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Abstract

EM coupling to an inflight missile is a topic of interest to EMP
survivability efforts. A particular issue is the possibility of actually
doing EM tests while a missile is in flight. This report briefly con-
siders such tests. The rationale for such tests is considered, as are
types of inflight tests. Various background information is also

included.
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I, INTRODUCTION

The coupling of electromagnetic pulse fields generated by a nuclear burst
to an in-flight missile was first considered in the early sixties as part of
the EMP hardening of the Minuteman missile system. Interest has recently been

renewed as a result of the MX missile program.

Numerous in-flight coupling calculations have thus been carried out over
the past 15 years, and various experimental coupling studies have been per-
formed using missile hardware and ground-based EMP simulators. However, no

EM coupling tests have been done on a missile while it was actually flying.

A basic reason for considering in-flight tests is that the fundamental
electromagnetic configuration of an in-flight missile is different than that
of the same missile sitting on the ground. The most dramatic difference is
the existence of a long, conducting rocket exhaust plume when the missile is
in-flight. This plume can greatly affect the electrical length of the missile
and will enhance the low frequency coupling. Besides the plume, there may also
be electromagnetic differences due to the motion of the missile. These might
include shock wave ionization of the ambient air and shielding degradation due
to missile vibration. Estimates of how much such phenomena affect electromag-
netic coupling have been made theoretically and a few tests have been performed
examining a few of the phenomena separately, but experimental verification of

the overall response is presently lacking.

The purpose of this report is thus to present the results of a brief, pre-
liminary investigation of possible in-flight electromagnetic coupling tests.
Various rationales for such tests will be discussed first. This is followed by
a categorization of possible tests, both in terms of flight vehicles and source/
sensor location. This is followed by a summary of background information col-
lected under this effort and technical discussions of experimental options.

As this effort involved a survey of existing technology in the plume phenome-
nology and missile testing areas, a bibliography is given in Section VI to indi-

cate the sources employed here.




I1. POSSIBLE RATIONALES FOR AN IN-FLIGHT EM TEST
1. PLUME RELATED RATIONALE .
As mentioned previously, the existence of a long rocket exhause plume,
made up of hot, conducting gases, can, at least theoretically, greatly affect
the basic electromagnetic configuration of an in-flight missile. In particular,
external EM coupling to the missile may be severely modified by the plume (al-
though the effect of a plume on missile survivability depends upon specific

design details, such as the amount of EM shielding).

Various plume parameters have been identified as being potentially impor-
tant to EM coupling. These include: 1) plume length and cross-section; 2)
electron density; 3) effective conductivity (impedance); and 4) connectivity
between the plume and conductors on the missile. A number of theoretical stud-
ies have been carried out to investigate the relative importance of such para-
meters, but experimental data for confirming various plume models is practi-

cally nonexistent.

One reason for an in-flight missile test is thus to try to directly
measure the actual plume parameters of interest. A direct measurement of parame-.
eters such as the electron density at a number of locations within the plume
would be very difficult experimentally, however. (Measuring the overall effect
of the plume would be easier). One also has the question of why an in-flight

missile test is required to investigate plume parameters.

With regards to this last question, it has been suggested that static
rocket tests might be a much better way to study plume parameters. Obviously,
many experimental problems would be alleviated if the test object were not
moving through the air with supersonic velocity. However, various theoretical
plume models indicate that the basic plume behavior is a strong function of
missile velocity. For example, turbulent mixing at the boundary between the
moving plume and the surrounding air is thought to be a prime factor in deter-
mining plume electron density. Also, plume lengths are apparently quite long
at higher altitudes and pressure chambers large enough for investigating such
effects are not available. It thus appears that static plume tests cannot pro-

vide valid measurements of plume parameters for a rapidly moving, high-altitude

missile. .




Because plume parameters are difficult to directly measure on an in-flight
missile, one can consider measuring the "effects'" of such parameters rather
than the actual parameters. In this case, one might measure the resulting cur-
rent along one part of the missile as a result of some electromagnetic excit-
ation. The response as a function of frequency would depend upon such plume
parameters as conductivity, plume length, and plume connection to the rocket

nozzle.

Such plume effects tests would be relatively easy to perform on an in-
flight missile (compared to direct plume parameter measurements), and the re-
sults could be used to check the predictions of existing plume/EM coupling

models. Such tests would thus primarily serve as analysis verification exper-

ments.

It should be noted that analysis verification tests have certain limita-
tions. For example, if experimental results do not agree with theoretical pre-
dictions, it may be very difficult to determine the actual effects of interest.
Differences might be due to either plume length, conductivity, or connectivity
and effects measurements may be incapable of distinguishing which phenomena
caused a given response. Similarly, a theorectical model may be incorrect and
still give answers close to those measured under some circumstances. The re-
sults of analysis verification tests must thus be carefully interpreted, and
such tests must often be iterated along with theoretical model development un-

til results agree.
2. EM SHIELDING RATIONALE

Any missile designed to survive nuclear electromagnetic effects will have
a variety of hardening features. A key hardening feature expected in most cases
is an electromagnetic shield surrounding all sensitive electronic hardware. No
electromagnetic shield is perfect, however, but various apertures, cracks, and
imperfectly sealed joints are usually the dominant source of leaks in shielding

systems.

It is known that shielding effectiveness can degrade as a result of bending
and vibration. Ground based shielding effectiveness tests can eXamine such de-
gradation to some degree, but such ground tests cannot duplicate all of the mech-

anical stresses that might be applied to an in-flight missile. One thus reaches




the conclusion that an inflight test might be needed to evaluate the per-

formance of EM shielding on an actual missile.

3. OTHER RATIONALES

Other related reasons might be given for an inflight missile test.
For example, the goal might be to acquire data for use in guiding ground-
level EMP tests. (A plume effects tests might be used to help design a
plume simulator for a ground-based EMP test in the ARES simulator.) On
the other hand, the goal might be system-specific, such as validation of

specific hardness features (e.g., shielding) of an inflight MX missile.




III. TYPES OF IN-FLIGHT TESTS

1. SOURCE/SENSOR LOCATIONS

One method of characterizing various types of in-flight electromagnetic
tests is in terms of the locations of the EM source and the EM sensors. Both
the source and any sensors can be located either on the missile or on the
ground with the resulting matrix of experiment concepts shown in Table 1. Each

of these concepts will be briefly discussed.
A. Source on Ground/Sensors on Ground

The idea of having both the EM source and the sensors on the ground
greatly simplifies experimental problems because no additional equipment need
be installed on the missile. This concept, however, is basically just one of
making radar cross-section measurements of an in-flight missile. A great deal
of such data already exists (see Section IV and Appendix A.) There is thus
already some information on the effective electrical length of plumes at radar

frequencies, and more will be generated during future flight tests.

A major problem with such techniques, however, is that little, if any,
missile coupling information is obtained. The plume itself tends to dominate
the radar cross-section. Plume connection and missile response is thus not
directly measurable. Some additional stuay of existing data might be useful,

but further work on this concept would probably be of only limited value.
B. Source on Missile/Sensors on Ground

Another means of investigating the electromagnetic features of an in-flight
missile is to install a source on the missile, for example, exciting currents
on conducting surfaces and measuring the resulting radiated fields at various
locations on the gorund. This source-on-missile with measurements-on-ground
experiment can be compared to the threat condition of an incident EMP
inducing missile currents and voltages by the use of reciprocity concepts. One
could use pulse techniques, but a stepped CW source would probably give better
sensitivity. Existing narrow-band ground antennas might then be used to monitor

various frequency regions.

This source-on-missile, receiver-on-ground approach has several conceptual
advantages. First of all, the need for sensitive missile instrumentation and

telemetry links is eliminated. Secondly, one may be able to use existing large
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ground antennas for measuring the radiated signal. The approach also has

several disadvantages, however. These include the problems of how to drive
. a large enough current on the missile for the radiated signal to be measured
- on the ground, and how to interpret these measured signals in a manner that

tells us something about the EM features of the in-flight missile.

Consider first the second problem of how to interpret measured ground
data. The radiated signal will depend not only on the missile details, but
also on the rocket exhaust plume. The conductivity profiles of such plumes
are not well established, although several calculational plume models have
been considered over the past few years. Deducing plume electrical parameters
solely from ground measured data is expected to be very difficult, if not impos-
sible (e.g., different combinations of plume parameters may result in almost
identical radiated waveforms). It would thus appear that the best one might
do is to compare the measured data with that predicted, using various plume
models. If the results agree with predictions, one has more confidence in the
models, but there is no guarantee that the assumed plume parameters are the
actual ones. (In other words, the measured output of this experiment may not

be very sensitive to plume details )

. Another potential problem is the source level needed for measurable sig-
nals. Crude estimates of required signal levels can be obtained by modeling
the missile and plume as a simple center-fed dipole antenna. An expression

for the radiated power, Pr’ far from an electrically short dipole antenna is

2.2.2

Igh sinzo watts

P =nk
r 2

3272y 2 m

where n = Ji/e = 1207 ohms

k = w/c = wave number

h = total dipole length

I°= peak current on dipole

r = distance to observer

® = polar angle with respect to the dipole axis

and it is assumed that kh << 1.




Note that the angular dependence of the radiated power (the sinze term)
indicates that we need to know the angle between the missile axis and the
ground antenna fairly accurately. Also, the peak current, IO, will depend

upon plume conductivity while the antenna length, h, is a function of plume

length.
As an example, let I0 = 1 amp, kh = 0.1, and r = 20 km. For @ = 900,
- 2 .
the radiated power is calculated to be 3 x 10 11 watts/m~, This corresponds

to a radiated electric field of only about 1074 v/m, using

P =E2
r s
n

One would thus need a current of 104 amps to get an incident field on the
ground of 1 v/m.

The situation is slightly better at higher frequencies. For a half-wave

dipole, where A = h/2 (h being the total dipole length), the radiated power is

T
5 2

m
e

P = 1512 cos{f%)cose] 2 watts
singd

For r = 20 km, Io= 1 amp, and © = 900, one gets Pr = 1,2 x 10-8 watts/mz.

3

This corresponds to a field of 2.1 x 10~ v/m for each amp of current on the

dipole.

In either of the above cases, power levels at the ground are quite small

unless very large currents are induced on the in-flight missile.

It should be noted that there may be a number of problems involved in
trying to drive large skin currents on an in-flight missile. First of all,
there are practical safety and EMI considerations that depend upon the specific
missile being used for any test. More general considerations, however, include
the problem of how to excite skin currents without degrading missile flight

performance,

From an electromagnetic point-of-view, the most desirable way to drive
the missile would be to create a gap in its conducting surface and attach a
voltage source across the gap (see Figure 1A). This involves a basic change
in missile design, however, since no conductors can traverse the gap. In gen-

eral, then, this approach is not feasible since it would require a complete

10
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change in the missile design (i.e., missile electronics on each side of the
gap would be required to operate without a conducting link). It could prob-

ably only be carried out with a missile specifically designed for such a test.

Another concept, which would have less impact on missile design and oper-

ation, is to drive skin currents with an inverse current probe. This idea is
illustrated in Figure 1B, where the inverse current probe is placed near the
base of the missile (surrounding the nozzle) and recessed to minimize
aerodynamic interference. With this drive, a voltage is impressed across the
gap of the annular probe, and missile conductors run through the center aper-
ture. Similar probes have been designed, built, and used for measuring the

EMP response of missiles in simulators.

The problem with using such a current probe in an inverse fashion is that
it is a very inefficient coupler. Any voltage source connected across the
gap will have to supply very large currents (because the interior conductors
tend to short out the gap). The ultimate result of this drive inefficiency
is that large power sources will be required to excite large missile currents.
The problem can be alleviated somewhat, of course, by specially designed

couplers, but details still need to be resolved.
C. Source on Ground/Sensors on Missile

This approach is the inverse of the one just discussed. It has the con-
ceptual advantage that it resembles the high-altitude EMP excitation where
the EM driver is created far from the missile. One also does not have the
need to carry a large power source on the missile, while large ground-based

transmitters are certainly feasible as are existing radar antennas.

In this case, the missile and its plume become the receiving antenna.
Sensitive receiving equipment must thus be installed on the missile and mea-

sured responses must either be recorded (and recovered) or sent back to ground

via telemetry. As in the previous case, missile location and orientation with-

respect to the ground-based source must be accurately known in order to inter-
pret results. Atmospheric attenuations or dispersion (e.g., by the ionosphere

for high-altitude missiles) may also cause data interpretation problems.
D. Source on Missile/Sensors on Missile

In this configuration, both the EM source and the response sensors are
mounted on the in-flight missile. One thus has the previously discussed

12




problem of driving large currents on the missile, but the need for very large
currents is now lessened as response measurements can be made quite near the
source. Problems of knowing the missile orientation and location are thus

eliminated, but the amount of on-board instrumentation is larger than for the

other experimental options.

Measurements to be made for this test configuration are also different
than previously discussed. For other source/sensor locations, one measures
such parameters as the radar cross-section and the radiated or received power.
In this case, one can measure the current or charge distribution resulting
from a given excitation point, or one could measure the resulting current for
a given voltage driver. (This last configuration could give a direct measure-
ment of plume impedance that might be used to guide ground-based EMP tests,)
One could also place sensors both inside and outside any EM shields on the
missile to get some indication of in-flight shielding effectiveness. Note
that one could conceptually make all these same measurements with the source
on the ground, but signal levels on the missile @ould probably be quite small

and difficult to accurately measure (especially for measurements inside shields).
2. TYPES OF FLIGHT VEHICLES

Another means of characterizing in-flight EM experiments is in terms of
the type of flight vehicle to be used, For example, one might consider a rel-
atively simple add-on to existing research flight tests. Examples might include
the Scout missile which is periodically launched by NASA for research purposes
or DNA missile launches used primarily for studying upper atmospheric air chem-

istry.

More complex experiments could be carried out with a missile especially
purchased for and fully dedicated to an in-flight electromagnetic coupling
test. The problem, of course, is that such a fully dedicated missile test
would be fairly expensive, even if a readily available sounding rocket and
telemetry package were used. (Rocket and telemetry costs alone would probably
be in the $200-$300K range),

Finally, one could consider making measurements during operational flight
development tests of a military missile of interest, such as the MX. Such
tests would be of great potential interest, since they might provide infor-
mation directly applicable to the EM survivability of a military system; how-
ever, the amount of instrumentation that might be added to such an operational

missile test may be quite limited due to its impact on missile performance.
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IV. BACKGROUND INFORMATION

1. PERSONS CONTACTED .
A number of persons at various agencies were contacted in the attempt to

collect information on plume phenomenoclogy, on missile availability for add-

on experiments, and on the general problems of in-flight experimentation. A

partial list of contact is shown in Table 2.
2. PREVIOUS STUDIES OF INTEREST

As mentioned previously, radar cross-sections of missiles and their assoc-
iated plumes have been measured in the past for a number of in-flight missiles.
SRI International has been involved in such radar cross-section measurements
since 1859. Appendix A contains a brief description of SRI's experience over
the years and a list of associated references. A future effort might examine
the details of this past work to see if it might be useful for helping to under-

stand plume effects on EMP coupling.
3. ON-GOING WORK

Although no directly applicable on-going missile EM coupling experimental
studies were discovered, it was determined that plume effects in general are
of great interest to numerous other government agencies and organizations. 1In .
particular, a Joint Army-Navy-NASA-Air Force (JANNAF) Exhaust Plume Technology
Subcommittee exists for coordinating research on various aspects of plume ef-
fects. An annual report which describes this committee and its work is attached

in Appendix B.

As indicated in Appendix B, plume studies are going on in a variety of
places. Personnel at the Jet Propulsion Laboratories were quite helpful in
describing various efforts. Their research is primarily involved with plume
contamination effects, and they have several space shuttle experiments planned

to study such phenomena.

14




ST

Place

AEDC

AFGL

Aeronautical Research
Associates of Princeton

China Lake

Johns Hopkins Univ.
(Applied Physics Lab)

JPL

JPL

JPL

TABLE 2. IN-FLIGHT MISSILE COUPLING EXPERIMENT CONTACTS (JULY - DECEMBER

Name

Herman Scott

McIntyre

H.S. Pergament

Andy Victor

Al Kawasaki

" David Mann

Ted Gilleland

Frank Bouquet

Carl Maag

Lou Molanary

Phone

(615)

(617)

(213)

(213)

(213)

455-2611
x 7834

S

861-3637

354-4321
x 4031

354-4321
x 6453

354-4321
x 4515
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TABLE 2. (CONCLUDED)

Place Name Phone
NASA/Marshall Terry Greenwood -

SAMSO/LA Major Sumondi (213) 643-0093
White Sands John Morgan {505) 678-3348
White Sands Maj. Jim Parks (505) 678-1251
White Sands Bill Hansen (505) 678-1245
White Sands Frank McKenna (505) 678-1156



V. RECOMMENDATIONS AND CONCLUSIONS

After considering the various options, it appears that an in-flight
missile EM coupling experiment with both the source and the sensors on the
missile would be the most desirable of the tests considered. This type of
experiment has the advantage that several objectives can be simultaneously
pursued. For example, one can measure plume impedance, external current/
charge distributions, and shielding effectiveness, in addition to checking

various coupling models.

Such tests would probably be most meaningful if they could be done as
part of the MX missile flight program. In order to gain experience, however,
it is recommended that any in-flight tests first be attempted as add-on exper-
iments to research rocket launches where the impact of added instrumentation
is not great. Once experimental experience is gained, tests on operational
missiles can be designed with higher confidence that missile operation will

not be greatly perturbed.

Note that in-flight test data would be useful and interesting, but obtaining
such data is expected to be neither easy nor inexpensive. The need for such
tests must therefore be carefully evaluated and compared to other research

programs of interest since both time and money are always limited.
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APPENDIX A
SRI RADAR CROSS-SECTION MEASUREMENTS

(THIS INFORMATION WAS PROVIDED BY SRI INTERNATIONAL
PER LETTER DATED 18 JULY 1979)
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¢ EXPERIENCE AND BACKGROUND

In 1959 SRI designed and conducted an experimental program to
measure the radar cross sections of missiles and their associated
plumes as a function of frequency and aspect angle.a"lg These early
measurements on the Eastern Test Range were extremely successful in
identifying frequency and aspect-angle sensitivity of missile plumes.
In scveral ways the technical problems were morce complex than those
envisioned for the experiments now being planned by the Air Force.
For example, the previous measurement program took place at the Eastern
Test Ranpge (ETR) so that all the missile trajecctories were dirccted
over water immediately after liftoff. In order to obtain a wide range
of viewing aspect angles and at the same time full coverage of the alti-
tude range of interest (sea level to 600 kft), SRI fully instrumented
and operated a ship with multifrequency radar equipment., A wide variety
of missiles were observed--everything from the solid-fueled Polaris and
Minutemen to the liquid-fueled Titans and Atlases--so that from one
launch to the pekt, one had to contend with greatly different flight
paramcters and trajectories. This required careful experimental plan-
ning in order to maximize the information obtained on each launch. The
frequenciecs used in thosc tests were lower (10 to 370 MHz) than the
[requencices specificd for the presently planned experiment (1 to 10 GHz).
The calibration of radars at the lower frequencies--especially 10 to
50 MHz-~is difficult, Antenna patterns cannot be measured on antenna
calibration ranges but mustinsteadbe "flown" by aircraft towing radio
beacons. Sphere-drop calibration tests that are quite routine in the

21




GHz range are difficult in the MHz range due to the much larger spheres
needed in the latter case., Additional complexities resulted from the

variation of the plume radar cross section at high altitudes (over 300 kft)

as a function of the time of day and the state of the ionosphere., These

difficulties were successfully overcome by the suitable design of the
experimental program.

In 1964-65 SRI designed what was known as the ETR Missile Pheno-
menolopgy Program,2®~ %% and aided DARPA (lormerly ARPA) in its coordina-
tion, and collated the data Lfrom the experiment. The objectives of the
program were Lo test Lhe validity of several dilferent cleclrical and
scalticering models of missile plumes and to provide information for the
design ol operational military systems, The ETR program involved
simultaneous measurements of missiles and their plumes by a number of
different contractors and government agencies, The equipment included
both pulse and CW at a variety of frequencies (10 to 64 MHz). The
measurements were made using both monostatic (transmitter and receiver

collocated) and bistatic (transmitter and receiver separated) geometries

from a number of different sites. The objectives of the program were
successfully accomplished.

Plasma diagnostic techniques have been used at SRI for over 15

years., Radar-beam electron density measurements in rocket exhaust gases
were developed for the Air Force Western Development Division., Measure-~

ments have been made in rocket exhausts for the Polaris, Atlas, and
Minuteman missiles.

Since 1965 SRI, under Project RONDO, has designed and directed
several experiments related to testing the validity of models of radar
scattering from reentry wakes,=® Although differences exist between
radar scattering from missile plumes and reentry wakes, the theory of
scattering from a turbulent plasma is applicable to both.

As part of the RONDO program SRI has been actively engaged in
laboratory studies of electromagnetic scattering from turbulent jets.
This work has been largely successful in the development of a model

and computer codes Ior calculating the scatter from turbulent plasmas.29

The laberatory-developed scattering model has been applied with con-
siderable success Lo reentry-wake scattering.

The RONDO program involved the measurement of reentry wakes using
a polystatic geometry (Lwo receiving sites each widely scparated from
the Lransmitter) at 1,3 and 5.1 GHz. The equipment was specified by

SRI and a test plan was written that was followed by field=-site personnel

under the cmploy of another contractor., All of the digital data tapes
recorded in the ficld were reduced and analyzed by SR1 personnel in
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Menlo Park, California. The entire RONDO program was under the scientific

direction ol SRI1,
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JARNLE EXFAUST PLIME TECEXOLOGY SUECOXZIITTEE
ANNTAL REPORT - SEPTEMBER 197¢

- T, SCOPE

The technical zrezs of concern to this subcommictee involve

P
jated with the exhausts from rocket znd ramjet missile aand space o
t

tems end gun systems. These phenomena czn be divicded into three

plume flow fields, plume radiztion, and a broazd zrea incorporating

e
re
EcC
(o}

ul

A

the

The plume flow field area encompasses the physical phenomenology required to
describe the thermodyczmic, ges dyoanmic, clemical and physiczl stzte ¢of the pluzme.

I'l)
0
(o]

Plumwe radiation aédr
scattering, zbsorption and flectarce of electromagnetic
plumes covering the spectrum from the uvltraviolet and visi
and microwave regiocns.

ol esses the physicel processes
re

Plume effects include the ipteracticn of plumec with exterpal structurzes vhich
lead to the imposition of thermel, chemicael znd mechericel strecsses, and the electre-
magnetic interference effecte which degrade guidance znd senscr systems.

IT. GEWERLL TECENICAL OBJLCIIVES

L. Identify and actively pursve cooperetive plume technolog
previce a2 cest effective techmology base and avo;d cupl

¥ programs wiich
caticn of eiforc.

B. Tdentify acé hoc panels in specielized technicel esrezs and Sponsor work
. gheps to promete the exncharge of techrnicel irfermation foxr the purpose
of solving plume problems.
C. Stendarcdize, uvpdate &nd meintezin computer programs for common use by
government &nd indvstry in order to describe plumes amd their interzct

effects in & cost effective manner.

D. Define nomenclature, deiinitions, meazsurement techniqu

F=4
metheds in order to promcte the adoption of standard pract

E. Promote technicel information exmcheznge through meetings
and reviews, end sovecial publicatiouns.
F. Disseminete Inforzztion to the vser comxunity by means

‘worksheps znd technicel meetings.

ITT. ORGANIZATION

The orgenizationzl structure of the Suvbcommittee comsists of
Steering Crouvp (TSG) and Ad Eoc Technical Panels. These Ad Eoc P
into existance bty the TSG to dezl with particuler problems or eit
are disbended when the pretlen no longer exists., Within this thi
workenop may bte viewed as z Panel. At the present time two Tenel
ized for entended existznce By the TSG: these are the Viesval Sizz
Tzctical Missile IR/UV Signzsture Tznel. The organizaricnzl struc

"ne attached organizstional chart.
27

P

nalyticeal

rogrez vlans

of plume handbooks,



2T e

is

Iv.

The nemes znd affiliztions of members of the TSG znd the panel cheirmen
listed below. A list of the members and information exchange participants
attached to this report.

A.

Technical Steering Group

Mr. A. C. Victor, KWC, Chinz Lake, CA (Chairman FY 1979)
Dr. D. M. Yenn, ATRPL, Ddwards AFB, CA (Chal*mcn FY 1980)
Mr., S. H. Breil, XWC, China Lzke, CA

Mr. J. R. Fultz, AFAPL, Wright-Pattersen AFB, OK

Dr. T. F. CGreenwced, NASA/MSTC, AL

Dr. T. D. McCay, AFRPL, Edward 4FB, CA

Mr. B. B. Roberts, NASA/JSC, Housteom, IX

Dr. E. E. Scott, AZD{, Armocld AFS, IN

Dr. B. J. Welker, MICOM, Redstone Arsenzl, AL

Pznel: Chairmen

Tectical Missile IR/UV Signature Panel, Dr.
Visuzl Signzture Panel, Lt. E. G. Lund, AFRPL

2]
31

. Scott, AEDC

ACCOMFLISEMERTS

A. The TSG has defined a number of tasks for the purpose of zchieving the
general technical objectives of the Subcemmitiee. With the eycept101 cf ad-
pinistraztive functicas which can be performed by the mezbers of the TSG, thase
tzshks 211 fzl1l into two demains. Thet is, thev zppear zs pari of the techunical
programs of individual zgendies and/or zgency organizations and zlso as part of
the Subcommittee plan. Tunding Iox L’qa performence of these tasks is provid‘ g
by the individuzl zgencies which have interest in their accomplishment. The
‘tzsks were summarized in & pesper at the ilth Plume Technology Meeting (8-10

Mzy 1679) (See Attachment 1). .

1, JANNAT Piume Technology Handbook, CPIA Fublication 263

The purpose of this hzndbock is to document im 2 single scurce the
basic principles aznd solution techniques required to soclve plume effects
problexws. Solution techniques zare divided into three categories of in-
creasing complexity; hand calculations, desk calculaticn solutions and
detziled SOTA computer programs. It is intended as an imtroducticn for
the novice, a reference scurce for the piume phenormenologist znd & prac-—
tical handbock to scive plume-relzted problems for the system user This
task is m=znaged by the TSG. lManagement of individual chapters is cssigned
to the agcrcy with the greztest interest in the particular technology zrez
covered. &Lit nou0h mest work on the hancbock has been performed om contract,’
scme is done in-house by governmment laborateries During the past year
work has continued en Chapter 3 {Rocket Exhaust Plume Radiztion) =zn
Chapter 5 (Base Heating and Base Flow).

2. Tri-Service Sooke Visibility Plan

The objective of this plan is to provide the fremeworr leszding to
stznderdized smcke definirion end pezsurement technicues. This Is to b2
zccomplished through ceordin :ticn of ericting service programs ang tri-
service support fer new prograns. The plan was prepered in regponse (o the
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Executive Committee's direction. The current versicn of the plam,
incorperating some changes suggested by members of the Executive Coa~
nittee, is attached to this report (Attachment 2). This task is to be
managed by the Visval Signature Panel.

3. Tri-Service Tactical Missile IR/UV Signeture P

|

an

The principle cbjective of this plan is to fulifill the common needs
of the three services for plume IR and UV data and modeling cepabilities.
The basis for this pian was established during the TSG meetinb in Septem:
1877. Since then a mzjor tri-service program hes been =s¢e¢b’ed and coc
inated. During this past vear a draft of the pl
i

ment' 3). This task is manzged by the Tact
Meetings ;nd Workshers

1. JANKLF Plume Technology Meeting (frequency: 18 months)

The 1ith JANKAT Plume Technelogy Meeting wee held =zt Redstone Avsencl,
Alabzma during &-10 May 1°97%. Over 100 pecple zttenced the weeting =t which
37 pepers were presented and two weorkshops were held.

2. Technical Review Worksheps

The following two workshops were held in conjucticn with the 1lth
JERRAT Plume Technology Meeting:

a. Plume Radizticn (50 attendees) § ey 1979
( S

b. Flume Flow Fields
3. Tzek Review Workeshops

Tzsk reviews are held periodiczlly to veview the progress

the prog of tri-
service sponsored cocniracts. At the present time these contrzets involve
two modeling efforts: (1) Standardized Plume Flow Field (SPF) Progran
and (2) Standardized Infrared Radiztion }Model (SIRFM) Program.

a. ~ SPF Querterly Reviews:

7 ¥Wovermber 1978, Redstone Arsenzl, AL

7 February 19/9, LTRPL, Edwards, CA
7 May 1579, Redstone Arsenal, AL

b. IRRM Review ‘
25 Jenvery 1979, Fhoten Res., La Jeollz, CA.

4. Techrnical Steering Group Meetings

The TSG met at Redstoze Lrsenal, AL oa 10 May 197¢, and zt Czl Tech,
Pasaden;, CA on 24 August 1979, In edditien = choL?L: of the TEG zttemded
the §2F Quearterly reviews andé were zble to conduct smell zmouvnts of

busmness a2t these wmeetings.
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5. Penel Meetings v
Mejor planring meetings associated with the tasks of the Tazctical
Missile TR/UV Signature Penel were necessary: -

2. 8-9 Novermber 1979, Redstone -
b. 11 Mzy 1979, Redstome Arsenal, AL
In addition wost members and participants of the Tactical Missile

IR/UV Signature Pznel participated in Flight Simulztion Test Program -
.at £EDC during the lzast two weeks of March 1979
6. Signature Studies Specizlist Sessi

-

8 Mzrch 1972 in inzheim, CA 2s part of

on, (30) attendees wezs held on
the 1979 JAWKAF Propulsion Meeting.

. X

C. Publiceticns

1. Chemiczl Propulsion Informztion Agency YILNWAY 1lth Piuze Technol
o

- -

-
Meeting-Unclassified Papers.'' CPIA Publication 306, 2 Volumes.

cn
1

V. CURRENT TASH AREALS:

A. Stenderdized Plume Codes. p
There are twe tesic are cshowvn in Figure 1
vi:ere it has beccme imperati ax These zre -

(1) Plume Tlow Field, (2) Fi eéiztion. Tt 2 necessary
beczuse cf 2 wide proliferztion of znalytical medels, many of which are

net validated, poerly docvmented, or both. Since these two zrezs uncerl.-
z1i the plure techrpology programs, this is the highest priority currexnt

tzek. The gozl of thnis standardization is to estzblish a standard set
. 0f codes to allcw the prec1CLl ns to start at the chamber of the rocket .
z2nd utilize the JAXNXNLF SFP, ODX, zné/er 251 to predict the rocket nczzle
properities. The C*andardlaed Plume Flowfield (STF) code is utilized to

go from the nozzle exit plame to the end of the plume by calculating the

flow field structure. Utilizing the flow field structure, the Stznderdized
Plume Infrzred Radiztion (SIRRM) Cede is utilized to predict source radiz-
tion from the plume as well as transzissicn through the atmos vhere if
plume/ztmospheric cerrelation is important. For the cese vhen correlatiecn

is not important, the transmission to the sensor is made by utilizing the
standardized ztwmospheric sttenuation codes developed by USATGL (HI-TRAXN,
LOW-TRAK) . -
zed codes-
roblews
cIXEEE.

or pluze in
to predict

With the development of these two stands
possible to solve plume techmolegy applic

JARNAT zccepted rodel in each of the tech
the technclogy cFPl’Cctlcn be plume signat

stzndardized predictien codes will be avai
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cover the Mach number range froa 0-10. It will focus oa exhaust plunes
which contzin particles while zlso Peing able to handle purely gzsecus
plumes. It will contain verious wixing wodels fincluding eddy viscosity
end turbuleat kinetic energy. It will have ncn~equilibrim chemistry
capebilities. It will consider axizl end lsteral pressure grzcdients.
Non-optimum exparnsion-and shock waves will be takea into account. The
cepability to zdd a base flow region will be included. Hultiple nozzle
end three-dimensicnzl flow effects will not be consicerad. The code will
be modular in forz in order to fzcilitate future chznges in techknology.
This program will be compatible with the JANNAF Improved Solid aznd Liguid
Propellant Performance Program by utilizirg thelr output directly as input
to this program. Additiopmzlly, the ‘output of SPF will be cerpatible with
the input of the Standazrdizeé Infrzred Radiztion Model (SIRR?) Precgram.
This progrzz is beimg managed by MIRADCOM and developed by ARAP (Aeronzuticel
Research Associates of Princetea).™~

This progrzm will be zpplicable to zll phacses of the plure technoleogy
program since the £low field is en integral part cof zll zrpliceations.

_ This progrem is a three (3) yeer progrem which began in april 1976.
During the first year the model was formuleted. During the secon
the model will be coded. During the following nine (9) months, t
code will be.vzlidzted agezinst esperimerntzl cdzta and demonstrzted on each
government participaat's compiter system. During the remaining three
(3) moaths, the ccde will be extensively dccumented.

Standardized Infrarec Racdiztion Mocdel (SIRZY) Prograa

This model, znd its stzndzrdized computer code, will be czpable of
predicting the infrzred radiation of tzctical znd strategic missiles
below 70 k= altitude over.the full.spectral range from 1 to 25u=. Both
liquié prcpulsicn (gas only, exhzust) end solid propulsion (gzs/particle
"exhaust) system will be trezted,. zné verying levels ofi zpproxzizztions

. for trestment of the complex.gas/particle radiztive trensfer processes
will be included, commensurzte with the level of engineering spproximaticn
required to solve a given problem. Varizble viewing geormetries znd lines
of sight will be included, zs well as the czpzbility to handle nmissile
obscuration. In generzl, a tand-model zpprozch is uvsed for geses in
order to minimize computer run times while retaining adecvate zccurzcies.
A lire by line spectral cepability will be incliuded in ordez to hendle
those diztomic gases not amenzble to band-model ‘solutions. The code

will be modularly structured so that componeat parts can be easily
rwzinteined 2nd upgraded zs needed. In the case where plume/ztmespheric

" correlation is izportant, the code will be capable of trezting the
coupled radiztion transfer. It will be user-oriernted with veriocus cpticus
to 21llow for solutions ranging from guick and zporoximate to rore detail-"
ed time-consuming znd to eccomzodzte both experienced (plume phenomeno-
logist) and umexperienced (system designer or znzlyst) users. The code
input will be cempatible with the cutput from the Stan

Flowfield (SPF) cede, and its cutprt will te ceccpatidbl
standard AT Geophysics Lab's Low-Traza/Ei-Tren Atmost
codes.
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This program vwhich begzan in Septerber 1978 will be a2 30 month effors
by Phcton Research Inc. and CGrumman. Technicel proposal evaluations
were concducted during June-July by a Tri-Service evaluation team. The
pregram is being menzged by the Air Force Rocket Propulsion Lzberztory d
is divided into two phases. During Phase I the contractor will formul.
and demonstrate the overzll methodology, with particular exmphasis on the
treatment of gas/particle radiative technicues. During Phzse 11 the model
will be ccded, validezted ag 'inct experizmental data, demonstrated on the

arious geverament participant's computer systers and documented. A techni
workshop vwill be held near the ccmpletion cf the effort to dempnstrate
the code's czpabilities znd to deliver copies to the user conmunity.

B. Exhzust Plume Technology Handbooks:

This ie zn on-going task of this subcommittee and is being developed

on a chapter by chapter basis proceeding from Plume Flow Fields to
Experimental Measurements. The stetus of the handbook chapters is:

Chazpter 1. Introduction, to ke dene

Chepter 2. Gas Dyvnamic Flow Medelg, May 1975

Chepter 3. Plume Radiation, iIn final review

Chapter 4. Plume—Electromagnetic Interactions, April 1877 .

Chzpter 5. Bezse Flow, in progress

Chapter 6. Plume Imp ingeneuu znd Conteminzticn, to be don

Chapter 7. ?Plume Mezsurement Techniques, to be dene .

The hezzndbock is a locse leef style publicaticna which is
rethod of technolegy transfer to govermment-industry persons
utilize this technelegy in their businesses. Tyziceal eppli s o
the effects of plume impingement on rocket launchers znd sopzcecraft suriece
design of zn IR sensor, etc. This is a problem solving handbook which
contains three levels of complexity going from hand czlculatiomns to compler
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computer code soluticns. This haandbeck is written to s
2 minicun of references being reguired for its use., E&
on the hzndbock cduring the next year will cemsist of th
writing on Chapter 5 and the final review zmé publica

The completion of Chzpter 3 has lzgged the planned schedule. In >
order to ccomply with revisions requested by TS5G reviewers, smell

contracts were awarded to Aerodyne Research, Inc. znd REMTECH, Inc. in

FY 1979. These contracts are scheduled to be cempleted in late September
1979.

The improved technology resulting f£rem the two standardized plume
codes (see Sectiom V.A) will reguire that zdditioms be mede to Chaptlers
2 zrnd 3 sometime after the beginming of Y 1981.

C. Tri-Service IR/UV, Tactical Missile Program Plan.
This jointly funced, Tri-Service preogram will continue throuvgh
nexnt year. Periodic meetings will bte held under the avspices oI th
actical Micsile IR/UV Sigmature Pzmel znd in conjumciZon with othe

ctica i g 2

Tri-Service Working Groups invelvecd with the zrpliceticn of this te
base to sensor cesigns. ZI=rhasis is currently being placed eon tech
reviews cf cngoing, joirtly sponsered rrejra=s and program definitd

of mew staits The plza ie prescnted in attzchmart 3.
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D. Tri-Service Smoke Visibility Pregraam Plan.

This plan, presented in attachment 2, was prepered in response to
the Executive Committee's direction. The Visible Signature Pzpel hzs
been forrmed to coordinate the individuel service activities znd Tri~
Service sponscred efforts cited in the plan &s ceatributing to the
overall gozl of developing standard cdefiniticns and measurezent
techriques for missile exhzust smcke.
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