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FOREWORD

A1l date reported herein was originslly releasged in Aerojet-Genersl
Corporation, Solid Rocket Plant, Materials and Fabricaetion Report No. 339, en-
titled "A Survey of Insulation Materials", dated 8 November 1961. Data reported
in Appendix B was releaced in AerojJet-General Corporation, Solid Rocket Plant,
Materials and Fabrication Report No. 289, "A Survey of Rocket Insulation Test
Devices, Insulation Performance, and Ineulation Behavior", dated 23 April 1961.

Acmdwleﬁgement i8 made to the following named persons who contributed

materially to the original repo:_t;ta: R. L. Keller, Develt;pment Engineer;

A A Stenersen, Supervisoy, Inqulétion Appliéaﬁon Resesrch and Developmerd

Se‘ction;. E. G Gré.s, ‘Matallurgilesl Engineer; and J. P, Wiison; Techniclen. - -
777”. This report vas prepared under Contract No. AT 33(657)-8896, 'TaskT\fo._ |
748103, literature survey and comp;.iation of mxpublisﬁed matéria.ls' information
for inert ﬁropuls;or; coﬁponehtsgénerated by the Solid Rocket Plant. .Iﬁis v‘oraér.k
iérbeing cqordina.ﬁéd at Aé_rojet-Geneml 'Corpora;.ionf 80114 Rocket Plant, by

Alexander Kowzen, Nozzle Components and Project Support Depsrtment.
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NOTICES

When U. 8. Government drawings, specifications, or other data are used for
any purpcse other than a definitely related goverrment procurement operation, the
government thereby incurs no responsibility nor any obligation whatsoever; and the
fact that the government may have formulated, furnished; or in any way supplied the
sa.id."draivings s specifications, or other date is not ﬁo be reéa,rd_ec_i by implication
 or otherwise, as in any manner licehsing the holl..der' or any other persom or corpore-
tiron;” or conveying any rights or permission'to manufs_.ctﬁfa s use, or sell any »
patented invention that mey in any wey be relatéd thereto.

| 'I'hﬂis .aocume'nt may not be reprcduced or _published’li“n sny form ik whéle or in
L Partwitl{out prior approval éf'the govez"memj.: Since this is a progrg,és_s report the

__information herein is temative and subject to changes, corrections and modifica- .~ |
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ABSTRACT

A review was made of published reports ard literstare on the insulatlon
materisls to estabtlish the status of the art in theory, formulation, testing, and
y processing; to establish the type of deslign dats available and to provide an
"amlysis of the availsble data. A mejor effort was made to obtain information on
internal insulation materials.
Digcussed in thié r@pcjrt are the commor thzory of the ablaticn procas,s; the - ;
statuh of heat transfer analysis of ablative ma.teria.ls, thc test devices and teste
ing techniques presently used for material evaluation and the status of devc lopment
a.nd processing of internal insulation matqrials. Pérfozm&nce da,ta. of.‘ :Lnternal .
in.,ula.tion material from toreh. screening tests, plasma e,enerators, aubscale- - ” jj;
QU p*opelle.nt test motors —and full scale motor I‘iri'ngrs* are preserted. Sie;nifi\.a.frb
' . 'pﬁr*‘ormanr*e data of nozzle insulation matnria.ls a.nd ex‘bema.l inquration matazia.lq

|
- . S ;L";'::i
- are included. Physical end mecha.nical property data are shown for some nowle and. ’

1nterna.l insulation materials. o : - o e
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I. INTRODUCTION

Thermal protection of parts exposed to high temperatures is presently a

major problem in the development of solld rocket motors and space vehicles. Nozzle

components and the fore and aft end of solld propellant movor cages ere exposed to
the erosive conditions of propellant flames ot temperaiures as high as 6600°F.
The skin temperatures encountered 'on re-en'liry to ea,r‘bh- of space vehlcles and nose
cones is estimated to -reach temperatures in excese of lO 000°F. S

To provide thermal protection for the nritical a.rea.s, & series of thermal

protection systems such as heat sink, ra.dia;_tion, reflec*'ion;, transpira.tion, and

abla.‘cion 'ha.ve"been inveetigated*tO' Eome extent; Ablative insule.tion is currently

considered. the eim.pi.es‘c, the most effective and rel:l.e.‘ble method fgrﬁppgrmal o

area and t.hp exit oone. .
o ‘I'he feesibiiity of themal protection of missile parts 'by eblative insula-

tion mn.teriels wvas at first clea.rly demonstrated on re-entry of nose cones in 1958,

B . 8ince then extenﬁive work hag been conducted. by‘ governmenta,l e.gencies a.nd. fﬂ.rms in

B testing a.nd eva.t.ua.tion of the a.'bla.tive properties of plastics and reirforced

" ? S pla.stics. Some work hs.a a.leo been done to analyze the mecha.nism of e.bile.ftj:og a.nd

SR I e to formule.‘ce elastomeric a'bla’cive ma-berials. Several hund.red pertinentuerj;cles :,;i’;;:-

P ha.ve 'been pu‘bl:l.shed.ffmeee a.rticles con‘te.in prima.rily j.nforma.'b:l.on s.nd. ’cesﬁ da-ba

T éniﬁe.%ﬁé meterials obta.ined by mod.el s-hud.iee e.nd. le'bora.-bory -besting. Little

ini‘ometion ‘has us ye-b 'been a.va.ila.'ble on test date o'bts.ined at agtual use condi-

td.ons. A large nunber of solid, propella.nt fotors have, however, been tegt-fired

|
e e - .
PR e e

“), ot ;-f,i“l
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| at the Aerojet-General Corporation using ablative insulation materials. The

‘w quantitative date reported on the performance of ablative insulation materials on
test firinga of solid rocket motors are useful as design informmtion. The status
of work conducted on eblative insulation materials with regard to theory, formula-
tion, testing and processing and quantitative performance data reported on _inaula--
tion materiale from full-gcale motor firings, sub-scale propellant motor tests and

material screening tests are discussed in this report. This work wae .conditcted"__

B ot

“undef Contract No. AF 33(600)-36610. o i

IT. ' OBJECTIVE AND SCOFE

The over-a.ll obdective of this survey was to collect, ta.bulate a.nd ana.lyze L

e

' published data Dbtained by various governmental agencies and AeroJet-Genere.l

fs.cili“ les d.uring the tas*bing of insula.tion mteriale :.ntended. for solid rockxet’

motor.

... .. The material design da.te. of primary intereat incluﬂed ablation rates amd

erosion ra.tes e.t varylng exposure cond.i‘oicna, physica.l end. mchanica,l proper‘oiea 3

“ A e
s b b 5 3l i b

‘and data on heat ‘branafer, formula.'cions a.nd proceesing.
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a.nd e.bl.a.tion e.t given and. vary:l.ng e:qposure condlt:l.ons. '“he su.rvey therefare T3

e involves . review of- B :'t" * o :ﬁ**:_;,
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SR R - paremeters tha.t determine ablation rates at given exposure conditions have not

——"ﬂ%—??; S tests do not appear capa.'ble of screening insula.tore for rocket motors but ha.ve

2. The development of test devices and testing techniques for ablatioun
materials.

3. Performance data from fullescale firings, sub-scale test motors and
screening tests,

L, Physical, mechanicel, and chemical properties of insulation systems

and their components.

5 Processing of insulation syatems.

ITI, corxcmszonrs S ’ o S

A. The literature on ablative insule.t'l.on materials reveals that extensive
efforta _have been made in the develoPment of test devices and in the eva.lua.tion ‘of

: reinforced plastics for nose cone insula.tion.»

o - . B. - The main phyeica.l a.nd chem:lce.l reactions that ta.ke place du.r:lng the |

Vﬁe.bfle_.tion orocess are believed to be ]mown, but the relative ei‘fect of the many -

been determined experimenta.lly. T ’ 3 o

C. Anelytical solutions ha.ve Teen d.erived for the hee.t tra.nsfer in

e.bleting me.teriels a.ssum:l.ns stea.dy state condit:l.ons.

D A nunber of torch test devices have been developed for 1aboratory

7 7 ' __ screening e.nd evalua.tion of a.blative msula.tion me.ter:l.als. A round ro’bin tes’c R ,ﬁ

program cond.ucted tc sta.nda.rd.ize an oacye.eetylene toreh test reveals poor correla- T

tion of test da.ta. obteined by- the va.rimis*devices involved. Qxyacetylehe uorchr

bean found useful as laboratory tests :Ln the d.evelopment of ablative ineuls,tion )

materials.




E, Plasmajet tests appear to be useful for evaluation of nose cone and
exterral insulation materisls. Plasmajet test data on internal insulation materials

do not correlate well with sub-scale motor data.

F. The test data of primary interest for the design of internal insuls-
tion profiles are the dimensional materiasl loss rates or ablation rates.
G Sub=-scale propellant motor tests, which simulate the environments

, o
producted in fulle-scale motors, appear to be the mest useful tests for evaluation ) :

of internal. chamher insulation ma‘aeria.ls.

\

|

H. Deta.iled quantita.tive date on the peri‘omance of internal insula.ti on \

in :E‘u.ll scale motors ha.ve been reported only during the pa.st two years a,nd for ) o _ 1

relatively few motors. ’ - o ' - . : 1

I, A serles of rubbersbased materials have recently been developed for

interﬁe.l insula.t‘ioﬁ of rockef motors. Su'b acale propellant motor tests show best 7, )1

nerformancu for mulation aystema baeed on nitrile-rubber as binder with elther

asbestos or 'boric acid as fil].er. ' h ) j . ’ {
|

J. . --RITE Motor tests on the v-hh inaulation material (GT&R) show that ‘ _
th:.ﬁ(’s;m@te:ial,;pag -g.fd.gc;rea.sing rate of eblation vith time of exposure. The rate . - - .|
of ablation increases ﬁla.rke,dly with chember pressure 1n»tl'1'é range from 200 to°

/K Polw.rethana inﬂulatian ma‘herials have shown good per:formance :Ln T <
EAGLE end GAM-B?A motors.;;;ﬂ;”_ ;;' o L R

curren'cly the best avallable materia.ls for insulation of nozzle exit cone e.nd.

entra.nce section respectively.




v. RECOMMENDATIONS

A. Programs for development and evaluation of internal insulation sysiems
should include determinations of the thermophysical properties of preomising materials.
These properties are needed for heat transfer anmlysis used in the design of insula-
tion profiles.

B. In the development of ablative insulation materials, efforts should be

made to determine experimentally the mein factors thet affect tha rate of ablatlon
and erosioﬁ and the experimsntal date correlated with theoretical heat tra.néfer data
. and chemica.l thermodynamic property date of the material com;ponents used., |
7_740.7 - - 'I'he developnent-of improved insula.tion systems should be directed -

toward systems which can be more easily processed..

. D." Improved tests are needeﬁ part'cula.rly for screening oi‘ internal o

- fnswlation meterials.

Lo E - Sub-sce’;J.E’ propellant tesfmotdrs'"such aTtﬁer 7RITE’Mqtor Ehbﬁi&freri

i

used for evalustion of nozzle and internal in.auJ.a.tion systems. _
"F._) S Efforts should. be ma.de to develop a sub scale test motor tha.’c ig

more versa.tile ‘and lesds costly to operate tha.n the RITE Motor.r The mo’cor must bé

ﬂapa.ble of simula.ting fu.‘!.l-sce.le motor firin.g 'fondi‘cions and should oe capa.'ble of

testing a se:ﬂ[.ea of ms.teria.ls in one firing. -

o G. . To provid.e uaeful design data, eblative insala.‘cion materia.lrsvshould




v. DISCUSSION
A, TERMINOLOGY
The published litersture on ablative meterials shows that the terms
used to describe ablation phencmena are different at various agencies. At the
Aerojet~Generel Corporation, the terms differ to some extent with project and
facility. The need for & standardized terminology is peali"zged g.t agencies such as :
the Bureau of Standards and ASTM (Americen Soclety for Testing Ma.teria.ils)‘. CMt- - o
_tees have therefore beenfé.ppointed to standardize the termino:‘i;ggy for ablation
naterials :Ln. con.ju.nction with standardization of flame testé . -;(Jhtil a,i stahdardized

teminology is a.va.ila'ble it :I.s nacessary to define the terms used in publica.tione

" and reports. Definitione of terms uaed in this report are J.:Lated in Append:lx ‘A,

P B, -~  THE ABLATION PROCESS -~ - -~ SRR T

&
‘ :
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L [Paysicel emt Chemica.lr Reactions in the A'bla.'bing Zone

mecha.nism of e.blation ha.ve as yet been :I.nves'bisa.ted. The pub;l.ice.tions,__ on ablative

ma'beria.ls (about 500) are pr:!.ma.rily concerned with the high tempera.%uré"properties'. -

o , __: , Some studies, hcwever, ‘have been: made on the heat transfer macha.nism an& the thenno-

wh o edeahonds

' ] L physical .state che.nge rea.ctions involved. “Only & few prelimine.:y investiga,tions

STy
Lo

When an ablative :t.nsu.lation matorie.l, consisting of a

polymeric binder and an inorgsnic filler,' 1s exposed to an environment such az the ' B

R




propellant fleme or exhaust, some heat energy is at first abosrbed by the material
before any state changes take place. The amount of heat energy absorbed depends
prinarily on physical properties of the materlal such as thermal conductivity and
apecific hest.
b. Absorption of Heat By State Change Reactions
As soon a3 the surface layer of the material has reached
‘8, certa.in temperature, binder and filler components start to decompose or sblate.
. The ini_tial ablation temperatures vary greatly with type of binders and fillers
used. Heat energy is sbsorbed during physical state changes such-ag sublimetion,
) -ﬁeiou;“a.ndi va.por:l.za.tiori. 'Concurrently,r—a. —series of‘ chemioa.l reactions :l:.a,ke,pla,oe._ IR

Tl e . ‘  _'The. f:l.ller components formed. ree.ct with each other and with com;ponents of tho . ]

—_— - h - propella.nt combustion gases. The hea,t energies a.'beorbed. ‘and/or given off during

T e _'_l'_,heser reactions are depend.ent on the heat of - d.ecomposition and heat of formation

i"_:_ " of the reeé’cions-.- However, the rate at which these rea.ctions take place :Ls / SR

predomine.nt factor. The chemica.l reactions tha.t ta.ke pla,ce are dependent oﬁ

tempera.ture a.nd. pressure and may be governed to some extent by ca.‘ca.lyats a.dded 'bo

the materia.ls .

1
]
|
l
|

The reeult of the initiai physica.l state changes e.nd . W

chemica.l reactions is the forma:bion of solid. a.nd liquid decompoai’cion produots e.i. - (
’ ‘ i
a.n.& oha.nges in composit:!.on a.nd ph,;sioal properties with time ox“ exposure. Gen.ere.lly, '

‘the chax 1a.yer formed provides 1ncreased thermal and meohanice.l protection with time

of exposure.




et ghe bage

é. Transpiration Cooling

The gases formed in the inner decompeosing material
layer are emitted (transpire) through the pores of the char residue and provide a
counter-flow of gases against the lmpinging particles. The gases emitted are in
general relatively cool. Therefore, mess transfer cooling takes place between the
gases emitted and the hot propellant combustion products (transpiration cooling),

thereby providing & protective shileld or barrier against the impinging particles.

The effectiveness of this shileld as a protective barrier depends on rthe rate, the

amount, molecular weight,‘,_ and the heat cé.pa.i::l.ty of the gases fomd.
| e. Rediation Cooling |
' In-'aé.dition to the heat dissipated tﬁr@ugh a.bs'orbtion,
soms heat 15' re-radie.teci. The 'a.niount.ofrrhe'a.t re-radiated is inflﬁenced by the
pf;:pertiea of the char and its surface temperature, The iﬁc‘orp?rét'ion be"ra'.dﬂ:re.‘c':!.on
) "blocld.ng" agents he.ve ‘been found effective in inereasing the ra.d.iation cooling

effect of 1nsu.:.ation ma.teria.ls.

2. ' Necha.n:l.ca.l Factors

"he rate oi‘ decomposition of the ablative material is en

- dmportant factor 1n obtaining & minimum rete of ablation. If the rate af decompo-

rsi'tion is very fast- ﬂ\_e ahlatine cuwfa

ing supfass 1 .y:.r. m&y’ne forced to expand :Ln & similar -

- manner. b.s expa.naion of plastic foams. This’ reeu.lta generally in very J.i.ttle heat 4

a.bsorp‘bion. On the other ha.nd, 1f 'l:he decon:position 3. very slow, the ma.terie.l may' : :

be erod.ed a.wa.y me_cha.nica.lly before arw hea.t a.'bso:r.'ption ta.kes ‘Place. The mechmi’.ca.l

propeztiea cf the e.bla.tive ma.teria.ls a8t high, elevated, and ambient temperatures

il '
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affect the insulation performance in several ways. A highly crosslinked, rigid,
structure has been found desirsble to prevent decomposition of the binder into
liquid components and for the formation of effective chars. However, an internal
insulation material which is bonded to the chamber and the propellant may be
subjected to high stresses. A flexible material has therefore been found to be
essential in order to avold mechanical failurzs. Spalling, cracking, or flsking
may alsc occur below the material softening temperature of rigid insulation |
materials due to vibrations. Separa.tion of thermall& soi‘tened material tieoes mey

be caused ‘bjr impact erosion of particles in the propellant wxhaust, ‘

3. Exposure Condi—t—ioné- : L e
a. Propella.nt Flames.

The environmental exposure conditions produced by

rpropellant flemes and exheust d.iffer considerably with the various type propella.nt '

ourrently used in solid rocket motors. An e.luminized propellant produces senerall«,r -
more erosive cond.itions the.n & non-a.luminized propella.nt. An oxidizing atmoephere
may be detrimenta.l to ‘gome insu.lation systems and a.dva.ntageous to others. The V'
va.riables of this type environment may be divided into physical, chemicai and
mecha.nice.l fa.ctora. Some of the variables of propella.nt exha.uat a.ffecting the

fra.te of a.'b:].a.tion are belleved to be: - S o

”':ﬁ;;f:% S (l) Density of constituents
- . (2) Concentre.tion of cmstituents o

(3) Velocity of comstituents

(h) Temperetﬁzfe




(5) Totsl mass flow rate
(6) Atmospheric condition (reducing, oxidizing)
be Aerodynamic Heating
The environments encountered by nose cones on re-entry
differ widely from propellant exhaust conditious. The main factors conaidered in
evaluation of nose cone materials are total heat flux and mass flow rate.

L, Formulation Variables

The ablative insulation materials consist generally of an
organic polymeric binder ;.nd an ilnorganie filler incorporated as & pligment, filler,
or fabric,

Organic polymers are used as binders to provide thé required
mechanicel properties over a wilde temperature service range because of thelr low
thermal conductivity and their ability to provide thermel and mechanical protection
by the formetion of an eroslon resistant char., The char formstion and properties
of the char are influenced by such factors as the chemicsl structure of the poly-
meric binder, its crosslinking, unsaturation, relative concentration of aliphatic
and armomatic carbon atoms, concentration of H, O and other elements, and type of
polymer linkages.

Highly crosalinke

i
o
¥y
B
>
L4
4
13

5 aré generally desirasble because
these binders on heating to high temperatures 4o not melt but decompose primarily
in the s0lid state. The partiaslly degraded materisl inside of the char may there-
fore have useful mechanical properties at high temperatures, A large concentration

of aromatic, condensed aromatic, and certain cyeclic rings in the binder is desirable
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because a relatively large amount of heat energy is required to break or alter their
chemical honds.

The functicn of the fillers is to abscorb heat energy primarily
by state change reactions. The rate at which these reactions take place is a
-- ecisive factor. Composition parameters that influence the rate of ablation may
therafore be divided into physical, chemical and mechanical properties and charace

teristics as listed in the following table:

FORMULATION VARIABLES

Physicel Fectors Chemiceal Factors Mechanical Factors

1. Density 1. Chemical structure l. Tensile strength
of binder and filler

2, Thermal conductivity 2., Crosslinking 2, Elongation

3. B8pecific heat 3. Type polymer linkage 3. Binder-filler tond

gtrength

k., fThermal diffusivity 4. Elemental concentra- Lk, Filler and grain

tion of constituents orientation

(¢, B, 0, N, etc.)

5. Heat cf sublimation,

fusion and veporization

c. TEEORETICAL HEAT TRANSFER ANALYSIS OF ABLATIVE MATERIALS
The heat transfer mechanism of char-forming ablative materials is very
complex (25)., The cher layer romplicates the heat transfer problem because 1t
introduces a second phase between the solid and gaseous boundary leyer and because

of the flow of gases from the decomposing material through the char. A problem
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encountered in conducting heat transfer analysls using the equations derived i1s the

lack of accurate thermophysical property dsta such as thermal conductivity and

specific heat at high temperatures and of heat and temperature of ablation. In

addition, the decomposition products formed and emitted through the char are

difficult to analyze and are generally not kuown.

To conduct & heat transfer analysls for a material that ablates with

formation of a char, it is necessary to meke a seriles of assumptions including:

&,

b.

Co

d.

A constant heat of sblation
A constunt temperature of ablation
Jteady state conditions

No overall shrinkege in decomposing material and char

By use of analytical model studies, equallons have been developed

and evaluated to show the relationship betwesen ablation rates and char properties

for various conditions simulating aerodynsmic heating. Some of the conclusicns

reached by model studies seem tc egree with experimentel data.

The AeroJet-General Corporation has recently conducted a heat transfer

analysis to investigate the relative effect of various thermophysical properties on

the ablation rates. The analytical solutions derived are not included in this

report., However, some results of this analysis are shown in Flgures 1, 2, 3, 4 and

5+ It is noted thut variations in the heat of ablation, the temperature of able-

tion, and the specific heet greatly affect the rate of ablation while a variation

in the thermal conductivity hes a negligible effect.
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D, TEST DEVICES AND TESTING TECHNIQUES

1. Literature Review

A review was made of test devices and testing techniques used
in the development, evaluation, and analysis of eblative insulation materials. This
review showed that major efforts have, to date, been done in the development of
test devices to determine ablation retes at environments simulating aerodynemic
heating and propellant exhsust. Attempts are currently being made in the design
and development of new improved test devices and Iinstruments to anelyze materlals
char forming ability, heat absorbing ebillity, gaseous decomposition products formed
during the abletion process, and composition and nsture of propellant exhsust. The

literature revealed minor efforts to develop improved tests for evaluation of the

physleal properties of materilals at elevated and high temperature. Such date are
needed in heat transfer analysis and analysls of the major factors that determine

the rate of performance of ablative materials., Test devices to determine char

properties at the high temperstures encountered in exposure to propellant exhaust
have not been reported. The test tools currently used in the development and
evaluation of eblative materials are briefly discussed below,

2. Devices forATesting of Ablative Properties

-8 Oxyacetylene Torches, Plasma-arcs and Sub-scale Motors
A comprehensive survey of torch test devices, plasma

generators and subscale propellant motors was made and is discussed in Appendix B.
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3. Differential Thermal Analysis (DTA)

DTA is used as a gulde in material development to determine the
heat absorption potentisl of materials. Essentially, this method involves the use
of reference and unknown materials heated in separate containers at a fixed rate,
ag illustrated in Filgure 6. Comperison of the temperature difference, which 1s
measured by using & differential thermocouple whose thermal e.m.f. is continucusly
plotted by a recording potentiometer, usually versus time, determires their compara-
tive heat absorption potentiel. Exothermlc as well as endothermic processes can bhe
recorded.

The use of DTA in determining absorption potential is limited
due to the fact that many DTA patterns are too compiex or diffuse to be quanti-
tatively treated, The many parameters and unknown variables (experimental and

theoretical) result in uncertainty.

L, Thermogravimetric Analysis (TGA)

Thermogrevimetric Analysls is also used as & gulde in material
development, By this analysis the residual weight of sample material 1s measured
continuously es the sample 1s heated at a controlled rste. In modern practice,

a virtually lineer function of residusl weight is a.ﬁtomatically recorded on a time

basis or on & temperature basis. In either case, the ultimate record is & plot of

residual welght fraction versus the environtentel temperature in a reglon near the
‘~pemple, The effect of different heating rates on the TGA, dve to its reproduci-
bility and correlation to the extent of degradation, is &t present considered more

relieblea than DTA in obtuining the absorption potential of materials.

-1k .




S. Emission Spectra and Chemlcali Analysis

The initial comprehensive studies of the chemical reactions
involved in the ablation process have been made by Stanford Research Institute
(26, 27). These studles include investigations of techniques for sampling the
gaseocus boundary layer of sn ablating resin in an argon-stabilized plasmajet and
the use of emission spectra for anslysis of the boundary layer. The gaseous
decomposition products of several resins were determined by mass-spectrographic
anelysig. The results show, however, no particular correlation between ablation
performence of a material and elther its emission spectra or the products of
ablation.

E. INTERNAI. INSULATION MATERTALS
1. Formulation

Organic polymers have inherently good thermal insulation
properties and ablete when exposed to high temperatures. Elastomeric polymers
such as polyurethanes end nitrile rubber have therefore been used for lining and
internsl insulation of solid rocket motors. In recent years it hes heen found that
the ablative properties and the erosion resistance of such polymers can be greatly
improved by the incorpuration of fillers or reinforcing agents which have high heat
abgorption potentials. ‘

The approach used in the development of i-nternal insuletion
has to date primarily involved evaluations of binder-filler systems for heat-
abgorbing sbility by DTA and for char-forming ability and ablative properties by
TGA and oxyacetylene torch tests.
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Nitrile rubber systems have been found particularly promising
a8 binders by various rubber companies. The Garlock 7765 material, a nitrile
rubber-silica system, has been used as & referance internsl insulation material for
several years.

Improved nitrile rubber systems have recently been develaoped
by the Mare Island Navel Shipysrd (compound 388-58 and 388-98) and by the General
Tire and Rubber Company (V-4 and V-52). The improvement in ablative properties of
these systems are claimed to be due priwarily to improved processing techniques.

' Fhenolic res:l.n-nitri]r.e' rubber blnders have, by some companies,
including 'bhé: UQS. Rubber Ccmpany and the Goodyear Tire and Rubber Company, been
found to prc;vide improved ch@r propertj.és for more efficienf transpiration cooling.
A series of fillers,such aé listed in Table I, have been investigated for these

binders. The chemical thermodynamic properties given for the fillers in cireular-

- 500, National Bureasu of Standard are included in the teble., The filler investiga-

tions hawve shown'tha.t boric acid and potassium oxalate provide better performandce

than asbestos in this type binder system. Boric acid and potassium oxalate are

believed to be efficient filler because of thelr low decomposition temperature and -

~ high rate of decomposition at the glven exposure conditions. The temperature in .

the decompoaing layer of the 2

ir s e5¢ systems, when exposed to an oxyacetylene torch flame,

is reported to be approximately 800°F,

]

Polyurethane systems hé.ve been investigated to somé extent as

internal insulation materials by the Aerojet-General Corporation. The systems

eva.;uated have been formulated primarily for use as chamber liners and not with

regard to optirmum ablation and erosion resistance,

- 16 -
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Internal insulation materials based on elastomeric phewolis
resins have recently been developed by Nobell Research Laboratory. The compounds
developed contain a low filler concentratlion and are applied by spraying. The
ablative properties of these systems are similar to those of rubber-based systems.

The reported programs for development of internsl insulsation
materials lnclude only a few attempts to formulate ablatlve materials wlth regard
to the thermochemical and thermophysical propersties of fillers and binders. Such
an approach appesrs to be most useful in order tc advance the state~of-the-art and
to -echieve a slgnificant lmprovement in the performance of ablative insula,‘oi_on
materlials. Research programs are 1in particﬁlar needed to provide experimental data
for corfirmation of surrent theories of the mechs.nismvof ablatlon. Becaﬁse/or the
ma.mr va.ri;.;bles involved,. a statlstical design of rormulations and a statistical
@_x_xalysis of performance dats gppear necessary to'resta.biislix the essential factors

that determine erosion and sblation rates of the given envirommentsl conditions.

2o - A‘bla.‘bive Properties
| 8. (xyacetylene torch-tests _

7 A large ‘number of rubber insulation éompoﬁhds lformulated
by MINS (Mere - Island Naval Sh:.pyai-d) and by GTRR (Gé.rleral Tire and Rubber Compawny)
have been screened for ablative properties by & torch deviee developed by-GT&R.
 Test —pé.ramefe:;ﬁs and exposure ;ﬁ_pﬁditions of this d.evice:_ are shown in Teble Ii:-, The
device has an oscillating feature that 1s not common in torch testing. The main
performe_.nce eriteria used sre tﬁe dimén;io;i material ,lorssrre.te, the thiclmésa of -

the char formed, and the temperature rise on the back side of the 1/b inch thick
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test specimens used. Performance data of some internal insulations are shown in

Teble IITI. The newly developed V-52 has shown best performance in this torch test.
A peries of internal insulation materials have also been

evaluated by the RIME test, Aerojet-General Corporation, Azusa, California. The

RIME test has different and more severe exposure conditions than the GT&R torch.

The oxygen-acetylene ratio is 1.2/1.0 as compared to 1.0_76/1.0 Tor the GT&R torch

and the total gas fléw rate is 720 cu ft/hr as compa:ed to 72 cu ft/hr for the GT&R

torch. Performance data for the best intermal insulation materials evaluated by

* this device are shown in_Ta.ble Iv.

" b, Plasua Genmerator Test
| " Plasma generators are designed to produce very high
flame -bemperaturegs and high gas veloclities and are seldom used for _e'v&luation of
internal insula_.'l-:ion inateria.ls. A few 1nter_nal insulators -hé.ve » however, _been

ew}a;luafed in ﬁlhe plasmatron device, Azusa, 'Ihe test data. obtained. are of interest .

-for compa.rison with subsscale propella.nt motor data. . Some of the beat test results

reported are shown in Table V.
c. Sub-scale Propellant Motor Tests
| (1)  RITE Motor Tests
Rockst Izmulafion Test Evaluatioﬁ)_,

motor was deaigned for evaluation of internal insulation matei'iale... E;qusurg

» conditions similar to those of full scale firings are cbtalned by use of same

. p-ropellant and sane firing parameters &s in the full scale chambers. =
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A total of 150 RITE Motors have been fired to
evaluate the erosion resistance of a number of insulation materilals, The test
date obtelned for eight of the best materials evaluated under duplicate conditions
are shown in Table VI. The maln performance criteria are the total losses in
weight and thickness of the material and the corresponding Thickness Loss Rate (TLR)
and Mass Loss Rate (MLR), The TLR ig of primary interest to the design engineer in
establishing the internal insulation profile and design safeiy factors. A rating

of the eight materials tested at the established conditions with regard to TIR is -

_shown in Figure 7. It is noted that two reiatively nev materisls, V.52 (T2h2-IV-62A) -

and M:707' show better performance than the V-4i material which has bheen tust-fired

a.nd. ~-.§hown good perfoma,nce in several full scale motors; FMgure 7 a,lso i1llustrates

“the iﬁu:orté.nce of a low density insulation materia.l by the (TIR) X (@ensity) product.

\i.he best insulation.

~ This product 1s used as a guic'be in selec'bion of the material that 'by weight provides

The V-44 material has in particular been
evaluated by RITE Motor tests. The effect of chamber pressure on the rate of. erosion
(TLR) and the rate of erosion (TILR) vs time df eﬁcposure for this material are illus-

trated in Flgures 8 and 9 réspe’cti-vely. The firing durations used in Figure 8 are

a.pprbximately eight_y-five seconds. The flame tempers;tur—e of,fche propellant used at

pressu.res gbove 500 psig, is a.pproxima.tely l+00 F higher then at the lower pressures.

It 18 no+iced that the thickness loss ra.te 1ncreases rapidly with increasing

— — --chamber pressure in & pressure range from 200 to 400 psig, while an increase in =~

~ pressure from 400 to 800 psig has only a slight effect on the thickness loss rate.
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In Figure 9, thickness loss rate values are plotted vs time of exposure for the
periods 6, 16, 33 and L5 seconds., The thickness loss rate is high during the first
seconds of exposure and decreases with time for the firing durations used. The
main reason for a decrease in the rate of erosion is believed to be due to increased
thickness of the char layer with time of exposure providing increased thermal
protection through transpirstion or mass transier cooling in the char layer.
(2) ABL and ARC Test Motors

The ABL (Alleghany Balliétics Laboratory) and
ARC (Atlantic Research Corporation) have eveluated & la.i'ge number of internal
insulation materlals by their test motors.

7 ' A "Round Robin" Test Program conducted to
evaluate the relative performance of the Valth, USR-3015 and NOL~-3098 materials in
these and the RITE Motor gives some information as t§ the effect of different
propellant exhaust on Iinsulation material rperfo-rmance. Standard first stage
' )POLPLRIS propellant wé.a used in the' f!ITE tests. The TLR valuesr(cha.r rates) for
the three materials in the three test motors are shown in Teble VIi. The ABL test
data show best performsnce for the UBR-3015 material and th; poorest performance

for the NOL-3098 material, The ARC date show best performance for the V-Uki materiel

AamA =
3¢ivy

'S
and poosrest

b

rlovmmice for the USR=-3015 materisl. The difference in materisl

[N

-perfoma.nee 8 believed to be due- to differences ‘in propellant fleme temperature

and compoaltion of propellant exhaust.
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d. Full Scele Motor Data
(1) POLARTS Motors
Erosion rate date on insulation materials

obtained at actual use conditions are of interest,; both as materlial design data
and in the development of ugeful screening tests and improved sub-scale test motors.
A particuler effort was therefore made to obtain quantitative performance date for
correlation purposes. PNLARIS "est firings were of particular lnterest because of
the relativély 1§rge number of motors fired. Practically all memos and reports on
POLARIS insulations were therefore reviewed.- Perfoma.nce da.ta; for POLARTS Métors »

are shown in Teble VIIT. Dete for nozzle insulation ere also included in this

‘table. Firing reports issued during 1960 and 1961 provide detailed information on

the amount and rate of erosion for the entire area of forward and aft end enclosures.

‘These areas are divided lnto sections and stations e&s shown in Figure 10. The

dlmensional materiel loss rate (MLR) for the V-4t material at the verious stations

~of first and second stage A3 motors are shown in Tables IX, X, and XI. ' The average

MR for the various stations in the second stege motor &ft closure is e,pproxma.teiy
.06 in/sec. The value for the first stage motors is .18 in/sec.
(2) . MINUTEMAN Motors

The configurations and profiles of the forward

" end aft closures of the second stage MINUTEMAN Motor are similar to those of the

POLARIS motors. The insulation systems evaluated in the MINUTEMAN Motor include -
Garlock 7755, and the V-4l material. fThe dimensional material loss (remova,l) rate

of Vil at the verious stations in MINUTEMAN aft c¢losures are shown for two motor
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- mtely 200 palgs — o o i

firings in Table XII. The average dimensional material loss rate for two motors is
0.18 in/sec.
(3) Miscellaneous Motors
The performance data reported for the GAM-87A,
the EAGIE and HAWK motors were also reviewed, A comparison cannot be made of the
material performance dats in these motors with _the POLARIS and MINUTEMAN motors
because of the different propellant and the different firing du;'ations involved.

The polywrethans system used for insulation of the EAGLE and HAWK motors appear to

‘have as good performa.nce as nitrile rubber insulators and should be of pa.r‘bicule.r '

irterest for interna.l insulation of rocket motors becauae of their ease of process-

. ing, ( casting,- spraying) and their good mechanical properties at lov tem;peratures. )

3, Mechanical and Physical Properties

' *. The mechanical property requirements of :Lnternal insulators
v&ry}cp'naidgra.bly" with }.he dimensions,_ and ty:pe of motor cases, A high elongation
seems 1-:6\]93 T:é"‘a.sentia.l for insulation materials used in filament wound chambers.

;‘his has, 'in ,pajftic'ular, béen_-deinonstra.ted by ABL, The use of insulators with &
unsxial elongation of eppraximately 15% in £ilament vound test chanbers has
repeatedj.y reaultéd in mptur;e in"thé insulation” §i1 cﬂéﬁbei hyé.ro'cesting é.t*a.pproxi-

Investigations are therefore being made of the stress-strain

. behavior of rubbér insulators by variat;s miseile firms, Bi-axlal and tri-s.xial

tensile-elongation tegts have .récéntly been given particular attention. To avoid

mechanicel rupture in the in:herna.l insulation, materials with a uniaxial elongation
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of approximately 100%, at smbient temperature, are currently being used in filament
wound motors. The reported mechanical properties of some of the best internal
insulations developed to date are shown in Table XIII. The NC-1 malerial has shown
good performsnce in ABRL test motors but is apparently no longer considgred a candl-
date internal insulation materials because of lts low elongation.

Physlcal end thermophysical properties, in general, have not
been determined by the firme engaged in the development of internal insulation
materials. The Aero,jefc-Genera,l c_orpora.tion, Azusa, has however, determined the
thermal conductivity, specific hea.t, heat and temperature ‘of ablation for scue
:Ln't.ernal insula.’tibn meterials. Availe.’b’Le da.ta. on the thermal conductivity a.nd
specific heat are included for the msterials J.isted in Table XIII.

F. EXTERVAL INSULATION MATERIALS
The POLARIS and the MINUTEMAN missiles require externsl chanber
7_ insula.tion for thermal protection against a.erodynamic heating of second. and third
stege motors respectively. Und.grground la.unching of the MINUTEMAN miss:Lle also
necessitates insulation of its first stege motor. Ablative iﬁsulatio_;’x is coﬁ-
sidered td .be the most effective and relisble external insulation method because

the skin temperature of these motors may exceed 1000 or 1500°F. Date from. fii‘ght‘

tests a.re, however, not yet a.va.i.le.'ble 'oo confirm estimated skin temperatures.

] Ihe first, and a.ppa.rently the on.‘l.y”major effort to develeop ean _
external insulation materisl has been,ma.de on the MINUTEMAN- Program. Spreyable R
ablative coatings have shown much promise with regard to ease of processing surs

face smoothness, mechanical and ablative propertles. An alternate type material,
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) genera.tora have commenly haaw

elso considered for external lnsulation of the second eta.ge POLARIS AR Motor is s
cork compound that is preparsd by molding and cut intc a tape. The tape is applied
by adhesive bonding. Apperent disadvantages of the cork tepe is & high material
cost, and a problem in obtaining e satisfactory bond to the chamber as well as a
smooth surface.

Ablative properties of external inswlation materials have beén
evaluated in plasma-arc tests. The data for six materials in Table XIV chow best
performance for i4e DC=65) maierial. EFanysical a.hd mechanicsl properties for these
external insulation materiels are. shown in Teble XV and XVI.

G.  NOZZLE INSULATION MATERIALS- , _
B " A review was made of -the litera.ture on mrzzle ‘insulation ma.teria.ls
to establish the statue of material development a.nd testing tecgn.iq,uea. It was
found that the literature gives very little-infomtion on. the. chemica.l reactions

that ta,ke place during the sblation of fhege materials and ’ghﬁt only minor efforts

“have been made to formulate insulators @or'the nozzle ent;:a;nce section and exit.

cone., A large number of tests have however been rin to prdvid.e ~eng_:l.neerin§ data
on the ablative properties and erosion resistance of' commerciel res;_n, syatems with
organic a.nci inérga.nic fiber—reinforcemeht. dqﬁcetylene toreh aeiricgs--and plasma
...... use /iufw:.e;é &vi uaw.ons.*unerTables XVII, XVIII,
and XIX show. test data for the beat nozzle insuletion materiule eveluated &t the
GT4R torch test facllity and the Azusa and Sscramento plasma-are facilities
respectively. The phenolic resin-graphite cloth systems have in general shown best

performance as insulators for nozzle entrance sections while the phenolic resin-

silica=cloth (fiber) systems have shown best performance in nozzle exit cones.
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An evaluation of organic and inorganic fiber reinforcement in various
resin systems was made by the University of Chicago using a plasma-arc test device,
The results, illustrated in Figures 11 and 12 show that organic fiber reinforcement
has superior erosion resistance (low ablaﬁion rates) at a high heat flux level wvhile
inorganic fibers provide the best erosion reslstance at & relatively low heat flux
level, The gobd performancé of the orgenic fibver-reinforced resins at the ﬁigh heat
flux level 1s belleved to be Que_to transpiration cooling by Low moleccular weight
gases such as hydrogen, that are forméd on decomposition of the organic fibera. The

-rate of decompositidh of the fibérs 1ntorsmall molecular weight gases, which is a(
function ofrtempe:ature,'is“toq low to be effecti&e aé-the low heat flux level used.
H,  CORREIATION OF PERFORMANCE DATA |

A comparison ﬁas been made of the dieéussed performaﬁéé date from
oxyacetylene torch tests, plasms generator tests, sub~scale and full-ecale propel-
lant motors to establish the most useful tests for inmsulation material evaluation,

(xyacetylene torch test data from a number of torch test devicee have
in particular been 1nVestigated in conJunction with the NOL-ASTM standardizetion
prograw for oxyescetylene torch testing$ This program, sponsored by the Nevy's

Special Project Office, imvolves panel tests on different ablative insulation

””matafiala and & statistieal analyaie of the test data. mest data from the RIME

Facility and the GT&R torch test facilit Ly are included in this correlation study.

Results to date shov & poor correlation of performance data between all torch test

devices involved,
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~torch-test data and plasma-src test datd with sub=scale propellant motor date. It is

A similar test program is underway for evaluation of plasma-arc test
devices. Anslytical data from this correlation study have not yet been made avail- -
able.

Attempty to establish a correlation hetween published plasma-arc
performance date from different facilities showed that a comparison could in
general, not be made of the reported data due to lack of information on the
wateriales compositions, differences in testing condlitions, end differences in the
type of data reported. Ablaticn rates are In gensral reported as dimensional values,
Hovever, ablation rates are by some facllitles reported as average weight loss:
values, |

. A good correlation could not be established between either oxyacetylens

to be noted tha:t materials such as SMP6-11 shov)ed outstandim performa.nce in the

-pla.sma.tron test, a.nd. relatively -poor performance in the RITE mouor.

Su'b-sca.le propella.nt test motors seem +to provide relia‘ble insulation

: ma.terd.ala perrome.nce data. that can be correlated with i‘u.ll-sca.le motor data..

Sub~scale motor tests are usad extensively by the ’Allegha.ny Ballistics laboratory,
the Atlaﬁtic Research Corporation and the Aerojet-Gensrsl Corporation.

_ The RI'I'E motor in the fivst zub-scalée test motor designed by the
Aerojlet=Genaral Corporatﬁ.on for evaluation of internal insulatlcn materials at

simulated full-scale motor firing conditions, Comparativa test data from the RITE

‘motor and full-scale motors are to date available only for the V-4 materisl.

Figure 13 skowa the average TLR values obtalnad for this material in the RITE motor
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at simulated first and second stage POLARIS A3 test conditions and the average TLR
for aft head insulation of the corresponding full-scale POLARIS motors. A good
correlstion seems to exist between the TIR in the RITE motor and the full-scale
motors with regard to the firing parameters used. The average TLR data for Vil
in the second stage MINUTEMAN motor and in the GT&R torch device are included for
comparison.
L. ABLATVE NOZZLE THROATS
The evaluation of fiber'-reinforced plastics and ru"pber insulaticns in

’

torch test and plasma generators have indicated that it is feasible to develop

ablative nozzle throats, The follcwing type eblative materilals may be considered:

L. . Materials thet Ablete with a Constant Rate of Ablation
Some materiales, such as 'fluorocar'non polyﬁers , have been

reported to ablate without the formation of a char. Other materials ablate with |
the formation of a very weak char that is immédia.tely removed from the ablative '
surfece by high velocity propellant exhaust. These‘ type materials will apparently
assume & constant rate_ of a.‘biation at constant environmental condltions. A problem
involved in such a development 1is ‘to achievg a sufficien’cly low e.i)lation ra.ﬁe.
2, Materials with Decreasing Rate of Ablation .

Insulation materiasls based on rubber and phenolic resin-rubber

binders appear to have a decreasing rate of eblation with time of exposure (Fig. 9).

_ The decresse in rate of ablation seems to be & function of char formatlion, cher

properties and thickness of the char formed. This type ablative material seems to

offer some promise in nozzle throat applications.
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3. Intumescent Ablative Materlals
The U.S, Rubber Company has recently indicated that it appears
feasible to develop an ablative nozzle throat that will maintain nearly constant
dimeneions during exposure to propellant flames by intumescense {expansion of char
layer). The development of such & matéria.l would involve an extensive investiga-
tion of char properties.
J.  PROCESSING OF ABLATIVE INSULATION MATERTALS

The primary factors considered in the processing and application of

ablative insulation materisl are;

1. Time and cost of operations involved.
2, ‘ Effect of processing varlsbles on mate ~ial performance.

3. Inspection and quality assurance.

The processing methods -generally used in fhé epplication of internal
insulation materials are: '
| 1. Hand lay-up. .
2, Molding snd adhesive bonding.
3. Cesting
L, Spraying
___ ... ™e hand lay-up procsss has Leen wsed in the application of the )
epoxy-asbestos 1nsula;.ion for POLARIS motors. This method is time-nonguming end
expensive., However, the per:oma.nce of the epo:qr-e.s‘bestosi @qsg}gtion is not

greatly affected -by_ma.terialr impuities, catalyst levels and variation in curing

conditions. Rubber insulations have also been applied by the hand lay-up process.
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The cure and consequently the performance of rubber insuletors mesy be affected
considerably by impurities picked up on handling and by small variations in the
concentration of catalyst and antloxidant. Variations in curing temperature and
time may also affect thelr performance.

The use of molded rubber closures for the forward and aft end chamber
insulation offers an adventage to the hand lay-up method in that a molded part can
be pre-inspected before the bonding operation. A problem i1s introduced in adheslve
bonding of rubber insuletors. The use of molded .fubber closures iz also limited to
e certaln size chamber becsuse of limiﬁations in the size of molding equipment.

| The application of internal V:Lnsula.t:l.on materials by casting and
spraying qffer some advanteges to the hand lay-up and the molding-bonding procedure
with regard to the time and the cost of the operations involved., Casting end ~
spraying can also be used for epplication of the insulation in very large motor_s. o

The effect of processihg variatlons on 't:hé pérforma.nce of ru'bber
insulators has been studied to some extent by several firms. The performance of
the nitrile-rubber asbestos system has in particular beer} improved by new procéssiﬁg ]
teéhniques. It has been shown thet the size and distribution of filler particles

and the orienté.tion of fiber reinforcement are important factors. The U.S. Rubber

Company has, for erxa'mbrié; démonstrafgéd that oneﬁ f::.ve-miﬁu’ce mixiné 7<7:ycieﬁo;rfﬂésiﬁésrtos
(Plastibest 20) in styrene-butadiene' rubber resulta in good fleme performance.
" Repetition of the five minute mixing cycles up to twenty times shows thet the rate
of erosion for this system increuses with time of mixing.
The processing of nozzle insulatlon involves, in general, compreasion

molding and adhesive bonding. Externsl insulation is genarelly applied by spraying.

-29 -




2062/969°TLT STow/Tesy ‘UOTIBUTTANS HY  xi
*SPIEPUER]S JO MBAING TYUOTBN

|
! EIOWLIOL

098¢ *ox7
opTX0
%01z WNTUOLITZ
%otz
00T e
0TI mnTTeq L]
- SPIXOTP
0TS  TWOOITIS
2 IPTROTD
0TS UOOTIIS
08D SPTXD EMTOTE)
0% spr=p woog
apT=0
foSqs  Auomryuy
s angrng
g myms
1S *%IUOSTTTS
0 a3 qdean
I9TTTd

(s%ed 9%oN *quod)
‘00S ITBMOXT) ‘soriaadord oTmenApowron TeOTESY) JO sanTep pagooTas *
€-Ge9- Llgz wzbﬁ.hoan
B - 2-gSe- 00EH 00LZ - . L6 Te3skao
A} 00°LE - HQs- LT | TepsLro
ge 0 l2-€2 *Log- 002 TegsLIo
9T°ET  o0°gie- ? o9t 92 aTT9NX
70'2 ogze 0l9T  €€°2-ge 2 ermmfprig
29°0T  #*S02- ofze OL4T 099°2-€69°2  z3xemd
A €2-01 6°161- 052 0092 Le-€ PITOS .
L le-g 88 T 0°20£- 00ST-04ST oSipe @ 1T PTTOS
%2 HIe- 0051 959 ALe PITOS.
€62°0 $9°§ ©o*o - 9y 6Tt LS5t OPUFT20Tom
- oS 0°0 gerT Lo-g OTquoYL
“TT ¢l*w ' o0%0 0092 ORMT-OTHT  2y°2 oT0S
sswITqns !
990°2 o°c 0024 00SE g2e macaﬁoj
sTom/T8ox sTomBSp Do *d°d D "d°W Jo02 © WLTOL
TOTIBZ atou/Teoy /re0 aTom/Teoy £97a03D
~frodep BV ueysng vV o uotjwmIod AV’

I THVL

H39%05

!

*SUITTL 40 SELINEJIONT OTHVEAGOWHSRT TVOTHH:



NI

atou/Tedy
uoTqRZ
-Taodep HY

~ ssuwyy snorpLyms
-qms OST  6QTTOT  £69°T

Eq-02E- mmwomséumm €12
9t-€T TEpL - TET BRI BT9E
G€ T0°€2 G GOt~ P H#2TT 99°2
£6TT oTqmoya -
L9 g-te Sh*eHt- o3°sueay (OGH[ ouom 62
, m.WM.WC
—_ 00t :
19°6T 2r09e- 0%He/T 1- © S9T o EnT
G- coTS oHse R Al
%078 M- ooEn 06 oqTE T £6m
LE°9 Loz - sewrrqns 0092 Ltes
0g6 L&y
E— — Lesgy -
- ToTIE-
6-Lo2-
29°5 LT€g- : cL6t 909°6
Sromsap Jo'd"d  D2,°d°R 0,02 ®
aTom/Tedy /T80 sTom/Teoy £31A01D
woysng Y/ dy  uworysmIiog H ¥ 0TI Toadg

: M:prmhnu

PITOS

© Tersfro

OTUWTTOOuowm
IO DTQUOYGL

: prroS

PTTOS

Te3skio

TB83sLx0

" Teyskao

T0SOSE  pToe oTTex)

318TBX0

© 0%EM0%0%  umysseyog

: 3pTPOI
umaﬁwmﬁom

a3BIINS
0S8N  mmIssuSyy

S1BITNS
fosen WTOTE)

Long?y

mommm PIOY OTI0g

SpTqIBD
o7 UNTUOOATY,

SpIqIED
J1% TNTORq L]

3pTQIED
otS UODTTTS

Teaskr E@gzeouz

| Teaskzo  oPagSofuz

_ Teysiro 02Ez50Cuz

“ Te3shzo 0%a2%uz

! S3pTXD
| a1ouTZ ouz outyz
_ W0 BTIO g JIITTTA

- {pWTIUOD) #SUITTIA 40 SETLYAJONd STWVRACOWIIRL TVOTWAID

I =I9vL

i
i

- 31 -



|

I

TABIE II

TESTING PARAMETERS FOR OXYACETYLENE TORCH DEVICE, GT&R.

L1,
2.
3.
7)4_‘,

6l
7.

Oxyéen-acetylene ratlio
_ Total gas flow rate
Flame temperature

Test specimen dimensions

Specimén distance froh toreh tip
Specimen location

Torch oscillation onto specimen

1.029/1.00
T2 scuf/hr
5600°F

2 in. da.,
0i25 in, thick

1.inch

parallel position

'60° angle, 10 oyeles/min, -

[
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TABLE VI

RITE MOTOR DATA

. . Av : Av -
Material _ Firing Parameters Weight Thickness Av Degraded . (Density)
“Densijy ﬁa%gon AV Fc X

ﬁ::iﬁi Vendor ﬂ em: sec, psig __L;is_ L:7seR:.te Cﬁf _m@::%al (Av TLR)"
V52 omR 138 92 35 - 0067 137 .033 - .0088 .
Me707 Goodyr 1.187 85 3k 750 0078 ,100 rﬂohs _ ©,0093

V-bh TR 1.29 80 28 eem 0085 158 o3 Low2
F«33  Nermco '1;u7: 8 6 ;;oée&r ;i;ggéfi,_>;d;gj  onzh

9001 . AGC,  1.29 o0 35 1 " L0097 LML L02L.  ,0L6

1126 Novell 1,19 88 A 936 L0105 e _,~:1fg_“ T
3025 UBR .27 78 30 eee . L0106 .185 029 013

SMR6- Stoner L1.227 - 8 koo 889 L0120  L119 - .051 .0156
11 | - : . _
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Station

20

19

18

TABLE IX

THICKNESS LOSS RATE ve STATION

OF V-4l IN SECOND STAGE POLARIS A3 AFT CLOSURE

-39 -

SECTION

0 hse  g0°  75°  90°  105°  120°  135°
0 0 0 0004  ,0015 © o 0

0 0 0 (0008  .0011 O 0 0
0002 0 0 0011  .0010 ~ O 0 0
0013 0 0 ,0010 .08 L0017 O 0
0017 O .000k  ,0015 .0012  ,0021 O 0
0027 O 0012 0033 L0016  .0022 .00k O
0030 . 0006 0026 0022 .0005  .0017. 000k O
0037  .0010  .0025 .00z  .0018  .o0zh .00tk 0 |
0035 L0019+ 0037 ,0035  ,0019  .0027 0033 0005
0040  L00LT L0055 (0037 L0030  .0022  .00M5 . .0009
0058 . .0037 .0066 L0039  ,00M2 L0033 L0051  .0021

"_.0669‘ ©.0035  .0063  .00k5  ,0050 L0035  .0053  .0023

.0078  LOOKL L0065 00T 0053 0020 L0055  .0033
0078 ,0052 .dqsf .0053  .0069  .002h L0059 .00k
Nozzle .0050  .0080  .0057  Nozzle .0083 ~ .0066  .OO43
Area o . Area

Nozzle .006% 0089 .0079 Nozzle . .6097-- .0563 0048
Ares . ) Ares

Nozzle .0058 L0074 Nozzle Nozzle Nozzle .0O5L 0052
Aree : Area Area Area

Nozzle  .0O54 0056 Nozzle Nozzle Nozzle .0050 0051
Area Area Ares, Aresa




Station

17

16

15

1k

13-

12

1

10

w Fw o

TABLE IX - sontinued

SECTION
00 W &t om0 105 1200 13
Nozzle  .0051 0037 Nozzle Nozzle Nozzle .0041 Q065
Ares Ares Area Area
Nozzle 0051 0032 Nozzle Nozzle Nozzle Nozzle .0061
Area - Ares Ares, Area 7 Ares
Wozzle +OOkL Nozzle szzle Nozzle Nozzle Nozzle .0054
Ares. Area Area Ares Ares Ares
Nozzle .0038 Nozzle  Nozzle Nozzle Nozzle Nozzle ,OOL5
Area _ Ares Area Ares Area Area
Nozzle = .0033 Nozzle Nozzle Nozzle Nozzle  Nozzle .O0k3
Araa . Axrea Area Axes Ares, Ares
Nozzle 0037 . Nozzle Nozzle Nozzle Nozzle Nozzle 0050
Aras : Area . Area Area = Area - Area 7 '
 Nozzle .00 . Nozzle .Nozzle Nozzle Nozzle Nozzle ©,00L5
Ares, Aree Ares Ares Ares Ares
Nozzle : .OOLO Nozzle Nozzle Nozzle Nozzle . Nozzle .OOU3
Area Ares, Area  Ares Area Ares, .
Nozzle .0033 . .0066  Nozzle |YNozzle ~Nozzle .OO4O  .0O4O
Area Area Ares - Area s
" Nozzle .0028  ,0060 OOk  Nozzle Nozzle .0051  .0050
Ares : Area Area ’
Nozzie .0033 005k 0052 .0032 JO0L4 .0044." .0058
Area : ' o . :

._.00k9  ,0039  LOOLL  .ooM: .00k  .0030 0043 - .0O5h
0019  .0035 L0042  ,0037 .0032  .0028  .004O 0053
.0023 .0038 40039 .0032 ,0026 0034 .Oohh' 20058
+0037 0048 .0038 .0032 .0016 0049 0049 +O06¢.
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_ 8tation No. 90
0 - -
1 0022
2 0023
3 .0066
4 +0047
-5 .0067
6 Nozzle Ar
7 n "
- 8 " "
9 " 1
lO 1" 1
ll 1 1t
12 " 9
13 L 1t
l)+ 1 "
15 B ] Lif
16 L 1
17 " - "
18 1t ]
19 1] 1t
15.0 # 1t
21 L L]
22 " -1t
23 .0078 N
24 0069
25 .0060
26 +0060
27 0058
28 .0078
26 0057
30 0050
31 0047
2 0043
33 +«0029
3h 0022
35 .0018

TABLE X

THICKNESS LOSS RATE vs STATION OF V-l

IN SECOND STAGE POLARIS A3 AFT CLOSURE

105°

» 0025
»0023
»0055
+0050
Q022

es Nozzle Ares
"

+0055
.0032
.0010
.0016

0011 -

.0012.

.0010
;0018

& e

0020
<0014

- .0020-

.0017
.0012
.0013

120°

+0025
. 0024
0064
0062
0088

.0056 -
Nozzle Area Nozzle Area
1t " n "

+0131
0114

0095 '

.0105
0089
0065
0043
0033

«0029 -

0028
0058
L0556
,0039
.00%6

- ,0032
©.,0027
,0021
001k

Aversge TLR (Thickness Loss Rate) ,0059

- 41 -

60°

0025
,002%
L0043
.003h
0056

0021
+001k

135° Lso
.0012 L00Le
.0012 ,0018
0066 . 0068
.0050 L0042
,0087 + 0063
.0091 .0050
0099 0031
.0061 L0028
.0063 0035
_.0052 0052
©.0057 0057
- 0061 20051
L0067 0079
~ .0078 0093
20076 0097
0086 - 0112
.0101 0110
L0208 . - L0123
.0102 0121,
e 009’4‘ ) O.LO?
0088 0102
«0081 . " .0098
.0085 0098
C L0118 0118
0125- 0125
.0127 NeXizid
.0130 <0130
WO113 LOLL3
,0082 0082
.0082 .0082
0077 L0077
0039 ool
0026 L0026
0029 L0029
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TABIE XI -

THICKNESS LOSS RATE vs STATION OF V-kb
IN FIRST STAGE POLARTS A3 AFT CLOSURE

Section

- ho o

Station | Across Nozziz'c tigréltﬁe.én Nozzles Station Across Nozzle  Betueen Nozzles
1. - | » .0078 oh. " Nozzle Area ) 027 "
2, .008 007 25, " .02L - .oaTh
3 0093 10100  26s .oz L0224 -
b, .0116 oW 27. 019 L0191
5. - ,0139 o113 28, :oié L0212
6. Nogzle Avea .06 29. 1019 JOngh
e " " 0169 30. .08 030
- 8, neo - .0l61 31, ,020 0297
~g, . neooo .o -z, .09 (0312
10. " " 0190 33, 4016 .c;f[zéges
11. neoow .0216 3h, .0105 - 018
12, " " 0270 35. 0103 0182
1. " v o83 %008 L0064
1k, "o 0259 37 0097 /0106
15, N - 38, N L0112
- 18. noom o 2o 29, B 0o
17, " " .0325 i b3, . 005
8, o032 - b . 00k
i 19, " " 0312 b6 03T
20, e .0306 47, . L0025
: 21, W 029k
- 22, ! " 026k
23. " " 0245 Average Thickness Loss Rate 0183
NOTE: Digtance between stations - one inch




TABLE XII

THICKNESS LOSS RATE vs STATION OF V-Li IN SECOND STAGE ,
MINUTEMAN AFT CLOSURE, ENGINE W&+ FW-L5 MOD 2 AND MOD 2X.

TLR/in./sec.
Section Station Mod. 2 Mod 2X
Through 0° 15 .000 - .006
- " e : .003 011
" 13 .008 <015
" 12 017 .022
" 1l 032 .038
" 10 Nozzle port Nozzle port |
" 9 1 " 11 ", ‘
n 8 1t n . : 1} 1" ‘
n " 11 1" n |
n g " "t 1t " |
" 1] " 1 "
" ,f.ﬁ +020 .02k
" 3 011 006
" ‘o2 -.008 00T
" 0 o 013 W00 L
through Lse 1 4010 . 007
" 2 .008 - .007
" 3 - .00 T e ,006 {
" 4 .00 - 00k
" 5 009 ' .003
" 6 “40LL : 1005
" 7 013 .008 ;
" 8 020 ’ .012 - ‘s
" 9 ' S0 w033 o S W08 B
" , 10 .o - 0h2 ) 037 " . §
o 1l 00 . “.0ko - B
" - . : 043 ' coks - R
" : . 13 - - ~.0kT7 T Wobk o o ) 3
" o .038 .030 :
" : ls . 0018 0016
Aversge 0.019 : 0.0178




" TH°O0

SR°0

—— . o .m.-;

-r- 16
- 65°T 88

aL-1 .99

. 00T
, .

B8 ICPUIA *

oot

S g

S 35

T

{at/niq)
Jo08 Fu3H
OTITodg

. (zW o 4, /a1 nI4) . sssuprem
d,04C £1TATIOoTPROD vV sxoys
TRULISY, : :

ON
.,rt;ua

R=)

o dolk ve
UOTIEIUOTH  YIBUSIYS STYSUA

20 /3
s

preAdrgS TeasN
PUETIL e
‘a6-0pf

*0) Isqqny *Sen

(gtof)T-oN

*0) Jaqqny 3
3ILL Te3ApPaon
Lol

*0) aqqry %3
JITL TeIsUeD

A
*0) Taqqny B

BILT, T ow18hH
2G-A

*0) BuTYORd MOOTIBD

G9LL WooT.xes

TeTISYe

STVIMEIVH SOTEVINSNT TVRMEINT 40 %SHTMIA0NT TYOTNVEDSA QNY “[VOISKEA

IIIX ST9VE

B L I TR IR L S PP D I P OF T Ao }‘:? .
) S




- PLASMATRON TEST DATA* FOR
EXTERNAL INSULATION MATERIALS

TABLE XIV

cave B

Argon - :
- Stegnation Cold-wall
- Dens_igy ‘Enthalpy Heat PFlux :
Meterial  (1b/ft”)  _(BTU/1b) - (BTU/ft2.gec)
Avdog.t I 70,0 ' 248 - 7 I
_ 438 33
867 78
Dynel-Acrylic. 66.0 248 7
. - ’ : 438 33
. 867 78
Thermolag 500 .92.5 248 1
. G 438 33
| 867 - 78
" Aerocoat I 69.2 248 T
- 138 33
o 867 78
Dynatherm 63.3 2L8 7
D-65 - 438 33
‘ B 867 78
 Do-651 6.6 gu8 7
o 438 33
8é7 7
*

R R :
The Glamnini P-140 FPlasmatron, argon gas

- 45 -

Brightness

7 Mass
Temperature ) Hatae
(°F) {1b/ft=-gec)
’ 0.00015
- 0,00182
1930 0.02330
_ ©0,0003k
1600 0,00327
. 1663 -~ 0.00710
e 0,000
- 1h80 0,005 - .
. 1663 .. 00110 -
‘ 0,00048 - g
90 0.00357 - :
2020 '0.02820 By
o L 0.0070%
0,01090
1730 0.01530
<1400 0.000023 -
<1400 0,00005k:. o
~70.00L39 "

i

[P |
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FIGURE 6

CROSS - SECTIONAL DIAGRAM OF
" ATMOSPHERE FURNACE FOR DTA

SAMPLE HOLDER
PRESSURE HOOD FURNACE

SUAOOSRES |

'é,
Y
N’ O\ - 3 7
7N SM N° /]
? c\‘ 200 \0 2
2 N AV ©
W/ BB AN % ,
~ ocooume ~Ll || | I’} , J::
' FURNACE
— f o am
SRS GAS - |
CONTROL INLET
THERMOCOUPLE

DIFFERENTIAL e
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Reference: WADC TR 59-136

|
I Ve D S

. .
H ' -
v * ,
D -




FIGURE 7

THICKNESS LO3S RATE (TLR) AND DENSITY X TLR

OF INSULATION MATERIALS
IN THE RITE MOTOR

e L |

L1 1 [ IR NN |

S0 O8N L0090 ,0100 0110 L0120 L0130 L0140 10150 ,0150-

[
f—

Thickness ;.oas Rate, 1n./sec

Thickness Loss Rale X Density

57

7242-IV-624, Gener«11ir.
{(V=52) & Rubber Co.

707, Goodyear Tire &

Rubber (o,

" Velk, General Tire &

“Rubber Co.,

F33, Narmeo Industrics,
Inc o .

9001, Aercjet=General
Corporaticn, Azusa

1126, Nobell Reneurch

Laboratories

UOSOR. 3015, Ur.i'l.ed Stater

»-Rubher'Co.'

SMRé-11, Stoner Rubber -,
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FIGURE 10
LOCATION AND TYPICAL VIEWS OF CROSS SECTIONED AREAS
AND STATIONS USED IN REPORTING TLR (THICKNESS LOSS
RATE) OF INSULATION MATERIALS FOR POLARIS AND
MINUTEMAN AFT CLOSURES
View Looking Forwérd




- ) ' " PIOURE 11

STAQNATION POINT LINFAR ABLATION RATES OF SAMPLES
EXPOSED 10 HIOH HEAT PLUX (1550 BTU/ft%-sec)

Claag
IIT_TIIIYjTII‘I_YVI
Phenoli¢-Nylon 1
Phanolie=Catton 1
Phennlic-Cotton Fabris 1
Phoncllice=Nylon 1
- Phenolic~Nylon !
B HianofI.»l.;:-Bi-ruhwood 7

Pherol ia=Asbestos

Phenolie~-Nylon

Phenol {e=Refrasil=Nylon*
Epoxy~Glags Piber-Ceramlc Fibers
Fhenoligm=Asbeatos

Pheno lic-Refraa i1

Phenyls ilana-Olaur Fiber

19 Pherolic-Refrasil - _

Hh r’hemlio-ﬂeﬁnu B 7
N 23 . Phenol iu=Asbestos

149 . © PhemslisiQuarts

157 Fhenollo-Quarts

W R NN N W W W RN W R N WS PN e e

Phenolic-Glass Fiber
156 ' Phanolip~Fiberfrax
98 Phenol lu=Asbestos
T 130 Epoxy~Refrasil Fiber
91 Phenolic-Aabestos
B 120 3ilicone-Refrasil
151 Phunylsilane-Glaos Tape
150} * Phenylsilane-Refrasil Tape B
] * FPhenoliceRafrasil )
58 Phanrisilona Class 3
y 178 Phenolic-Refrasil ) 4
x 89 | Phenolic-Asbestos - — 2 :
128§ Phenolic-Refrasil- ' 4
- L. Phenol {o-Refrastl 4 o
7] - Phenolic-Aabestos ?
87 Melsmina<Cotton 1
- 228 ’ Fhenol to-Asbestor 2
3590 Sillcone-Asbestos 2 '
- / esl S4lieone-Glass ?-b'rib 3
- %y Siliocone-(1ass Rowing 3 .
N sap Phenolio~-Auzbeaton 2
Teflon-Aluminum Silicate 2
182 Silioona-ilass-Mineral 3
_\ 311icone-Cerumic-Mineral 3

Stagnation point linear ablation rate, 10-3 in, /ase,

References WADD TR 60-101 6I




FIGURE )2

STAGNATION POINT LINEAR ABLATION RATES OF SAMPLES
FXPOSED 70 LOW HEAT FLUX (600 BTU/£t2-sec)

3ample Mo, ¥

8

108
104
159
160
102

-y 3

rr-rrrr Tt

}.

" Phenolic-Refrasil- .

Phenolic~Refrasil
Phenolic-Quartz

Phenolic=Quarts

Phenolic-Rafrasi 1

Phenolic-Refrasil-Nylon

" Phenolic=Refrasil

Phenylsilane-Ref'zasil

" Phenolic-RefrasilaNylon

Phenolie=Refrasil
Pﬁenone-czlg'sa Fiber
pheﬁélio-nylon ‘
Phenolie=Nylon

Phenolio~Asbestos=Nylon

-Phenolic-Asbestos .

Phenolic-Asbestos . o

_ Melamine~Nylon

Fhenolic«Birchvood -
Silicone-Asbestos
Fhenolic-Asbestos
Melanine~Cotton
Phcﬁol le-Agsbeatos
"Polye‘helene

0

e i 16 20

Stagnation point linear ablation rate, 10~ in./sec.

Reference: WADD TR 60101
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FIGIRE 13

wiursge TIR (Thinkress Losa Rate) of V-44 In Oxyacetylene Torch Test, Rite

“:oor, First und Seecnd Stuge FOLARIS A3 Motors, and Second Stage Minuteman Motor

|
1

: . - : .Oxyaoctylene Torch Test
_ (General Tire & Rubber Co.)

RITE Moter A3
Second Stage Condition (1)

RITE Motor A3 _
First Stege Condition (2)

-

Second Sta e POLARIS A3
Motor #10 3)

Sesond ‘Btage POLARIS A3
Motor #17 (4)-

First-Stage FOLARIS A3 Motor (5)

l I | |

Len n,ons0 0.0100 0.0150 0.0200

(
e

CWR {Thiekness Loss Rate) in/see,
I

avipupe \F 10 specimers 1,165 tube diameter, 328 paig, 80 sec duration,
Averuge o 3 specimens .#39 tube diameter, 716 psig, 85 see duration
Yuior #10, 235 psig, 85 seec durution,

‘Y Uaior #17, 257 yoig, 492 see duration.

“otor #35, 703 psig, 74 sec duration,

N)vad 2 wnd Mad 2X, 6

MINﬁTEMAKfSeéond Stage Motor (6)‘
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Ablation:

Ablating Zone:

Char Layer:

Rgpérdf‘Ablafioq:
Char Rate:

" Rate of Ervsion: - -

- - Heat of Ablation:

~ APPENDIX "A"

‘GLOSSARY OF TERMS

A surface degradation process involving décomposition“ .

and detachment of material.

The abiating zone consists genefaliy'of & decomposing
material layér and afprofective char layer through

_which'the decomposition produéts are emitted.

A protectivé layer of é@rbon and ‘other particles that.

and thermophysical reactions inyolved in the abletion

process.

Al

4
remains as an integral part of the erqding material., -
The ¢har layer may vary in composition relati&é to 1
thé surface of the protective layer. . f
Rate of thickness reduction of virgin (noh<degraded) o
T -0 - oL T D TR N SRS "'_‘i
materisl. =
"' Rate of thickness reduction of virgip;materia;f_
(rate of ablation). - e e -
Rate of thickness-reduction of charred material, -~ = - S
- .- . o TooE o T T — s s e e - . ‘%
The char layer is-included as an integral part of the =
eroding materisl.
- e heat energy diss;pdied thrpugh'thé*thérchﬁemical B




Appendix "A" (Cont.)

Et‘fective Heat
of Ablation:

"~ Trangpiration

Cooling:

Intefnal Ingulation:

Q =Qg oA
0~

- Wheére Qo - Heat input "Btu/ftzsec as measured with 20id wall
water calorimeter.
A f-Test specimen area - £42

_W°- Weight loss with'char layer included - Lb/se:

Reference: RD-R161.211 Aerojet~General Corpeorstion
’ Structural Material Division, Azuss

Mazs trangfgr cooling befween the impinging particlss
(of prdpcllant.exhauqt§ and particles from the deszcmposing

layer that transpires through the char layer.

The insulation 1tems generally included in this term sye

the forward and aft chamber closures, boote and heads.

R
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APPENDIX B -

ESCRIPTION OF TEST DEVICES

I, DESCRIPTION OF TEST DEVICES

The following pages contain a description of test devices, their

operat1ng

conditions, and test procedures used by various organizations for the eValuaflon

of materials. Test equipment included in this report are as followsr

Oxyacetylene_Torch Test
Oxy-kerosene Torch Test
. Gaseous Test Motors

Plasma Jets

Subscale Solid Rocket Test Motors

Eqnipment and organization is shown in Table I.

" A, Oxyacetylene Torch Test Facilities

'Tl.' Atlantic Research Gorporationﬁ,

8, Appartuslr(see E;gggg l)

Torch Body = Airco Style = 800 -
"Torch Tip = Airco Style-8 No-lO, 1/8" Dia
o L Tip Opening
. . High Flow Mixer = Air Reduction Coi,
- - - . No, -811-0899 . -- -
A . - Acetylene and Oxygen Manifold and Tanks -
Two-Stage Rezulators ),
. -. - Floumeters
Pressure Gauges -
Torch Carriage = Air Cylinder Actuated
Alr Cylinder ~ 5" Strike Double Action with
Manual and Four-Way Solenocid Control,
A, Schroder's Son Company .
Micrometer Screw & Locks for Torch Positioning

BI
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APPENDIX B

' Sample Holder Assembly
. . Photocell and Thermocouple
Rapid-Response Chart Recorder, Varian-
Assoclates, Inc.
. Timing Clotk, 100th of a Second
Iron-Constantan Thermocouples (2l Gauge)
Soldered to 1" Dim., ,009" Thick T
Metal Discs -
Enclosed Test Chamber with High Speed
Bxhaust System

WG AT

S b Test_Procedure

Specimen thickness and weight sre measured bafore thes tast.
The specimen 1s placed on top of the metal dlsc of the thermocouple assembly iz
the specimen holder. Between the metal disc and sample is a thin contadt film~
of conductive oil. A cover plate is placed over the sample holder. The thermo-
. Ar.eoupleﬁconneetions, Jack and plug type, are made. -

The torch tip. 1s adjusted to 1,00 inch distant from spe s
surface with micrometér screw. The torch is retracted to a standby position, -

- The toreh 1s- ignited and adjusted 10 & preset acetylere
-- to oxygen ratio.

The torch is manually actuated to the test positicn.

- ' " The timer.and reeorder are turned on when &he torch i1 the v
o teot position contacts & mocroswitch. The test is continued until the specimen .. -
- 1g burned through. At the ingtant of burnthrough the photocell actistes a T
H , air eylinder, retracting the torch, etopping the “timer and temperature recorder,

- This completes the test. : - - ) -

c.: 'I'eﬁt. COndi"biOﬁB

Specimen Size 2 50" 2” 2" or 2.250" 4ia.
Torch Distance L.00 inch

Angle of Impingement 9C°
Oxygen/Acetylene Ratio 2.50

B2




APPENDIX B

Total Gas Flow 300 cu. ft/hr.-

Flame Temperature S5LOO°T

Flame Condition Highly oxidizing
Durstion of Test "$pecimen burnthrough
Calculationé | '
Initial and final welght ratio, -

Initial thickness (inch)

. Specific gravity

Total exposure time -1E. time to burn—

e temperature of the unexposed side of the sample
“during the total. exposure time. (°r)

Erosion Ipdex: mils/sec, Io = t, + E bt ~

- Insulation Index: Ij = E (400°F) + to

Weight Ratio: WR = Wy + W,
Where

toy = Original thickness, inch

E (LOO) = Time of exposure for thermocouple

to reach h00°F, sec,

'Ebt = Time of exposure for specimen burnthrough -

f = Fingl weight.

We = Original Weight.

B3
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2. Naval Ordnance Laboratory

~a. Appartus, (see Figure 2)

Torer Tip,- . Vietor No. 7
Water cooled specimen holder assembly. .
Specimen positioning control mechanism.

Remote controlled solenold actuated toreh mount.
Fume removal system.

Instrumentation panel.

-Control panel :
Thermocouple, ’ Chromal Alumal.
Oxygen and acetylene tanks and mixing manifold.
Pressure gauges, flow meters and regulators.
Chart recorder.

Timing clock.

b. - Test Procedures-

- Insulation test specimen thickness and welght arve messired
before each test. : .

- The specimen is secured to the watered coolea apeclmer -
holder and thermocoup]e conngctione are made. :

‘'he test specimen is positloned JT50" from the toreh %ip

. with the positioning control mechanism. The torch is then retracted e a

standby position by a pivot assembly. -

‘The torch is then ignited and adjusted to 8 preSPnt
oxygen/acetylene ratio.

J.D.E torch is actuasted to the 'EEBTJ POB:L'CJ.OR wm.cn q'CB.T‘TS

. the timer and recorder by means of & microawitch.

Visual and optical pyrometer observations are made during:

The test is continued until ‘the specimen is burnzd thec:ghr.
At the instant of burnthrough the solenoid retracts the torch to standby

position, stopping the timer and temperature recorder. This completes +the .o,

BhL




APPENDIX B

Test Conditions

Specimen Size; ' .2506 x 2" x a"
Torch Distance, 750"

Angle of Implngement, 90°

Oxygen-Acetylene Ratlo, 1..28

Gas Flow Rate, 253 scfh '}
Flame Temperéture, 5540°F }

.' N - N . \
Flame Condition, Oxidizing _ . ) ] o

-

Specimen burithrough.

= Y av
. - |

Duration of Test,

' Calculations : - N -

© Original thickness, mils '7' A

4, = Original thickness, mils.

“to reach 392°F, sec.

Total exposure time for specimen burnthrough, sec,

_ Where B - ) ;

Exposure time for specimen back temperature to reach

Index of Performance, 302°F 4 E (392°F) x ER

Erosion Rate, mils/sec, t, + Ept

E (392°F) = Exposure time for specimen back temperature

Ebt = Total exposure time for specimen burnthrough, 5eC,

BS
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f. Reting of Materials

Index of Performance (IP) is defined as the mroduct of the
erosion rate (i.e., original specimen thickness divided by.the burnthrough
time) and the average temperature gradient between room temperature and =zuw'C
obtained on the cool face of the specimen (i.2., 200°C divided by the time

required to reach.200°C), Thus, the I,P. i¥ & composite measure of the specimen.

A low IP ig obviously desirable and the materials are ranked by this eriterior.

- , Erosion Rate (ER) original specimen thickness divided by the
purnthirough time. ) ' o

3. Allegheny Ballistics Laboratory

- a. Apperatus .

Torch = Airco Welding, Style 800
Tip - Adrco No. 6
Flow Meters = Matheson No. 206

"Temperhture‘Indicator‘- Tempilac paint
4irectly oh sample baek,

b, Test Conditions

375 x 3" x 3"

Sbécimenrsize
Torch Distance N .500" . S
7 Angle of Lmpingement - go° 4 ©

Acetylene, Oxygen Ratic’ 0.87

Gas Flow Rate . 53 scfh
Flame Temperature 5110°F
Flame Condition Reducing

B

Lk olade s o) .

1
:
]

o b

b it o Ul < B G

s

[,
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APPENDIX B

C» Calculations
Original thickness, in.

Exposure time for specimen back temperature to reach
200°F, sec.

Total exposure tlme lus spescimsu burnthrough, sce.
Char depth, in. (tg = t,) + 2 7
Eroszzn‘dépth, in (% - tf) +2

A Where
ty =A0riginal thickness, in.
t, = Virgin layer thickhess,-in.
ty = Final thickness, in. B

E (200°F) = Exposure time for specimen back temperature
__ to 200°F, sec.

B,y = Totel exposure time for speciygn.burnyhroqghg:fﬁeg,r'

U. 8- Rubber Corporation -

B Aggaratus- -
- Torch Body - Airco, Style 800
Torch Tip No. 10

High Flow Mixer Air Reduction Co.
No. 811-0899

“Torch Adapter Alr Reductlion Co.
: No. 81.1-0390
Thermocouple Iron-Constanten
Recorder L&N Recording
Potentiometer

The torch tip 1s equipped with g water cocled jacket,

B7
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The acety].ene tanks are tapped throug}* a manifol? aox oY
regula’oora P the first a two stage , and the second & single stagg. '
] _ The. gas flows are measured with Brocks rotometers ﬂud p“T% 1
i »through check’ valves and a quick shut-off valve before the toreh to pré"ﬂxf £y
L accidental back flow-from the torch.

Y. Con@itions .

i
El
el
i
1l

3l
4
! - 5

Bpecimen Size . - - . 250"%2" 2"

t

Torch to Specimen Distance, - 1.0

i

s

" Angle of Impingémenfa s 90% .

A
4

P L Total Gas Flov; o 300 séfn
‘ ‘ Oxygen/Acetylene Ratio, ) 1.17 -

P L Plame Temperature, "7 5450°F

) S ;o ~"Flams Condftfen, ~ . Slightly oxgit-i:;i»ng . |

7 VDur'a'.tior; of Test, _ Burnthrough or 4OCOF - )
T R e . back temperature.. :

e, . Caleulations .

- az e - e
- — . A ———— g
e 2 s -

bt - sirsber Hiaivallite il ;L”ih iy

‘,Iﬁaulatioq;Indgx, sec/in, I; -fE*(KQOF)7+ to

'_'T_,,E;faaiéiﬂ,Indéx,-n_siié/éeé Te = bg+ Byy o Ce

R "B (500°F) = 1 Exposure time for back surface

bt 1 bkl o B A 1 e

; - I . ‘temperature to reach MOO°F . e
: “:Ebt'i‘ ™~ Exnosure time for specimen to _ ’
: burnthrough, sec. . o
bb = Original thickness of specimen,'if::ch7

B8




5 Aenojet-General Corporation

3
:
¥

8 "Anparctus, (see Figgre 3) ' | i

: Torch Tip o Alrco No. T
. ' Oselllating toreh holder assembly
Specimen holder asssembly o
S oo _ Springloaded . thermocouple assembly e
o : : . - Electric motor, L/I horsepover -
i ) oo -Oseillating drive mechanism- — ———% - -— - |
' ' N Timer Sy
Temperature - recorder and Pctentiometer T S
- Amplifier R ) : |
Start-3top and Micro-Switches . . - | . o |
. ) - Thermos bottle . . o T ,
O . * Pressure gauges and vegulators T B
- S Portable”console’unit

- —-b. Test "Procedures -

mt;;;_;e_w_eém4;,m4.”. : : ) - Sample thickness and weight are measured before each teat, | aQ
|

The test specimen is inserted in the specimen holder agsemhly
and thermocouple connections made. B Cad

B S T . The torch- tip is edjusted perpendicular to the specimen L o

R T A © . surface and then retracted to-standby- ccndition. : T

- L . The torch is ignited and adjusted to the desired conditioc"w )
P S : * - then manually actuated %o- the tesb poeition a:ter the master = -
T T o e switeh is turned on.,” R ~—»“»;- - -

'9*:~f,* . f_ - L . . The oselllating mechanism ‘and timer-are turmed on. by e - ,,f
Toee e - ) ' microswitch when the to¥ch is actuated to the test positicr.

. me test 18 continued for 30, 60 or 90 seconds or when “the
) i back surface tempereture reeches hooor,

- v T e.  Test Conditiona _ S

Spccimen Size, .ESO"xe"nE” ’ o
: Torch Distance, - 1L.0"
§ Angle of Impingement, 30° to 150°

(total arec angle of 120°)

B9
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Cycles per mi‘ﬁﬁte,

| Oxygen/Acetylene Ra.tio,
Gas Flow Rate »

Flame Temperaturs,

10 cpm (may be varied)

l-l’ to 100 o

7L cu.ft. /nr

";i“".ﬁﬁivi‘:ﬂiﬁim\kh_;*___;“‘;b e

Fiame Condition,

Caleulations-

| Cnse-thtciness, a0k b & (by ¥ ty) - tf

Slightly reducing

Duration of Test - 30,60,90 seconds or

“ when back témperature -
reaches 400°F., =

JECERTE TN REMT RN I O L TIPRY IRUTar

T%ﬂwﬂ@thu,an-w -%

Total temperature rise ; F, T & Tf o

kM o i

Degraded lay'er thickness, in, 'b - (‘c.V + 'td) -t

!
o

Material loss rate, MR = (to_ ',f‘v) &
inChes/ceconds .o B

Where S e S e

N P NPT IRN

Orisinal weight, :L'bs. e ' B T _“_:;,,

wf - Pinelveght, 1bs. LTI T

To' = Origi__g_l 'hnnlra:rﬂa J-nmPeuatdre', bF

Té”;‘Fihal'backside température,,°F,7:~"' | ;' - . S
B}. é;Exp,osurgtiﬁxe;}otalaecqr;ds7 T T -
ty = Origingl thickness, inch , ' -
ty = Virgin layer thickness ’ inch |
tgq = Degraded layer thicknéss , inch

Final thickness, inch

ct
Hh
1t

Char thickness, inch

o
[e)
"

B IO




APPENDIX B

"B. Oxyren'- Kerosene Torch-Test

1. Bendix Aviation Corporation

/ Descrigtion

' “. . The- oxygen-kerosene ‘torch-test {5 used for initial oCTeanﬁ"
of bigh temperature insulating materials, prior to subscale and ML) scale mo Lom

testing. This test device consists of an- Oxygen-kerosene torch operated at

) supersonic &gas. velocities.'

e : IR e b Test Conditions
| - " Torch Nezzle Dianeter 500" .
- Torch Distance g o .
, 7“_%: Angle of - Impingement 447760° 7 —7;;— ****************
T N - Flgme‘Témperaﬁﬁfe‘ hSOO‘F } N
— T :Mac.n Veloeity = .- L8 ‘
- L 3”' Duration of Test Specimeﬁ burnthqougﬁ_f_
e g; Calculations o
T ] SR Original thickness i{nch’ ﬁo __¥; N - 7_{ : f
e o . *j-*:f:; — ‘1;1@1 tnﬁcnsss‘j:i;r ty ol o R
R 7 L ”‘__,E:_:pg_s,m:e _'_time.,,..sec.onds R . ) 7 V k3
S Y mwletion rate, dnchies/second AR s &, ¥ Epy -
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c. Plasma Test- De*ficeé-

1.  Atlant ic Researceh Corporation

&, Plasma Jet

(1) Description B S ;
- Atlantic Research i3 currently experimenting with .

& plesma Jet to develop a .acrccning test more closely simulatlng rocket conditions.

A spra.y nozzle and powder hopper are used to introdude '

golid particles into the flame to aimulate the condensed phases present in some ... - -

8o0lid propellant rocket combustion producte.” A mixing nozzle 1s used to blend

resetive  gases into ‘the plasma past the arc so that reactive -plasma compositions -
" may be obtained wlthout.electrode corrosion and contamingtion., An expansim -

flame exposure at reduced flow velocities, 1s used 1o aimula?c roclcat)zigrr

'temperatures with lov erosion. _ R T

- (e Apgara'bu e

. . Plasma Torch, Model R 1-80 KW S
S - = ( Thermal-] —Dynamics- Gorpmtion) T

Centol consolé for regulation of
mul‘biple gas flO‘W end-eleectric B -
. bower Anput.

- Two LO KW- rectifd.er-‘tm D.c. o
-~ powey supply um.ts. - T

’ 41-(3")_rcondimonsm--"*r“

The plasma torch is cﬁemted wlth
~ nitrogem, argon; or helium gas at
any mix'bure of these gases.

Pover input with d.iatomic gases to
the are, 4o - 80.

" Enthalpy level with diatomic or
nodble gases, BTU/lb, 12-16,000.

BI2
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2, Aerojet-Uoneral Corporation
&, Plasma Jet

(]) Description, (see Fimure 4)

The plaama Jet 1s en Arc=-gas device ¢apahle of hentnng.
gases to extremely high temperaturca, No combustion is involved. An electrin .

erc is contained within a water cooled tubo through vhich.gas 1ls blown. The
gas 1ssues from the plasma Jet and resembles an open welding flame. Since no
combustion is involved the gas temperaturee are not Limited by internal heats

of reaction, - By continually adding electrical energy, gas temperatures in the |

range of 39,000°F with some gases can be achleved, while hydrocarbon oxygen

- flame temperatures are’limited to approximately 5600°F.

L The unit used by AGC 1s a Gas Sheath’ Stabilized
Plasma Jet, manufactured by -the Thermal- Dynemics- Corporation, as shows in

" Figure I, The are path 1s between-the solid turigsten catidde and the 1oLlov

vater eooled coppér anodé, ThHis unit operatas on Woth fondtomic and didtomic
‘gases., . The arc remsins within the nozzle ond is prevented_frpm_prema burely .

-gtriking the wall by a sheath.of _gas which 1s mueh thicker than the arc—- -

-diameters - The-are-is-alloved +to-strike-thrdiugh this-zas sheath: only--after
passing considerable ddistance down the nczzle. Vortex flow ls.not génerally
used and arc positioning is accomplished'through gas flow pattern cand cone
trol -of turbulenoe.

¥

(@ Condition

“Power 1nput, KW <80

”'Gas Temp., A" o 39,000 B i

: I MastLmum Enthalnv.-;' ) '“;'fggi,f‘ o
N A BTU/lb , . 12-16,000

Gas Flcw '

1bs/sec N2 0.0042

Test Section 0.83"

® Mach = L

(5 mm pressure)

Test Section 1.75"

@ Mach = 1

(5 mm pressure)

B I3
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. allows the plasma t6 pass of f any, dePOBited alumin.a aa 2 gas.

b.  Plasmatron, (see Figure 5) '

(1) Description

- The -pl asmatron has recently been. adapted for ablation
testing of materials in alumina~contalning subsomic plasmas. It has beer found-
that alumina-containing plasmas adequately simulate inteinal rocket motor
environments. _Therefore, they are able to_ provide a qual:l.tative tast for

“The plasma. Jet has 'been calibra'ted over a wide range.

- of heat fluxes with the enthalpy range designed to be as high as possible snd :
s-bill malntairi-the alumina particles in the liquid phase. IR

B -~Tn order to prevent the ‘buildup of & pi‘otpctive alaming
coa‘c;l.ng onbhe” a'bla.ting bodies; the Bpecimens are insert2d into an ares of the
plasma bafore thermal equilibrium between:the-argon-and alumine occurs. This -

(2) Gondi‘tidns el T e
o i.‘_“ Stagnation enthalpy i’ 1320-&210 Et‘u/lb S

_ Free~strea.m temperature s 7350 - 9470“1(
 Stagnatién pressure, 1. 0 -1, 5 a.'ome

it e e Hee.t flux toa. lOOO‘E_:_ L

- Aluminum. content s Bl 1% -

~ Mass flow rate , : 5 11 1'b/f‘528'e_'é__’~_'_~_‘:';_ T

Usual -working. medium " Are;on
e H erthermal Environmenta;. 8imulator, HES
(1) Descrigtion

The Hyperthermal Environmental Simuiator, HES, 18 &
devic= that will simulate the inbernsl eavironment of & solid rocket motor for
the purpose »f determining the heat transfer and ablation characteristics of

B Ik
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candidate insuletion materials. The HES shown in Figure 6 will handle six

gases: C0p, CO, Np, Hp, HoO, HCL and AlO; particles simultancousiy ard poo-
portional to the desired theoretical prope%lant gas composition. The gases are
brought up to the desired enthalpy level by a gas stabllized arc plasme generator.

(2) Conditions

The HES operational limits are as follows and are based
on the avallable power supply of 1.0 megewatt:

: Stream Temperature, : '56h0-60h0°F
é Gas Velocity, | - 100-800 ft/sec _
CGesMov, 05 1bfsec
77 Bfagnaticn Enthalpy @ 0.05 ib/sec. 8000 Btu/lb 1
f“St&gnaﬁion Enthalpy @ 0.10 lb/sec, ' 4060 Btu/lb g
Stagnation Entnalpy @ 0.30 Ibfass, 10BN/ - - -
) Stagnation Pressure . V300-500 lb/in2 ' o i
Test Specimen Size 750 in. diameter . o

Angle of Impingement . . ' 90°

R L
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APPENDIX B _
D.- Propahe = Alr Gas Motor
1. Atlantic Research Corporation S A
: B Descrigtion, (aee Figure 7)
i o g . The propane alr gas motor, PAG, test facility has been used.
" prineipally for studying effects of operational conditions upeon insulation and
- nozzle performance. . This facility could provide & gsereening technique which .
7 simulates rocket motor conditions and configurations. The test includes extensive
- _tempera‘bure measuring instrumentation. ) C o :
) ‘Insulation gpecimens in the form of & 8leeve are imserted -
in the motor aft of the combustion chamber, N
- Nozzle materiaJ.s are tested. 'by us:l.ns & throe.'b inser't f‘itted :
on the sxf‘t end of the motor. . - o - o - R -
© - v, -Apparatus - S - , JEESE
~ . L. Pt T —— N . R R 5 - B o 27‘
ST Tt ‘Alr compressors S . v —_
- Propane gas supply In-pressure-tanke . L iy
- B bxygen-hydrogen gas supply for pilot f1ame
) Mixing va.‘.Lve , - S o 3
Control valves : o L
Thermometers n S SR -2
_ Pressure gauges O N
.. . Manometers = .. P : VRS &
et o - Ploymeters o o e o . B 7 ) oL
- o= . =~ “Dessleators T : e e i
oL Water. su,pply for water .jacket cooling R o A &
e _Settling » Chamber =~ .. T T
o -7 Palwed ordiice nozzle B . :
CTTTT T T T "Vertdele flov test chamber ], 1/2 inch - . _ - R e
o : Cone type flame stabilizer , B} _ -
’ : High voltage lgnition spark equipment for - .. . o
" pilot :L:t.ght ’ =
Vent stock

B 16
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Cylindrical water cooled chamber for
insulation test tubes 4" x 1-1/2" ID -

Water cooled chamber for nozzle inserts 2.3/4
lohg with 3/4" throat

Special minature high' temperature thermocouples
for test specimens.

Timers and 12 channel visioorder recorders

c. Tegt Conditions

The test conditicne for-each gpecimen are selected within ,1,

"tﬁe ranges ‘of the following parameters:

. Temperature -

. Tuel Aty Mixture

o This can be msnipulated through s limited stable range from
rich to lean. - - - S 7 ;

Megs- Flow

Mass flow rate of gas is.variable up to 1. 0 Ib/sec et pressure
_up to 100 pei.” The approach velocity ie variable up to hOO ft/sec, sonic or
3000 ft/sec 1f a nozzle is used, e

-

- ' V.Time .

| The duretion of test is controllable and may extend to

_ any-deslredtperiod. Experlence test range extends from 60 secoﬁdelto;lonminuteaeu~—»:~

_Turbulance

The degree of turbulance in the flame can be changed by -
insebting screens of varying mesh in the approach channel of the test chamber,

Abrasive Particles

So0lid or molten particles can be injected into the flame;
the relative concentration of the particles is controllable.

B I7

Propane gas - air mixture flame “temperaturée to 2500°K (LOLOCF)..
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d. .

. in all specimens.

| APPENDIX B
Flow Characteristics at Half Capacity are as folleows: ' | j
Nozzle diameter . .750 inch - §
Test Chember Dismeter . “1-1/2 inches |
Mass Flow Rate (1/2 capacity) 0.50 1b/ft |
Pressure (absolute) “TL.3 psi - _ . ' S
" Approach Velocity, _VU 60 f‘o/seé
"Hot Gas VeLocity, Vb 5o etfsee o]
 Density of gas in tube, cold - 0.356 1b/£t3 I
(6) 1 tuve Wa . b1 1b/sec-rt
' Calewlations 7 S ) g
Conditions of gaseous £lov, ) | 5
Air - Fuel Ratio, Og “ G
Gas Tempera‘bure ; °°F T R ‘"
| Mags Flow Rate, 1lb/sec, ;
: P/res.sure, psia - DR ; . 5
- Temperature as & i@cti.ogx o:-E‘, time at two Or three de‘._pthsﬂ . :
Conditions of cooling water flow, , LT
Inlet tempersture as a function of time. N B
. Outlet temperature as a function of time. ' o
Continuous flow rate. - T o ' o

Duration of test, seconds.,

B 18




APPENDIX B

Observatisns of 4eosusd specimens:
Original welght, lbs, = W,
Final veight, lbs = W,

Welght loss, % - ;

/

. ) /
Orlginal thickness, inch, = t&

Final thicknéss, inch m t, / . )

’

Char thickness, inch = %,

- Virgin material thickness,»iﬁch = t,

/

Nature of surfaces .

fv  Apalysls of Results . ~

: The structural properties of the insulat on speeimen are
determined from measurement of thickness, weight,change and from vi=ual
oveervation.

-The rate of heat trensfer within and out of the insulation
1s determined from the temperature records. Cottbined with the values of gas
flow, this data furnished relationship for mass and heat exchange between the
hot gases and the inaulation specimen,

It is possible to observe the temperature and time thaf

the varioua phaee and material changes take place in the materials by &tudying
" the shapé of the time-temperature curves. This permits an empirical correlatlon
“of the ercsion snd ablation heat transfer as funetions of the flow barameters.

and praperties nP +he metarials,

, (leneralized oxident fraction (Og) 15 the ratio of the nass
of alr to mass of fuel divided by the sum of the ratio of mass of sir to mass
of fuel plus the ratio of mass of alr to mass of fuel at stoichiometric, Fox
all alr Og~0, for all fuel Og-l.0 and at stoichiometric Og - 0.5.

0g = (air/fuel)
" alr/fuel + (alr/fuel) stolchiometric

BI9




dimenaione a.s follaws :

,Noézle _Throat Diamster, 1ncﬁés_ . .350 - 350—“ .350

Nozzle Lengtlr, inches - CoLe  Ls78e 213 B

Nozz:l.e Extt Diameter, :anhes e ~.632 .759 — 1060 E

Chamber Pressure, psla 200 - © 588 o

Total Mass Flow Rme, lb/sec 4095 ._-;.97 - ) .aao--- ]
o | Exit Mach No. . L me oas 30 | 7;—4

Stolchiometric Mixtute : 3172°c - 3216°C" ,3233!(: e '

Og/Hgm 8.0 (weight. ratio) - - 6200°R  6280°R . 6310°R R e

om0 3

B.. Hydrogen@xyﬁen Test Motors

1, Naval Ordnance La.foratogz _
NP Descrip'tidn. : - ) L E
: The hydrogen oxygen test motor facility iB an intermediate ) )
test device used principally for studying effecta of cperational ¢onditiohs. upon
“throat insert materials prior to solid rocket motor f:l.*ings. o
-bs Test Conditions

-Piring cond:l.tions are con'brolled by varying the throat ineert —— _'__

Nozzle Configurations - A ‘s . ¢ T | -

Ce ua.x.cu.l.a.m.ons
Throat dilameter increase aftel\ firing s mils. _
'I':Lme from design chamber pressure to 200 psig s seconds.

Erosion resistance, mils/sec.

B 20
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' | ‘Combustion Chamber dlameter, inches 4.0

APPENDIX B

2. Aveo Manufacturing}Compeny

a. Description

The hydrogen-oxygen motor was designed to evaluate materials
to be used for fabrication of rocket nozzles. The facility is used to perform
‘preliminary material evaluation. ’ - :

The englne consieée of three separate units:
7 Aprinjeetor,r -
Conbugtion chamber
 Exhaust nozzle. ; -
. Bach unit is weter cooled, Depending on the test to be-
perfomed, any unit can be replaced readlly by one “that is solid-uncooled such

as found on solidepropellant rocket systems. The fuel is gaseous hydrogen
and the oxidizer iz gaseous oxygen. : - :

One specisl feature of jthe facility is that foreign powders,_', )
liquids, or gases can be introduced-(at theiinjector plate) into the main stream

-of gas to simulate perticle impingehent, chemicel end other effects.
= - " Rocket rnozzle material evaluetion consists of exposing the -
4. .. innex diameter of blast tube or rocket nozzles to exhaust gases of the motor
end oumparing the performance of the varioue materials.,
b Test Conditions ;
il . mbtor. - - o L

e, Dimemsions- - - Lo

Throat dlameter, inches- - - -
Exit diameter, inches 2.13

BaI

Dimension and yerformance of hydrogen-oxygen rocket ueat*"'*" ;"’;
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APPENDIX B
d. Performance
_Exit Veloclty, ft/sec : 9000
. Nozzle Exit Mach No. 1.8
Thrust, 1bs : 182
Specific Impulse, 1lb force/lb, 256 -
mass, sec. _
Mags Flov Rate, 1b/sec . - .685 .
“wwgéagnggiggtTbmperature, °F 5000°
* Mixture Ratio, Ha:oé' _ ;; L »I
Beat Flux, Btu/ft2 7 L0g o 5o
A i 7 (for wall. .
T temperature
- - W ) © renge of
T 1000 1600°F) . - -

e.. QGenersl

‘Chamber préégure from 1 to 20 atmospheres.

7 Adiabatic flame temperature from 3800 b0 5800°F

‘Th¥oat diameter from 0,700 to 3.0 inches

~Conibustion-chamber diameter from 3.5 to 4.0 inches

ime, 15 minutes,

o s
Moximum cperation B

f.. Calculations
Original throat diameter, inches,
Final throat diameter, inches,

Time at full pressure, seconds.
Chamber pressure, operating and final, psia.
Burface temperature, °F.

Effectlve heat of ablation, BTU/1t,
Ablation rate, inches/sec.

B 22
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" APPENDIX B

3. ZAeroJet-Generai Corporation, Azusa

a. Deseription

_ The structural plastics ablative rocket, SPAR, test motor
ils a gaseous hydrogen~-oxygen motor for evaluation of materials under rocket -

nozzle conditiéns. - Sonic orifices located upstream in the propellant lines
provide a constant propellant flow rate -into the combustion chamber over &
wide range of chamber presBures. The flame temperature is contrclled by the

fuel mixture ratio. Initial chember pressure is controlled by propellant fiow
- rates Ignition is accomplished by a apark wire inserted on the test nozzle:

Instrumentation provides a continuous record of nozzle
throat-erosion rate, as well as the ‘motor performance parameters that influence

gtuddied by the introduction of contaminants.

' b. ° Conditions

" nozzle environmental conditions, Chemical attack on test materials may be

' The SRAR motors - however, does not reproduce the actual”
. envirbnment of a specific motor.

o T Chamber Pressure,’ Up o 800 psi, soo ‘psia with 500"

T T T 7 T4ia. throat

Flame bemperAture, 6100°F

< Duration, : Up to 200 seeonds '

throat

- '_' Msch’ No.

B 23

o Test Specimens, ‘Nozzle throat insert, usuaIly
' ST oo 1f2" ates throat

1.0 at the throat

Thrust Approximate, 130 1bs, - using 8 .500" dia 71', f1'ff-*5~'-‘




F.  Oxygen-Acetylene Motor .

1. Aercjet-General Cérporation, Azusa

a. Descriptioﬁ, (see F Figure 8)

, : The RIME, Rocket Insulation Materisl Evaluatioh facility is -
P 'be.sica.lly a ga.seous fuel rocket motor dasigned primerily for the thermo-physical

: evaluation of materials in a high tempera.ture, high heat flux, moderate velocity
: ' enwirorment. Acetylene and gaseous oxygen are combusted in an enclosed flame = s
- head. Provisions are mede Ffor aspiration of metallic:or other particles .Ln‘w ] o

the flame to simulate the flame composition resulting from the combustion of
- _solid propellants.

b. . ‘AEEEEratu

"

: . Control Devices
e k]
kS : ¥
= Oxygen and acetylene pressure regulators S e
T . . MixXing chambers. 3
B e - T Chamberpressure regulator - :
E i - ' . Chemicel particle asperator .
—;/* e '-f- Meaéﬁritng—;Dev—:i.eeé ' ST e e e e - ;‘
g 7 ‘Oxyger-acetylene flow meters _ ‘
B3 Chamber water flow meter— - . - S i
= Thermocouple pickup and recorder s ‘ :
3 o . . Chamber water calorimeter i oy
mom e e R It =z . Lamn Lo R 3 O _ _

el
b

- Safe’ay Devices o

Fla.me EI‘I‘GB‘bEI’E i e e
~Netrogen pureing gas .

I
!
t
o
1
|

1
i
henabbda ] & K B o wdimbanitin L

c. Calibration  e—me
- Temperature: Flame temperature is caleculated from , .
_ ‘ stoichiometric combustion. 7 ' i
s Heat Flux: Heat flux is measured by & vater cocled .
o : calorimeter having the same relationship -
= ) ) o %o the flame as the test specimens. T

Chamber Pressure: Chamber pressure is measured
manometrically.

atl gt

Fleme Velocity: Determined from differential
pressure Apitot tube ).
B




d. Special Features of the RIME

Eeat flux, flame temperature, flame velocity and Lhamber
pressure may be qccurately measured and reproduced.

Flame composition resulting from ccmbustion -of solid pro- ‘

pellants may be simulated.

A/Specimena are tested in en enclosed chamber.

/" Firing duration 1is controllable to within 0.3 second,

7 - B N TR

Fa Combustion gas flow is measured with an ;nstrument'Variatibn .

of t 0.25%. /
,/ . Specimen back surface tgmperature determined by spring lnadci
thermocouple end recorded for direct read out.

Nitrogen purge before and after teet firing.

/ e. Test Conditions W S
il - Pressure ~  To 30 psig’ ~
Temperature  3800°F to 6300°F

Reat Flux Toﬁome%sw.**

f'Flame Velocity Mach 0.1 %6 0.7 -
Flame Characteriatics - Réé;rins,i§éﬁ¥réi or- :
N Oxidizing (as required).j;—f

ottt e Qatalations T L e

' TegtrﬁPeCiménS surface area, £t2, A oy
——— - . Heat input, (as measured with a calorimeter) -
Qy - BIU § £t2/dec. -

BIU QAE
s * ¥= "5

- ’ Heat of Ablation:

B 25
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Expésure time, seconds E
Total welght loss, b - WeW, =W,
Char thickness, inch to = te = (ty + ﬁd) ,
Méteriéi loss rate, inch/sec. MR = (ty = t,) + E

Fnysical appearance before and after testing.

B 26
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AFPENDIX B

G.  Suspensoid Propellant Motor (Slurry Test Motor)
1. Aerojet-General Corporation, Azusa

s. Description

. The slurry test motor was developed to more closely simulate
the chemistry of aluminized solid propellant fuels. The propellant is in the
form of & thixctropic paste containing suspended aluminum particles, and.the

. fuel composition closely resembles the solid propellant -from which it is-derived.

The combustion products of the slurry propellants duplicate those ‘of the parent
solid. propellant. _

The motor is f‘ired vertica.lly, with the pool burning Pro=
pellant encassd in an Ansulated -shell. Instrumentation is used provtding & -
continuous record of chamber pressure and thruat. _

The use of slurry: propellant provides the possibility for ©

volunitdry termination of .a tesd firin.g ; 80 that failure patterns may be studied

from the post-ﬂred specimens.
Sk Conditions )

: The suepenaod.d moter is currently operaeble for firing

durations of 15 seconds maximum, at 1000 psia using a nozzle insert with a
.500" dlameter throat. Modifications may be made to the existing facility
in order to obtain longer flring durations and volunta.ry termlna.tion of the

- 'testovele. . . L - -
: Cha.m'ter pressure 1000 psia '
FLane«Temperature - 5400°F- . 7
Mach No., .10 at the throat

B 27
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E. Subscale Solid Propgllant Tegt Motors

L. Atlantic Resea.rch Gorpora.tion

tm e

a. Deseription, gsee Flgure 22

(1) Test Motors: For maximum flexibility, end-burning teet
motors are used., Burning pIEE I8 varied by varylng grain length, and pressure is
varied by changing the burning rate or the throat area, The burning rate is
changed by embedding fine axially-oriented wires in the propellant.

] ' Thermocou;plea are custom made in the ARC. laboratories.

Special refac'c.ory metal thermocouples are used above the chromel-alumel temper=-
ature range. Recording equirment includes Minneapolis-ﬁoneywell Vislcorders,
Midwestern Instrument Company records and Alinco K-k Ballistic Computer. .

(2) Propellants: One of the most import'.a.nt variables
in testing 18 the propellant. aince the effects of -flame temperature and chemical
reactivity of the gas are critical. A single propellant could he used for-&

specific test program where the objective 13 to simulate a specific rocket motor

- condition, but because of these effects, 1t is not pessible to conduct any

general testing with a single propellant.

A group of three propella.nta have been selected for
‘general materisl studies. These propellants range from Arcite 368 containing
no aluminul, to Arcite 373 containing 21 perecent aluminum. An intermediate
propellent, Arcite 394, contains 7.75'percent elumimum. Materials which reasct
with COp, Hp0; or HCL will undergo erosicn- in Arcite 368 exhaust because of its

' ‘high content- of these three constituents. Materials which resct with molten
o aluminum oxidé or which melt between héoo"r and 5600°F are l:t.kely to perform
7 Vpoorly in the gas of Arcite 373,

b. G;_omgonent Teatip_g

Motor tube 1neula.tion, nozzle insula.tion s nozzle throat
insert; expansion cones and jJetevator impingement bars are tested in the test
motors. All of these components can be tested ainmltaneoualy during a motor

firing if des:l.red.

B 28
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~ the bedding cement and measurements are taken of the surface erosion, depth

APPENDIX B : ' - 1

(L) Motor Tube Tnsulation

The testing of insulation materisls as chamber liners

is conducted in a nybrid test motor (so-called because of-its unique construetion
features). A schematic drawing of this motor is shown in Figure 9. Previous
testing has generally been with the 6fl-inch long, G-ineh diameter propellant

section which operates for 60 seconds at 1000 pei. The motor-tube insulation

section is 2b inches long, with a nominal inside dismeter of four inches. The

test specimeh tubes have matched tapered Joints and are cemented to form one
internally=smcoth, continuous tube. Dimensions of the tube can be changed.
Normally, six. eylindrical specimens are tested during each firing and temppratLres
aré meguured at diametrical points on a cross-section taken through the mid-point o
of each tube, The thermocouples and a magrified sketch of thermocouple assembly A4
“are shown in Figure 9. )

s _— 2) Nozzle Tnsulation

Insulation materials abé tested on the couvergent faue
. of the nozzle, and in the section of the nozzle, A nozzle assembly for the

~ 6einch motor is shown in Figure 10. The nozzle insert is thermally insulated
from the rozzle assembly teo duplicate lisht-weight flight econditions.

___ 8ix panel specimens are tested simultaneously on the - -;
convergent face with each specimen being independently embedded and instrumented
- for temperature measurement. After testing, these specimens are removed from

of degradation, and amount of unaltered material. The firing results are

coordinated with data from the continuous temperature measurements. The nozzle
test assemdly cen be used in any length motor to obtain a- eomprehensive Pvalu- )
ation of insulation materials for many exposure conditions.

(3),4Nozzle Tnsert Insulation . IS

Testing ineulation materials for the throat inser+
follows a simple tecnniqpe. The insulation 1s 1ncorporated in the nozzle
assembly around the insert as shown in Figure 1C. Results are evaluated by
temperature readings on the cold side of the insulation and by the insulatér's
- abllity.to retain effectively the insert and form a gas seal around it.

B 29
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(4) Expansion Cones (Exit Cones)

mhe divergent test section is a simple conical Pieﬂ
separately mounted in the expansion section of the nozzle. -Although Figurs 10

" does not show thermocouple instrumentation of the expansionecone test plece,

several thermocouples are ingerted into test pleces. Results of testing are

7 measured in a manner similar to that for convergent test parts.

(5) Jetevator Iupingement Testing

Jetevator tests are made at ARC., The specimens are

" bars, L/4" x 3/8" x L-1/4", bounted in such a way thet they can be introduced

into and removed from the motor exhaust at will; normally they are exposed for
two seconds. and then out for two seconds. The number of cycles employed durliag
a run is dependant on the firing duration of the motor. The 3/8" wide face

. 18 exposed approximately L/16" into the flame at 73.5° to the cone edge. Ths

specimen 18 backed up with a micro-quartz insulator and molybdenmum backup bar. -
Changes of profile indicates the effects of the exposure to the specimen,

C Calculations

(i) Insulation - - s - R

Char depth, in.

Erosion depth, in.

Exposure time, sec.
Temperature, cool side, °F
Chamber pressure, psi

. Weight loss, %

- Physical aprearance after test

(2) Throat Inserts
Chamber pressure, psi
Firing duration, sec.

Throat dlameter, before and after
f.‘!.ring, in.

B 30
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APPENDIX B

2, Allegheny Ballsitics Laboratory

8 ‘Description

‘Several types of subscale itest motors are used for the
evaluation of nozzle and insulation materials. Test motors are "end burning'.
and use a solid propellant fuel. Conditions are controlled by the selection
of propellant, nozzle design and size of the motor used. Characteristics of
the propellant used most freqpently are us follows: -

Propellant Theoretical ) Percent

Identification Flame Temperature Aluminum
cor-80 6000° - 6373°F 20.0

- CDP « 80 is & modified double base propellant contalnlng aluminum and ammonium

perchlorate.

" Test methods used for the ﬁvaluabion of nbamhpr Inpulation,

nozzle insulatidn, and nozzle throat inserts are described as follows:
" Chamber Insulation
. (1) Slab Test, (see Figure 11)

) This test consists of exposing a .375" x 2" x 4, 375"
insulation specimenn to hot gascs on the espproach nozzle section of a subscale

test motor as illustrated on Figure 11, CDT-80 propellant is used to yleld the.
following conditions' - S

Gas Velocity - 100 - 130 £t/sec. -
Temperature  3000°K (6375°F)

Burning Time = up to 30 éeconds

Pressure = 250 = 1000 psi

At the end of the firing the motor is flushed with coa to prevent spontaneous

ignition of the hot insulation residue.

B3I
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{(2) Peripheral Slab Test

ﬁ ) The peripheral slab test consists of exposing a Single
face, of a 2" x 4" x 3/8" slab of insulation to rocket combustion gases, Eight
speoimens may be tested simultanecusly as they are fastened t6 the inside of
the; 'insulation sleeve placed in the aft section of a single end Yurning motor.
This test apparstus permits convenient evaluation of material over thé following
rnnges of variables-

Exposure Time 10 to 60 seconds

Pressure - 200 to 2000 psi
_Gas_Velocity ' 30 to 80 ft/sec

B At the cend of the firing the motor is flushed with
002 to prevent spontaneous ignition of the hot insulation residue.

) This test was divised.to avold the difficulty encountersd
in the regulsr slab test with certain materials, particularly at high presaures
(700 psi). This difficulty is manifested as & tendency tovard -steem lining of
the specimsn as shown below~ o

a0 - = - Slab Cross Section
ez
p—

Gas Flow -

- The presence ‘of this phenomenon-makes the evalaatior

, of chsr or erosion. dépth difficult or. impossible.

- (3) Blast Tube -
In order to study the profound effect of gas velcuity

on insulatins materials, a blast tube containing the insulation specimen is .
fitted to the aft end of the five inch test motor illustrated in Figure 11.
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The -specimen consists of a tube, the diameter of which may vary bLetween “/h“
and 1-1/2" depending upon the velocity desired. The blast tube in zongunct
with the peripheral slab test permits the evaluation of insulation pn1ron‘ar‘=
-over throat-to-port area ratlos ranging from .009 to .9 ox gas velocities of
500 to 120 ft/sec with VHL propellant. The major disadvantage of this test
method; namely, the inability to maintain constant velocity across an erodable
material in the blast tube. At 250 psi the char rate for asbestos phenclic
almoau doubles going from 50 ft/sec to 1200 ft/sec.

~e. Nozzle Insulation Test, (sece F_gure 12) " , B

, Nozzle insulation materials are tcoted on the entrance wrd
exlt sections of the nozzle assembly. This testing involves the use of a very
high impulse propellant, CDT-80, in a 9" test motor illustrated on Figuve 12,

d.  Throat Inserts, (see Fipure 13)

The evaluation of nozzle throat materials are called out
by testing the throat inserts in the three; five and nine inch diametdr sub-
_scale test motors using & double base aluminized propellant containing ammon;um
perchlorate. Flgure 13 illustrates the five inch diameter test motcr ase& MO
frequently. - . ; o : 4

e, Calculations

(1) _inéulaﬁiﬂé’Méiégials

‘Char depth, inch CD = (tq ---tv)- %2
Erosion depth,uj_.nc:h_ED = (g = te)F2
Exposuré.time, seé. - -
Temperature ‘cool side, - E'

Cher rate,h mi:ls/sec CR = (t, = ty) .:.E
Erosion rate, mils/sec ER';L(to - tp) & E

Chamber pressure, psi'

B 33
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Total weight loss, 1b: W = W, = W

1

Physical appearance after test

Ideally, materials tested by the above methods are evsluated in terms oF chsr
depth or the depth of the altered material, This concept is based on the
premise that a material is behaving as an effective heat barrier as long as
unaltered organic materlal remains., Some materials degrade in such a perlicy -
fashion that 1t becomes inconvenlent or impossible to rate them azceording +:

- (&) Nozzle Throat Inserts.

‘Chamber pressure, psi

" Firing duration, sec.
Thréaﬁ iusert diametér before fifing, in.
. Throat insert diameter after firing, in.

Throat insert diameter after removairof RPN
Al03 deposits, in. ) ’ ’

Physical appearance after test,
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3. Aerojet-General Corporation

a. MERM
(1) Descr_iption, (see Figure L)

The Material Evaluation Rocket Motor , MERM, 18 a sub-
scale teat motor used for the evaluation of candldate nozzle and insulating
meterials, The MERM has an end turning, 8-inch diumeter, case bonded grain.
Test, conditions are controlled by chenging the nozzle insert design and the i
cholce of propellent type. Changes are made as required-to simulate the. latest
POLARIS operating conditions. Figure 1h illus't.ratea the "MERM a.ssembly.

Insulation materials are tested on the eonvergent ‘
section of the nozzle aaaembly in the form cf a throat insert entra.nce cap a8 .
ahwn in Figure 15, -

(2) -Conastions | . BE
Duration, 60 seconds '

Chanber Pressure, 1000 psia

*Fla.me [Tempera.ture 5 5200=6500°F o
Velocity, Mach. No. 1 O at the “bhroat
‘Throat Diameter ’-1-89"

*Va.ried dependan-b on - project requiremen‘bs and’ propella.nt developments.

.

BT "RITE' )

i 'I‘he R'E’I.‘E mo’cor is a subscale rocket. motor similar to
the MERM with an extended motor casing which houses an-LiasGlablin 55t speciﬁuu. -

Material scandidates £or RITE motor tests are formed into bell mouthed straight

blast tubes of various diameters which produces the same range of gas veloocities

present in full scale motors. Flots of materlal loss rate versus velocity
facilitles selecting the proper thickness of material for varisus velocity
regions in the full scale motors. The aft end of the extended motor casing
employs a pormus graphite throat insert fitted with a water tap. Chamber
pressure is coatrolled by maintaining a constant water pressure, on the throat
insexrt, wanich eliminates or reduces ercsion of the throat. Figure 16 illustrates
the RITT test motor. :
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(2) Conditions

~ *Flame Tempe?dture,» 6000°F

Chamber ‘Pressure Approximately 350 psia

.Throat 'Diameter , 583"

~ Gas Veloeity, - | Pending on inaide
S ) . dlameter of test

"(5) Caleulations :
K" = Test specimen surface aréa, g2

, _Bm measu
Qs = Heat input, -—.,(_,7.._ , 88 measured
. . o f£td/sec. ,
J T with a calorimeter. . :

G* = Bffective heat of ablation in LI,
G EETT -

'MLR = Material loss rate, _tn_iic = ___iggfcleﬂ

. %Varied dependant on project requirements and_bropellaht 'déveiopmepﬁs.
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II. Comparison of Test Dsvices and Test Facilities
A.  Test Devices

1. Oxyscetylene Torch

a. The most general accepted laboratory soreening test for the
evaluation of insulation materials is the oxyacetylene torch test. Testing is
rapid, econcmical, and does not require elaborate equipment., However, a wide
rangs of operating conditions exist between each test orgainzation and as s
result, test data differs between esach facility for a given material. Alse,
materials showing superior performance in torch tests often faill in solid proe
pellant test firings,

b. The nsed for standardization has been recognized by the
various test laboratories and as a result a proposed standard has been drafted
by a Joint ASM=Navy Committee for the standardigation of oxyacetylene torch
testing. (A brief summary of the proposed standard is included below.) The
author's analysis of the results obtained during thls survey, indicates that
ecorrelation will be difficult between oxyacetyleme torch and subscale testing
using the proposed test conditions, However, by uaing a high gas flow in the
order of supersonic velocities, a correlation can be established between torch
and subscale motor testing.

¢. The oxyacetylene torch apparatus used by the AGC POLARIS
Projuch utilizes an oscillating mechanism secured to the torch to create a mome

turbulent condition at the specimen surface to test the resistance of the spalling

characteristics of the material.
d. The following proposed standard hss been drafted as of
1 December 1.960 , by the Joint ASTM=NAVY Committee for the standavrdization of
oxyacetylene torch testing.
AFPARATUS .
Oxyscetylene Torch, Capable of supplying spccified has flow rates.
Torch Tip, Single port « = « = = =« = o = = « 0,130 in, ID

Total Gas Flow Rate v = « o « = a = = = = 225 Scfh, #

B 37




APPENDIX B

Volume Ratio of (xygen tc Acetylene - - - = - 1.20
Thermocouple Wire Size = = = = = = = = - - =« # 288 and S gage
or smaller

Temperature Record Pen Response Time ~ - - «~ 1 second full scale

or faster

Temperature Record Chsrt Speed, Min., - - - - 8-10 in/min
Treansiont Calorimeter for Heat Flux Measurements

Pressure Frobe for Flame Pressure Measurements

SPECIMEN

Size, 0.250 inch thick, remaining dimensions and configuration
not specified.

PROCEDURE
Angle of Impingement - = « = =« =« =« = = = = = 0Q0¢
Specimen to Torch Tip Distance = « = = =~ - - + 750 in.

Maximum allowable to bring flame onto specimen-1/2 second

Termination of Test, after a backface temperature
of 800°C (1472°F) has been reached (when possible)., An

optional procedurs permits complete burnthrough of panel
for meaguremsnt of erosion rate.

MEASUREMENTS

Thickness, welght and 2exsity of specimen prior to test.

CAICULATIONS

Insulation indices at 100, 200, 400, and 800°C (212, 392, 752 and

Y dividing the time to reach these temperatures by the
original thickness of the specimen.

Erosion Rate, original thickness of the specimen divided by the
time tc burnthrough.
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Insulation to Wei)gEt Ratio, Insulation Index divided by the
original density of the specimen.

Arithmetic average of items 1l-3 inclusive for five replicates.

Root means square deviatlion of items 1-3 inclusive for five
replicates.

-#Standard cubic feet per hour, 70°F, 1k.7 lbs/sq. in.

2. Plasma Test Devices

a. The plasmajet, & more elasborate and versatile test device 1s
capable of producing higher pressures, veloclties, temperstures, and heat fluxes
than those produced by any other test device discussed in ‘this report. A wide
range of operating conditions exist between the various units which is primarily
dspendant on the power output. Some units are capable of simulating the products
of combustion found in solid propellant motor conditions by injection of mixed
gases and sclid particles in the plesmarc. The plasmajet 1s considered a good
device for research purposes, but the cost of equipment and operating expenses,
its use for insulation screening and intermediate testing should be carefully
analyzed. Liasted below 1s a comparison of the various plesma units and their
applications used by the various test organizations.

(1) Plasmatron
A unit used by AGC, Azusa, for obtaining thermal data
on prospective materials. ILow pressure unit, 60 KW availlable power, can only
simudate e narrow range of thermal conditions. ’
(2) Plasmajet
Both AGC-ARC units are similar and have é higher power

output, 80 KW, than the Plasmatron, Capable of simulating rocket motor combustion
products by injection of mixed gases and solid particles in the plasmarc,

r

3
451

{ A\
\3a)

To operate at the same pressures, and heat fluxes as
the POLARIS rocket motor. Gaseous products of combustion in solid rocket motors
can be simulated by injection of gases and solid particles in the plasmarc.
(1000 KW high pressure plasma generator)

Unit still i the conatruction stage. Expected to be
operating in the near future.
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3. Gaseous Test Motora*

a. Gaseous test motors are elaborute torch test devices; enclog:d
in a combustion chamber, where the test specimen is completely submerged in tks
gaseous products of combustion and subjected to a greater area of diffused heat
transfer. Test motors are usually instrumented to measure the control operating
conditions and to obtain specimen thermel data. Certain units are capable of

injecting solid particles into the gas stream to test the characteristics of srosios

on the specimen., However, insu?ficient heat f{lux is obtaiaed which affects thermal
reactions and their comtuation products are different than those produced dy sclid
rocket motors.

b, The cost of the equipment and its construction hardly warrardsz
the use of the apparatus for screening and intermediate testing of insulation
naterials since screening tests can be accomplished with the inexpensive torch test.
Insufficient heat flux and different combustion products than those produced by
s01id propellant test motors limit its use for intermsdiate or screening tests.

L, BSubscale Solid Propellant Test Motors

&. The subscale solid propella-ﬁt motor has heen proven to be &
versatile test device by offering a wide selection of propellants to give a range
of time, temperature and pressures.

b, Both nozzle insert and external insulation materiels may be
tested similteneously while some units, such as the RITE, utilizes a wWlsst tubz for
the testing of internsl insulation at high gas velocities.,

¢, Test results are closely related to full ascale firings when
firing conditions are duplicated. .

d. The subscale so0lid rocket test motor has the disadvanteges
over laboratory teet devices by relying on outside leboratory control for schedid-

e, The subscale test motor is considered the better test device
for testing of materials prior to full scale firings. However, considerable
inprovement could be obtained by the standardization of test spacimens, conditiona,
motors and propellants.

# Gaseous test motors defined in this report are test devices using a gaseous
mediun for producing combustion in an enclosed chember, such as; the hydroger-
oxygen motor, acetylene-cxygen motor, and the propanes-alr-ges motor.
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f. The following outline is a comparison of a subscale test motor
used by the various test organizations:

{1) Atlantic Research Corporation

Well orgenized test program with a wide selection of
propellants and motor sizes for obtalning test conditions desired. Reporting of
test data 1s also well organized. However, no program has been established for
the testing of insulation materdals at high velocitles. Test reports are not
alweys consistent in reporting the source of test material.

(2) Allegheny Ballistics ILaboratory

Excellent for their ctudies on the effects of operating
conditions on insulation materiels., First facility to incorporate a blast tube orn
their teat motors for determining the effects of velocity on insulation performance.

Noeminal test conditions often vary and test data 1s often
inconsistent with no continulty from one quarterly report to the following.

(3) Aerojet-General Corporation

RITE - Capable of producing the same range of ges
velocities as those occurring at various locations and times in full scale motora.
Plots of material loss rate vs, velocity or mass flow rates facllitate the selection
of material of adequate thickness for varlous veloclty regions in the full scale
motors.

Constant chamber pressure can be obtained by controlling
the erosion of the throat insert by use of water pressure on the porous graphite
insert. Esteblished methods of reporiting test data which is kept up to date in =
firing log book.

MERM - Primarily used for evaluation of throat insexrt
materials. Close correlation to full scale motors by sslecting material combins-
tions and thickness based on heat transfer and thermal stress studies.

Results on insulation testing are limited to relstive
comparisons between materials.
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