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UltravioletEm issionfrom Rocket
Motor Plumes

1. Introduction
Rocket motor and aircra!t engine plume emissions are logically thought of as
strong infrared emitters becat.se of their high temperatures. Their strong
infrared emissions in clear atmosphenc windows permits corvenient
discrimination against ambient backgrounds for detection purposes. However
the lower intensity ultraviolet emissions combined with the lower ambient
backgrounds in the ultr3viclet region and acceptable atmospheric transmission
at some points, together with simple, efficient and sensitive detectors, make that
spectral 'egion also suitable Oper-ttionail military detection systems such as the
Loral AAR-47 have been eseriN'd [il
The detectability of motor emis.sion at a particular wavelength is dependent on
the intensity of that emission, the transmissitm of the atmosphere between the
rmitter and the detector, and the strength of the background signal. Variations
of these paranm..ters with wavelength in the ultraviolet results, in most cases. in
only a narrow waveband region where efficicnt detection is possible. Unusual
circumstances, such .;., intense line enmission or satellite detection of high altitude
emitters, may permit operation outside thik 250 to 3 nm region. However for
most cases of near horizontal paths through sea level or low altitude
aemospheres, motor plume detection is restricted to the 260 to 29C ni region.

Atmosheric transmission and ambient radiaticmn bickgwund predominantly
determine the spectral region in which emissions can be detected an will be
considered first. Sources of plume emission in the accessible region will then be
discusmed.

SII

2. Atmospheric Transmissionand Ambient
Background
2.1 Defining the region and subregions
Ultraviolet radiation is usually defined as electromagnetic radiation of
wavelengths between 4 and 400 nanometrts. It can be subdivided into further
regions of vacutun ultraviolet, encompassing the extreme ultraviolet from 4 to
100 run and far ultraviolet from 100 to 200 nm, the middle ultraviolet from 200 to
.300 nm and the near ultraviolet from 300 and 400 nm 12-41. Wavelengths from
230 to 290 nm are frequently referred to as the solar blind ultraviolet, SBUV.
Ultraviolet environmental effects on biological or physical systems are of:en
considered for the ranges LVA, 400 to 315 nm, UVB, 315 to 280 nm, and UVC,
<280 nm In this repxort the region 200 to 400 nm will be considered and
ambiguity avoided by referring to positions or regions by wavelengths.

2.2 Factorsaffecting transmnission
Transmission through a horiontal wea level atmospherit path tor %tandard
conditions is described in detail in several references 15-81
At th,. iong
wavekength edge of the ultraviolet at 3W0-400 nm there isvirtmally no mowl'tular
absorption, with transmission being limited by molec.ular and partul'-ilte
scattering, but capable of over 90M. for paths of tens of Lilometreý- At shorter
wavelengths of around 200 nm tfte uniform oxygen content limits transnmission
to .0% for a path length of 15 metres, althotigh stattering lo-,;,, are' greater here
than at 400 nr. Intermediate wavelengths ma y be attenuated predomm.intly by
either the vanab;- particulate levels or the variable ozone content. who..t'
"-.bsorption band is centred near 255 nm Ozone concentrations vary with
location and show regular htne-,oral variations over diurnal and ,,eaonal

periods
The malor effect of these ozone variation- i,, to ;hilt ilib. ,hort
wavelength edge of the ultraviolet window near 270 nni

2.2.1 Ozone
Sea level ozone concentrations may vary from I to 100 ppb 19.171 . rhis may
therefore change the transmission of the atmosphere at ozotie's absorption

ma•imum at 255 nm ( where the decadic base absorption coefficient is 132 cmn1 )
from 97% to 22% over a one kilometre P'ath or at 280 nm ( where the absorption
coefficient is 43 cm' 1 121) from 99% to 61%. Typical urban midday comnentrations
of 30 ppb can fall to one to several ppb at midni-gt and then build up again next
day via many processes in the sunlight irradiated polluted atmosrhere.

Concentrations of over 100 ppb are apparent in figure 1191 for London for three
days of 1972. Anthropogenic emissions of ozone generating species modify the

natural system of generation and vertical transport and surface destruction of
ozore. Ir. remote unpolluted environments there is a lower surface level, about

__
_

-2

aý

Gx-op'

13 ppb for the Amazonian rain forest (151, but a similar diurnal variation.
Surface ozone concentrations in Germany show average levels of about 30 ppb
and annual cycles with winter minima and spring or summer maxima of about
1:2 ratio 1161. These variations are connected with temperature and solar
radiation changes and anthropogenic emissions. Nighttime winter remote
wilderness transmission is considerably higher than daytime summer urban,
perhaps increasing 260 nm transmission over 1 km from 24% to 97%, or shifting
the wavelength edge for 90% transmission over 4.6 kilometres from 307 nrn to
268 nm.
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Figure 1:

Diurital vt'lrlaf',% uwifair INItsnludf

V,.rtical ultrovioiet transmission over the 220 to .10 nm range d,.pt'nl. tn both

path length and soturce and detector altitudes because of variation, of ozone
concentratikns with height

Maximum concentrations occur at altitudes of up to

35 kilometres where the volume fraction of about 10 ppm combined with the
pressure of

0.01 atmospheres re.suilts in about four times the ground level

density (figures 2 (logarithmically scaled) and 3 (linearly scaled)118]). Formation
of ozone above this level by solar photolysis of oxygen is normally balanced by
the downwards transport of ozone to levels where it undergoes destnrctive
gaseous and surface reactions. This vertical distribution of ozone results in 80%
upwards transmission of wave;engths of 290 nm from above 40 kilometres, but
s'trong attenuation of similar wavelengths from ground level. Kolb et al ( figure
4 1191) show that even the weak wing of ozone absorption at 310 nm, where the
absorption coefficient is 1, reduces vertical spacewards transmission to 30 from
10 kilometre., whereas horizontal ground level transmission is 79% over 50
kilometres at 20 ppb.
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2.2.2 Oxygen
At wavelengths shorter than the long wavelength ozone edge not only does
molecular Rayleigh scattering and particulate scattering increase, but absorption
by the forbidden Herzberg I bands and adjoining photodissociation continuum
of molecular oxygen dominates [20,211. Although the oscillator strength of the
whole Herzberg system is only about 10-7 [20], this still reduces transmittance
over a one kilometre horizontal path at 280 nm to 80% [6-81. At shorter
wavelengths the absorption increases to become the dominant attenuator at
wavelengths below 220 nm (figure 5 [51). At 220 nm molecular oxygen
absorption over one kilometre reduces transmission to only 4%, even if no
molecular or particulate scattering attenuation occurred.
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2.2.3 Aerosols and particulates
Aerosol effects on the clarity of the atmosphere are -:-s spectrally selective than
absorption, but more variable, an, mar' edly limit atmc,.;pheric transmission.
Scattering of radiation by the predominantly auaeo'ts droplets and dust
particulates increases with deciease of wavelength. "Ihe magiiikude of the overall
attenuation at a particular wavelength is dependant on the number and size
distribution of the aerosols and their refractive indices. Slowly decreasing
transmission with decrease of wavelength is shown for differing values of
visibility in figure 6 (5]. This atmospheric clarity essentially determines the
overall transmission at longer wavelengths than the ozone absorption band.
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2.3 Regions of transmission
The factors considered above combine to limit the uiraviolet transmission by
the atmosphere over paths of a few kilometres or more tc ,ave!engths of longer
than about 270 nm. For low ozone levels, shott'? paths, clear atmospheres and
very bright sources, shorter wavelengths may be appropriate.
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Longer wavelengths in •i., ultraviolet ( 300 to 400 nm ) are usually of less
interest, particularly for daytime applications, because of the increasing
background radiation arising from the solar spectrum. The solar spectrum
incident above the atmosphere approximates that of a blackbody near 6000K
with a m•.ximum near 500 run. About 10% of the total energy is in the
ultraviolet, with only 0.1% at wavelengths below 200 nrn. The approximate 4:1
ratio of 400 nn to 300 nm fluxes above the atmosphere is severely altered by
absorption anid scattering to result in a 100:1 ratio at the surface f2]. This sharp
falloff of direct sunlight and diffuse skylight with shorter wavelengths in the
ultraviolet terminates totally at about 290 nm, due primarily to ozone
absorption. Ultraviolet fluxes vary with solar altitude to midday maxima for
both sun and sky origins. Seasonal variations also ,ccur with maxima in
summer. Reflection of the incident ultraviolet flux -,in natural and other
surfaces results in a spatially and temporaliy variable background in the 300 to
400 nra region. Although narrow bandwidth spectral reg'ons at the lower end of
that range will have quite iow background kwels, best d, tectability of ultraviolet
emissions will generally i.. beyond that c'utier, Lefore the atmospheric

absorption attenuation, in the region 270 to 290 nm.
2.4 Absorption detection
Background daylight sky radiance has been used as a s, trce against which the
absorption of sulphur dioxide from a power plant stac,k

l unte

at 318 nm can be

observed with an ultraviolet video iimeging system [22] Similai 306 nm imaging
of plume hydroxyl absorption against a daylight background might be possible
with a differential dual band system to prevent false alarms of birdlike
broadband spectral absorbers. However. the low hydroxvi concentration would
probably result in poor sensitit. ity .ompared with einissive detection.
2.5 UV transmission window
For daylight situations the ultraviolet atmospheric window for kilometre scale
horizontal pathlengths i: limited to the region around 270 to 290 nm by the
absorption of ozone at shorter wavelengths and the solar radiation background
at longer wavelengths. Shorter wavelengths will be somewhat better
trar,,tiitted at night and for clearer visibilities. The eteciability of longer
wavc.mength emissions would be greatly enhanced at night when there is no solar
radiation background or thenmal background emission. Daylight operation at
some longer wavelengths can be enharced for narrow band fea:ures by spectral
filtering to minimise the background. However general operation is only
porible in the 270 to 290 rni region and even there atmospheric attenuation can
be severe in rain, clouds or fog.

3. Motor Emission
Flames and rocket motor plumes radiate strongly in the infrared region because
they are high temperature sources and blackbody emission results in peak
spectral radianc at 2898 pn-d wavelength-temperature product (figure 7 [18]).
Even at 1000K there is a strong emission peak near 3pm and substantial longer
wavelength emission both as a continuum from particulates and/or from
molecular bands of combustion product gases. The rapid fall off of the Planck
blackbody spectral radiance at shorter wavelengths results in very low fractions
of the total energy in the ultraviolet unless very hghh temperatures are attained.
This low level of ultraviolet emission is employed m atomic absorption analysis
where the absorption of traces of elements aspirated into a flame is easily
detected against a low background. Even at high temperatures ultraviolet
emission is usually far less efficient than infrared emission because none of the
major molecular combustion products have strong emission spectra in the
ultraviolet, compared with carbon dioxide, carbon monoxide and water in the
infrared. Ultraviolet emission therefore depends on either particulate blackbody
,tnission or line or band emission from atomic and transient or low level radical
or molecular species. It is consequently not only weaker but also more
dependent on chemical composition and contributions from trace components.
Apparently minor variations in propellant composition or impurity levels or
component construction can result in major differences in ultraviolet outputs.
Rocket motor combustion of hydrocarbon propel-ints produces carbon dioxide
and water as end products, with carbon monoxide as both an intermediate and
t-nd product, and many other species such as hydroxyl ( OH ), hydroperoxyl
(HO 2 ) and atomic hydrogen and oxygen as inter-nediate reactants. Propellants
conidining ammonium perchlorate yield hydrogen chloride as an end product
with some atomc chlorine as a reactive intermediate. A rich assortment of
diatomic a.d polyatomic species arising from the component C, H, N, 0 and Cl
,toms is also involved. In addition to these are the products from other
additives, either a their primary decomposition fragments, or aft.r oxidation or
further reac'tio1 . Whiie most of these re."ctants are in thermal equilibrium with
their immnediate surroundings, some result from chemkdal rea•tions which
imipart excess energy which is subsequently radiated as chemiluminesence from
non-therma.lly equilibrated species. This complex mixture can then mix
turbulertly waih cooler nifrogen ,nd reactive oxygen to form an afterburning
plume, from which ultravitlet emission can originate via many routes.
*

-Hydrocar$-ai

flames and rck.et motor afterbuming plumes do hav some
chracteristic ti.raviolet Ceatures (22-261. Hydro-yl mission from the (1,0) and
(0,0) bands at 281 and N%6 nm is alxvxog uwtiveisal, a3 is ihe 'blue flame"
chemiluminescecm frn the atotnic oxygen - cai'xt rncoxide re.ction. These
emissions can overlie 4..y blackbody cwtinuum to give false indications of
temperaturs from wavelength intensty ratim. At longer waveleýý,gls in the
near ultraviotet bands fi.-m CN at 388 rnm, CH at 387 nm and NH a, 336 rnm 123]
may be prtsent. An ultraviolet spectrum of a Saturn V (oxy-itkerosene)
rocket shows a typical continuum due to the 1% of solid carbon particles in the
exhaust plume with strong fall off of Wtensity hom 400 to 280 nm I271. The

9

"absorption" band at 300 nw, there incorrectly ascribed to ozone, is more likely
due to a gap between emission bands of hydroxyl near 281 and 306 nm. Solid
propellant rocket plumes studied bit Keefer et al 1281 showed hydroxyl emission
to be the most consistently observed feature of the ultraviolet together with a 2.50
to 300 nrn continuum whose intensity increased rapidly with wavelength, on
which bands due to NO ( many bands eg (0,6) of its 13
system at 289 run and (0,4)
of its y system at 272 nm ), PbO ( 287, 340 and 349 nm )and CHO (several,
strongest at 330 nm ) were also apparent.
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Processes contributing to ultraviolet emission from rocket motor plumes have
been considered in several reports, both tquailtaively j19.26), and quantitatively
as part of plume prediction codes 129201. Continuumi radiation originates either
"aparticulate scattering of solar radiation, or chernilumirtescence or greybody
dthemal emission from specific partk-ulates such as altumina or zirconia or
carbon, or bro~ud chemilturinescertce from the atomic oxygen/carbon monoxide
reaction 1311. Transient or stable molectilar species emit radiatkmt as
cha-raclewstic lines or bands, with hydroxyl and nitric oyide the mauor
mitributars, anid carbon~ mirtxide generally of minor importance.

'Thermal emission from hot condensates is often the major continuum radiation
apparent. Alumina, boria, zirconia and carbon particulates may be close to or far
from thermal equilibrium with the gaseous plume, but will radiate some form of
spectral continuum. Emissivity variations with surface purity may mean that
strict greybody behaviour is not followed. Computations involving particle size
distributions and refractive index values required for absorption cross sections
modifying blackbody particulate emission yield estimates of these contin, a (291.
Chemiluninescence arises from nonthermally equilibrated reaction products.
For the excited carbon dioxide from the reaction of atomic oxygen with carbon
monoxide it is observed as a broad band centred at about 350 nm, but with
substantial emission in the 250 to 300 nm range at high temperatures ( figure 8
[19], (31]). Scattering of skylight and sunlight by the particulates will add to the
pure emission continuum. Some or all of these factors are incorporated ir the

predictive codes.
Molecular endssion is usually dominated by the strong 306 nm and weaker 281
rnm hydroxyl bands [19, 28, 30, 32, 33]. While most of the thermally equilibrated
hydroxyl results from the H + 02, 0 + H2 and 0 + H + M reactions, emission is
thought to result mostly from chemiluminescence from the electronically excited
OH froin H + OH + OH or perhaps the CH + 02 reaction [19, 301. Thermal
emission from the OH, CO and NO can be calcutlated from the equilibrium
plume data from complex systems incorporating reactions such as those listed in
reference 34. One of the few ultraviolet rocket plume spectra published in the
open literature ( figure 9 [33]) shows the strong hydroxyl (0-0) band and the (01), (0-2), (9-3) and (0-4) nitric oxide "1bands. Hydroxyl emission is usually the
only molecular emission which it is essential to consider, although some exotic
propellant compositions may produce strong emitters. Different criteria apply at
very high altitudes where short wavelengths near 230 nm are transmitted and
substantial motor plume continuum and vehicle shock CO Cameron band
emissions are observed !1.3
While atomic line emission is rarely considered as a source of ullraviolet since
common propellant components contain no strongly cmitting elements, intense
resonance or other strong line emission is possible from low concentrations of
particular elements. These elements may be present as burning rate modifiers or
fillers in insulants, liners or nozzle components. Antimony at 253 nm, tin at 284
run, magnesium at 285 nm and silicon at 288 nm may all arise from insulant and

propellant additives, while bismuth atl07 nm, copper at 325 nm, lead at 368 nm
and silver at 328 nm provide specific sigmatures outside the normal waveband
region of interest, but potentially usewul (or dpttx!eon of, say. silver wire
accelerated burning.
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4. Summary
Rocket motor plumes emit significant levels of radiation in the 270 to 290 nm
ultraviolet transmission window between the c'!one absorption band of the
atmosphere and the shortest wavelength daylight background of solar radiation.
This signal consists of continua from both thermally and chemically excited
particulates and CO/O reaction chemiluminescence, and molecular emission
bands from several species dominated by that of hydroxyl.
Radiation contributions from these and other sources can be computed from
full knowledge of the chemical composition of the propellant, motor .ad
atmosphere, the combustion reaction mechanism, and a precise flow field model,
from which spatial distributions of particle sizes and temperatures and species
concentrations together with the spectral data of those emritters and absorbers
yield total radiation emission. Refinements of the data and extensions of the
codes to include further details of trace species, and mechanisms not previously
included, will often be required because the normally low ultraviolet signal
results from minor components of the system and is therefore sensitively
dependent on some apparently minor changes.

5. References
"I
. Hewish, M., Robinson, A. and TurbW, G.
-Airborne missile-approach warning"
[r"fense Electronics & Computing (Supplement to IDR 5/1991)
45-50 (1991)
2.

Lewis R. Koller
"Ultraviolet Radiation"
(John Wiley & Sons, New York. 1965)

3.

Huffman, R. E.
"Atmospheric Ultraviolet Remote Sensing"
( Academic Press, Boston. 19%2)

4.

Green, A. E. S. (Editor)
"TIhe Middle Ultraviolet, Its Science and Technology"
( John Wiley & Sons, New York, 1966

5.

Patterson. E. M. and Gillespie, J. B.
"Simplified ultraviolet and visible wavelength atmosphere propagatiom
model-, AppL Opt. 28(3), 425-429 (1989)

6.

Trakhovsky, E., Ben-Shalom, A., Oppenheti, U. P., Devir, A. D.,
_Balfour, L. S. and Engel, M.
Contribution of oxygen to attenuation in the solar blind UV spectral
region AppL Opt. 28(8), 1588-1591 (1989)

1

7.

Trakhovsky. E.
"Ozone amount determined by transmittance measurements in the solarblind ultraviolet spectral region" Appl. Opt. 24(21), 3519-352 (1985)

8.

Trakhovsky, E., Ben-Shalom, A. and Devir, A D.
"Measurements of tropospheric attenuation in the solar blind UV
spectral region and comparison with LOWTRAN-7 cod%:" SPIE
Vol.1158 Ultraviolet Technology 111 (1989)

9. World Meteorological Organization, Global Ozone Research and
Monitoring Prcect - Report No. 16
"Atnmospheric Ozone 1985" (NASA. 1985)
10. Finlayson-Pitts, B.J., Livingston, F E. and Berko, H N.
"Ozone destruction and bromine photochemistry at ground level in tne
Arctic spring" Nature, 343,622-625 (1990)
11. John•on, R. P., Edwards, M. F. and Aldersey, A. L. H.
"A method for calculating ozone depth using the solar ultraviolet
Fraunhofer spectnrn" J,Mod Opt 34(8), 031-1043 (l1,17)
12. Logan, J. A.
"Tropospheric Ozone: Seasonal Behaviour, lrends, and
Anthropogenic Influence" J. Geophys. Res. 9001b). 10463-10482 (1985)
13. Oltmans, S. J and Komhyr, W. D.
"Surface Ozone Distributions and Variations From 1973-1984 Meaiurements
at the NOAA Geophysical Monitoring, ior Climatic Bawline
Observatories' J. Geophys Res 91(D4). 522.-5236 (14'96)
14. Hough, A. M. and Denvent, R G.
"Changes in the globil concentration of troixpsphenc ozne due to human
activities" Nature, 344.645-68 (1990)
15. Kirchhofl, V. W. J.H.
"Ozone measurements in the troposphere ol an Aniazonian rain forest
environment'. J. Geophys. Res. 93(D12). 15850-1560 (1988)
16. Low, P. S., Davies, T. D., Kelly, P. M. and Farmer, G
"Trends in Surface Ozone at Hohenpeissenberg and Arkona"
J. Geophys. Re,. 95(D13), 22441-22453 (1990)
17. janach, W. E.
"Suuface Ozone: Trend Details, Seasonal Variations, and
erpfretatiou" J. Geophys. Res. 94(D15). 1829-18295 (1969)
I&. Dricol. W, G. and Vauwani, W. ( Editors)

"Handbook of Optics"
(McGraw-Hill, New York. 1978)

14

19. Kolb, C. E., Ryali, S. B. and Wormhoudt, J. C.
"I tv Chemical Physics of Ultraviolet Rocket Plume Signatures"
SPIE Vol.932 "Ultraviolet Technology 11" 2-23 (1988)
20. Hasson, V. and Nicholls, R. W.
"Absolute spectral absorption measurements on molecular oxygen from
2640-1920A: I Herzberg I (triplet -triplet) bands (2640-2430A)"
J. Phys. B. Atom. Molec. Phys., 4, 1778-1788 (1971)
21. Hasson, V. and Nicholls, R. W.
"Absolute spectral absorption measurements on molecular oxygen from
2640-1920A: U Continuum measurements 2430-1920K'
T.Phys. B. Atom. Molec. Phys., 4, 1789.1797 (1971)
22. Exton, R. J.
"An Ultraviolet Video Technique for Visualization of Stack Plumes and fot
Measuring Sulfur Dioxide Concentration and Effluent Velocity"
NASA TP-1014, 1977
23. Ashby, R. A
"Flames: A Study in Molecular Spetroscopy"
J. Chem. Ed., 52(10), 612-637 ( 1975)
24. Mavrodineanu, R and Boiteux, H.
"Flame Spectroscopy"
(John Wiley and Sons, New York, 1965)
25. Yates, G. J., Wilke, M.. King. N and Lumpkn. A.
"Ultraviolet imaging of hydrogen Ilanesw"
SSPIE 932, 271-278 ( 1988)
26. Williams, S. D.
"A preliminary study on the use of the ultravioh! ehatust -Cilumt-e of
ICBMs for launch dete'tionM. Sc. Thesis, A it Force Institute of Tecliology
AFIT/GSO/ENPI86D-3 ( 19$6)
27. Krider, E. P., Noggle, R.C., Uman, M. A. and Orville, R_ E.
"Lightning and the Apollo 17 / Saturn V Exhaust Plume"
J. Sp£acecraft, 11(2), 72-75 (1974)
28. Keefer, D. R., Phillips, W. I. and Harwell, K. E.
'Photographic Spectroscopic Measurement of Ultraviolet Solid Rocket
Motor Plumrs" University of Tennessee Space lrstiittti

US Naval Weapons Center Contract No. N60530-78-C.0020 (190)
29. OCxYuneit R. M. and Sater, L. W.
"Development of Ultra-Violem Plume Signature Prediction Code
(PRUV)" Proc. SPIE 1725, 113-124 (1991)
-mIi

30. Lyons, R. B., Wormhoudt, I and Ko~b, C. E.
"Cakuiation of Visible Radiation from Missile l'lunms"
AIAA Paper 81-1111, Palo Alto. Ca., June 1981
31. Slack, M. and Grillo, A.
"High Temperature Rate Coefticient Measurements .) CO + 0
Chemiltiminescence"
Combust. Flame 59 189-1% (1985)
32. Collins, D. F.
"Quantitative Image A,'i ,vsis of UV Rocket Plumes and Laboratory
Images" SPIE Vol 932, Ultraviolet Technology 11, 204-212 (1988)
33. Scott, H. E., Pipes, J.G., Roux, J. A., Weller, C. S. and Opal, C. B.
"Plume Radiation Measurements in a Space Simulation Chamber"
SPIE 156, 184-192 (1978)
34. Jensen, D. E. and Jones, G. A.
"Reaction Rate Coefficients for Flame Cahulationsb
Combust. Flame 32. 1-.34 (1978)
35. Levin, D. A., Cavenv, L.. H ind Mann, D. M.
"Ultraviolet Emissions Quontiled by R.x'ket Pavlol6:'

SPIE 1764, Ultraviolet Ttlu.ology I'..38-399 (1492)

16

UNCLASSIFIED

SECURrIY CLASSIFICATION OF THIS PAGE.

QI
AR-0(}8-A

REPORT NO.

AR NO.

DSTO-TR-0002

REPORT SECURITY CIA.%NFICATION

Unclassified

TITLE

Ultraviolet emission from rocket motý.r plumes
AUTHOR(S)

CORPORATE AULTOR

David Kilpin

DSTO Aeronautical and Maritime Research [aboratory
GPO Box 4331
Melbourne Victoria 3001

RLPORT DATE

TASK NO.

SpOt4"

REFERENCES

PAGES

June, 1994
FILE NO.

510/207/0102

35

22

CLA.5WFICATION/UM'TATION REVIEW DATE

CLASSIFICATION/RELEASE AUTHORITY

Chief. Explosives Ordnance Division
sEt)NIDARY ILSTRIBU'TION

Approved for public release
ANNK)UNCEMENT

Announcement of this report is unlimited
KE'NWORDSi

Ultraviolet radiation
Rockx• motor plumes

Atmospheric transmission
sigrnatures

Ultraviolet signatures

A1W'TRACT

Atmospheric limitations on the spectral fegion oN te ultravi0t appropriate for deection o emis,sions frum
rocket motor plumes ate considered. Orins of ultravioe emission as spectral continua, bands and lines fnun
the rocne motor exhaust flow and its atmotpheri interaction are discussed. The contrast of infrarxd em•ikms
arising mostly from major products and processes with ultraviolet emLssions often resulting from trace
ctmsituenb and minor pathways, indkates the more detailed knowledge of the rocket rnok system "tuirWl f(o

mode0in a&n predictm of ultrUavitet snatures.

|SJ1Y C1AMFICATION OF THI PAGE

UNCLASSIHED

Ultraviolet Emission fron Rocket Motor PIumes
David Kilpin

(1)sTO-TR-0002)
ISTR-IBUTION LIST

Di-ctor, AMRL
Chief, Explosives (Minance Division

Dr r.J. Spear
David Kflpin

AMRL Library - Maribyrnong
Chief Defenc Scientist (for C[S, FASSP, ASSCM)
Director. ESRL
AMRL .ibary - Fishermen Bend
Head. lnfornution Centre, Defence Intelligence Organisation
OIC Technicai Reports Centre, Defence Central Library
Officer in Charge, Document Exchange Centre
Air Force Scientific Adviser. Russell Offiaes
Scientific Adviser - Policy and Command
Senior Librarian, Main Library [XSTOS
Librarian, DSD. Kingston ACT

1 copy only

i k-%

Serials Section (M List), Deakin University library,. [Dakin University. (Gelong3217
NAPOC QWG Engineer NBCD c/- DENGRPS-A. HQ Enginzwer Centrv. I iverpT%4
Military Area, NSW 2174 e
ABCA, Russell Off ices. Canberra ACT 2600
librarian. Australian Defence Ftrwt- Academy
Head M Staff, British Defence Research and Supply Staff (Australia)
NASA Senior Sekmtific Representative in Australia
INSPEC: Acquisitkms Section lnstitutkm of Electrical Engineers
Head Librarian, Australian Nuclear Science and Technolboy ()rganws~tion
Senior Librarian. Hargrave Library. Monash University
Library- Exchange DIsL. Nabocal Institute 4 .Standans and Technilogy, US
Acquisition Unit (l$SC.EOtCA()). British IUibrary. lkwmon Spa., Wh•ebyrtV. 'Yto•rhir
Library, Ch-mical Abstrats Rferencv, Scr-vik
Engmering Societis library. US
Docwents Librarian. The Cen•ter for Research Libraris, US
Army Sciwftifi Adviser. Rutsell Offices - data sh* only
Navy Scientif Adviser - data theet only
Mwtor General or-e Uevoment (Ind)- dau sh toly
DASO•. APW2-1-)A2. An7Ac Park West. Caiiberra AC"T data shctt •Lwv
SO (Science). HQ I DivIsion Midpo. .nogera, Q(J 457 - d.v usm only
Lihrrian - AMRL Sydney - dato sm
onl)
Counselkor. Defence Sckece. Embassy of Austratia - data sheet only
Counsellor. Defenoe Science. Aus
ian High Comminiukw - Aata she only
.ciewnific Adviser to DSTC Malaysia. cl- •efe-Wr Advier - data sheet only

Sciemtic Adviw to MRM, hailand. c/- Diefenc Attauhe - data shet only

4

I .S2

7

,

1U_). 1 ngl.nd

