AD=AO075 105 ADVISORY GROUP FOR AEROSPACE RESEARCH AND DEVELOPMENT==ETC F/G 21/8.2
TECHNICAL EVALUATION REPORT ON THE PROPULSION AND ENERGETICS PA==ETC(U)

SEP 79 M BARREREr W H DIESINGERs, A HOMBURG

UNCLASSIFIED AGARD=AR=151 ; NL
END
11 =79




DOC FILE coPY

AGARD-AR-ISI

{»

ADVISORY GROUP FOR AEROSPACE RESEARCH & DEVELOPMENT

AGARD ADVISORY REPORT No. I5]

Technical Evaluation Report
on the
Propulsion and Energetics Panel 53rd

Symposium
on
Solid Rocket Motor Technology

NORTH ATLANTIC TREATY ()H(;ANI/{\“UN Jr
> \\l/ :

."

L

E"’Jf-‘ it
OCT 17 1sm

ISST U I

DISTRIBUTION AND AVAILABILITY
ON BACK COVER




NORTH ATLANTIC TREATY ORGANIZATION =~
ADVISORY GROUP FOR AEROSPACE RESEARCH AND DEVELOPMENT

(ORGANISATION DU TRAITE DE L'ATLANTIQUE NORD)

o~/

1Ak

Dy
LIECHNI(‘ AL kV_ALUATION EPORT

on the
PROPULSION AND&ERGETICS PANEL S3rd SYMPOSIUM
= E Y

;)LID LOCKETJP‘I’OR BCHNOLOGY ’
by o
) Sep 77,
M Barrére L CETERRLE 2
Directeur Scientifique de I'Energétique
ONERA
29 Avenue de la Division Leclerc
92320 Chitillon sous Bagneux
France

and

W.H.Diesinger and A Homburg
Dyng;niAlb?:b(e’l AG Tacie38.0n Por
Waltherstrasse 80 N‘_:‘IS Gkl
S000 Koin 80 Do¢ o
M, /Barrere, W, ", w Germany Unenncunced
A, /Homburg Justificatien

This Advisory Report was prepared at the request of the Propulsion and Energetics Panel of AGARD.

400 043




THE MISSION OF AGARD

The mission of AGARD is to bring together the leading personalities of the NATO aations in the fields of science
and technology relating 1o acrospace for the following purposes

Exchanging of scientific and technical information;

- Continuously stimulating advances in the serospace sciences relevant to strengthening the common defence
posture,

(mproving the co-operation among member nations (n acrospace research and development

- Providing scientific and technical advice and assistance to the North Atlantic Military Committee in the field
of acrospace research and development

Rendering scientific and technical assistance, as requested, 1o other NATO bodies and to member nations in
connection with rescarch and development problems in the acrospace field

Providing assistance to member nations for the purpose of increasing their scientific and technical potential;

Recommending effective ways for the member nations 1o use their research and development capabilities for
the common benefit of the NATO community.

The highest authority within AGARD is the National Delegates Board consisting of officially appointed senior
representatives from cach member nation. The miston of AGARD is carried out through the Panels which are

composed of experts appointed by the National Delegates, the Consultant and Exchange Programme and the Aerospace
Applications Studies Programme.  The results of AGARD work are reported to the member nations and the NATO
Authorities through the AGARD series of publications of which this is one.

Participation in AGARD activities is by invitation only and is normally Kmited to citizens of the NATO nations.

Published September 1979

Copyright © AGARD 1979
All Rights Reserved

ISBN 92-835-1337-1

&

Set and printed by Technical Editing and Reproduction Ltd
Harford House, 7--9 Charlotte St, London, WIP |HD




PREFACE

The $3rd PEP Symposium on Solid Rocket Motor Technology gave a reasonably
accurate picture of the present state of the art, both from the rescarch and technology
points of view, in NATO countries. A rather wide and qualified spectrum of speakers,
participation from industry, a massive (perhaps for the first time) presence of US experts, and
the large variety of topics dealt with in the seven technical sessions were positive aspects of the
meeting.  Some deficiences (mentioned in this report) should be carefully considered for the
future. In particular, it is appropriate that a restricted session be added to the open works in
order to stimulate the presentation of more advanced results in the field. However, my
feeling s that the meeting was globally very successful

The warm hospitality of the Norwegian coordinator, Mr G Kristoforsen, the efforts of
Mr J H Krengel (Executive of PEP), and the cooperation of the members of PEP (Messrs.
Barrére, Bayley, Crispin, Culick, Hirsch) are gratefully acknowledged.
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TECHNICAL EVALUATION REPORT

1. INTRODUCTION

The $3rd meeting of the Propulsion and Energetics Panel on Solid Rocket Motor Technology was held at the Old
War School, Oslo, Norway, from 2 S Apnl 1979, ihe meeting was organized to give a survey of the state of the art in
this field both in research and development.

Most papers reported rescarch and development work in the field of internal ballistics including ignition, extinction,
combustion of metal and combustion instability. Additional papers dealt with bum rate modeiling, new propellants as
well as heat transfer and matenals, testing and instrumentation

The mecting consisted of seven sessions with a total of 36 papers. Conclusions and discussions revealed a high
standard of solid propellant rocket technology in the NATO community, but also a lot of deficiencies in the knowledge
of what is really happening in a solid rocket. Thus modelling and predicting of the performance of solid rocket compo-
nents - key for more economic research and development work — are still subject to uncertainties and even mistakes

2 DISCUSSION

Session |, Survey Papers

These papers give a first impression on the problems and directions of solid rocket motor technology. Most of the
topics mentioned are discussed in more detail in the following sessions.

M Barrére (Paper No. 1) presented a concise survey of the research problems in the field of solid rocket technology
and the vanous investigations made at ONERA. Another aspect of solid rocketry at least as important as research is
development and industnal realization. Paper No.2 by W.G Haymes surveys in an impressive manner the current work in
the United States on solid rocket motor design automation. This procedure implies a pay-off in terms of reliable and fast
optimization, development cost and schedule. This improves the capabilities and competitive position of the users.

Mr Haymes' paper certainly was one of the most illuminating contributions to the Symposium.

Session 11, Ignition, Extinction and Internal Ballistics

Paper No.3 by G Lengellé et al. describes the systematic rescarch work done at ONERA in the field of ignition and
extinction of doublebase and composite propellants and the test facilities used. It has been shown by experiments that
the ignition characteristics are only determined by the propellant components but not by the method of heat transfer
from the ignition device. L. de Luca (Paper No.4) has treated this problem analytically for composite propellants
assuming heterogenous combustion and a quasi-steady gas phase. The discussion showed that the theoretical results will
depend largely on the flame model used and whether the heat transfer into the propellant is assumed 1o be a steady
(de Luca) or an unsteady phenomenon. Results will certainly depend on whether solutions are sought by linearized or
nondineanzed approaches.

Paper No 5, presented by E Stampfl, describes the SPP-program (solid propellant rocket motor prediction program )
limited to composite propellants. Comparison with experimental data shows, that specific impulses are overpredicted.
Two phase losses in aluminized propellants prevail over other losses, but computation is rather uncertain. Thercfore,
accurate computation of the other losses (such as divergence and combustion efficiency ) needs computer time without
influence on the overall accuracy of the prediction. Furthermore, correlation of statistical data has proved 1o be as
accurate as expensive theoretical analyses.

H.F.R.Schoyer (Paper No 6) presents a set of equations to estimate the influence of small variations in the throat
area of solid rockets. The equations are set up by linearization of the one-dimensional isentropic equations. The method
may give fast information during the early phases of a development program.

In paper No.7 by W H.Diesinger definition and margins of standard solid rocket environment are given. Solid
rockets as either very short burning thrusters or applied to shells usually do not encounter a standard environment and
need an appropriate grain and igniter design or a special layout to overcome problems arising with axial acceleration and
spin, respectively.




H Florin, Paper No 8, points out that until now propellant igniter design is an art rather than a science. Therefore
empirical know-how and high standand laborstory test equipment is needed especially in the development of ignitens for
small rockets because of environmental compatibility requirements. Paper No 9 by A R Hall confirms that igniter design
usually s a more or less empinical matter. For some applications this situation can be remedied by pyrogen igniters. The
author advocates the view that such minirockets should be preferred because of their predictable and reproducible perfor-
mance and their smokelessness if doublebase pyrogens are used

Prediction of erosive burning as a phenomenon and its effects on solid rocket performance is difficult, since it is not
yet fully understood what is really happening.  Existing theornies have deficiencies. R .C Parkinson (Paper No. 10) shows
that erosive burning as an interaction of the boundary layer with the combustion zone can be correlated by a boundary
layer blow-off ¢riterion.  Erosive burning is attributed to the re-attachment of the boundary layer to the buming surface.
The theory is not yet fully developed. The effects of crosive and transient burning on performance prediction accuracy
have been investigated by H.P Sauerwein et al. (Papet No 12, Session 1), Test results with small solid propellant
rocket motors of calibers 11 m and 175 m using a 18 - 19% Alloaded HTPB composite propellant revealed excellent
agreement with theoretical predictions using the approaches of Lenoird & Robillard, and King. During the discussion it
has been pointed out, that the agreement is better than one could expect and that additional tests should be made.

Session 1. Bum Rate Modelling and Combustion of Metal

Besides combustion instability which is to be discussed later, bum rate modelling and two phase phenomena
associated with combustion of metal are very important for rocket motor design technology. Reliable low cost
procedures to handle these topics would make modem high performance solid rocket motor design more economic

N.S Cohen (Paper No 1 1) gives 3 review of the status of steadystate combustion modelling of composite propellants
Active binder propellants commonly known as composite doublebase propellants are included. Research work in this
field has now reached a standard enabling a good feedback to propellant combustion and talloring. Additional
theoretical and practical rescarch is needed to eliminate disagreements and other deficiencies, and especially to reduce
the great number of parameters. Deficiencies are mainly due to an apparent lack of information concerning the
phenomena of metal burning and two phase flow. Therefore tests with high speed color movies (2000 to S000 fr/s) of
propellants buming as strands of in a window motor were of basic interest. They are reported by L H.Caveny (Paper
No 13} Generalization is not yet possible since the investigation has been restricted to phenomenology so far. The
following items should be noted = Agglomeration size, combustion efficiency and slag formation are influenced by
propellant formulation, particle size, rocket motor internal geometry and chamber pressure. The acceleration field causes
break up of the agglomerates in the nozzle region, provided that the Weber number is sufficiently high. The agglomerates
decrease in size with burming rate and pressure.

The presentation of E.W Price (Paper No.14) was very instructive. His color shides showing the microstructure of
aluminum buming give a very good view of accumulation of Al to the burning surface, agglomerated Al leaving the
burning surface, inflammation and burning of Al droplets in a propellant gas environment. AP hydrocrabon binder Al
propellants were used

It 13 well known that the AlI/AL O, particles may damp acoustic oscillations caused by combustion instability.
Paper No.15 by K J Kracutle describes results of theoretical investigations assuming spherical aluminum oxide particles
of flat normal size distribution. Only a small size range (about 1 — 50 um) is suitable for effective damping of the
common oscillation frequencies. The investigations are still under way. Since particle size is one of the important para-
meters of propellant behavior suitable tailoring of the content and the size distribution of the aluminium oxide could help
to prevent costly and time consuming modifications which might be necessary during the later stations of a design process.

Session IV, New Propellants

Grains for recoilless guns are characterized by large buming surfaces and small web thicknesses. Standard techniques
using aluminum foils or steel meshes as a support for the propellant are expensive and create problems especially in
bonding the propellant to the support. Paper No.16 of A.T.Camp, presented by N Seiden, describes a new fabrication
process. The doublebase propellant is applied to a corrugated plastic screen structure as a lacquer in several dip coats
with partial drying after each dip. The lacquer web thickness ranges from about .12 to .60 mm. The grains have not been
fired until now. The predicted buming times range from 3 to 1S ms.

Paper No.17 by R Strecker et al. presents a new type of gas generator propellants. These propellants must meet
special specifications particularly a large temperature range (from 219 to 345 K), low gas temperature (T, < 1500 K),
small buming rate (r = 7 - 3 mm/s) and compatibility of the gases with the structure. Conventional propellants do not
fit these specifications. The new gas generator propellant NB 410206 is a HTPB NiO-stabilized AN (ammonium nitrate)
composite. The AN oxidizer is polymorphic with unacceptable variations of the specific volume in the temperature range
of 248 K to 398 K. Incorporation of 3% NiO by weight into the crystal lattice shifts these phase changes to higher
temperatures. Another progress in propellant development is reported by C Gotzmer et al. (Paper No.18). The develop-
ment began in 1972 with utilizing epoxide crosslinked agents for a MTBN binder (mercaptan terminated butadien-
acrylonitrile) initiating the development of a new binder system. [t consists of a low acrylonitrile type carboxy-
terminated-polybutadiene-acrylnitrile liquid copolymer (CTBN) which is crosslinked with di- and tri-epoxides. Castable




and extrudable composite propellant formulations with very high solids loading (up to 90'% of combined AP and Al)
appear feasible with tolerable mechanical properties when using this new CTBN binder.

The mechanical properties of propellants change with storage time. This aging process may have undesirable
technical and economical consequences. In Paper No.19 by D.Schmitt the aspects of short time accelerated aging at
clevated temperatures as a tool to make long time predictions feasible are discussed. In doublebase propellants chemical
aging is predominant whereas composites are rather insenitive. They are primarily subject to mechanical aging leading to
clevated strength and attenuated crash deformation.  The amount of mechanical aging decreases from the propellant
surface to the inside.

Smokeless doublebase propellants needed for some military applications have disadvantages such as vitrious behavior
at high ambient temperatures which forbids case bonding and small values of mass density and theoretical specific impulse.
A.Davenas (Paper No.20) reported on research work at SNPE to create a smokeless propellant, which is castable and has
better energetic and mechanical properties than standard doublebase propellants. The preliminary result is a first geners-
tion of smokeless composite and doublebase composite propellants using hexogen with energetic crosslinked binders
fexample: 3 doublebase composite propellant with 35% hexagen, mass density Pp = 1.65+10* kg/m*, buming or
regression rates £ = 7 — |5 mm/s at pressures 50— 120 bar, theoretical specific impulse Iy (y, & 2400 N-s/kg)

Session V., Combustion Instability

A better understanding of combustion instability is needed for reliable prediction in the motor design phase. This is
true especially for large solid motors since testing is very expensive in terms of time and money. Therefore achicving a
wider theoretical background in this field s as important as for bumn rate modelling or combustion of metal loaded
propellants

F EC Culick (Paper No 21) discusses an approach 1o non lincar waves in solid rockets. The unsteady flow field is
expanded in normal modes of the chamber. Subsequently a method of averaging is used. This approximation is !
sufficiently accurate under most realistic conditions. Deficiencies of the method can only be remedied by a third order |
theory. The presentation of P.Kuentzmann (Paper No.22) confirms the problems in handling combustion instability and !
#ives a concise review of the theoretical and expenmental investigations at ONERA in this field. Future work will be
directed to a better description of the instability phenomena, numerical solution of non lincar instability problems to
predict instability levels, reduction of computer time and additional experimental investigations. In Paper No.23 by
R.L Derr et al a straight forward method for practical application is described and s general review of the problems is
given. Managing combustion instability means maximizing acoustic encrgy losses (particle damping) and minimizing
acoustic energy gains. There are deficiencies mainly in the linear model, the laboratory techniques and propellant
tailoring. It is questionable whether quantitative predictions will be feasible in the near future from the practical and
cost point of view

In Paper No 24 by L. de Luca results of basic theoretical study are presented assuming heterogenous combustion and
Quasi-stead’ gas phase for composite propellants. The non linear analysis using an integral method shows that three stable
states exist which are stationary combustion, self sustained oscillation and extinguishment. The results are largely depen-
dent on the flame model and other asumptions and could not yet be checked by test results.

For basic work on low frequency oscillatory combustion the L*-bumner is the best device because of simplicity.
Paper No.25 by H.F R Schoyer reports on experiments with this equipment. Two types of doublebase propellants and a
polyurethane AP compasite propellant were used. To get reliable test results a smooth and reproducible ignition transient
is important. An ignitition lacquer initiated by an inbedded electric wire has proved to meet this requirement best.
Frequently L *nstability of doublebase propellants led fo chuffing whereas the composite propellant tended to dp/dt-
extinguishment. The experiments were performed under pressures and with characteristic lengths which are smaller than
usual for operational rockets

P.M Hughes (Paper No 26) describes basic research work on non linear Jongitudinal combustion instability in solid
rockets of caliber 7 cm. Three different composite propellant case bonded grains (tube, star, slotted tube) and three
non-aluminized HTPB/AP propellants were used, varying only in burning rate catalyst and AP size distribution. The
motors operated stably in absence of initiating disturbances. These were generated by two black powder charges located
in pulse tubes at the head end of each motor. The tests demonstrated the feasibility of the method and revealed
increased sensitivity to disturbances with decreased burning rate and increased free volume of the chamber.

G .1 Evans (Paper No.27) describes an approach 1o the problem of combustion instability damping of smokeless
CDB propellants by using refractory particles which are unreactive during combustion and attenuate the visibility of the
exhaust gases in comparison to aluminum oxide particles. The method is not restricted to CDB propellants, of course.
The investigations are of basic interest for military rockets. Experiments have shown that tailoring the size of the
particles is less important than the mass fraction of the refractory powder. At present most information is available for
silicon carbide as refractory material. Work is going on with higher density powders such as tungsten and tantalium
carbide.
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Session VI, Heat Transfer and Materials

Progress in solid rocket motor technology is largely influenced by the characteristics of lightweight structures and
refractory materials. The prediction of matenals behavior needs accurate and straight forward methods of heat transfer
calkculations. Therefore, the presentation of only three papers in this session is not adequate to the importance of the
subject.

Paper No.28, presented by D Kampa, discusses the advantages and drawbacks of current TVC systems for highly
manocuverable tactical solid propellant rockets. It is concluded that jet vanes are the best solution because of large
deflection angles (up to 30°) and low actuation torques. Additional advantages are the possibility to generate roll
moments with a single nozzle arrangement and (o jettison the system after the launch phase when aerodynamic control is
feasible. The jet vanes must withstand thermal shock and high stagnation temperature. Several jet vane materials were
investigated in static tests with a 110 mm and & 240 mm diameter rocket motor using HTPB composite propellants with
16~ 18% and 1% aluminum, respectively and buming times from 2.4 =~ 3.7 5. For the highly aluminized propellants pure
tungsten vanes protected by a low thermal conductivity layer were found to be the best material composition. For the
1% Al propeliant molybdenum was sufficient

A rescarch review on composites in future motor hardware is given by N.J Parrat (Paper No.29) with special
emphasis to tactical solid rockets. Research work is aimed to the best use of composites to reduce weight and cost.
Reduction of the inert weight up to 40% compared to conventional structures seems to be feasible in the future. An
additional improvement can be expected by combining the matenial functions of structure, insulation and erosion resis-
tence. Composites are suitable as multifunction materials if properly designed. 1t cannot be expected that multifunction
matenials will be as good as cach single function material but weight and cost savings are the most compelling arguments

C Bonnet reports in his Paper No 30 that refractory metals and graphite successively have been replaced by ablative
composites as nozzle matenials in long buming solid rockets. The prediction of the behavior of these composites has been
uncertain or even impossible for a long period since fabrication processes were not reproducible. Moreover, the perfor-
mance of analytical methods was poor and the mechanical characteristics of the composite materials in the relevant
temperature range were not known. The paper discusses the milestones and the present state of the art at SEP 1o reliable
prediction of composite matenial behavior, especially of cast and wound graphite-phenolics and carbon-phenolics.

Reliable prediction is guaranteed by reproducible measurements and appropriate computer programs using finite element
methods

Session VI, Testing and Instrumentation

It is evident that testing and instrumentation is essential for research and development. Elaboration and standardiza-
tion of new methods is of vital interest because of cost and competition aspects

Paper No 31 by A Goghe et al., presented by L. de Luca, reports on velocity measurements of particle loaded gas
flows using LDV techniques ( Laser-Doppler-Velocimetry). At present, the investigations are in an carly stage. It is
notable that the particle rate must be sufficiently high for a continuous velocity output and that agglomeration of the
particles should be prevented for accurate measurements since, obviously, only small particies have the same velocity as the
gas. A new rescarch program recently started will check whether the LDV method is suitable for measurements of
particle size and distribution and velocities in unsteady flows.

R.S_Brown reports in his Paper No.32 on investigations at UTC of low frequency pressure and velocity oscillations
occurring in large solid rockets. T-bumers results applied to large rockets are unreliable because of thermal losses. There-
fore, the rotating valve method has been evaluated. Test results show good agreement with T-bumer results as did investi-
gations reported by M.Barrére (Paper No.1). Current work is aimed to a better understanding of the combustion reponse
and to mature the RV method as a standard tool to combustion instability investigations.

D.S.Dean, Paper No 33, discusses non-destructive testing of solid propellant charges. Many faults cannot be detected
radiographically or only with high inspection cost. Ultrasonic inspection is a potentially better technique since this
method is sensitive to interfaces (cracks, delaminations, bonding faults) rather than to missings. Unfortunately ultra-
sound damping in a propellant increases rapidly with frequency limiting the shortest usable wavelength to | -~ 10 mm.
Thus ultrasonic imaging gives low resolution and little margin for additional noise in the data processing system. Since
focused images by ultrasonic lenses are not feasible imaging by holographic encoding with optical reconstruction and
phase array focusing with presentation on a display unit have been investigated. The impressive amelioration of the
resolution by holographic encoding is demonstrated by pictures in the paper. Example: In a .5 m diameter solid rocket
motor defects of about | ¢m diameter can be detected when using a .S MHz ultrasound.

Testing for verification and reliability has a statistical aspect, too. Therefore, overtesting i.2. subjecting full scale
units to aggravated load conditions, implies a pay-off in terms of development cost and schedule. Paper No.34, presented
by E.Stampfl, shows with application to IUS (Inertial Upper Stage) that this approcah is valuable to solid motor
components and complete motors. [t is estimated, that three 20% motor overtests are equivalent to ten motor tests at
operational conditions. Use of standardized test motors and laboratory tools is an additional method to make develop-
ment efforts more efficient. R.R Weiss, Paper No.35, reviews the pertinent efforts of the US Air Force Rocket
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Propulsion Laboratory. The most important advantages which are cost saving and comparative evaluation balance by far
the disadvantages which are limitation to carly development stages and uncertainties in scaling the test results to the full-
scale motor. The development program of standard test motors has been initiated in 1960, At present, three families are
available, the BATES (ballistic test and evaluation system), Super-BATES and Super-HIPPO standard test motors. The
maximum grain weights are 75 [bm, 800 Ibm per segment and 90 000 Ibm, respectively. Finally a review on standardized
laboratory tools used in the United States is given.

D.S Dean, Paper No 36, discusses the possibilities of thrust transient measurements in rocket motors. Since any
force measuring device can be represented by a system of masses and springs with damping the natural frequency of the
system must be sufficiently above the frequencies of the thrust fluctuations. Sometimes this does not apply, especially if
thrust transients must be measured.  The following pertinent methods were successfully tested Measurement of all terms
of the oscillating system (displacement, damping, acceleration) and application of the describing differential equation, use
of a ballistic pendulum system or low friction honizontal sliding rods. In the latter systems both the influences of the
displacement and the damping are very small and usually can be neglected

3 SUMMARY AND CONCLUSIONS

As indicated by Professor C.Casci at the end of the Round Table Session, the contributions presented during the
Symposium drew a realistic picture of the present situation in the field of solid propellant rocketry. The presentations
can be grouped into three main areas of interest

propellant steady state buming
propellant unsteady buming

rocket motor technology

Those concemed with propellant steady state buming included advances in propellant chemistry and combustion
modelling  Particularly noteworthy are the contributions by Caveny'?, Price' and Kracutle et al.** on the behavior of
aluminum in the combustion process by which the physical understanding was greatly enhanced.

Regarding unsteady buming several contributions of both theoretical and experimental nature revealed that a certain
progress has been achieved, still much remains to be done. While considerable emphasis was placed on acoustic instability
less interest was observed in two-phase flow with combustion. Nevertheless, a very interesting and apparently effective
method to suppress combustion instability in rockets using homogeneous propellants was presented by Evans and Smith®’
who introduced refractory particles for this purpose. It is evident that theoretical, non-inearized approaches to fluid
dynamics and combustion need to be pursued.

In the field of rocket motor design and development it became quite clear that the United States have achieved a
high standand. As highlighted by Haymes®, Stampf1™ and Weiss™ extensive use of computers and standardized testing
procedures and test equipment ensure design and development of rocket motors in a less expensive and less time
consuming way in the US than in other countries.

Interesting forecasts were given by Parrat™, and Dean and Green™ showing substantial reductions of structural
weight and of failure rates

The authors of this TER agree on the general conclusion that the overall knowledge of solid propellant rocketry is
obviously sufficient to develop and produce high performance propellant rockets. Due to the lack of complete under-
standing of a number of phenomena there are many problems solved empirically today. In consequence, prediction of
solid rocket performance is not ensured to the extent really desirable and is not achieved as economically as possible.
The meeting has met its aim as set in the meeting theme but fell a bit short in offering the time necessary to discuss all
aspects in more detail.

4 RECOMMENDATIONS

Following the review of the present status in solid propellant rocketry a number of specific task fields are
recommended for future medium and long term applied research efforts:

(1) design of igniters for small military rockets and development of standardized design methods;
(2) metal combustion and two-phase flow;

(3) systematic data compilation and reduction on specific impulse Josses;

(4) thrust modulation,

(5) lightweight structures and multifunction materials;

(6) non-destructive material control methods preferably to be used during production to ensure high quality and
reliability.




For immediate action, the following proposals are forwarded to AGARD and the Propulsion and Energetics Panel:

(1) Apparently there is a trend leading to further diverging views on smoke and on visibility. It is understood
that an exact definition of “the smokeless propellant™ could remedy this situation, and the suthors of this
report consider this highly desirable. A small Working Group or Subcommittee sponsored and organized by
the Propulsion and Energetics Panel would certainly offer the appropriste means

Equally, a Working Group is recommended 1o investigate the standardization of prediction methods, especially
for specific impulse losses in metal loaded propellants.
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