dooT3ixau
¢, 4, = [1]ldooiixau © “
{1 =: @u £0°0 =! °p {0°0 =% 3FAS[d {0°0 =: 0AIT3 a "
7 =2 U {0°0 =: 3P f0°0 =: 3Fe3dqYylx {0°0 =: ge3Id3Nl ]
{7 =: zu £Q°Q =: ZP {0°0GT =: 3ISTPZ ‘0°0ST =: 03ISIPZ 4
(1 =t Ku ip°g =: Ap {0°0 =: 3IsTPA {0°0 =: 03IsIPA 1
{1 =: xu £0°0 =: Xp 00T =: 3JISTPX 00T =3 03ISTPX - 4
fang ]
10°T =: [1]beqs {0°0 =: [1]beq3 -
t0°0 =: (1]beqz !
t0°0 =: [1])beqk §
'tz A1Q (T+1) =: C f0°0 =: [y]beqx {

NIDId

oa sbeqouxew OL T =: T ¥0Od

tggiyd =: bngeap {1 =: sbequ

10°0 =: J3200q3by
10°0 =t 33oooeiby .
{0°0 =: opaqye *]
: beqjojybray .m

0°0 =: BeqzouIvIm A
t0°0 =: begssanbysaq p.n¢




................... m
...... o
i
, ‘ot O.HSMM& u
. 304V C0 -
"VINNI“SHL  :31H “zqmeHmm .
TIU0D) IXHL'V ) NT3LIY 1
) * (panur ngap 9 , 18M L
1ad bng ) NT3L ;
4 $(,330 JuT pnqap s ) ALIHM B
r. . ' [] uo HC..ﬂ HQ -Z.H y
1 H A 1 vzqmpﬁHg ]
no ' .
. !, ST A9pP) INTALIOM -
q ‘ apino’, ' N M ]
b f(a v _qumynmz 1
3 e LIy N
9339)STD ) NTE g
m 8q pInoys 2113 s :3nowal M ”vzqmammz A
- {(,20149p ndano aq vH:ocm :193utad ) NTALIHM g
3 {(,901A9p usmuso aq va:osm :9705U0D T Mvmwzscwe o
§ {(,901409p uﬂQUSO aq pInoy duwoid) 3e3dwo1d aa ;
3 ¢(,9014003p 3 ‘auirydu NID ]
y ar qd7 :s13, 40084 .
2 ‘nusw z TdA ‘gnusu guna {aNg 0
; ‘(1503ds 104100 {1re3nuaw Ry
N “\a +T7 BT a1 v..._
I0oubT .
n TEIIYM NIHL mawxwv ALTUM ¥
’ M asTd (,SaX.) NI Amﬁmmouw 6 1) NTILINM ;
3 {(,0u,)NTILIN ssaid&ay 31 aseo ay3 NN ) NTELIHUM ~ By
& t{ t, ¢ i, Ajtoeds g , LINM )
‘ {(,39p10 moowu andano ¢ .Wumwaamz L
A ewa g
T Rl § s =
T vo sod 1030 ) NT3L o
suenesrarou 31 |1z |
b
¢{(,1030972 oeleyo o1 wnu 1 ,)N1 uau 0
: "A-modumﬂum“No: $13 JO 13q uvﬂwﬂ—s d - *
. ! wo oo
(c:sbequ’,feaze ur sa1 3, ‘sutr3dwoid)jeid NIOEd 4
(g 813, ) VA .
TIATT smEs.H_._— - § R
Fotel 1 MBZH"m:wH.wEmmac LSNOD -
3do TYaANaD josarT foT & 1ds NQ3D0Nd :
Hlesuer ‘9 = 3953JO3UTT ‘Tnusu gy ‘and 4
do,) JLIYM L
u* r_o..nU UM . o
oTGM [suinisz o] uAmmsmmvvzqmamszmm ucdﬁ
suo 4ot ooyd R
£(,2 {11e3nuau ﬂﬁDQﬁnQZN

. -
¢ (534sop) NTALIY

e




.......

* (ponUTIUO0D) IXHL VLAINI "SUL :9(TJ 4941V °ob 2In3T1y

{peaynuau

{(,U0T3PUSTIO HOLOALAQ :nudw Z TIAFAT :s13, ‘aurridwoad)jejdwoad
NIDJd
(P = IT ‘T = 3 {07 = M ISNOD
{ggnuaw FYNAID0Ud

{and
{gpoad
£(3:m:2p’,= 2 ur buroeds :zp 6 ) NTILIYM
£(J:m:3IsIpz’,= 2z 3so3eaib :3J3s1pPZ 8 ) NIILIUM
£(3:m:035TP2’,= Z 3ISITTRWS :03ISTPZ L ) NTILIUM
INTILIYM
{(3:m:Lp’ = £ ur bBuyoeds :4p 9 ,)NTALIUM
{(3:m:3381pA’ = £ 3s93ea1b :33s1PA S ) NTILIUM
£(3:m:038TPA’ ,= & 3saTTRWs :03STPA b ) NIILIYM
INTALIYM
f(3:m2:xp’,= X ur buroeds :xp € ) NTILIUM
£(J:m233STPX’,= X 3sdo3ed1b :33sIpX Z ) NIZLIYM
{(Fm°03aSTPX’ ,= X 3IsdTTeWS :03ISTPX T ) NIILIYM
{ peaynuau
{(,uor3rsod yorodraA :nuaw Z TAAAT :s13, ‘aurridwoid)jezdwoid
NID3dg w©
b = IT 4T =3 ‘{11 = M LSNOD A
fgnusw FYNAIO0ud
{and .
{I1e3nuau R
£(r1sau’  :au /TT33U’  seU ) NTILIUM e
{(1Te2U’ 22U VTTAu’ [ Au W TT XU iXU, ) NTILIUM T
{(F:m:yonpoad’, = sT sased Jo 13aqunu, ) NIILIIM .“uﬁ
fou 4 3onpoad =: 30npciad SR
f3u y zZu 4 3onpoiad =: 3onpoid {Au 4 xu =: 30npoiad o
INTILTUM h
NIo3dd %
{vay :3onpoad ¥vA v
fp = IT 41 =3 411 = M ISNOD ;
{gpoad FTUNAIOONA T
{aNd ;i
{11e3nuauw "
{NTILIYM -
4
.

£(,330,)31I4M ASTI (,NO,)ILTYM NAHL bngap 41
£(, st urad bngap ) IALIYM




91Ty YAV O v LdandTy

* (ponuTiuod) XL VINdNI Sul

DL AN AR SN S o Aa- & sa s A o

S V) NTALIYM

ys2 =: [1]s

f(ouTT+(,0,)AYO)UHD =: yd ISTA
Ud NIHL QT = SUulT JI
{gbequ =: aw NAJHJL 2w > sbequ JdI

{1 + 1dsbequ AlQ (T -

NID3Id
=: BUTIT WOd
auw {1 =: su
bequ) =:

oa TU OF T
{01 =*

NIDJd

NIHIL 0 < sbequ J1
‘ =t § {peaynuau

tnuaw g ‘13AF1T .muu..wcuﬁumEOumvumumEONQ

{{,8381IT AIZZON

NIDJd

(IVHO YO {YADAILNI:BUTT‘auw’sw’Tu ¥yVA

{[T]9NIY¥LS:S

(3J:m:0paqie’
m:3gza00qaby’
Mm:j3ya00e] by’
beqjyojybray’
:beqyoyapra’
eqssanbysaq’
yibusiysbeq’

= yzbuaiys
yabusiays

{(,s03ds dTZZON S13 rnuauw Z TAAAT

4 . = butoeds uoT3RA3Td:0pP
3s33eai1b:JuoTlRADTD
3SaTTRWS :QUOTIRADTD

3:!»

pburoeds yjznwize:ep
3sa3eaib
3sayreuws

t0T = t1dsbequ ISNOD
{gpnuaw FYNAFTD0UA

f{anNa
{{1e3nUaW
opaqre punoib L ) NTALI¥YM
=a7zzou 3e yibuaiys(1s1) 9 ,)NIILIYM
= K3tsoutwny jo 3by(raa) S ,)NIALIYUM
jybray awety ? )NIILINM
J939WRIp PweTJy € JINIILIYM
a3ntosqe Z ) NIILIYM
aayjetraix T )NIZLIUM
{peaynuau
1813, ‘aur13dwoad) jejdwoad

NID3H

{6 = IT ‘T =3 ‘T = m LSNOD

{pnuaw FANAID0¥d

{aNd
{¢poad
) NTIIIHM
) NTILIUM
V) NTALINM
INTILINM
) NTALIUM
+) NTHLIUM
V) NTELIUM

tyjnuyze
toyanuyze

~ o™ w0

Al odadataboloranar o AJ'

PO DN W Wy T

it

-

159

e
S

P

PP '.

LT

dendadad ol




* (panuYiuod) 1XdL VLNdNI “Sil

S21Ty DIV

Sk and L SR MM ot aihe 2o A et 0en o

t(g:91:(¥]beqa’s:prs(T]begs’gs1’,

‘op °andty

{1 =3 !ST = M ISNOD
{Lnuaw FYNA"DI0dd
‘and
{11Ee3nusw
‘{anNd
. 'S)NTILIUM
{yo =: [1ls

f(aurT+(,0,)QUO)YHD =: YO ISTH
Yyd> NIHL Q1 = Sury JdI
‘T + sw - 1 =2 dUTY

.

NIDId

Od 3w OL sw =: T ¥YOd

{(,sy3buails FIZZON s13 :nudw ¢ TIAIT

. =3 § !peaygnusu
£((TT)HUHD) ALIYM

:s13, ‘aur13dwoad) jezduwoad

{{T]9NIN¥LS:S

NIDdH

LYYHO YD {YIADIINI:SBUTIT’T HVA
{ (YIDO3ILNI 22w’ sw) 9nuaw JYNAID0Ud

fand
{11e3nuau
fanNd

yo =: [1]s

t(gezre(1]lbeqz/gizT: [T]beqA’g:ZT: [T]PeqX’E:1S) NTILIUM

$(duTT+(,0,)QUO)YHD =: Yo dS1d

yd NIHL 0T

UTT JdI

{IT + su - T =2 dBUTTY

NIDJd

0Q 8w QL sw =: T ¥Yod
¢, , = s {peayznuau
e

¢{(,8U0T3eD0T FIZZON S13

( (TT)YHD) FLIYM

tnuaw £ TIAIT 813, ‘surridwoad)iezdwoad

1944

{[T]ONINIS:S {UVHDO:YO !YADILNI:SUTIT’T ¥VA
{ (MIOFINI 23w’ sw) gnuaw FYNAID0Ud

{1dsbequ 4+ auw

‘tand
f{11e3nuau
‘{gna
fana

{1 + 2w =: sw
tZ:su

*n

A-.MuGE- [

A

NPT WA vy

LV VPV VR Y

PEVE VPP

160

PRAPRPENPC S AL VR AR

W S

et atatal et al s




S Sl S A A A i Stk e e

A 2 AR aan- o

. (ponuriuod) IXAL'VININISYL :®113 04V “oF 2and 1y

161

{1X3L°€LNINI"SYL 15}

tanNd
{T1R3nUU
¢ (,120uo pasn aq ATuo ydea pinoys 932K, ) NTILIUM
{NTALIEM
f([g]dootaxau’, 1940 ST doo1 3souwIauur G ,)NIZLIUM
¢t ([y]dooTaxau’, 3xau b o) NTILIUM
¢ ([g)dooTaxau’, 3xau € ) NIILIYM
¢ ([z]dootaxau’, 3xau Z ) NTILI¥M
{([1]dootaxau’, 13A0 ST doo1 3sowaajlno 1 ) NIILIYM
{ peaynuau
{(,7033U00 4001 tnuauw 7 "JAAIT “muu..w:ﬂaumﬁoumvumumEOum

NIODO38

TIPS

gl




CSn a2 A W SO
e .

Lt Ao A v A “Bi

L M annd gudh gl 4

.

. o B
.................................

*IX4L GLOANI*SYL 211y 3uodiv "1y 2andid

{0 = IFINSHYQI =: Tnjssaodons
! (aep3no’ 1d) ALIYMIY
¢ (%001’ 1d) ISOTD
{-15]
{sweu =: A3p3iNnoO
£(IX3L" , ‘Bweu’ ,:, 'YSTP) LYONOD =: 3weu
{ (oweu) NIAVIY
{,11INV4IqLN0, =: dweu NTILIYM
¢(, [IX9L° ppe TT1IM 1] ¢ dweu o713 3eym,’p+u)3jerdword
NIDId
gs14d
dN¥l =: [NJISsaoons NIAHL ,L10VIId, = YSTP dI
L (ds1P) NIQVIH
{,110V33a, = YSIpP {NTILIYM
£(,[: ppe TTIM 1] ¢ S3ITNSa@x1 I03F HYSIP yotym, ‘u)jeadwoad
{ggIYd =: [nJssadons
$((TU)¥HO) ALT¥M ¢ (, ,‘duir3dwoiad)iejdwoad

Ivddau:y
{gN" (sjopax ¢ ,:LAOWIY, =: S NIOIL:f
{ONT (s)opax ¢, :¥HINI¥YA, =: S NIDJIL:T
{agNd (s)opa1 ¢, :dTOSNOD, =: S NIDIH:T

9Nd9L =: pPaysiutrj:Q

dO UOT31D9TdS IASVD
£(,0,)Q40-(Uo) QIO =: uUOI3DI[3S
£([¢9.°°:0,])3eYD336 =: Yo !gnusu
LV3dad
!9STIVd =: paystutlj
NIodd
{aNd
¢ {a9p3no’ 1d) ALTIMIY
ig =: ABP3INO
£ ()oo1“ad)dSOTO
NIDIQ
¢ (ONIYIS:s YVA)OpPal ANNAIADOUd
{NYITO0d:PaYsSTUTy
{ONIYI-toweu’ ysip’s UVA
{1T = U ISNOD
{3ndanopea1 FYNAID0Nd
u¢¢mUn£0 ummUmBZHuCOﬁuUQHGm uZQNAOOQuCOwum05@~szmﬂcﬂu;Hsuwmwoosm VYA
fejeppeal FANQIADOUd

162

s

L

e
as a

-
L

»

tata



A Ak o

LAnd badh aadl Aol aah

'~

oty

il

T

e S Sl A Al Sa e A e

O i S gt s

-~ v

— -

» (PoNuUTIUOD) LXAL GLNINI*SUL 91713 HA4YA1Y "Iy 24ndry

L (xp) NTQYIT ¢ (

{(xu’xp’33sTpx’03sIpPX)3asni
$(IISTPX)NIAVIAY ‘(¢ =

ST

{03sIPX =: 33
e =

3
£(o3asTPX) NIQVIY ¢ (,

(1T

& = Xp,‘surrisanb)jejdwoad
NISHL: €
{andg
P® NHHI 03STPX < JISTIPX 4]
J3s1px, ‘aurysanb)jejduoad
NIDIL:Z
{aNd
{1 =: xu
PX NJHL JIASTPX < 03SIPX JI
031s1px, ‘oursanb)jeyduoad
NIDdd:1
{dN¥Y =: PdYSTUTI:Q
40 UOT}DaTas JASVD
YYHO)ALIYM (., ,’dutrTsenb)jejdwoad
$(,0,)q40-(Yyo)a¥40 =: uOTIOIT3S
t([,6,°°40,])32yd33b =2 yo !gnusu
LYdday
‘ISIVA =% paysIuIy
NIOJId
{NVITO0E:P3aYSTUTy ¥VA
£1030939ppea1 FYNAIO0¥d

{agnNad
"H =: XU JdgsId
and
T + Xu =2 Xu
IXp 4 XU + QX =% 3IX
{(xp/(0X - IX))ANNOY =: Xu
NISJd

NIHIL 0°0 < Xp JdI
{0X - JX =: Xp NIHL 0°0 => Xp JI
NI1D3d

{ (JEADALNI 1 XU YYALTVIYXP YYALIVAY:IX YVALTVAY:0X)asnlpe FYNaadoud

f{aNd
‘paystTuTy TILNA
fand
pngap:9
bngap:g

{dSIVd =
‘dnydL =

tInjssaoons TILNN

163




- (penuUTIU0d) IXAL GLAINI“SYL :91TJ PUOATV  “[¥ 2andTy

40 UOT303TdS ASVD
$((TT)YHD) ALIYM ¢ (, ,‘durlrsanb)iejdwoad
£(,0,)040-(Y2) QY0 =: UOT3DII3S
£((,9,°°,0,])10Yyo33b =: Yo !lggnuau
LV3ddd
{FSTIVd =: pPaysTurg
NISdd
INVETOOH: POYSTUTI Y¥A
{uorjejuaTiopeaI FWNAAD0Ud

f{aNd
‘paysIuTy TIINA
{gNd
‘tand
¢ (zu’zp‘3JasTpz‘0asipz)asnlpe
! (zp)NIQVAY ¢ (,¢ = 2p,‘durTsanb)3iejdwoad
NIDAL:6
f{aNd
{(zu’zp’3asTpz‘p3astpz)isnlpe NAHL 03ISTPZ < 3JISIPZ 41
1(33sTPZ)NIQGVIY ¢{(,¢ = jisipz, ‘aurisanb)yejdwoad
NIDAE:8
{aNg
N.H =: ZU
£03s1PZ =% JASTPZ NAHL JIASIpPZ < 03SIpPz JI
£ (03sTPZ) NIQYay ¢ (,¢ = 03sIpz,’durisanb)3jezdwoad
NIDAL: L
{gNd
£ (Au’Ap’3astph’0astpfh)asnlpe
¢ (Ap)NIavay ¢ (,¢ = Ap,’suiisanb)iejdwoad
NIDIE:9
{aNd
{ (Au’Ap’33s1pA‘0astpA)asnlpe NIHL 03sTpA < JIsTPA JI
f£(33s1pA)NIQVEY (.2 = 33s1p&k, ‘aurisanb)yeyduwoad
NIDAL:S
LaNd
«H =: Ku
£03sTPA =: J3IsTPA NAHL JISTPA < 03sTPA 4I
t(p3sTPA)NIQVId ¢{(,¢ = 03STPA,’duyrsanb)jejdwoad
NIDd": ¥

{aN3
t(xu’xp’33sTpx’0isipx)isnfpe

164

P IOY Y T RSN T ey

[P VEVE VPR

MR T S S W |

P W P O 4




RS
X

-

-

. -
.

< (ponuUTIU0Dd) IXAL'GLAINI"SUL o113 HIADAIV 1 odndiy

S . PR
PP S P G,

LYIdIY: 1
d04d, =3 peystuIry:Q
JO UO130313s JSYD
$(,0,)Q¥0-(Y2) QYO =: uOT3O3[dS
$(liLy"740,])3RY0386 =2 Y2 !ynuau
LY3adday
{ISTVd =: paystury
NID3d
NVITOOH:PAYSTULy JYvVA
{aTnpowpeax FYNAID0Ud

dadade ad abalol oios

fandg
‘PaysTuUTI IILNN ¥
‘aNd "4
‘ang o
{(su‘’ap’Jaara’paaia)snlpe 7.9
! (op) NTAVEY {(,¢ = 9p,‘surysanb)3jejdwoid -
NIDJd:9 )
{aNg -
{(au’ap’‘JasTa’paaTa)asnlpe NIHL 0ADT® < JAST® dI
{(3a2T9)NIQVEY {(,2 = JuorlLAdTd, ‘Bursanb)jezduwoad

NIDJIL: G 7
‘anNd 2 -
uH =: 3JU ] ...@
{0ADT3 =: JADT® NIHIL JADIT@ < QAdT® JI Y
! (0a9T@) NIQVAN {(,¢ = QUOTIEAdTd,‘dursanb)iejdwoad am
NIDFH: ¥ o
tana "
{(3u’3p’Je3layz‘opelayl)isnlpe S
‘(Ip)N1QVAY ¢(,¢ = ep,’durrsanb)iezdwoad oy
NIDdF8:¢€ )
{aNdE <4
f(3u’3p’‘geasayi‘oeiayy)asnlipe NIHL 0©3I9Y3 < Feiayy dI - 4
f(Jeroa) NIavay ¢{(,¢ = Jyanwize,’surisanb)iejzdwoad - ww
NIDEE:Z o
LaNd v

{1 = 3u
fge3aayy =: Jeiayl NIHL Je3Idya < oelays JI
f(gvaayl) NIavay ¢{(.¢ = gyanuize,’surysanb)iejdwoad
NISZHg: 1
{dNdY =: paysiIurl:Q

Sy




* (ponuTIU0d) IXAL GLNANI*SYL 91T ULV "1y dInd1y

L(,(9/1/2/&8 /%] ¢ dOO1 S1Yl 103 yot1ym, ‘surrsanb)iyezdwoad
NID3d
NJHL 0 < UOT3D3T9as JI
£(,0,)Q¥0-(Y2)Q¥O =: UOTIOIT3S
$([4S4°"404]1)30Yy0386 =: yo !,/ nusu
LYAdHY
{dSIVd =: paysTury
NIDJd
LYVHD YO {NVATOOd:uolIlsanb/paystull YVA
{19piodoo1 FYNAAO0Yd
{ana
{paysIuUTY TIINN
{anNa
£((0°T => opaqre) ANY (0°0 =< opaqre)) TILNA
{ (opaqie) NIAVIY
. {(,¢ = punoab jo 0ogag1v,‘surysanb)iezduwoad
w LVAdAT S L
$(0°0 =< 339200q3bYy) TIINN
! (33200q3 6Y4) NTAVAY
{(, (335 191) ¢ O1ZzZ0U 3J® I3MO4,‘duirsanb)yezduoad
LYddIy 9
. £(0°T =< 33°00®36Y) TILNN
: ! (33900€3bY) NTAVIY
£(,(aby 129) ¢ 3Twry A3trsoutunt, ‘surisonb)jzezdwoad
LYdday: g
{0°0 < beqzyojybray ‘1IINM R
¢ (beqyo3jybray) NIAVIAY oy
A
h

a3

DS e the i Snfhe Y

166

(wo) IHOIAH aweT3, ‘aurisanb)jezduwoad R
LYdddy:y U
{0°0 < beqjyoyaprm TIINN B
! (beqzoy3pim) NTIAVIY s
{(,¢ = (wd) YHILIWVIQ swel3,‘2urysanb)ijejdwoad P
LYAdIY €
10°0 < begssanbisaq TIINN .
! (begssanbisaq) NTAVAY T
f{(,¢ = (1e0) yzbuails ALNTIOSAY,‘duiisanb)jejduoad x
IVAdIE T .@
{0°0 < yabusiysbeq TIINN L
{ (yz3buaiisbeq) NTIAVIY
(¢ = yabuaiys IAILVTIAY, ‘durrsanb)iezdwoad

(.2




PR P

4
.

. (ponutiuod) IXAL dLNdNI SYL 9173 FHOIIV "1¥ 2an3 1,

LYdddd
£SIVd =: pPaystuly

NID3ad

{NVETI00d:paysTuTy ¥VA
tuor3jTsodpeal FANAID0YA

‘AN

{paystuly TILNA

{gNUL =:paYsTuty FASTE
anNd

{gNg
1 ([UOTA09TOS+0 T+ (T-39sw) | beqZ) NTAYAY :,2.'. 2,
1 ([uOT309T98+0T» (T-39su) ] beqd) N1avdd :,4,’ X,
1 ([uoT309Tas+0T» (T-325w) ) beqX) NTAVAY *.X.’' X,
Jd0 Yo dSYO

£(,& = ST ,‘Ud)IAIIUM
¢(, Jo antea ay3, ‘suyTsanb)jeadwoad
nAH.N-..h.-.x-s.N.~.N.~.N.uvumnvqu =: Yo
¢(,[2/K/x] ¢ z 10 'K ’x abueyo, sutTsanb)jezdwoad

NIDJd

NIHL 0 < uorjoafas J4I FST

((L)¥HD)ILI¥M NEHI T + Sw - duW < UOTIDITAS JI
: UoYloaTas ASTH

0T =: uorjoaros NAHLI [,e,’.¥,] NI 4o dI

: yo ! (suw’sw)gnuau

£(,0,)Q¥0-(U2) QYO =

u»—..0.-.4.-.0-.-O.HVHQSOUNO =

ILvIAdId
{ (39swpear) LIXd NIHL su > 2w JI
tspequ =: au NAHL sbequ < aw JI
16 - aw =: suw {QT « }IOSW =: U
IggIVd =t paysTtuil
NIOJd
INAOIAINI 2w’ su

fYVHD YO {NVETOOg:uoT3isanb’/paystuly ¥vVA
{ (EDFLNI :32su) 32supear FUAdIDOHd

fand

‘paystuTy TILNA

!ANUL =:PAYSTUTF ISTH
aNd

tyo =t [uoj3oaias]doorixau
L

(z€-(Uo) QUO) HHD =% 4O NIHL [,8.’,3.'1Z: ' 4, " X,] NI U2 dI
tUI

.0.~.u.~.N.-.>.~.x...ﬂ.-.B.s.N...N...x.uvumcouwm =: Yo

167




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

- (ponuUTIUOD) IXHL GLAANL"SYL 2113 4941V ‘1 2and1y

{dSIVd =: paysturjy
NIDJ3H™
{NVIT008:PaYSTUT] VA
{yjbuaagzspeaa FUAAIDONd
‘ana
{paystutr3y TILNN
AL =:paysTurjy FSTA
m and
fana
[uoT309T35+0T« (T~395w) ] beql) NIAVAY :,3,’.d,
[uotaioaTas+0T« (1~-30sw) ] beqs) NIQvay :,S5,’,S,
_ d0 Yo ISVD
_ (4 = ST ,'Yo)ALTIYM
I
, o

:
_ r

, Jo °onteA 3y3,‘suirsanb)ijezdwoad
$(le3s’48, 4L ¢Sh])aRYD30D =3 Yo
be: {(,[3/s] ¢ 3 10 s abueyo,’suirsanb)jezduwoad
5 NID3d
NIHL 0 < uot3daIas 41 ISTH
((L)YHD)ILIYM NEHL T + SW - 2uW < uUOI3oa[as JI
£(,0,)Q90~(Yd2) QYO0 =: uOTIOAT3S USTH
0Y =: uOoT3O3Tas NAHL [,e,’,¥,] NI yod JI
uAH.0.~.<.s.m.cegc._vu050u00 =: yo ! (sw’sw)9nuau
LV3AdId
! (1abupeas) LIXd NIHL sw > auw JI
4 {sbequ =: aw NAIHJL sbequ < aw JI
. {6 — @u =3 sw {07 4 3I8SW =: Buw
: {4SIVd =: pOysTurj]

168

NISHg
{MFAOALINI : B’ su e
{4VHO:YD ¢NVITOOH:uOoT3ISanb’paystury YVA L
! (JIOALNI s I9su) 32bupeas FINAIO08d o
{pOYsTUTy TILNN e
. tand SN
2 { (uoT30a1as)IaswWPea1:0T’6°8°L9/S‘V'E'C'T o
. {ANNL =% PAYSTUTJ:( -
JO UOT3D3TIS ISV Bk
£(,0,)Q¥0~ (YD) QYO =: UOT3IOBTAS FSTA T
0T =: uOT3IOdT3s NIAHL [.e,’.¥.] NI Yo JI o
f(ls2,,¥,%:6,"°,0,])304d336 =: yo ‘gpnuau .ﬁm
i
X
” ﬂ...m




T

-(panut3uod) IXJL GLNdNI"SUL 911y HALLIV 1P 2and Ty

{aTnpowpeai:
¢ (sbeqouxew => sbequ) gN¥ (0 < sbequ) 7TIINN
{aNg
sbeqouxew =: sbequ NAHIL voiisanb J1
$ (uotasanb/T~*1-*,¢ Yo xew ‘3TqemoTTe SQIIOXH I1=qunu,
‘surysanb’g)q ue 33b
£ ((L)Y9HD) ALIEM
NID3d
NgHI sbeqouxew < sbequ Jd1
! (sbequ) NTAVIY
£(, ¢ PTAT3 ayy ur SA'TZZON Aueu moy, ‘surtsanb)jezdwoad
LYddIY: 1
{anNd
aNd
(WYd90¥d) LIXA
¢ (4001 2d) ISOTD
! (ILNd1No) Iovd
NIDJd
NJHI paysiutry JdI
¢ (poysTuII‘0T‘sT*,¢ 3TN 03 Apea1 nok aie,’s’6)q ue 33b
(T)YVATOLINA ¢ ((L)¥HO)ALI¥M ¢ ((TT)YHD)ALIHUM
£(,<<<<< AYNAIO0Ed LIXT >>>>> , ‘outT13dwoad) ye3dwoad
N193AE:0
J40 uoT30913s JISNO
=: uo13o9T9s ISIA
! UOT309T®S NIHL [,6,°°:0.:] NI Ud dI

‘ol
(,0.)a¥0-(yd)Q¥0 =
t(lyey*¥:"16,°°,0,]1)30Yy0336 =2 Yo {Tnuaw

LYdd3ay
!3SIYd =t PIaYsSTuI
NI19dg
{anNd
{paysTutT3 TIINN
{GN"

{ (uoT309T9s) 3obupea1:0T/6°8°L 9 S V' E‘T'T
{9NUL = pPRYSIuliIj:o
JO uoT1310913s USVD
£(,0,)QYO-(Y2) QYO =% UOTIDI[IS ISTH
0T =: Uoy3oa1as NIHL [,e,’,¥.] NI Ud JI
£([,8," ¥:'46,°":0,]1) 3040336 =: ydo Igpynuau
ILv3day

P U O P P Y




OO . IE) ' .
1 N - . G s . R A ..... A a ALY
. L N [PACIRERN

. A oo PR R

T (ponuTIU0D) IXHL GININT"SUL :oT1J HADHIV  “1p 24nd1y

170

“aNd 3Tne3ap NIDId
f{anNd
‘paystuty TIIINA

{and

{gKkajaiouby LON =: sdkayazoubr:gf
‘ANYL =: PaysIuII:é6
{19paodooTt:g
{3ndaynopeai:y
fuorjejuatraiopesi:g
{1030839ppeai1:qg
{yjbusxyspeada:y
{uor3yisodpeaa:g




Phaidl
AR

v

RS a2

LAa e

*IXAL LINN-SYL o173 3041V gk 9andTy

¢ (a9p3In0’ 1d) HLIYMIY
¢, 2ITOSNOD, =:! aA@p3Ino ! (1LNdLNO)dovd
NI9dd
{HNIYLS S UVA
{31038 FYNAIDO0Hd
{aNd
{(ds1vd) autTINuD

P B G Gl rad Aald

2
.A. llllllllllllllllllllllllllll s
fymemmm s mmee o { 2d) NTIITHM
$(dSIvd) 2UuT YO
{(, (oes/z wd/1eD) (bap) (bap) .
‘4 (cwo) (-wd) (-wo) i 4 2d) NTELINM
£ (gSIVd) dUTTAYO
L(, xnTd uoT3leAaald Yyanuwizy .
‘,3ybtan ISIax I1S1ax o/ 1d) NTELIYM
NI1odd
tburpeay FUNAAD0Ud
NOILVINAWATAWI

{burpeayad FYNAAD0Ud
!NVETOO0d: 2dedsa® NOILONNJ
tasned FYNAIO0¥d
{31038 FYNAFAD0Y¥d
fputpeay TYNAIO0Ud
! (NYII00€: J038DTPUT) BUTTIYD FYNAIAD0Ud
{4d@oIINI J0 [sbeqouxew: "] Xv¥yv :beqy
{qvay 40 [sbeqouxew ] XV¥dY :beqq’beqe’beqd
‘beqbi’beqzbi’beqiTm’beqim
IYAOFIINI :aurTwax’asuryiurad/auyryiser’aury’s
{NVATOO0H: 193 1ImOap‘oTqetp/uaaids‘bergio
{TYEYNTI ‘A9T3‘e39Yyl ‘asTIpZ/asTPA’/IsTpX
{9NINLS :1a71e3ad ‘aspeayad ‘i1apeay ‘uUoIsId3A3POD
dVA
f3ndursiy {FQ0D°INANI°S¥L N$
‘satqerrea {dQ0OD°SYVA'SHL 1§
*mucmmmm an 8 *our ‘z93ndwo) 21ddv 0861 ‘6161 uzmﬁuxmouv ‘pudosuril’jynysatdde
sdasn
FOVIUAINI
{ Z8-1dy-g1 :uolsiap |}
t33n3s s13 LINN
{-as} {+ss}

171

il




v . -

LR ALy

o

(,s

v o

* (panut3uod)

. T, . AR . . g . A
Koo, 4,4, 6, 4,0, % - K AL R L T T . .
P B RS T Y . B . . s

LXHL LINN'SHL  :91f, 39941V Ty 2and1y

v
X X § couwetd,
4 1d) NTILIHM
{(1d) NTILIEM ¢ (1d) NTILIUM
{ (uoysadaaapodo’a91te3zad’ aopeayad 1d) NTILIHUM
¢ (1d)d9vd NIHL u8d19s JLON JI
£(QUTT’0)XX0L0D T =: BuTl
{((TT)YHD) ALI¥M £ (T1‘0) XXOLOD
NI53d
{YIOTINI 2 d YVA
tburpeayid FYAAIDOUd
{and
tang
yo 41
yo 41
{aNga
! (WID08d) LIXd
£ (3001 1d) SOTO
NI93d
NAHL (€)YHO = yd JI
! (ydo) vy
N19dd

NAHL SSIUAXAN JI NIHL s&ayaaoubt JON dI
199I¥d =: adeosa

be131o NIHI (€T)YHD
adeosa NIHL (LZ)YHD

o (at: 07
‘andL

[
w0 e
1l

NIsdd

{YYHO YD Y¥VA
{adeosa® NOILONNJA
{anNd

$((6Z)YHD) ALIYM ¢ (dBUTT’0) XX0LOD
«N =2 DUIT
(1) YVITOLINA
{NTQVIY
£(,°"°9NUT3UOD O3 <NINLIY> s531d,) ALIYM
NISJd
tasned FYNAIDO0Yd
{aN3
{1 = auly
{(s’Q)3ezdwoad
{ (UOTS13A9POD I9pEIAY) LYDNOD =: 8
! (LNndINO) d9vd

.........

fol
‘d
4

R
PN

PPN

I A PN

172
A At A e e

R

P

Y Ce v
AL AP
I B W) 7

- .-‘ .
e

o N )

-

P

o

v




.

A

TreTRTgTrwpTRTyeY

A S et e e o

* (penuTIUO0D) IXAL'LINA'SYL 21713 FA94IV gy @andiy

NIHL 103edTpu

_ NEHL

! (1:0T:opaqre’,

£(,(*3by awer3y e aamod o3 Ta¥) ,’‘T:01:
£(,(3by swer3y o3 T3ay) ,‘T:0T1:

!(,cwd ,‘1:01:beqjyojybray’,
f(,cwo ,‘T:01:beqioyIPIM’,
{(,098/1Te0 ,’1:01:beqssanbisaq’,

$(T:0T:yzbuaaysbeq’,

tbutpeayad {1 =: BuIlfl

NIDJEd
T J4I NIHL 2uttaurad =< aury JI
NIDJd
NdHL o1qetrp 41 JS1d
aNd
{purpeay NIHL I03edoTpur JI
{asned
NIDJd

autrT3Iser =< 3Ull J4I NIHL ua31ds JI
T + SUTT =: BUTT

N193d

{auT YD FUNAIO0Ud

{aNg
{butpeay
$ (FSTVA) BUTTYYD
{ (1d) NTILIUM
¢ (FSTVA) DUTTAYD
= opaqiv punoig ,‘i1d)NTALIHM
¢ (FSIVd) dUTTAYD
21zzou 3® ,I13mo4g, ,
¢ 1d) NTILTUM
£ (gs1vd) SuUTTRYD
3Twy] Ajrsourung ,
*1d) NTRLIEM
£ (FSTVd) dUTTHYD
aybroH aweld ,’ad)NIILIUM
{ (gSTVd) dUTTHYD
1939uwerq sdwetd ,‘id)NIFLIEM
$ (FSIVd) SUTTYYD
y3buaiayg a3ntosqy , ‘1d) NIILIUM
{(4S'IVd) SUTTIYD
yabuaiyzs aarzersy ,’1d)NIALIYM
¢ (FISTVA)UTTAYD ¢ (3d) NTILIUM

{aNd
¢ (4STIVI) BUTTHYD

33900q36y*,

173

J3s00e3by’,

$(1:01%[u) beqs’1:071: [u) beqy
‘1:0T1:[u] beqz’T:0T: (u] beqh’T:07: [u] begx’g:u’ad) NTILIUM

NIDdIg
0d sbequ QL T =: U ¥Od

P




SRa Gl 2B 208 b e B
-

+ (ponuT3iuod) LX4L LINN'SUL 31713 4941V  “Zp dandr4 s

hi 2 R Ay Sie S bt ch b0l

Cliui e B4 e 3
, 2 I o

~r
~ »
i
i
-
4
. 1
and o
{9L =: aurtwaxr {9g =: duitiutrad gz =: dUTTaIseT IGT =: udTTed1 {Gg = UITIUT A;
. NIOAE ]
3 taNg 0
“ ana =
, {anNd
’, tbutpeayad {1 =: Buyl S
.. ZHUmm ’ _..n
. NFHL 103edTpul JAI NIHL SUTTWII =< SUIT Al R
: NIDEE
: NIAHL I9372ImO9p JI IS4
N and

{andg




T

T

Al S B Jhughs

*LXAL GWVI4-X0T 2113 d39d'1V  "g¢p 9andty

41d) NTILINM
NIDJg
jutadmod FAYNAID0UA
{ang
£ (FNYL) dUTTIYD
t(p:[C]beqy’ = ¥ @19ym,
‘y *s3d ‘piw’, yamm ‘,
‘p:L’,4 STnpoN,
*1d) NTELIUM
£(4NUL) 2UTTHYD
! (1d) NTILIUM
NI153d
‘¢ = p 0T = M LSNOD
fjutadbeq FUNAID0Yd
{qvay :3baey3y’ibaeyil’urtwyly ‘xewysy
YAy zp
{IyEy 40 [xeww- °o] xvyyv:drz‘drs
fygy:es’za‘ ‘ez aTmau’ Tau’ M T 1s/du’zba’61/ (3 (s’ (z/ (X’ [x
{qyayg:30‘3s’33’90’as’aa’a]
IYIOAILNI tw/u’/xew’/ T/34/C‘1 WvA
umH = :MEE
{16 = Xeuwuw
06 = K3ajes f0°06 = a1bued ISNOD
fajeTnored FUNAID0Hd
{9VYHO:YD
IMADALNI:GU/PU‘EU’/ZU’/ TU'GT PT/ET CT/TT'TTT
IMEOFLNI J0 [S°°T]AVHNV:OT {YIDHALNI:3junoddool YVA
{sdooT AYNQIAIOUd INIWOIS
LQUYMN¥Od {IVFY: (TYIY :X)uTrse NOILONNJI
{33n3s si13 {FA0D°IINN°SYL N$
‘3ndutrsiy {IQOD°LAJNI"S3L N$
‘sarqetriea {FAOD°SYVA"SYL N$
‘uot3vesiajuy 3TD112 {HA0D°LINA°INID 0$
*mucwmwm on %°our ‘i93ndwo) arddv 0861°6L6T Iybriddop} ‘pusosueay 4 33n3satdde
sasn

on

¢

{ SAWY'Id - weiboid uorjerped SHlL }
* 78-1d¥-€1 :UOTISIaA _
fuoT3ieIpRISI] WYYO0Ud
{-as} {+s$})

Y .... .
o 2 o0 U UL P IE P  TR Y
- . TUPLIIINTY ! i R ’

175




T -

TR

Lo a e

...........

* (PONUTIUOD) LXAL GWVIA-XO'1 :o[Ty HHADAIV “gh 2InN3T4

(0°z/Beq3oyapim) s z 4 d =: T9pow NAHL 0°T > Z dI

(0°T - 33900€36Y) / (2 - 0°1) + 0°1
0°0 =t d NIHL 0°T => 33

NIHL 3J3ao0oe3

{0 =: d 3s1d
and
= Q as1d
aoowryby 41
NISdd
by > z 41 FSTA
and

(0°T - 33°020q3by) 5 (2 - 0°1) + 0°T =: d ds7A

0°T =¢ d NAHL 0°T = 33

?00q3by 41
NISZg

NIHL 0°T => Z dI

{vay: (Ivay:z

[N

‘pim

o

(tbaeyz’ ,= 13
‘3baeyy’ = 33

‘pimtaIm’ = 1M
‘pimiagmu’ = aTMU

NI93g
{qvay :d ¥vA
) TIspow NOIILONNJ

tand
‘{ana
(FNYUL) BUTTAYD
{(p:m:jC]beqq “‘p:m:([(]beqe
‘pim: [(]Bbeqba  ‘p:m:[(]beqzbix
‘p:m:[Clbeqatm ‘p:m:[(]beqim
‘p:m:[C]beqhk  ‘p:m:[(]beqx ‘1d)NTILIUM
NIDJg
oa sbequ o&L 1 =: [ ¥od
{(FNYL) dUTTAYD
1(.,q e ba zba .
fy aTam 10 K X o ! 1d) NTALITUM
NISd8
{4F9aINI :{ yvA
!¢ = P {0T = M LSNOD
tqutadizos FYNAIO0Nd

{aNd
(anuL)3uTTIYD

ted’ = ed
‘prify= 1,

o o

oy

176

Aol ondand ol ad ok o abded




RAAEAGMEARAG bt ot fat ko uby ahdthulis et et et A% 2 Bt Nto 2t Rl at at o i SEASIEASE

e At Il Bal Sl B il iy

............
o .

* (PANUTIU0D) LXHL IWVId-XO1 :2171) 041y "gp 24n314

! (4393 INI :T7) y3ibusizsbeqpouw FYNAIDO¥d
{aNdg
‘and
t[f)beqq- =: ([(]beqq
NdHL 0°0 > ¢m JdI
{([C]beqba / TMm)sooe 4 bapojpex =: ([[]beqq
{({C)beqbx / snipea)uise , bapojpea =: [[]beqe
tbx =: [(]beqba fgbi =: [[]beqgbi
fatm =: [[]beqatm (1M =: ([[(]beqim
oD y IM =! ITM

130 4 (Cx - 3sIPX) - 35 5 (LA - 3sTPA) =: ZM
130 x (€KX - 3sTPA) + 35 » ((x - 3ISTIPX) =: M
{(zb1)Iy0s =: b1 ¢ (LA-3sTPA)yOS+(Lx-351PX)YDS =: ¢ba

t{f)beqk =: [K {[[]bBbeqx =: (x
NIDdIg
og sbequ oL 1 =¢ [ ¥od
{0z / beqjoyipim =: snipex
NIDJ8g
(9IOAINI 3C {IVIY isnyipei’‘zm ¥vA
!sbeqijios FuNaadoud

{anNd
!xaput- [(]3oaresy =: [[]beqy og sbequ oL T =: [ ¥yod4
‘{anNd

Ix =2 [1}309719sy !{[T]}309I3asy =: [M]308T3asy

{ANd
f[C]yoo1esy =: x [ =: ¥

NIDJd

NAHL &a)°x > Aay- [[]adarasy dI

oa sbequ OL T + T =: [ ¥od4

{[(1]j30°T9sy =: X !T =%
NIDAE

oa 1T - sbequ 0L 1 =: 1 ¥od

‘€ =: xopur’ ([]1303719s) 0a sbequ oL T =: [ ¥od

{[L)beqba =: Kay-[(]30a18sy 0a sbequ oL T =: [ ¥oO4
NID3d
‘waly :x {YADAINIIN'C’T {walr J0 [sbeqouxew’ T[] XVYYV :303[3s) ¥YvA
!aNF {4IEDFINI :XOpul IvIAY :49) QUODEY = waIT FJAL
{1030979S FUNAADOUA
‘aNa

{(0°z/beqyoyipim) , d =: [apouw IASTI

Al Soe

Ahea e o

B n o A

177




- (ponu13u0d) IXAL AWVIA-XOT 911y A4V cgp 2andiy

: NJHL 3ISTp bue3 > 3ISTPTI2IUT JI
{(3s1pzad3ur’gTA’ZIX)E33QOTED =& Zelaq
3 £(3sTPTI23UT’/ [T1A1TX)e38qOTed =: Te33q
F, ¢ ((Z1&-3sT1PA) DS+ (ZTX-3STPX)¥YDS) LYDOS =: 3ISTPZIajut
. £ ((T1A-25TPA) YOS+ (TTX-3ISTPX) ¥YOS) L¥0S =: 3IsTPTIdJUT
g f ((1s)uDsS-[w] beqzbHi1) JUDS =: 2Isip buej
NISddg

‘andg

f{e3aq =: e38qoTed

{e3ag- =: ©33q NIHI 0°0 > ZM dI

{(p / 1m)sode , Hopoipea =: elaq

3 30 4 (X ~ 3ISTIPX) - 38 x (K ~ ISIPA) =: ZM
: 30 ¢ (K ~ 3ASTIPA) + 35 4 (X - 3ISTIPX) =: M
NIDId

{Iygy :elaq’zm’1m uva
{(IYay ¢ (IVIY :p’&L’X) e38qOTRO NOILONAL
{ydy :ze3laq ‘Te3aq ‘3IsTpgIdajur ‘3IsTPTIdSIUT YVA
fpowut FYNAID0Ud
‘aNdg
{(zsod gNV [sod) =: apisaues
(00 < Aumﬁvw.umﬁvx.HE_mmna._E_mmnx._a_mmnm~HH_mmnxvucm:ﬂEuwuwvvm
=2: ¢SO
£(0°0 < (TTA’TIx’[w]beqh’ [w]) beqx’ [T) beqh’ [1] beqx)jueutwialap)
=: Tsod
NIDd8
{NvaT100d :Zsod’isod ¥vA
I{NVET00€ :2pIsawes NOILONNJ
taNd (2A-TK) #€X + (TA-gA) 4ZX + (€A-TA) 41X =: JuBPUTWISIAP NIDIHL
fayay ¢ (IvEY seA/ex/zA/Zx’TA/IX) JueuTwidlIsp NOILONAE
fgNd 3 =3 ZX ZX =: IX {IX =: 3 NIDIH
fIYad 3 dVA
(IvAY ZTX’TX YVA) UYd3TmMs I¥NAID0¥d
{rjydy :tbeqeezyap ‘ax ‘1s
{NVITI00d :3D3s123U¥
{7vgy :3stp buey
‘snipea
{Mvay gTA/ZIX/TTATIX ‘3sTp
{YIY :3801NOSZ ‘di3z ‘jurz
‘utwaTbue ‘xewajbue ‘afbue ‘orles ‘orjex

g {4EOFINI U ‘w ‘Y ‘[ ¥VA

o«
~
—~

Lo

.

P
Y. -
W Y UL B

)

. S T
b W ol G W

-
‘e




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

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

.

+ (ponuTIU0d) IXIAL IWVI4-X0T :o1%y TADAIV sy 2and1y

NaEHL di3z + beqjojybrey > Juiz a1 ASTH
0°0 =: orles NAHL d1iz > 3urz JI
$({[T]beqbx / [w]beqbi) x (3STPZ-3Z) + 3ISTPZ)SdY =: uUIZ

oo
PRV VS VLR VL VPO Il

RACaE sl ot S o ot

-

Y {[u] beqz =: dijz {Q°71 =: or3es ,@
3 NID3d B
3 NEHL W <> T d1 1
) 10°0 =: xewdybue g°Q =: utwaybue =
P, ¢fulbeqy =: w m
. N1D3d "
0a sbequ 0L 1 =: U ¥od ]
!{116eqq =: Tbaeyj K

% !peqeeztop + [1]begq =: xeuwyy

fbeqeejTop - [T1)bedq =: utwyy

3 £ ([1)begbax / a11)uise , bopojpea =: beqeejzrsp

3 {snipex y or3el =: 11
tpeqjoaybiay/(di3zz - 92anosz) =t O13eR1

N3HL d13z + Beqjojybiay > soinosz JI1 ISIH

0°0 =% otaex NAHL driz > 901In0Sz JI

{1 (jz)sdd =: 9¥d1nosz

{[{1]beqz =: di3z {0°T =% oOTjex

{(sbequ = [) wo ([C)Beqy = T, TIINO (C)O0ns =: [ Ivaday

179

¢0°z / beqyoylpim =: snipex

futwabue - (w]beqq =: Xewyy
NEHL xwwy3j > uywdybue - [w]beqq 4I
NAHI xeuwaTbue + [w]beqq > xXewyl JI
, {xewatbue + [w]beqq =: utwyl
b NIHIL utwyl < xewatbue 4+ [w]beqq 41
NAHL ujwatbue - [w]beqq < urtwyl JI
fpomwuy NIHJ 3I09SI93uUl J1

{ajbue =: uywafbue {afbue =: xewaibue

! ([w]beqba / 1s)uise y bapojper =: afbue
: NIDS3d
{saTbuepow FYNAID0Yd
f{aNg

! [w]) beqq - Ze3laq =: xewajbue

NJHL 3IsTp bue3 > 3sipzaajut di
f1eyaq - [w}beqgq =: uiwaibue

AA LT ) s # e Cete e b, L, . o . e R Coe .
] . , o S e e . Sl e X . RN L e



o . .m -.... ....... . ,..‘.. .\ . NI .......:.........-.-RH. . _.‘.. ~.... .A....“..\_ Ts\...\.. . .- \ » B _

m ........... PR P ot
4
»
*(ponuUTIUO0Y) XL AWVIA-XOT 20113 FHADL4Y  “gp 2uandiy
NIDJIH
OQ W OL T =: T ¥0d
t{oldrs/[1]d1s x 1s =: [1]dis O w OL 1 =: T ¥Od
ik
f[r)d1s + [0)drs =: [o]drs
! (beqgyoaybray/(fz - (r]drz) )topow =: [1]drs
NIDdd
oq w oL T = T ¥0d
f0°0 =: [o]dts
{yzbuasiysbeq =: 1s
‘zp + [T-1]d1z =: [1]d1Z OQ W OL T =: ¥ ¥Od
{(z + zZp 4 6°0- = [0]diz fw/beqjoaybray =: zp
futTww =: W NIHL UTwWw > w JI
{xeui =: W NAHL Xeuw < w JI ¢ (dw)ONA¥L =: w
1 bi / (beqjo3jybtay 5 £393es) =: du
{[C)beqaTm =: uqz {[C)beqTm =: 1M
{[C)beqba =: ba _n_mmnmmu =: zba
{[C]beqy =: [3
t[{]beqz =: (z {[[)beqk =: (X :[[]beqx =: [x
NIDJd
oa sbequ oL T =: [ ¥od o
f{1030919sisbeqiios {g°Q =: ni3 <

( t 90 !{(93)NIS =: 95 {pei1031bap 4 Ad[D =: 93
£(33)S0D0 =: 32 {(33)NIS =: 3s {peio3bap , (arbued + e3ay3l) =: 33
: xew[ FSTA ¢ =: Xewy NIHL 0°0 < opaqie JI
NIDJE
‘aNg
{0°0 =: [1]beqd ds1a
(beqeejTap + beqee3rsp) / (utuwyy - xewyl) » [1]beqs =: [1]beqd
NZHL (0°0 < ©O13®1) ANV (utwy3l < Xxewyl) JI
f(xewyl + utwyl) s §°0 =: jbaeysy
faNg
{aNg
{saThuepow NAHL 23109s1d3ul A1 AS1d saybuepow NIHL [ => u 41
taNdf (ZTA'TT1A)yojtms ¢ (ZIX/TIX)YD3ITMS NISHE
NAHL ((sprsauwes JLON) AGNV 309s193uT) JI o
t(zrh'zix’11A‘TIx‘asyp’as’ (w] beqd’ [w] beqx’ 11’ [1] beqk’ [1] beqx .
JUOT3DI81I383UTO =: 3D38133UT
{snipel y O13es =: IS .
tbeqjoaybtay/(dy3z - 3uyz) =: or3es :

e a

e

i

oy

[ I

ST
IS P

N
& e




."F-

- ,.,

e

.

——

P4

AZRSM Jnb _Baan s St e San 4

3
AP SRR R}

AN -
ICRNARANS VSOORUINICRTS AR | JRITIRIRER

; AN,
= SRS .,\r.-;.-.l

* (ponutiu0d) LXHL TWVI4d-XO1 91Ty g0V gy San3 1

NIO4EH

0d ¢u OL 1T = ZT ¥O4
NID3d
0d Tu OL T =: TT ¥Od

1[g)oT =: Gu ![ploT =% pu f[€)oT =: gu {[Z]OT =: gu !{T}OT =: Tu
!gNd
‘anNd
fau =: [jqunoodoor]oT:.d,
f{qu =: [junoodoot]oT:,l,
{Zu =: ([qunoodooT]oT1:,%Z,
tku =: [3unoodooT]o1:,X,
Ixu =: [junoodooT]oT:,X,
JO Yo ASVD
¢ [aunoddooy]dooT3xau =: Yo
NIDdd
o0 S OL I =: 3unoddool YOI
NIDdd
fand
t1dinoz / beqssanbisaq y 073 =: OTF
tang
{anNa
taNd

1g1 / ©d 4 IS + NTF =% NTF NIHL 0°0 < &0 dI
fopaqie 4 BO =3 O NAHL T < T dI
t1/(9s 4 (42 - 3IsTIPZ) - ITmu) =: ed
tanNd
{20 4 TAU =! ITMU
£(30 » (93)NIS + 35 x (33)S00) & B2 =: Tau
tpeioybap x (easya-jbaeya) =: 23
NI9dd
NIHL Fbaeyas <> tbaeyz 41
{1Tm =: aTmu
¢{f)beqd x [1]dIs =: 1S
¢ (£)yabusiysbeqpou
! (zx)yds =2 1
t(jz ~ 3IsTpz)y0s + ¢bx =: 71
{42~ =t 42 NEHL T < T dI
NIDIH
oa xewuy OL T =: T ¥Od
{{r]drz =: X2

181

APPSR, P8 WS |

At ahaal e



WP YT

st G

* (PONUTIUOD) IXAL IWVIA-XOT :91TJ

A0V sy 2andiy

{(anyd)autTyyo

£(Z:91:0nTF T:ZTART‘T2ZTRIBY]
fTZTISTPZ/T:ZT:3ISTPA/T:0T:3STPX1d) NTALIUM

£((
VERATY =AY ey
‘€237 =31 €97

NZ
IXp y (T - X1) +
thp & (1 - A1) +
zp 4 (T - 21) +
fap » (1T - 37) +
ftop 4 (T - @1) +
(11T
{111
111
11T
111

mGUMA:UHMU
f{andg
6Z) HHO) ALIUM
s.ﬂNﬂ ]
g -“Oﬂ s v dJLI9M
£(6°0) XX010D
NI9ddg
HI uU?910Ss JLON JI
03SIpPX ISIpX
03stpPA IsTph
038TpP2 Isipz
oe3ayl e3ayly
0AdT® ADTD
{andg
{aNd
.m.
-.H.-
vz
-N-
X,
JdO Yo ISv¥D

nnnn
a0 80 s s 90

il
e o8 o0 en e
X >NP O
ol cod e opd o
e s0 ee e ee

{ {aunoodoot]dooTixau =: Yo

‘g
iy
‘g
'z
‘1
do 3u
00 S 0oL 1

od

{aNd
TI1:S
TTT:Y
TT13¢
T1T1:¢
TTT1:1T
noodoo1 dSYD
NIoad
=: 3junoodooTr ¥WOJd
NISJY
SU OL T =% ST ¥OA
NIDJIH
P FT ¥O4
NIDJId
O0d €U OL T =% €1 Q04

ool cpb rd e vl
]
s oo oe oo se

0d vV OL T

182

4
.4

At A al av

s a

)
ar

PRGN W S S




»
>
’
»
'
1
k,
m

culh

el 3 Sen 2-bs sk At Mt

CANa Y

el e
WY

i Sl et A

P N R X T

- (ponuTiuod) [IXAL AWVTIA-XO'L 91T 304’V “¢b aand 14

tsdooTt
{anNa
¢ {(6Z)¥HD) ALIUM
L(gixu’ ,=Xu ,€:4u’ ,=&u ,'gzu’ ,=2u y'gau’  =eu Jfgiau’ ,=9u,)dLIUM
£(L%0)AX0L09 ¢ ((TT)¥HD)ILI¥YM ¢ (T'0) AXOLOD

NIDIE
NAHL u®210s ION dI
tputpeayad
£(,:LOA0OWTY, = A®pPANO) =: 1931TIMO3p
¢(, tdEININd, = Aapano) =: oTqeIp ! (,:dTOSNOO. = A3pP3INO) =: UIIIDS
{ejeppeaa

LvIdayd

tgeIvd =: ber3ao ¢ ((TT1)YHO)ALIYM £(Z2'0)XX0109

A o e i e e

oy

T -

[P W P

LYdIdayd
{31038

fgL =: QUTTWA (PG = suttyutad g7 =
2

autryiset

!, UOT3ERINDSqO YITa, =3 1a771e3ad

[ ]
¢, sweld PuoD PIIISAUI SYL XOT-TIV VNG (1°7)1eosed, =

iapeayad

¢, S¥L XO01-1V ¥Nd {1° 1] Teosed<, =: 19peay
¢, (€E°%T)DSE, =t UOTSIDA3POD

Auu:umlmuu~mmdnmﬂum>~:oﬂuowmumu:ﬁleOuﬁo~v:oom:muu.uu:umoammm gs} {+NS$

183

aNd

zptd- =: uyse dsTd ¢ptd =: urse NEHL 0°0 < X dI 4s13d
((K)190S / X)NVIV =: uise NIHL 0°0 <> K a1
1(x)uds - 0°T =2 &

NIDI™
gs7d 0°0 =3 UTSE NIHL uorisda > (x)sdv 41 ISTI

(urse) IIXT NIHL 0°T < (X)say dI {0°0 =% uise

{yayd A YvA
19-g0°T = uortsda !LZEI6LOLS T = ZpTd LSNOD
furse NOILONNJ

{aQNg
fand
{anNd
{anNd
ftaNd
¢ (sdooT) LIXd NIHL @dedsa JI




W wEwee -

T X7,

LA ard st sl drd AN SHA A S 0N

.S .\.....'- .-. -{.--...-

g

*(panuTiuod) LXIAL GWVIA-XOT :911J 49941V "€p 9In3T4

*anNd
Jod TIINN
be13 10 TIINN
LanNd
£ ((6Z)UHD)ALIUM ¢ (6°0) AX0L0D ¢ ((6T)HUHD)ALIUM ¢ (L'0)ZXXOLOD
NIDIE
4813 9asned NAHJL u33i1ds JI

3

184

ar o

-
-

'

PRV oY

B

ISR

e

A

o




e & =¥

DISTRIBUTION LIST

A DEPARTMENT OF DEFENSE DEPARTMENT OF THE ARMY (Continued)
" Defense Intelligence Agency US Army White Sands Missile Range
¢ ATTN: RTS-2A, Tech Lib ATTN:  STEWS-TE-N
ATTN: RTS-28
USA Missile Command
Defense Nuclear Agency ATTN: DRSMI
. ATTN:  NAMWE

. ATTN: STSP DEPARTMENT OF THE NAVY

. 4 cys ATTN: STTI-CA

- David Taylor Naval Ship R & 0 Center

- Defense Technical Information Center ATTN: Tech Info Ctr, Code 522.1
12 cys ATTN: DD

Naval Research Laboratory

= Field Command, Defense Nuclear Agency ATTN: Code 2627, Tech Lib
ATTN: FCPR
ATTN:  FCT Naval Surface Weapons Center
ATTN: FCTEI ATTN: Code X211, Tech Lib
ATTN:  FCTT
. ATTN: FCTT, W. Summa Naval Surface Weapons Center
C ATTN:  FCTXE ATTN: Tech Library & Info Svcs Br
Under Secy of Defense for Rsch & Engrg Naval Weapons Center
ATTN: Engr Tech, J. Persh ATTN: Code 266, C. Austin
ATTN: Code 3263, J. Bowen
DEPARTMENT OF THE ARMY ATTN: Code 343, FKA6A2, Tech Svcs
- BMD Advanced Technology Center Naval Weapons Evaluation Facility
" ATTN: ATC-0, F. Hoke ATIN: Code 10, Tech Lib
3 ATTN: BMDATC-D, M. Capps
ATTN: 1CRDABH-X Space & Naval Warfare Systems Command
. ATTN: PME 117-21
BMD Program Office
- ATTN: DACS-BMT . Strategic Systems Programs, PM-1
ATTN: DACS-BMZ ATTN: NSP-43, Tech Lib
BMD Systems Command DEPARTMENT QOF THE AIR FORCE

ATTN: BMDSC-HW
Aeronautical Systems Division

Harry Oiamond Laboratories ATTN: ASD/ENSSA
ATTN: DELHD-DTSO, 00103
ATTN: DELHD-NW-P Air Force Institute of Technology
ATTN: OELHD-NW-RA, L. Belliveau, 22100 ATTN: Library
- ATTN: DELHD-TA-L, 81100, Tech Lib BN
.. Air Force Weapons Laboratory -
A US Army Ballistic Research Lab ATTN: NTE
: ATTN: DRDAR-BLA-S, Tech Lib
- ATTN: DRDAR-BLT Foreign Technology Division ) -
- ATTN: NIIS Library .
US Army Engr Waterways Exper Station R
- ATTN: Library Strategic Air Command g
ATTN: WESSE ATTN:  DOCSD
ATTN: DOWE
US Army Foreign Science & Tech Ctr ATTN: INAQ R
ATTN: DRXST-SD ATTN: NRI/STINFO B
US Army Material Command DEPARTMENT OF ENERGY -

ATTN: DRXAM-TL, Tech Lib
Department of Energy

US Army Mobility Equip R&D Command Albuquerque Operations Office
ATTN: DRCME-WC, Tech Lib ATTN: Technical Library
US Army Nuclear & Chemical Agency University of California
ATTN: Library Lawrence Livermore National Lab

ATTN: Technical Info Dept Library
US Army Tank Automotive R&0 Command
ATTN: DROTA-UL, Tecn Lib Oak Ridge National Laboratory
ATTN: Central Rsch Library
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DEPARTMENT OF ENERGY (Continued) DEPARTMENT OF DEFENSE CONTRACTORS {Continued)
Sandia National Laboratories Kaman Tempo
ATTN: Div 1531, P. Adams ATTN: DASIAC
ATIN: Tech Lib 3141 ATTN: J. Shoutens
ATTN: W. Chan
Los Alamos National Laboratory
ATTN: MS P364, Reports Library Nichols Research Corp, Inc
ATTN: N. Byrn

OTHER GOVERNMENT AGENCY

Science Applications International Corp
Federal Emergency Management Agency ATTN: Technical Library
ATTN: Ofc of Rsch/NP, D. Benson
Science Applications International Corp

DEPARTMENT OF DEFENSE CONTRACTORS ATTN: W. Chadsey
California Research & Technology, Inc Science & Engineering Associates, Inc
ATTN: F. Sauer 2 cys ATTN: B. Chambers I1I
Kaman Tempo Science Applicaitons International Crop
ATTN: DASIAC ATTN: G. Binninger
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