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FOR FYORD 

T h i s  r e p o r t ' p r o v i d e s  t h e  d a t a  developed d u r i n g  P a r t  XI. Phase IT. of :he 
S o l i d - P r o p e l l a n t  Rccket Exhaus t  E f f e c t s  (SPREE) Program under  C o n t r a c t  M S 1 0 -  
230@ and a l s c  i n c l u d e s  d a t a  p r e v i o u s l y  provided  f rom t h e  Ph3se I and P a r t  I ,  

l l C 7 -  The t h r e e  c o n t r a c t s  have beer1 ac?ministcrec! by U S A  2 :  t h e  KtAnnc-by S:acta 
C e n t e r ,  John F .  Kennedy Space Center ,  F l v r i d a  . T e c h i c a l  d i r c b c   ti,)^ o !  t ' t r  p r o -  
gram h a s  been provided  by t h e  F u t u r e  Stuc'irAs Branch o f  t11e !..lunc!i S u p p o r t  
Equipment E n g i n e e r i n g  D i v i s i o n ,  Kennedy S D ~ C  r C e l l t e r .  T:lr  r c i r o r ?  15 s t i ' i - ? i t t t * d  
i n  t w o  volu,nes t h a t  a r e  d e s c r i b e d  l>idlox. 

Phase XI SPREE: in -zes t igec ions  perf~rrnt.d d e r  C o n t r a c t _ <  N . l S l O - j R Q  and '\'AS:(?- 

Martin-CR-65-93 (Vol I ) ,  SPREE P r o j e c t  Sumniarv - T h i ~  uo!umne i s  s u ' i r > i t t r - d  
a s  a p r o j e c t  summary o! a1 1 work i>e-riorvt.r', iesu; t s  o'itaittc-d, a i x ~  l - e c ~ ~ ~ ~ * c ! i d a -  
t i o n s  evol  v e d  d u r i n g  the e n t  irt. SPl?EE prograii.. 

Martin-CR-65-93 (Vol 11) , P a r t  11, Phase XI F i n a l  R e p o r t  - T h i s  volume doc-  
uments t h e  r e s u l t s  of t h e  t e s t  program per formcd d u r i n g  t!ie P a r t  11, Phasta 11 
p o r t i o n  of  t h e  program. Idliere appl icab!e ,  tihis volume J ~ S O  u p d a t e s  p o r t i o n s  
of the  d a t a  p r e v i o u s l y  provided  by e a r l i e r  r e p o r t s  deve loped  d u r i n g  P a r t  I ,  
Phase I1 of t h e  SPREE program. A l s o  r e p o r t e d  are  d a t a  o5taineci f r o m  f u l l -  
s c a l e  t e s t s ,  which were made a v a i l a b l e  f o r  t!iis etfort an? w ' i i c h  ! lave ' )C.CJP 

used t o  c o r r e l a t e  s u b s c a l e  modcl t e s t  re:  t i l t s  Oevfelopt-d c'uring this program.  

A d e s i g n  hondbook w i l l  b e  i s sued  a t  a l a t e r  c i a t t ,  w)i:c11 c a n  bv used '3s a 
g u i d e  i n  the  d e s i g n  of p o r t i o n s  of ? J I I W ' I  f a c i ?  i t i e s  f r o i n  which ve!ili!t.s U S ? ~ P ,  

s o l  i d  r o c k e t  n o t o r s  a r e  t o  be Iciunched. Tl i r  l ~ L ~ i d ' w u k  will Scl Co!v:bi!ed i r ~ r  
d a t a  d e v e l  oped dint! e v a l u a t e d  d u r ?  rig t h r >  SI'KF'E 1)rogr:iri. 

These  i n v e s t i g d t i o n s  were prompted by a n e e d  t o  d e v e l o p  s u p p o r t i n g  tec!i- 
nology f o r  l a u n c h  f a c i l i t i e s  a p p l i c a b l e  t o  p o t e n t i a l  improvements of :!le 
S a t u r n  IB and S a t u r n  V s p a c e  v e h i c l e  systcitis. 
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1. PROGRA?? COALS 

1 

$> 
The S o l i d - P r o p e l l a n t  Rocket  Exhaust  E f f e c t s  (SP!&E) program was e s t a b l i s h e d  

t o  e v a l u a t e  and recommend m a t e r i a l s  and t e c h n i q u e s  f o r  p r o t e c t i o n  o f  l a u n c h  f a -  
c i l i t i e s  from p o t e n t i a l l y  damaging environments  c r e a t e d  by t h e  e x h a u s t  g a s e s  of  
s o l i d  r o c k e t  m ~ t ~ t r ~ / / ! C R M c j .  -4s a r e r ~ ? l t  cf t h e  ~ T C ~ T S T ,  a d s s f g - ,  hjn25ook w i l l  
be p r e p a r e d  fo r  use i n  d e s i g n i n g  new, o r  modi fy ing  e x i s t i n g ,  f a c i l i t i e s  from 
which  v e h i c l e s  u s i n g  SRMs will he l aunched .  
c r i t e r i a  t l r a t  evolved a s  p a r t  of t h e  p r o g r a m  w i l l  
handbook. 
m a t e r i a l s  should be useL! and w h a t  t he  m , i t r r j c 3 1 >  s!iould %e. -he ‘.anc!’soo’/ will 
f u r t h e r  s p e c i f y  ? low t h e  ma te r l a i l s  s h o u l d  !-e :1,ip!icac, !low muc!: t!ley T..: ;I1 deter : -  
o r a t e  d u r i n g  a l a u n c h  usage,  a n d  I I O W  t h i .>  b l ~ o u l d  + r t ~ f u r \ i s l l r d ,  T l l i ~ s e  recorrl- 
mendat ions  w i l l  be made so  t h e y  apply  t o  til-.? t y p e 5  of sol:d-prope!?ant r o c k e t s  
b e i n g  c o n s i d e r e d  f o r  t h e  Improved S j t u r n  ?rluncb v t . h i c l e  sys t c~r i s  and w ~ l l  Se 
based  o n  e n v i r o n m e n t a l  e x p o s u r i  c r i t e r j  a a <  well ‘9s e c v n c ~ m i c  c o n s i d e r a t  t o n s .  

Y ------‘ 

E r p j r i c c * !  and & n a ? y t i c a l  d a t a  an.? 
ft3r-i-i t t i e  ? a s i s  f o r  t h e  c‘esisn 

The handbook w i l l  p r o v i d r  C L  i t e r i a  d e f l r l i q g  rc:ien .1n2 wficr-e p r o t e c t l v t ~  

The o v e r a l l .  program was p lanned  t o  be  implemented i u  t h r e e  d i s c r e t e  s t e p s ;  
SPREE Phase I t w o  of t h e s e  a r c  comple ted  and r l i e  t h i r d  i s  n o d r i n g  co rn? le t ion .  

(NAS10-389) c o n s i s t e d  of d a t a  g a t h e r i n g  and e v a l u a t i o n .  Data  from 5 n d u s t r i a l  
and governmenta l  s o u r c e s  p e r t a i n i n g  t o  SIP-: perfor~nanct’  p a r a m e t e r s ,  t .x! laust c h a r -  
a c t e r i s t i c s  and envi ronments ,  and  commercicr! !? a v a i l a b l e  p r o t e c t i v e  ( i n s u l a t o r s  
and a b l a t o r s )  m a t e r i a l s ,  were accumulatei l ,  rev iewed,  and a!i,rlyzcd. From t h e s e  
d a t a ,  mathemat ica l  p r e d i c t i o n  nwdels wcrv ~!e’+7C’’L~pt’~ t o  d e f i n e  Soch  t h e  e n v f r o n -  
ments  produced on  t h e  l a u n c h  pad and af r i ! ia t , . sd  r~(!ui!wic-nt S y  t5c  r o c k e t  e x k u s t  
g a s e s  and t h e  e f f e c t s  t h e s e  gases  waulc! 11,,vr 013 m . j ? r r i a l s  uqcd t o  p r o t c c :  the 
f a c i l i t i e s .  

T h e  purpose  o f  SPREE P h a s e  11, P a r t  I (NhSl0-?107) was t o  v a l i d a t e  ttie 
P h a s e  I mathemat ica l  p r e d i c t i o n  models and the  a s s o c i a t e d  t ! i eo r i e s .  T h i s  was 
accompl ished  by per forming  scale-model  t e s t  ‘ , s i n g  b o t h  colt! and  h o t  j e t  s t r e a m s  
of s i n g l e  n o z z l e  c o n f i g u r a t i o n s .  
t o r  c o n f i g u r a t i o n s  t h a t ,  i n  t u r n ,  were c o a t e d  w i t h  t h e  most p r o m i s i n g  p r o t e c t i v e  
m a t e r i a l s  s e l e c t e d  from Phase I s t u d i e s .  

The j e t  s t r e a m s  wcre inpingled on v a r i o t l s  d e f l e c -  

A P a r t  11 (NASLO-2300) was added t o  SPREE Phase I1 w i t h  Two vajor purposcs .  
F i r s t ,  a d d i t i o n a l  ho t  j e t  t e s t s  were ncwc!cc! t o  o b t a i n  d a t a  r e q u i r e d  t o  p r o v i d e  a 
more comple te  and competent  b a s i s  f o r  t!ie c’csigq !landSook. Secox l ,  t ime  ~ P C ’  cf- 
f o r t  was a l l o c a t e d  to a l l o w  prepar‘qtion o f  t!w handbook. 
P a r t  I1 provided  d a t a  t h a t  allowed t h e  s e l e c t i o n  and q u a n t i t a t i v e  evc.!urrti?? ot 
p r o t e c t i v e  m a t e r i a l s ,  de te rmined  t h e  e f f e c t s  of l i f t o f f  r a t e s  0 7 1  pro: r . c t i v c  ?;+erF- 
a 1  s and t h e  envi ronments  imposed on t h t  
m e n t s  and e f f e c t s  t o  l a u n c h  fscilirics associc?t?ibd w i t h  i n n l t l p l c  cnqlnc.  C Y ~ C ~ ~ J S ?  

plumes. S i m u l t a n e o u s l y ,  t h e  e f f e c t s  D r c d i c t i o n  rnoc’els were rc f incc’ ,  ;I?(; :?le r e -  

from a T i t a n  TIIC l a u n c h  u s i n g  f u l l - s c a l e  1 2 0 - i n .  SR?ls. 

T?K t e s t s  s c 5 d l J l c ?  fCJr 

I<jtinc!i f a c  I ! i c y ,  2 n d  defined t h e  c?:.iroT.- 

, .  v i s e d  models  were c o r r e l a t e d  w i t h  f a c i l i t y  c f f c c t s  and e p v i r o n n e n t n l  iaca CiDtaIncd 

u 



Ma r t i n - C R - 5 5 - 9 3 
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Fig, 1-1 Postlaunch C o n d i t i o n  of T i t a n  ITIC AGE B u i l d i n g  
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11. CO?r'CLUSIONS 

The SPREE program was i n i t i a t e d  t o  p rov ide  t h a t  s p e c i f i c  t echno logy  n e c e s s a r y  
t o  p r o p e r l y  c o n f i g u r e  l a u n c h  f a c i l i t i e s  f o r  v e h i c l e s  u s i n g  SR'% a s  t h e  f i r s t  s t z g e ,  
or a s  t h r u s t  augmentors  t o  t h e  f i r s t  s t a g e ,  e q u i v a l e n t  to ve!ii-cle conf igu r ' q t lons  
b e i n g  c o n s i d e r e d  f o r  Improved Sa tu rn .  The SPREE i n v e s t i g a t i o n s  r e v e a l e d  2 number 

l a u n c h  f a c i l i t i e s .  These  a r e  summarized below. 
D f  tpchr?ical f i n d i n o .  t h a t  h c 2 r  s ign i f icant ! - :  2:: ccnf:g,>r2:icns 2nd ,',:signs 7: b" 

A. PREDICTION MODELS 

The mathemat i ca l  models deve loped  e a r i y  i n  t h e  S P R E  program for p r e d i c t i n g  
env i ronmen t s  and e f f e c t s  on d e f l e c t o r s  snd ot!ier a s s o c i a t e d  ? aunch  pad s t r c c t * ! r e s  
c o r r e l a t e ,  w i t h i n  r e a s o n a b l e  l i m i t s ,  w i t h  scale-model  t e s t s  of SRxls. These TO.'C~'s 
were a l s o  c o r r e l a t e d  w i t h  t he  ful I - sca l e  l aunch  e f f e c t s  and env i ronmen ta l  d z t a  o?- 
t a i n e d  from c a p t i v e  f i r i n g s  and launches  of 120- in .  SXYs. S u i f F c i e n t  confLic.r :cI  
i s  p r e s e n t l y  h e l d  i n  t h e s e  modles  t o  a p p l y  them p r a c t i c a l l y  i n  d e s i g n  cons<c?rr?-  
t i o n s .  F u r t h e r  c o r r e l a t i o n  w i t h  f u l l - s c a l e  lnunc?i  d a t a ,  !iowever, i s  n e c e s s z r y  t o  
r e f i n e  t h e  models for general a p p l i c a t i o n .  The p u b ? j c a t i o n  of t 5 e  f i r s t  % ' : + ; q y  

of a d e s i g n  handbook i s  c e r t a i n l y  war ran tcd  a t  t h i s  t i m e .  

B. SCALE-MO9EL TESTS 

With c a r e  b e i n g  e x e r c i s e d  t o  s t r i c t l y  c o n t r o l  c o n f i g u r a t i o n  and per formance  
p a r a m e t e r s ,  sca le -model  t e s t i n g  t o  deve lop  env i ronmen ta l  d a t a  and d u p l i c a t e  e f -  
f e c t s  c r e a t e d  by e x h a u s t  gases  of s o l i d  motors  i s  v e r y  p r a c t i c a l ,  economicaL, aiic 
p r o d u c t i v e ,  The r e s u l t s  d e r i v e d  with sca l e -mode l  t e s t s  s h o u l d ,  however,  bc v . i ' .  - 
d a t e d  on at least  a l i m i t e d  b J s i s  w i t h  f u l l - s c a l e  r e s u l t s  t o  measure tree e f f c c -  
t i v e n e s s  o f  t h e  p r e d i c t i o n  m o d e l s  cons t r i i c t ed  from t h e  s u b s c a l e  model t e s t s .  

C. EFFECTS OF MOTOR C11ARICTERISTICS 

The b a s i c  c h a r a c t e r i s t i c s  o f  a s o l i d - p r o p e l l a n t  r o c k e t  motor t h a t  i n f l u e n c e  
t h e  env i ronmen t s  c r e a t e d  by t h e  exhaus t  plume a r e  chamber t e n p e r a t u r e ,  chamber 
p r e s s u r e ,  b u r n i n g  r a t e  (mass f Low), expans ion ,  r a t i o ,  and chemica l  composition of  
t h e  p r o p e l l a n t .  P r o p e l l a n t  compos i t ion ,  however,  p r i m a r i l y  i n f l u e n c e s  tempera- 
t u r e ,  p r e s s u r e ,  and bu rn ing  r a t e s ,  which,  i n  t u r n ,  a r e  t h e  major  c o n t r i b u t o r s  t o  
env i ronmen ta l  and e f f e c t s  c o n f i g u r a t i o i l s .  The chemica l  p r o d u c t s  I n  t h e  exhaus t  
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; and,  plume would,  of c o u r s e ,  be g r e a t l y  i n f l u e n c e d  by p r o p e l l a n t  c m p o s i t i o n  
from p u r e l y  chemica i  r e a c t i o n s ,  danagin,: e i f e c t s  t o  l aunch  facl!: tLes COU:~! St 
r e a i i z e d .  This r e s u l t  d i d  n o t  eccur  wiLh i?i.-iA p r o p e l l a n 7 5  1 : s ~ ~ '  ."r t i e  91:""' __ _- 
t e s t s ,  

The a lumina  p a r t i c l e s  i n  SRM exhaust  plumes, a l t h o u g h  c o n t r i b u t i n E  t o  l n c r e a s e d  
e r o s i o n ,  a r e  n o t  c o n s i d e r e d  t h e  pr imary c a u s e  f o r  t!le i n c r e a s e d  *:rosive c ~ f c c ~ c t s  on 
f a c i l i t i e s .  The a n a l y s i s ,  which i n d i c a t e s  t h a t  o n l y  i@-L of t 5 c  t c \ t a l  t r o s i o r  e f -  
f e c t  may be  a t t r i b u t a b l e  t o  e x i s t e n c e  of  p z r t i c l e s  In  t h e  ex!.?t-st s t r t - ~ s ,  
s u b s t a n t i a t e d  a l t h o u g h  not  comple t e ly  cxp!ained. C l o s e r  examinat i n n  nf  n ! I i . - c ~ - ~ -  

enon i n d i c a t e s  t h a t  t h e  a d d i t i o n  of aluminum oow<'cr t e  s o :  IL! ')r 7 : ) '  ~: . g r j :  .S L - ~ .  

g r e a t e s t  e r o s i v e  e f f e c t s .  
t h e  chamber t e m p e r a t u r e ,   rid i t  i s  t h o  a d < ! i t i o n > I  I ic -a t  e . -  . * .  ' * ' /  + . - *  1 '  

The e f f e c t  of v a r y i n g  expans ion  r a t i o s  o f f  optiniun w a ~  ri** . ' ; ' Z ~ Y ~ > ?  's:. 
sca l e -mode l  t e s t s .  
ove rexpans ion  can be c o n s e r v a t i v e l y  e x t r a p o l a t e d  froin ~ c i t . . ~ !  ~ . , ~ ) , i n s : % .  

However, e f f e c t s  r e s u l t i n g  t rom e i t h e r  U I I C ! ~ T - P ~ ! ~ ~ ~ ~ L U I I  or 

D. PRIMARY EFFECTS PARXVETERS 
-_ . 

Heat r e s u l t i n g  from h i g h  t empera tu res  of t h e  exhaus t  plume i t i -  I 

v i ronmen t  t h a t  can damage l aunch  f a c i l i t i e s .  However, impact q i  = c l ' r n  r-'rlnn+ 

be d i s r e g a r d e d ,  because  t h e y  a r e  a l s o  r e l d t i v c - l y  h : q ? ~ .  B u t  des ign  can  bt: I 

e a s i l y  performed f o r  h i g h  p r e s s u r e  c o n d i t i o n s  thdn for high h e a t  ccv' '-::oris I r  
i s  due  t o  t h e  h i g h  h e a t  f l u x e s  a t  5 igh  t en -pe ra tu res  ::?at 3.i :F;:ofi < l r  ' 

t i o n s  a r e  d e c r e a s e d  from t!ie n o r n I n d l l y  u s e d  l . 3  g ,  t ' , ~  - 7  i t : i d p  >! . i ~ s i . : ~ '  c c r e t t q  

f ec t s  i n f l i c t e d  on launch  f a c i l i t i e s  i s  g r e a t l y  i n c r e a s e d .  

E .  PROTECTIVE MATERIALS 

A number of commerc ia l ly  a v a i l a b l e  compounds can  be a p p l i e d  to s t e e l  a n d  con-  
c r e t e  launch  pad s t r u c t u r e s  t h a t  will- prov ide  good p r o t e c t i o n  a g a t n s t  SRY ex-  
h a u s t  envi ronments .  Fondu Fyre  W A - 1  e x h i 6 i t e d  t h e  b e s L  mechan ica l ,  p5 j r~Lca1 ,  
and  chemica l  p r o p e r t i e s .  T h i s  ma te r i a :  cL-n be a p p l i e d  where d i r e c t  f i q l r g e - r n t  
of t h e  e x h a u s t  plume is  e x p e c t e d .  I t  a l s o  p r o v i d e s  e x c e l l e n t  p r o t e c t i o n  a g a i ? s t  
h e a t  t o  s t r u c t u r e s  exposed t o  the  h igh  t e m p e r a t u r e s  c r e a c e d  by the prox imi ty  of 
t h e  e x h a u s t  plume. The s t r u c t u r e s  r e q u i r i n g  t h i s  k ind  of p r o t e c t i o n  art '  t!iose 
whose s t r u c t u r a l  i n t e g r i t y  would b e  a f f e c t e d  by exposure  t o  e x c e s s i v e l y  hi?!i 
t e m p e r a t u r e s .  E ros ion  of  t h e  F o n d u  Fyrc  w3s obse rve?  to d e c r e a s e  v!.cBn it  vss 
m o i s t .  A need f o r  p r o t e c t i v e  p a i n t s  w a s  not  de t e rmiqed ,  and none i s  Tccon-r rLPd.  
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F. DEFLECTORS 

It was demons t r a t ed  t h a t  a r a d i u s  of d e f l e c t o r  c u r v a t u r e  e q u i v a l e n t  t o  1 . 7  
n o z z l e  e x i t  d i a m e t e r s  g i v e s  s a t i s f a c t o r y  exhaus t  plume d e f l e c t i o n  t r l t h  p r e d i c -  
fable and nnnexcegsfve t ie f lertor  Prosion c f f e r t q .  ThLs C t r r v 2 r t r i - e  c r i t e r i n ~ ~ ,  
a s  w e l l  a s  t h e  d i s t a n c e  betweer. t h e  e x i t  p l ane  of  t h e  m t o r  nn7z :e  T ) T ~ ( :  ?or : ccco r ,  
is governed more by v e h i c l e  c o n s t r a i n t s  t l ian by f a c i l i t y  c n ~ ~ i d e x - a t L o ! . +  ~ * ::le 
d i s t a n c e  is g r e a t e r  t h a n  t h e  l eng th  of  t h e  f i r s t  s l lnersonic  s'1nc'r 2:dn>o-r7 n.>- 

t e m p e r a t u r e s .  These p a r a m e t e r s ,  ;)!us !ac.ltio!: o f  t 5 e  :loz;.! r. cjx L L  v : < > T ~ P  ->\-.:< 

f l e c t o r  c u r v a t u r e  and impingement d i s t d n c c  de te rmine  v e h i c l e  i ~ ~ ~ s ~  r)r . 5 0 .  d 

t h e  l a u n c h  deck  exhaus t  open ing ,  t h r u s t  5 0 i l d ~ 1 n  o f  t i e  r !ot<>r, ' r l i (  8 ' '- .-C' 

c o n f i g u r a t i o n  c o n t r i b u t e  t o  t h e  i g c i t  i o n  ovc r? re s s l l r5  ? [ I !  s f . ,  Q ' ' . L .  . -. - 
s i d e r e d  i n  d e s i g n  of t h e  launc!i p.iC s t r u c t t ~ r e  a s  we!! 3 s  tilt , ~ > p ' n ~  c L  
par tmen t .  

The concep t  i n v e s t i g a t e d  t o r  e l i m i n a t i n g  o r  m i x i x i - .  ' 'tal c ! t A : A L b - - .  ~ 

by d i v e r s i o n  of e x h a u s t  strtAams with s ~ c o n d o l r y  j e t s  of ~ ' a s e s  ?- '2  I ~ U :  

fect ive even when the a u x i l i a r y  j e t  f low r a t e s  approach'-c! 2OYb o: .=' * rz.tes 
of t h e  p r imary  e x h a u s t  stream. The concep t  m i g h t  prove effectv\vc, 1: r h e  c . ~ ~ w r : ~ -  

i n g  j e t  mass f low r a t e  approached  50% of the primary e x h a u s t  > t r +  ,*,., > . . I ,  a*- t h i s  
p o i n t ,  economics would i n d i c a t e  t h a t  mechan ica l  d e f l e c t o r s  a r t '  --,* p - - l c t i c a l .  

The p o t e n t i a l  a p p l i c a t i o n  of t h e  Codnda e f f e c t  f o r  d e f l e c t o r  usaee showed 
p romise .  By use of a s u i t a b l e  c o ~ ~ f i g u i ~ ~ r l o n  i n v o l v i n g  a Co, i : - t l ,  -:)?e ~ e f : r . c t o r ,  
t h e  p r e s s u r e  of a j e t  s t r e a n  irnpiilc,ing ,in J i i a t  plate cdlt ,.- ~ 1 % ~  8 r e -  

gations of this concep t  a r e  u '3 r ran ted .  
p v < > q - .  - duced ,  and t h e  e x h a u s t  p lun ie  cdn 3e e i r L c t . : v e l y  t u r n e d .  '!n* r':' ' L &  

5 

G .  UMBILICAL TCIWERS AND OTHER SUPPORT EQULPMEYT 

I n  g e n e r a l ,  when u m b i l i c a l  towers  and o t h e r  l aunch  pad equipment arc ~ ~ i r t . r c r  
than If nozzle e x i t  d i a m e t e r s  f rom t h e  c c n t e r l i n e  of  t h e  SR\% a n d  n o z 7 ' c q  
c a n t e d  toward the s t r u c t u r e s  no hea t  p r o t e c t i o n  i s  necess.4i-y excep t  i n  vcrv i o -  
c a l i z e d  a r e a s .  T h i s  c a n  be r e a d i l y  accompl ishcz  with m a i l a b l e  m 3 t e r : e 1 ~ ,  s t .  

as M a r t y t e  o r  Dynatherm E-300. Press r r r e s ,  on t h e  o t h e r  hr\qd, r e q u i r e  g?- tpccr  't- 
t e n t i o n .  With t h e  d a t a  a v a i l a b l e  from SPREE t o  p r e d i c t  t!le presss!rc  enviro-- , i )* l*  c ,  

t h i s  e f f e c t  c a n  b e  e a s i l y  hanc!lec' w i t h  p r o p e r  s t r r i c t c r a l  d e s i g r .  
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111. PROGRAM DESCRIPTIOK 

A .  ORGAIIIZATIOK OF PROGRAIY! 

The second s t e p  c o n s i s t e d  of. a s e r i e s  of c o l d  j e t  t e s t s  airnt.2 . I -  v ~ ' :  
some of t h e  t h e o r i e s  p e r t a i n i n g  t o  p r e > s u r e  and f l o v  r e ! a t i o n s h r p s  e x l > t ' r i I  

A l s o  tesEed were s e v e r a l  unique c o n c e p t s  of d e f ? e c t o r  c o n f ,  gErnr:ov.; w:th L . ! ~  

pu rpose  o f  e v o l v i n g  s i m p l e r  and mort' e f f e ' t l v e  gas d e r l c c * -  - , 0 , ' 1 t c c  

v a r i o u s  impingement a n g l e s  of a h i g h  v e i o c i t y  gas  s t r eam on a c ' ~ , : ' < C  I r .  

\ &  

The t h i r d  s t e p  c o n s i s t e d  of 3C' hot-Jct f i r i n g  t e s t s  U ~ : I ~ S  o. 413I!-sca:e >:e!. 
The c h a r a c t e r i s t i c s  of t h e s e  t e s t s  and t h e i r  a s s o c i a t e d  ob-!  < - t : v .  s a r t  5iuw33 . T \  

Tab le  111-1. The o v e r a l l  o b j e c t i v e  o f  the. t e s t s  was t o  \~,t! icz:e d a t a  obt2:nei 
from t h e  c o l d - j e t  t e s t s  arid t o  rt.so!vt. sorse of  t he  a s s c o p t : o l - i -  m d d c  rn che tin- 
vi ronment  a n d  e f f e c t s  p r e d i c t i o r i  iriodc.ls. 

The f o u r t h  s t e p  q l s o  consict: \' o t  - i o ' - - j c . t  ~t s t s  (27 t i r i n g s ) ,  b u t  t!ir purnose 
of t h e s e  was to c o r r e l a t e  t h e  t 'Tfc.cts <)! : < ~ l . r ~ h  t d L i :  . c y  i o n f r g u r a t i o n s  t o  t h e  r c -  
s u l t s  p r e d i c t e d  by mathemat i ca l  r l d e l . .  "'ht. dt.r~:!c>.r! o b j e c t 5 v e s  aLh:eveb a,lC t h e  
c h a r a c t e r i s t i c s  of t h e  t es t  f i r : n g s  a r t  c i t r e d  i n  Table  111-2. 

The f i f t h  s t e p  will cons is t  of p repa r :ns  'i handbook t h a t  can  be used  f o r  IC.- 
velopment of c r i t e r i a  and s p e c i f i c a t i c m s  n e c e s s a r y  fcr des igning  a Iay-lnch ?ad t o  
w i t h s t a n d  t h e  e x h a u s t  environrrrtvlts of  s o l i d  p r o p e l l a n t  r o c k e t  motors .  

B. TEST COXFIGUWTIONS 

Scale-model  t e s t s ,  t o  a l a r g e  d e g r v e ,  were the  s o u r c e  of p a r t i c u l a r l y  qigcj.5- 
i c a n t  and impor t an t  d a t a  d u r i n g  the  SP-CX program. 
as  q u a l i t a t i v e  d a t a  were s o u g h t ,  s p e c i a l  p r e c q u t i o n s  had t o  be e x e r c l s e d  i n  t t . s t  
c o n f i g u r a t i o n s  t o  o b t a i n  t h e  d d t a  d e s i r e d  rn a p r e c i s e  manner. F i g u r e  1 1 1 - L  F1 -  
l u s t r a t e s  t h e  t e s t  f i x t u r e  and a s s o c i a t e d  i n s t r u m e n t a t i o n  used fo r  r h e  co ld - j c :  
tes t  program. P r e s s u r e  and j e t -gas  t e m p e r a t u r e  da t a  were recor le .2  on oscr l :o-  
g r a p h s ,  whereas  flows were r e c o r d e d  by S c h l i e r e n  pho teg raphs .  The i l g u r e  shows 
t h e  mechanisms used t o  v a r y  t h e  impingement a n g l e  znd the l i s t a r . c e  bt-c*rr.een t h e  
e x i t  p l a n e  of t h e  j e t  nozzle  and d e f l e c t o r  s u r f a c e .  

S i n c e  q u a n t i t a t i v e  a s  w e l l  

L 
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(1) I n i t i a l  n o z z l e - t o - d e f l e c t o r  s c ~ n r a t i o n  distance  - 3 3 € i q l d - S a * ~  
( 2 )  FO- parts f i n e  q u a r t z i t e  a,-crcgate t o  ore p a r t  ~ r y p  !;I P a r t l x A  
(3) A t l a n t i c  Resesrch Cor;or;ltioc grara. 
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F i g .  111-1 Cold - Je t  Test C o n f i g u r a t i o n  

9 

To e v a l u a t e  the  performaqce p c  p a t e -  
r i a l s  when expvsca  tu & ,'loL-jet ,+a 
stream, the  t es t  c o n i i g u ~ z t i  1' c L - t $ , ~  !.r 

F i g .  1 1 1 - 2  w a s  u s e d .  For t h e s e  t e s t s ,  
small sca le -wodel  SD!s of 4-secr)iLc. 1 :r!.- 
i n g  t i m e  were f i r e d  vrrtical'y u p  o n t o  
d + f l e c t o r s  c o a t e d  w i t h  c d n d i d a t e  p r o t e c -  
t i v e  m a t e r i a l s .  
m 3 r i  ! y  by  prrfornl i i ;g  :,eit;!it '3112 dirnen- 
s i o n d l  vlcasurements o! t h e  d e f l e c r o r .  
T h e  SKM was moni tored  for c \ m S e r  p r e s -  
s u r e  and bu rn ing  t i m e  o n l y ,  s i n c e  o t h e r  
pLArformance d a t a  p e c u l i a r  t o  motors  used  
were  known. Shown i n  t h e  f i g u r e  i s  a 
b l o c k  of i c e  used  as a d e f l e c t o r  d u r i n g  
one t e s t  f i r i n g .  The i ce  f a i l e d  mechan- - 
i c a l l y  a f t e r  a p p r o x i m a t e l y  2 seconds  of 
exposure  t o  the h o t - g a s  j e t  stream. 

Data a r e  o b t a i n e d  p r i -  

The m a j o r i t y  of the .  t e s t  f i r i n g s  were 
performed under  dynamic c o n d i t i o n s  where 
launch  v e h i c l e  l i f t o f f  a c c e l e r a t i o n s  
were s i m u l a t e d . .  Shown i n  F i g .  TIL-3 i s  
t h e  g e n e r a l  equipment  a r rangement  used  
f o r  t h e s e  t e s t s .  Ttic. t e s t  run shown con-  
s i s t e d  of a s imul t aneous  f i r i n g  of two 
SkYs t o  deterxrtine envi ronments  i n  com- 
p l e x  exhaus t  plumes .  I t  may b e  n o t e d  

F i g .  111-2 Hot - Je t  M a t e r i a l s  Evalua-  t h a t ,  a t  t h e  p o i n t  of i n c e r s e c t i o n  of 
t h e  s u p e r s o n i c  p o r t i o n s  of t h e  i n d i v i d u a l  t i o n  T e s t  F i x t u r e  

t 
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m o t o r s ,  t u r b u l e n t ,  subson ic  f low i s  e x p e r i e n c e d .  The c a r t ,  shown i n  :he f o r e -  
ground,  is equipped  w i t h  a p r e s s u r c / t e r n p e r a t u r e  rake and a t r a i l i n g  i n s t r u m e n t a -  
t i o n  c a b l e .  The 500-lb weight  i n  the  t a l l  s t r u c t u r e  i n  back o f  t h e  motors  pro- 
v i d e d  t h e  n e c e s s a r y  a c c e l e r a t i o n  f o r c e s  f o r  movement of t h e  cart. FLgcre IIZ-4 
shows t h e  mechanism used  t o  p rov ide  c o n t r o l  f o r  t h e  d e s i r e d  a c c e l e r a t i o n .  The 
arm w a s  rotated by means of a c o n s t a n t  speed  40-hp e l e c t r i c  motor t h a t ,  i n  t u r n ,  
c o n t r o l l e d  t h e  movement of t h e  c a r t  a t t a c h e d  to t h e  arm by 3 1 0 - h .  w i r e  r ope .  
By c h a n g i n g  ra t ios  i n  t h e  gear t r a i n  and v a r y i n g  t h e  e q u i v a l e n t  l e n g t h  of arm, 
v a r i o u s  a c c e i e r a t i o n  rates were nhtai::ed. Thc c a r t  c ~ i t f i ~ ; ~ ; d ~ i ~ t i  used  E O  m e a s -  
u r e  s i n g l e - m o t o r  p lume  p r e s s u r e s  and t e m p e r a t u r e s  is shllwn i n  F i g .  111-5. A I -  
though t h e  c a r t  was e s s e n t i a l  t o  s i m u l a t e  l i f t o f f  a c c e l e r a t i o n s  when d e f l e c i J r  
e f f e c t s  d a t a  were s o u g h t ,  i t  WJS used f o r  t h e  plume d a t a  r u n s  t o  o b t a i n  con-  
t i n u o u s  measurements of t h e  so l id -moto r  e s h n u s t  c ! i a r a c t r r i s t i c s  f o r  a : t : i ~ t : I  
of plttme e q u i v a l e n t  t o  50 n o z z l e  e x i t  diameters. 

The SRMs used were of a s p e c i a l  d e s i g n  t o  a l l o w  aaxFmui;L ~ e , s ~ ~ : ! ~ t ~ s .  I- i c  

d e s i r e d  t h a t  mass f low of t h e  n o t o r  remain c o n s t a n t  from f l r ’ n c  t o  f i t - i n ~ ,  and 
a lso o v e r  t h e  d u r a t i o n  of  each  f i r i n g .  The x u c o r s  shown i n  k i q .  111-h p r o v i c e d  
a nominal  t h r u s t  of 2500 l b  eat':] a t  a c h w b c r  pressure of ~ ~ ~ r t ~ . < ~ - l a t c ! y  &lQCJ  p s i a  
and a mass f low of about  8 .2  I b / s e c ,  Kepiaceable s o l i d  p r o p t i l l a n t  !;rain.; of 
PBAA compos i t ion ,  f i irnisheci by A t l a n t i c  Rescatch C d r p o r a t i o n  and Iiocket Power 
I n c o r p o r a t e d ,  were used .  The nozz le  of che mutor w a s  made + g r a p ? i a t i t e  G car- 
bon and  was r e p l a c e d  € o r  each  run t o  minimize p o t e n t l a 1  th roa t  erosion as  a v a r f -  

The moto r s  performed ex t r eme ly  wc’: t ! i I L )  ..,‘.ntit t b t  ’ - - ‘ i r i - .  - +  r . 1  ‘, v ? m  qi1.p:ng 
r e a s o n a b l e  r e p e a t a b i l i t y  of m o t o r  per f  t)rr,*‘jticc . 

a b l e  from motor  performance.  I d e a l  expans ion  rL .I( 2 * . ., u‘*z:r5  shown. 

Examples of t h e  d e f l e c t o r  c o n f i g u r a t i o n s  used Luring the ef i rc - t s  de t e rmina -  
t i o n  p o r t i o n  of t h e  t e s t  prdg:rai:l r t i ~  - ; O W , I  > I  F i r .  IT;-: I I T - 2 ,  *, - e  > -. 
deck ,  w i t h  a s i m u l a t c d  u m b i l i c a ?  rwC-r ,  t o  w ! i i c i i  3.ani):es of p ~ .  L c c t i v t ~  w a + t ” i a 1 ~  
were a r t a c h e d ,  was employed w i t h  t!.e J ! %*E i i -  :It 

u m b i l i c a l  tower t e s t  p a n e l s  W I - I ~ .  -cplnc-tA.c! f o r  tanci l  t i r i n g .  Sonlc e n v i  r,--- 3 3 ’ 
measurements  i n  terms of t t r c w r  r a t u r e s ,  I , . -  : ., .. were made 
unde r  s i m u l a t e d  l i f t o f f  conditiocis,  3 ,  * - ‘ t  . 1 1  1 ? tt,?+ T a n c l c  ‘J, c f  

for weigh t  and d imens ions  betore  and a t t c , r  exposure  t u  t i t c  tiiuLL1s cx:icitrst. T t  i c  

p a r t i c u l a r l y  s i g n i f i c a n t  t h a t  t h e  sirnu! . t ted lauticti J . . , - k  vas ~ lL*tec! ‘11  FullhL.- 

b ishment  p rocedures  were, Iiowever, devc.I t,ped an4  eva luas  t a i l  ftlr thc 1 1 .  r l  crtot-s 
s i n c e  t h e y  d i d  e r o d e  with each C i i  ing. T e s t s  of t!rc wcdge de: . ’: i t t d i c d r t -  

t h a t  minor  e f f e c t s  occur  t o  t h e  r i d g e  1 : . ’ t  uhen t h e  rnotoi- .-TO 1oc3*4?  12 i t h e r  
s i d e  of t h e  r i d g e .  

-3 

Fyre W A - 1  and  do n o t  r e q u i r e  r e f u r b i s h m e n t  evtn , ~ f t e r  repcd:ci- I .  -.I% > V € ! f L l ; r -  

I n  a d d i t i o n  t o  t h e  d i r e c t l y  instrurncAnted d a t a  oLtaFricd d u r r n s  the trlsts, 
m o t i o n . p i c t u r e s  were t a k e n .  Pawc’ver,  t h e  f i l m  d a t a  is of o n l y  m : n ~ ) r  v a l u e  
because  g a s e s  of t h e  p l u m  prevented gurd vit .wing of  t h e  be!iavior of tile t e s t  
a r t i c l e .  A summary f i l m  has btcri c m p i l c d  t o  p r o v i d e  a v i s u a l  h i q c o r i c a !  recorc! 
of t h e  t e s t  program. 
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IV. SIGNIFICANT RESULTS 

C o c s i d e r a b l e  d a t a  were accuntulated d u r i n g  t h e  SPREE program. These d a t a  and 
the a n a l y s e s  t h e r e o f  are documented i n  t h e  S o l i d  P r o p e l l a n t  Rocket Cx!iaust E f f e c t s  
(SPREE) and Methods of A t t e n u a t i o n  r e p o r t s ,  NASA-CR-G4-8&, NASA-CR-64-37, and XASA 
CR-65-93. 
l a u n c h  f a c i l i t i e s  w i l l  s u b s e q u e n t l y  be p u b l i s h e d .  I l l u s t r a t e d  h e r e i n  a r t  )"te 
of t h e  t y p i c a l  and s i g n i f i c a n t  d a t a  r e a l i z e d  f rom t!le progrdx .  

A handbook a p p l y i n g  t h e s e  d a t a  t o  p r a c t i c a l  d e s i g n  c o n s i d e r a t i o ~ r s  o f  

A .  MAITRIALS 

More than 100 commerc ia l ly  a v a i l a b l e  s i l i c o n e  and ce ramic  based m t e r i a l s  
were e v a l u a t e d  for p o t e n t i a l  a p p l i c a t i o l :  a s  p r o t e c t i v e  coa t i r ig s  f o r  lauric:. 1.3~. - 
i t i e s .  
h y d r a u l i c  s e t t i n g  base ,  was t?ie miterid! best s l l i t e d  f o r  t h e  a p p l i c a t i o n s  i n v e s -  
t i g a t e d .  This m t e r i a l  i s  a b o u t  1.5 s t r a n g e r  i n  compress ion  than  P o r t l a n d  cement .- c o n c r e t e s  and e x h i b i t s  o t h e r  e x c e l l e n t  nlec h a n i c a l  and chewica l  p r o p e r t i e s .  h3en 
exposed  t o  t h e  h e a t  o f  t h e  SRM exhaus t ,  i t  w i l l  h e a l  i t s e l f  i n  'jreas w!iere c r a c k s  
have  o c c u r r e d .  I t  i s  r e l a t i v e l y  e a s y  tc Fl l s t a l ?  and i s  reasoqa ' l ly  e c ~ n ~ ~ i l i c a : .  
A l s o ,  i t s  r e fu rb i shmen t  1 5  s i m p l c  and r c l ' i t i v e l y  ~ ' c m o m i ~ a l .  A l t t l ~ t l g h  t .xct . : lcnt,  
i t s  e r o s i o n  q u a l i t i e s  a r e  not  a s  good as  othc-r m a t e r i a l s .  T ~ ~ o r ~ 8 ~ , i ~ + ,  t111p;c n p p l i -  
c a t i o n  methods,  easy ntaintenaiict., and g o o d  mccliaiiical pror1c.i 1 1 i a: - 1  3 '  i t - > ,  r' ?,\<!(I- 

F y r e  WA-1 f o r  a p p l i c a t i o n  t o  dellector ~ ' I I I L ~ ~ C ' ~  35 w t . i l  *;> ,.: , I 6 z - b . r ~ ~ + - l l t 5  17f t ~ : ~ ,  
l aunch  pad that  r e q u i r e  p ro tc , t  i v e  ccrat I .  ! >> .  

Fondu Fyre  MA-?, which i s  a for i l tu fa t ion  of  r e f r a c t o r y  a g g r e g a t e s  and a 

B. FXIIAUST PLUME CHARACTERISTICS 

To q e a s u r e  exhaus t  plume p r e s s u r e s  and t e m p e r a t u r e s ,  a g r a p h i t e - '  'n ted r ake  
was i n s t a l l e d  on t h e  t es t  c a r t .  
t h e  motor a t  a c o n s t a n t  a c c e l e r a t i o n  r d t e  t o  o b t a i n  measurements u f  t5e  ~ ' - ~ - +  for 
a d i s t a n c e  of 50 n o z z l e  e x i t  d i a m e t e r s .  To p r e v e n t  c l o g g i n g  of  +he p r e s s u r e  
p o r t s ,  o n l y  7% aluminum c o n t e n t  g r a i n s  were u s e d .  The rake s!idwn Ln i l g .  
was a c t u a l l y  used  t o  sample t h e  composi te  p lume  o f  two im>tors b e i n g  ftrcc! s i m u l -  
t a n e o u s l y .  ?tie t e m p e r a t u r e  and p r e s s u r e  p r o i i l e s  f o r  t 
in F i g .  IV-2 and IV-3 i n  te rms  o t  nondinrcnslonal lzed parameters t, A??: 1~ P ? : I : : C . ? -  

t i o n  f o r  v a r i a b l y  s i z e d  SRhls. S i r ~ ~ : ! e - m - t ~ l r  ? a t a  d l d  - 1 ~ t  d : i i c . r  -::- t . -. . 
o b t a i n e d  for each  m t o r  of  t h e  d c c ~ ! - m ~ t ~ ~ r  firinlrs. T>L. tc-'pr.:'c. I-T ~ * .  -.:. .. - - *  . _  
p r o f i l e s  e x i s t i n g  between t h e  two e r t i n r ! s t  str&ai:is were o: p:: -J:-v ::':t"r:>: -1r 
t h e  d u a l  m t o r  f i r i n g  t e s t .  

'l3e c a r t  was p u l l e d  away from t!ie exli 

. ., . 
d n . ~  ' ; ~ l c i q e  ;1 I e 5 ' . # ) :  '1 

. .. > 

i 
i 

# 

! 

? 
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Fig. IV-1 Dual-Motor P r e s s u r e  Tempera ture  Rake 

C. UMBILICAL 'EI1JER PRESSURES AND TEMPERATURES 

Tempera ture ,  t o t a l  h e a t  f l u x ,  and p r e s s u r e  measurements were made a t  v a r i o u s  
l o c a t i o n s  a l o n g  t h e  h e i g h t  o f  a s imula t ed  u m b i l i c a l  mst .  F i g u r e  L V - 4  shows t h e  
calorimeter l o c a t i o n  and method of i n s t a l l a t i o n  o n t o  t h e  t e s t  p a n e l s  u s e d  f o r  e v a l -  
u a t i n g  e x h a u s t  e f f e c t s  on  samples o f  p r o t e c t i v e  m a t e r i a l s .  A l s o  shown a r e  two 
p r e s s u r e  p o r t s  d r i l l e d  i n  t h e  test p a n e l s .  Therinocouples were a t t a c h e d  t o  t h e  
back s i d e  of t h e  t es t  p a n e l s  t o  measure t e m p e r a t u r e s .  These p a n e l s  were i n s t a l l e d  
a t  1% n o z z l e  d i a m e t e r s  away from t h e  c e n t e r l i n e  of t h e  r o c k e t  motor .  
s i m u l a t e d  so t h e  t e s t  p a n e l s  remained p a r a l l e l  t o  t h e  c e n t e r l i n e  of t h e  exhaust  
plume. The pressures  m e a s u r e d  undcr t h e s e  c o n d i t i o n s  for s e v e r a l  p e r t i n e n t  dLtta  
r u n s  are shown i n  F i g .  IV-5 w h e r e  t h e  pressurt. p o r t s  were l o c a t e d  n e a r e s t  t o  t!lc 
t o p  of t h e  u m b i l i c a l  t ower .  Thcbsc d a t a  currclcrtc well w i t h  f u l l - s c d l c  d a t a  05- 
t a i n e d  from t h e  f i r s t  l aunch  of the  T i t a n  I I I C  space  v c i i i c l e .  

L i f t o f f  was 

2 
The maximum t o t a l  h e a t  f l u x  measurc4 was 85 B t u / f t  - s e c ,  a n d  t h e  h i g h e s t  psne!  

t e m p e r a t u r e  a c h i e v e d  f o r  a s t e e l  p l a t e  located a t  the bot tom u m b i l i c a l  p o s i t i o n  
was 1200'F. E v a l u a t i o n  of t h e  s t e e l  p l d t c '  d i d  no t  i n d i c a t e  n i a ~ o r  ddmagt.  d e -  
s p i t e  t h e  r e l a t i v e l y  h i g h  t empera tu re  expc.riei)ccd. 
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D. PROPELLANT ALLJKINW CONTENT EFFECTS 

The p e r c e n t a g e  o f  aluminum c o n t e n t  $n s o l i d  p r o p e l l a n t  r o c k e t  g r a i n s  does  
h a v e  a p r e d i c t a b l e  e f f e c t  on t h e  amount o f  e r o s i o n  e x p e r i e n c e d  by d e f l e c t o r s  as  
is show- i n  F ig .  IV-6. S i g n i f F c a n t l y ,  t h e  erosion e f f e c t s  i n c r e a s e  o v e r  t h e  
spectrurr!  frcm 7% t o  187. aluminum and d e c r e a s e  a t  h f g h e r  p e r c e n t a g e s  of  a lumi-  
num. These d a t a  p a r t i a l l y  c o r r e l a t e  w i t i :  resul ts  expec ted  a s  a f u n c t i o n  of  ana-  
l y t i c a l l y  p r e d i c t e d  chamber t empera tu res  fo r  v a r i o u s  c o n t e n t s  o f  aluminum. How- 
e v e r ,  t h e y  do n o t  l i n e a r l y  c o r r e l a t e  w i t h  t he  plume h e a t  f l u x  measurements made. 
This s i g n i f i e s  t h a t  t h e  popu la r  a n a l y t i c a l  methods f o r  p r e d i c t i n g  chamber t emper -  
a t u r e  m y  be i n a c c u r a t e  and t h a ;  the p r e s e n c e  o f  a lumina  p a r t i c l e s ,  and t h e i r  
b e h a v i o r ,  i n  the e x h a u s t  s t r e a m  have sone c o n t r i b u t i o n  tc t h e  erosion r e a l i z e d .  
L i t t l e  c o n c l u s i v e  d a t a  are  a v a i l a b l e  0”. t h e  composi t ion  o r  b e h a v i o r  o f  t h e  a l u -  
mina p a r t i c l e s  i n  t h e  oxhausr s t r e a m ,  and o b t a i n i n g  s u c h  d a t a  promises  t o  be 
d i f f i c u l t  t a s k .  

Fig .  IV-6 E f f e c t  of P r o p e l l a n t  Aluminum Conten t  on D e f l e c t o r  Centerline Erosion 
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E. M D X I R  CHAMBER PRESSURE EFFECTS 

It  would be expected that  SIL! chamber pressures are  d i r e c t l y  related to eros ion 
effects. The magnitude o f  interre lat ionship  i s  shown i n  F i g .  IV-7 and can 5e seeE 
as  nearly l inear .  Doubling the chamber pressure doubles the e f f e c t .  The primary 
contribution t o  tnis erosion appeared To be due tc k i n e t i c  niechanical e n e r g y  in- 
ci-esse ?hETi tp's +I- -I-^ t ' _ ^ - ^ ^ - ^  2 -  eL, - . . L - . . - c  

L i i C : ~ . i i m A  c L i c i & y  i ! . c L  case i i i  Liie cn i taua-  pliiiiie. 

r/D D i s t a m e  along Detleccor Centerline 

Fig. IV-7 J Deflector Centerline Erosion Profiles Showing Effect of Varying 
Chamber Pressures 
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V a r i a t i o n s  in t h r u s t - t o - w e i g h t  r a t i c s  o f  l aunch  v e h i c l e s  d i r e c t l y  a f f e c t  zhe  

F i g u r e  IV-8 i l l u s t r a t e s  these e f f e c t s  i n  Cerrns of r e s u l t a n t  e r o s i o n  
liftoff a c c e l e r a t i o n s  which: Fr? t u r n ,  have v e r y  pronounced e f f e c t s  on l aunch  
f a c i l i r i e s .  
l e p t h s  on d e f l e c r o r s  es 2 f u n c t i o n  of a c c e l e r a t i o n s .  C o r r e l a t i o n  of t h e  snSsca !e  
m d e l  resu l t s  w i t h  T i t a r  iIIC I‘ull-sca‘e erosior. d a r a  was v e r y  good with t h t .  sub- 
scale  r e s u l t s  s l i g h t l y  more seve re  (0 . :  i n .  more e r o s i o n ) .  The i n c r e a s i n g  e r o s i o n  
r e s u l t i n g  from s lower  l i f t o f f  a c c e l e r a t i o n s  q u i t e  c l e a r l y  c o r r e l a t e s  t o  t h e  i n -  
c r e a s e  o f  h e a t i n g .  

Note: 1. Chamber pressure - 60C p s i a .  
2 .  Prropeliant al-inun Loncettt - i 8 Z .  
3 .  Inirldl nozzle-to-deflector separet ion - 3 De. 
4. Data applies to 30-deg J deflector @a 

sham: ! 

Ion dspch 

Factor 

1.00 
0.13 
1.53 
0.73 

- 

c Lif to f f  Thrust-to-Weight b t f o  

Fig. IV-8  E f f e c t  of L i f t  Off Thrus t - to-Weight  Ratio on E r o s i o n  of Several 
D e f l e c t o r  Coat ing M a t e r i a l s  
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V. 3ECOMMENDATIONS FOR FL'l'LRE INVESTIGATIONS 

A revtew of d a t e  o b t a i n e d  d u r i n g  tne S?RFyE Program h a s  r e sc l l t ed  i n  i d e n t i f y -  
i n g  c e r t a i r .  key i n v e s t i g a t i o n s  t h a t  should s c b s e q u m t l y  b e  performed.  A l t h o u g h  
The SPREE Program produced much c n g i n e e r i q g  d a t a  e s s e n t i a l  f o r  d e s i g n  of d e f l e c -  
tors, i a u r x h  decks ,  umbLZlcal towers, a d  o t h e r  s u p p o r t  equipment t h a t  .nay be ex- 

i n g  d e s i g n  c r i t e r i a .  The SPREE d a t a  was acc rued  from s c a l e  model t e s t s  t h a t  gen-  
e r a l l y  p r e s e n t  more s e v e r e  r e su l t s  than  t h o s e  encoun te red  under  a c t u a l  f u l l - s c a l e  
c o n d i t i o n s .  Only l i m i t e d  r e c o n c i l i a t i o n  wi th  f u l l - s c a l e  r o c k e t  motor f i r i n g  d a t a  
was p o s s i b l e  due to t h e  l i m i t e d  amuunt o f  u s a b l e  d a t a  a v a i l a b l e  from such  t e s t  p ro -  
grams.  Major f u t u r e  emphasis  s h a u l d ,  ' _ h e r e f o r e ,  b e  p laced  on p r o v i d i n g  proper  
and a d e q u a t e  i n s t r u m e n t a t i o n  of -1311-scale iauncb  o p e r a t i o n s  o f  SRMs ot a l !  s i z e s  
s o  a s  t o  supplement  t h e  e f f e c t s  p r e d i c t i o n s  models deve loped  d u r i n g  tire SPREE 
program. The r e c o m c n d a t i o n s  prcbented  h e r e i n  a r e  grouped i n t o  c a t e g o r i c 5  Lli  

s c i e n t i f i c  i n v e s t i g a t i o n s  and e n g i n e e r i n g  i n v e s t i g a t i o n s .  

posed EO thc  Lpiilrrct: Cnvi rGnrnents  t.f SPU!.s, I: gas Z G C  ,??sr,?.el TO develzp G p t i x i z -  

A. SCIENTIFIC ZNVE STIGATIONS 

Data  d e r i v e d  from t h e s e  programs w i l l  u i t i m a t e l y  a l l o w  development  of env i ron -  
men ta l  and e f f e c t s  p r e d i c t i o n  models a s  a f u n c t i o n  o f  more b a s i c  SKY .-!t'ir!i, + .  
suits of t h e s e  more g e n e r a l i z e d  s o l u t i o n s  w i l l  a l l o w  a p p l i c a t i o n  o r  cfes,5>3. <*<. _ _  
w i t h o u t  t h e  c o n s t r a i n t s  of s i n g u i a r  o r  a narrow s e l e c t i o n  o f  s p e c r r i ,  .aii!ic!> is- 

c i l i t y  c o n f i g u r a t i o n s .  

t i c s  and t h e i r  e x h a u s t  p a r a m e t e r s  than  t h o s e  used i n  c u r r e n t  te ' - ' -  '!Ye re- 

1. Near E x i t  P l a n e  E x t e r n a l  B a l l i s t i c s  Data 

L i t t l e  expe r imen ta l  d a t a  i s  a v a i l a b l e  i n  term o f  t e m p e r a t u r e  and p r e s s u r e  
d i s t r i b u t i o n s  i n  t h e  SRM e x h a u s t  j e t  stream i n  t h e  v i c i n i t y  of  t h e  noz t ie :  e x i t .  
Most of t h e  d a t a  a v a i l a b l e  p e r t a i n  t o  j e t  stream c h a r a c t e r i s t i c s  downst reaq  o f  
t h e  s o n i c  p o i n t .  A v a i l a b l e  d a t a  have been a n a l y t i c a l l y  e x t r a p o l a t e d  from i n t e r -  
n a l  b a l l i s t i c s  a n a l y s e s .  The d a t a  a r e  r e q u i r e d  t o  d e t e r m i n e  p a r t i c l e  cornpositi,Tns 
and v e l o c i t i e s  a s  a f u n c t i o n  of  v a r i o u s  chamber p r e s s u r e s ,  chamber t e m p e r a t u r e s ,  
and  e x i t  Mach numbers.  

2 .  P a r t i c l e  Sizes. D i s t r i b u t i o n s .  and S o l i d i t y  

Data  p e r t a i n i n g  t o  a lumina  p a r t i c l e  s i z e s ,  d i s t r i b u t i o n s ,  and s o l i d i t y  (whet!ier 
some o r  a l l  o f  t h e  p a r t i c l e s  are  hol low) i n  s o l i d  motor exhaus t  g a s e s  a r e  r e q u i r e d  
t o  t h e o r e t i c e l l y  e v a l u a t e  t h e  r e s u l t s  of  s c a l e  model t es t s .  These d a t a  a r e  irn-  
p e r a t i v e  f o r  s p e c i f i c  impulse  and t h r u s t  c o e f f i c i e n t  s c a l i n g .  Data  a b o u t  where,  
i n  t h e  j e t  stream, p a r t i c l e s  come i n t o  e x i s t e n c e  a s  s o l i d s  w o u l d , a l l o w  b e t t e r  d c -  
s c r i p t i o n  of plume c h a r a c t e r i s t i c s .  These d a t a  should  be o b t a i n e d  f o r  v a r i o u s  ," 'b 

LJ 
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chamber p r e s s u r e s  and t e m p e r a t u r e s ,  f o r  d i f f e r e n t  p r o p e l l a n t  f o r m u l a t i o n s ,  and 
f o r  s e v e r a l  thrust r a n g e s  of motors  a n d e r  v a r y i n g  e x p a n s i o c  r a t i o s .  

3. ? a r i i c l e  V e l o c i t i e s ,  Tempera tures ,  and P a t h s  i n  Exhaus: J e t s  

C e r t a i n  assumpi ions  a r e  Tecessa ry  w i t h  r e g a r d  t o  p a r t i c L e  d r a g  and  h e a t  
t t a o s f e r  c c e f f i c i e n t s  i n  a s t r e a m  whose v e l o c i t y  and t e m p e r a t u r e  v a r y  a l o n g  
i t s  l e n g r h .  Accurace d e f i n i t l o c  2f p a r t i c l e  c h a r a c t e r i s r i c s  wouid pe rmi t  more 
a c c u r a t e  a s sumpt ions  and t h e  development 9: a ma themat i ca i  modei t h a t  would 
a l l o w  a g r e a t e r  u n d e r s t a n d i n g  of p a r t i c l e  impact and e r o s i o n  c h a r a c t e r i s t i c s  
on  h o t  s u r f a c e s .  T h i s  l a t t e r  c o n d i t i o n  i s  t h e  fundamenta l  d i f f e r e n c e  between 
t h e  e f f e c t s  of l i q u i d  e n g i n e  a n d  SffiY exhaus t  g a s e s .  

4 .  P l u l t i p a r t i c l e  Impact on H o t  Protective h t e r i a l s  

The p h y s i c a l  and chemica l  i n t e r a c t i o n  0 1  h i g h - v e l o c i t y  a lumina p a r t i c l e s  
o f  a ho t  exhaus t  s t r e a m  impinging on a n d n m e t a l l i c  s u r f a c e  needs  t o  be  i n v e s t i -  
g a t e d  i n  some d e p t h  t o  b e t t e r  5 d e n t i f y  t he  ChdrdCter iS t iCS of d e s i r a b l e  p r o t s c -  
t i v e  m a t e r i a l s .  I n  a d d i t i o n  t o  s?ic!i p h y s i c a l  p r o p e r t i e s  a s  r e s i l i e n c y ,  h a r d n e s s ,  
and smoothness ,  t h e  impor t an t  chemica l  p r c p e r t i e s  c o n t r i b u t i n g  t o  s low a b l a t i o n  
s h o u l d  be i d e n t i f i e d ,  which w i l l  then  a l l o w  m a t e r i a l s  t o  be  s e l e c t e d  on t h e  
b a s i s  of a n t i c i p a t e d  c h a r a c t e r i s t i c s  of rxlrJt!st plumes r a t h e r  t h a n  on e m p i r i c a l  
methods .  

5, Grair?  P a r t i c l e  S i z e  E f f e c t s  

The s i z e  of  aluminum p a r t i c l e s  i n t r o d u c e d  i n t o  t h e  s o l i d  p r o p e l l a n t  formu- 
l a t i o n  under  c u r r e n t  techno!osv is n o t  c r i t i c a l l y  c o n t r o l l e d .  The p a r t i c l e s  
v a r y  i n  s i z e  f rom 5 to 7 Q  micrdns i n  sornew!nt random d i s t r i b u t i o n .  The q u e s t f o r  
a r i s e s  a s  t o  whether  the  s i ~ e  9 E  Che a lcmina  p a r t i c l e s  i n  t h e  exhaus t  s t r e a m  i s  
a f u n c t i o n  of t h e  s i z e  o f  the aluminum D a r t i c l e s  i n  t h e  g r a i n  i t s e l f ,  I f  t h e r e  
i s  such  a n  in t e rdependence  t h a t  smaller aluminum p a r t i c l e s  r e s u l t  i n  smaller  
a lumina  p a r t i c l e s ,  and t h e s e ,  i n  t u r n ,  r e s u l t  i n  reduced  e f f e c t s  on l aunch  f a -  
c i l i t i e s ,  i t  may be t e c h n i c a l l y  f e a s i b l e  t o  s p e c i f y  more s t r i n g e n t  c o n t r o l  of 
aluminum p a r t i c l e  s i z e s  i n  SRM p r o p e l l a n t s .  Th i s  c o n t r o l  may a l s o  produce i m -  
proved performance of t h e  SRM i t s e l f .  T h i s  i n v e s t i g a t i o n  c a n  be  performed by 
a r e l a t i v e l y  s i m p l e  program ir. which e r o s i o n  ra tes  on a s e l e c t e d  material a r e  
e v a l u a t e d  a g a i n s t  t h e  exhaus t  p roduc t s  of a s t a n d a r d  SRM where s i z e  of aluminurn 
p a r t i c l e s  i s  t h e  o n l y  v a r i a b l e .  
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B, ENGINEERING XNVESTICATIONS 

These  i n v e s z i g a t i o n s  a r e  aimed a t  expandirzg t h e  use o f  SPREE datrt f o r  a p p l i -  
c a t i o n s  rnore a d a p t a b l e  t o  v s r i a n c e s  i n  conf F g u r a t i o n  d e t a i l s  o f  l aunch  f a c i l i -  
ties. 

I. Flow F i e l d  of D e f l e c t e d  Jets  

It i s  o c c a s i o n a l l y  n e c e s s a r y  t o  i n s t a l ?  some launch  equipment i n  tlir d i r e c t  
p a t h  of a d e f l e c t e d  exhaus t  s t r e a m .  Cur ren t  d e s i g n  ph i losophy  assumes t h a t  the 
e f f e c t s  of + h e  d e f l e c t e d  exhaus t  a r e  Lder? t ica l  t o  a d i r e c t  impingement  cclndi- 
t i o n ,  a n d ,  a s  s u c h ,  t e m p e r a t u r e  and p r e s s u r e  c r i t e r i a  a r e  e x t r a p o l a t e d  t o r  u s e .  
F r e q u e n t l y .  unexpec ted  damage t o  f a c i l i t i e s  is i n c u r r e d  t h a t  cannot  b c  r e . i d i ? y  
e x p l a i n e d  by t h i s  e x t r a p o l a t i o n  p rocess .  Tempera ture  and p r e s s u r e  rneasuremelits 
shou ld  be made t o  b e t t e r  i d e n t i f y  the  c h a r a c t e r i s t i c s  of  the d e f l e c t e d  e x h a u s t  
stream. 

2 .  Water  Cooling of A b l a t i v e  D e f l e c t o r s  
4 

During  t h e  SPREE t e sc s ,  it was observed  t h a t  wher? a d e f l e c t o r  was mois t  
p r io r  to exposure  t o  h o t  exhaus t  p r o d u c t s ,  t h e  amount o f  e r o s i o n  was r educed .  
It a p p e a r s  t h a t  r e fu rb i shmen t  of a b l a t i v e  d e f l e c t o r s  can be reduced  i f  w a t e r  
i s  i n t r o d u c e d  OR t h e  d e f l e c t o r  b e f o r e  o r  d u r i n g  exposure  t o  SKM exhaus t  prod-  
u c t s ,  
d e f l e c t o r s  and t o  de t e rmine  p o c e n t i a l  r e fu rb i shmen t  cost s a v i n g s .  

A comple te  i n v e s t F g a t i o n  i s  mer i t ed  t o  o p t i m i z e  t h e  methods f o r  w e t t i n g  

3 .  D u a l - J e t  ImpinRement Znves t iKa t ions  

With the  advent  of SRM s t r a p - o n  c o n f i g u r a t i o n s  of l i q u i d - p r o p e l l a n t  l aunch  
v e h i c l e s ,  complex exhaus t  p l u m e s  a re  p o s s i b l e ,  T h i s  i s  p a r t i c u l a r l y  t r u e  when 
t h e  l i q u i d  moto r s  and SRMs a r e  i g n i t e d  b e f o r e  v e h i c l e  l i f t o f f .  With t h e s e  con- 
f i g u r a t i o n s ,  t h e  l i q u i d  e n g i n e s  a r e  i g n i r e d  f i r s t  and t h e  SRMs a r e  i g n i t e d  j u s t  
b e f o r e  l i f t o f f .  With t h e  compara t ive ly  large t h r u s t  of t h e  l i q u i d  e n g i n e s ,  t h e  
e x h a u s t  stream could d e f l e c t  t h e  SRH e x h a u s t  so minimal e f f e c t  is f e l t  by t h e  
d e f l e c t o r .  The c o l d - j e t  t e s t  program o f  SPREE demons t r a t ed  t h e  e f f e c t i v e n e s s  
of a d i v e r s i o n  j e t  t h a t  i s  approx ima te ly  t h e  magni tude  of t h e  j e t  t o  be d i v e r t e d .  
Ana lyses  and tests shou ld  be  performed t o  e v a l u a t e  the i n t e r a c t i o n  of  j e t s  a s  a 
f u n c t i o n  of geometry .  

4 ,  Devel .spment  o f  New P r o t e c r  i \ -e  M a t e r i a l s  

Adequate  t e s t i n g  h a s  now been accompl ished  t o  i d e n t i f y  d e s i r a b l e  c h a r a c t e r -  
i s t i c s  of p r o t e c t i v e  d e f l e c t o r  c o a t i n g s .  U n t i l  such  t i m e  as d e t a i l e d  q u a n t i t a -  
t i v e  chemica l  and mechan ica l  p r o p e r t i e s  can  be s p e c i f i e d ,  i t  will be neccssary  
t o  e v a l u a t e  new c o a t i n g s  by means of t e s t s .  
however,  if (1) c o s t s  of t h e s e  new m a t e r i a l s ,  i n c l u d i n g  i n s t a l l a t i o n  and r e fu r -  
b i shmen t ,  a r e  c o m p e t i t i v e  w i t h  the Fondu Fyre WA-1 now shown t o  be a d e q u a t e  for 

T h i s  shou ld  o n l y  be u:idr?rt.?ken, 
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t h e  'launch f a c i l i t y  a p p l i c a t i o n s ,  or (2) new g e n e r a t i o n s  of l aunch  v e h i c l e s  pro-  
d u c e  a c o n s i d e r a b l y  more s e v e r e  exhaust g a s  environment  t h a n  contemporary ve- 
h i c l e s  n e c e s s i t a t i n g  an improved d e f l e c t o r  coat i f ig .  

5 .  XpnitFon O v e r p r e s s u r e  P u l s e  I n v e s t i n a t i o n s  

The magnitude of the pressure p u l s e  g e n e r a t e d  a t  SRM i g n i t i o n  can  be l a r g e  
than 7 psgg).  --- L i I i a  f u i L u i L L u t c  - - - J - A * - -  is i e i iEra i i zed  i n  t h e  immediate v i c i n i t y  

of t h e  e n g i n e  compartment and  p r e s e n t s  a p r i m a r y  conce rn  f o r  v e h i c l e  e n g i n e  
compartment d e s i g n  on l i q u i d  v e h i c l e  t a n k  bot toms.  The magnitude of t h e  p u l s e ,  
however,  i s  a f u n c t i o n  of t h e  geometry a t  t h e  l aunch  d u c t ,  t h e  d e f l e c t o r  con- 
f i g u r a t i o n ,  and s e p a r a t i o n  d i s t a n c e  between t h e  e x i t  p l a n e  of t h e  SRM and f i r s t  
p o i n t  of impingement of t h e  e x h a u s t  g a s e s .  P r e v i o u s  a n a l y s e s  i n d i c a t e  t h a t  e s -  
t a b l i s h m e n t  of ma themat i ca l  models t o  p r e d i c t  t h e  phenomena a r e  o v e r l y  s e r i s i -  
t i v e  t o  d e t a i l e d  c o n f i g u r a t i o n  e f f e c t s .  It w i l l  b e  n e c e s s a r y  t o  perfarm s c a l e  
model tests t o  measure t h e  o v e r p r e s s u r e  p u l s e  i o r  new and u n t r i e d  vehFc le / l aunch  
f a c i l F t y  c o n f i g u r a t i o n s .  
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