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FOREWORD 

This  document i s  submit ted under Exh ib i t  11, Paragraph 1 . E  
of Cont rac t  NAS10-2300 t o  summarize, i n  handbook form, t h e  r e -  
s u l t s  of work performed under c o n t r a c t s  NAS10-389, NAS10-1107, 
and NASlO-Z300. These i n v e s t i g a t i o n s  were prompted by a need 
t o  develop suppor t ing  technology f o r  launch  f a c i l i t i e s  a p p l i c a b l e  
t o  po ten t i a?  improvements of t h e  Sa tu rn  I B  and Sa tu rn  V space 
veh ic l e  systems. The handbook has  been prepared under t h e  d i r e c -  
t i o n  of NASA a t  t h e  John F. Kennedy Space Cen te r ,  Kennedy Space 
Center ,  F l o r i d a .  
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1.0 INTRODUCTION 

Large s o l i d  r o c k e t  motors (SRMs) a r e  b e i n g  cons idered  f o r  a 
v a r i e t y  of a p p l i c a t i o n s  involv ing  augmented and improved S a t u r n  
launch v e h i c l e s ,  and i t  i s  d e s i r e d  t o  use  e x i s t i n g  launch f a c i l -  
i t i e s ,  where p o s s i b l e ,  f o r  t h e s e  v e h i c l e s .  I n  t h e  process '  of 
e v a l u a t i n g  e x i s t i n g  f a c i l i t i e s  f o r  a p p l i c a b i l i t y  and t h e  modif i -  
c a t i o n s  needed t o  accommodate the many proposed c o n f i g u r a t i o n s ,  
i t  became apparent  t h a t  l i t t l e  was known about t h e  e f f e c t s  of 
s o l i d  p r o p e l l a n t  r o c k e t  exhaust on flame d e f l e c t o r s ,  l aunch  duc t  
w a l l s ,  l aunchers ,  u m b i l i c a l  masts ,  umbi l ica l  towers, etc.  Liquid 
r o c k e t  motor technology was not  a p p l i c a b l e  because of t h e  absence 
of aluminum p a r t i c l e s  commonly used i n  t h e  SRM g r a i n s .  
book was prepared t o  s a t i s f y  t h e  need f o r  s o l i d  p r o p e l l a n t  r o c k e t  
exhaust  e f f e c t s  d a t a .  

This  hand- 

1.1 Scope of A p p l i c a b i l i t y  

The d a t a  shown i n  t h i s  handbook have been obta ined  from 
from model t e s t s  and f u l l - s c a l e  launches  and a r e  based on t h e  
e f f e c t s  of s p e c i f i c  SRMs on s p e c i f i c  launch  f a c i l i t y  conf ig-  
u r a t i o n s .  C e r t a i n  SRM paramet r ic  v a r i a t i o n s  were made d u r i n g  
t h e  model t e s t s  t h a t  broaden t h e  a p p l i c a b i l i t y  of t h e  d a t a ,  
and s e v e r a l  c a n d i d a t e  d e f l e c t o r  and GSE c o a t i n g s  were e v a l -  
uated.  I n  g e n e r a l ,  however, t h e  informat ion  i s  a p p l i c a b l e  
t o  a narrow spectrum of des ign  problems and f u r t h e r  expan- 
s i o n  and ref inement  a r e  needed t o  enhance i t s  usefu lness .  
The s p e c i f i c  a p p l i c a b i l i t y  and l i m i t a t i o n s  of t h e  e r o s i o n  
d a t a  shown a r e  a s  fol lows:  

Flame D e f l e c t o r  Erosion Data 

Appl icable  D e f l e c t o r  C o n f i g u r a t i o n s  

J d e f l e c t o r  

30-deg impingement angle  (with and wi thout  a 6-deg 
la te ra l  nozzle c a n t )  

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 t a n d o f f  d i s t a n c e  - 3 
nozzle  e x i t  diameters  

Impingement point - approximately a t  p o i n t  o f  tan-  
gency o f  curved and f l a t  s u r f a c e s  
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Radius of curved s e c t i o n  - 1 . 7  nozz le  e x i t  d iameters  
( d a t a  are conse rva t ive  f o r  l a r g e r  r a d i i )  

0 D e f l e c t o r  Coat ings  - Fondu Fyre W A - 1 ,  Fondu Fyre X B - 1 ,  
Po r t l and  Cement, Harbison-Walker Fused S i l i c a  Cas t ab le  

Rocket Motors - PBAA p r o p e l l a n t s  w i t h  va ry ing  p e r c e n t s  
of  aluminum, chamber p r e s s u r e s  from 400 t o  1200 p s i a  
and nozz le  e x i t  d i ame te r s  of 20 t o  220 i n .  

L i f t o f f  Thrust- to-Weight  R a t i o s  - 1.0 t o  3.0. 

V e r t i c a l  Sur face  Eros ion  Data (umbi l i ca l  mast ,  tower ,  e t c )  

Coated V e r t i c a l  Sur face  Loca t ion  - 1 .5  nozz le  e x i t  diam- 
e t e r s  from exhaust  plume c e n t e r l i n e  

0 Thermal P r o t e c t i v e  Coat ings  - s i l i c o n e s  and epoxies  

0 SRM and L i f t o f f  C h a r a c t e r i s t i c s  - same as f o r  d e f l e c t o r s .  

1 . 2  Method f o r  Use 

Every e f f o r t  h a s  been made t o  make each curve  and nomo- 
graph i n  t h i s  handbook s e l f - e x p l a n a t o r y .  Care should be  ex- 
e r c i s e d  t o  a s s u r e  t h e  a p p l i c a b i l i t y  of t h e  d a t a  shown t o  t h e  
s p e c i f i c  des ign  problem b e i n g  worked. 
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2.0 ENVIRONMENTS CREATED BY EXHAUST 

3 

T h i s  c h a p t e r  d i s c u s s e s  and p r e s e n t s  d a t a  r e l a t i v e  t o  t h e  
thermal ,  p r e s s u r e ,  and a c o u s t i c  environment c r e a t e d  by s o l i d  rock-  
e t  motors;  t h e  e f f e c t  of l i f t o f f  a c c e l e r a t i o n  on e r o s i o n ;  and 
key parameters  t o  be considered i n  t h e  d e s i g n  of a launch  f a c i l i t y .  

2 .1  Motor C h a r a c t e r i s t i c  E f f e c t s  

Motor c h a r a c t e r i s t i c s  d a t a  most o f t e n  used i n  l a u n c h  
f a c i l i t y  des ign  inc lude  plume p r e s s u r e s ,  t empera tures ,  t o t a l  
h e a t i n g  r a t e s ,  radia ' t ion emissions,  and sound p r e s s u r e  lev- 
e l s .  Data of  t h i s  type were obtained dur ing  t h e  SPREE pro-  
gram (Ref 1) and during f u l l - s c a l e  f i r i n g s  of United Tech- 
nology Corpora t ion  (UTC) 120-in.  s o l i d  r o c k e t  motors (SRMs). 

Plume P r e s s u r e s  and Temperatures 

SPREE plume d a t a  (Fig.  1 t h r u  4 )  were obtained u s i n g  
SRMs having PBAA-based p r o p e l l a n t s  c o n t a i n i n g  7% aluminum 
by weight.  The low percentage of aluminum was used i n  an  
e f f o r t  t o  o b t a i n  good tempera ture  and p r e s s u r e  measurements. 
Measurement problems have been encountered when g r a i n s  w i t h  
h i g h e r  aluminum percentages were used. Because of t h e  l i m -  
i t e d  q u a n t i t y  of aluminum i n  t h e  SPREE formula t ion ,  t h e  se- 
v e r i t y  of t h e  exhaust  environment was somewhat l e s s  t h a n  con- 
temporary s o l i d s  and allowances a r e  r e q u i r e d  when u s i n g  t h e  
dsts. Fig~res 1 and 2 show t h e  r e s u l t s  of a s i n g l e  plume 
t r a v e r s i n g  probe. Dua l  plume probe d a t a  a r e  shown i n  Fig.  
3 and 4 .  Surface  p r e s s u r e s  on an umbi l ica l  mast s i t u a t e d  
a c o n s t a n t  1.5 nozz le  e x i t  d iameters  l a t e r a l l y  from a plume 
c e n t e r l i n e  a r e  shown i n  Fig.  5 a s  a f u n c t i o n  of l i f t o f f  
d i s t a n c e  . 
T o t a l  Heat ing Rate 

The r a t e  a t  which h e a t  was d e l i v e r e d  t o  an asymptot ic  
c a l o r i m e t e r  s i t u a t e d  on a v e r t i c a l  s u r f a c e  1.5 nozz le  e x i t  
d iameters  from an SRM exhaus t  plume c e n t e r l i n e  d u r i n g  a 
s imulated l i f t o f f  i s  shown i n  Fig.  6. Umbilical  mast hea t -  
i n g  r a t e  d a t a  s i m i l a r l y  obta ined  d u r i n g  a f u l l - s c a l e  T i t a n  
IIIC l aunch  i s  a l s o  shown i n  F ig .  6. The h e a t i n g  r a t e s  
shown would, of course,  be h i g h e r  i f  t h e  missile were t o  
d r i f t  toward t h e  s u r f a c e s  d u r i n g  launch. 
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Rad ia t ion  

Thermal r a d i a t i o n  d a t a  were obta ined  d u r i n g  two s t a t i c  
f i r i n g s  o f  UTC 120-in.  SRMs exhaus t ing  v e r t i c a l l y  upward. 
One f i r i n g  was made w i t h  TVC i n j e c t i o n  and t h e  o t h e r  w i th -  
ou t  i t .  Ca lo r ime te r s  were l o c a t e d  and o r i e n t e d  a s  shown i n  
F ig .  7 .  Average r a d i a t i o n  f l u x  v a l u e s  obta ined  a r e  l i s t e d  
i n  Table  1. The maximum measured r a d i a t i o n  f l u x e s  f o r  t h e  
f i r i n g  wi thout  TVC i n j e c t i o n  a r e  a l s o  l i s t e d ,  Note t h a t  t h e  
N 0 TVC i n j e c t a n t  reduces  t h e  r a d i a t i o n  l e v e l s .  Apparent 

plume emiss ive  power d a t a  der ived  from informat ion  i n  Table  
1, i n  NACA TN 2836 and i n  UTC Report  No. ER-UTC-63-174 a r e  
shown i n  F ig .  8. 

2 4  

Sound P res su re  Leve l s  

Near f i e l d  a c o u s t i c  s p e c t r a  obta ined  a t  f o u r  d i s c r e t e  
t imes  du r ing  a T i t a n  I I I C  l aunch  a r e  shown i n  F ig .  9 .  The 
d a t a  were obta ined  v i a  a microphone l o c a t e d  a t  t h e  t o p  of 
t h e  umbi l i ca l  tower some 31 f t  (3 .5  nozz le  e x i t  d i ame te r s )  
from each UTC 120-in.  SRM. 

2 . 2  L i f t o f f  Acce le ra t ion  E f f e c t s  

L i f t o f f  a c c e l e r a t i o n  has  a pronounced e f f e c t  on the  e r o -  
s i o n  of d e f l e c t o r s  and u m b i l i c a l  mast thermal  p r o t e c t i v e  
coa t ings .  During SPREE t e s t i n g  i t  was found t h a t  d e f l e c t o r  
e r o s i o n  c o r r e l a t e s  c l o s e l y  w i t h  t h e  t o t a l  h e a t  t o  which a 
d e f l e c t o r  i s  exposed. A t  low a c c e l e r a t i o n  r a t e s  t h e  h igh  
tempera ture  environment i s  prolonged and t h e  t o t a l  h e a t  i s  
much g r e a t e r  t han  a t  t h e  h ighe r  a c c e l e r a t i o n s .  It was d e t e r -  
mined t h a t  e r o s i o n  v a r i e d  i n v e r s e l y  a s  t h e  square  r o o t  of  
l i f t o f f  a c c e l e r a t i o n  when a c c e l e r a t i o n  was expressed i n  terms 
of nozzle  d i ame te r s  (D) s e p a r a t i o n  per  u n i t  t ime (Fig.  10). 

The numbers preceding  th'e square  r o o t  s i g n  i n  F i g .  10  
r e p r e s e n t  t h e  maximum e r o s i o n  dep th  (0 .63  i n . )  and t h e  pounds 
of  m a t e r i a l  eroded (5 .75)  from a s m a l l - s c a l e  Fondu Fyre W A - 1  
J d e f l e c t o r  f o r  a l i f t o f f  a c c e l e r a t i o n  r e s u l t i n g  i n  a 50D noz- 
z l e - t o - d e f l e c t o r  s e p a r a t i o n  a t  t h e  end of 10  sec  ( i n i t i a l  
nozz le - to -de f l ec to r  s e p a r a t i o n  was 3D and hold down was 200 
msec, hence t h e  47 and 9 .8  s e c ) .  There i s  e x c e l l e n t  ag ree -  
ment between t h e  a n a l y t i c a l l y  de r ived  cu rves  and t h e  e x p e r i -  
mental d a t a .  
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2.3 Key Design Parameter I d e n t i f i c a t i o n  

5 

D e f l e c t  o r  De s i n n  Consider a t  i o n s  

The purpose of a flame d e f l e c t o r  i s  t o  r e d i r e c t  t h e  flow 
of exhaust  g a s e s  from a r o c k e t  motor i n  a n  expedient  manner. 
The d e f l e c t o r  d e s i g n e r  must c o n s i d e r  many f a c t o r s  i n  a r r i v i n g  
a t  t h e  c o n f i g u r a t i o n  b e s t  s u i t e d  f o r  t h e  a p p l i c a t i o n  h e  has  
i n  mind. Paramount among t h e s e  f a c t o r s  i s  t h e  p r o t e c t i o n  
of t h e  launch  v e h i c l e  dur ing  l i f t o f f  s i n c e  some v e h i c l e s  
would d e s t r o y  themselves i f  launched from an improperly de-  
s igned f a c i l i t y .  The des igner  must a l s o  c o n s i d e r  d e f l e c t o r  
degrada t ion  i n  t h e  l i g h t  of t h e  number of launches  a n t i c i -  
pated from t h e  pad he i s  des igning .  

A v e h i c l e  such a s  Minuteman can be launched i n  a v e r y  
s e v e r e  environment without  damaging i t s e l f ,  and t h e  ground 
b a s e  des ign  problem i s  minimized. Vehic les  l i k e  T i t a n  I I I C  
and c e r t a i n  improved Saturn c o n f i g u r a t i o n s  u s i n g  a combina- 
t i o n  of l i q u i d  and s o l i d  s t a g e s  a r e  q u i t e  v u l n e r a b l e  t o  t h e  
launch  environment,  however, and must b e  p r o t e c t e d  through 
proper  des ign .  The flame d e f l e c t o r ,  f o r  i n s t a n c e ,  must no t  
a l l o w  f l a s h b a c k  o r  backflow of h o t  exhaust  gases  s i n c e  t h e s e  
w i l l  most c e r t a i n l y  damage components i n  t h e  base  r e g i o n  of 
t h e  l i q u i d  s t a g e  and p o s s i b l y  even t h e  s o l i d  s t a g e .  The over-  
p r e s s u r e  r e s u l t i n g  from b o o s t e r  i g n i t i o n  must b e  minimized 
o r  p r o t e c t e d  a g a i n s t  through b a f f l i n g  because t h e  p r e s s u r e s  
may b e  h i g h  enough t o  r u p t u r e  a tank  bottom o r  damage impor- 
t a n t  a c c e s s o r i e s .  

A f a c i l i t y  could be designed t o  circumvent f l a s h b a c k  and 
i g n i t i o n  overpressure  problems through minimizing exhaust  
impingement angles  and maximizing d e f l e c t o r  t u r n  r a d i u s ,  ve-  
h i c l e - t o - d e f l e c t o r  s tandoff  d i s t a n c e ,  and exhaust  d u c t  s i z e .  
However, t h i s  p r a c t i c e  would r e s u l t  i n  a n  extremely l a r g e  and 
c o s t l y  launch f a c i l i t y .  The d e f l e c t o r  would be l a r g e  and, 
a t  l e a s t  at 'ETR, extend w e l l  above ground level  n e c e s s i t a t i n g  
h i g h e r  s e r v i c e  s t r u c t u r e s .  The d e s i g n e r ,  t h e r e f o r e ,  must 

i s  t o  b e  p r a c t i c e d .  He must,  however, b e  on guard a g a i n s t  
t h e  f a l s e  economies inherent  i n  t h e  c o m p a c t - f a c i l i t y  approach 
through l a c k  of providing €or  v e h i c l e  growth. T h i s  l a c k  i s  
e v i d e n t  i n  s e v e r a l  e x i s t i n g  f a c i l i t i e s .  

consider f a c l l l t y  s i z e  and he igh t  micimizatian if qconnmy 
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Deflector Design Parameters 

Current compact-facility flame deflector design practice 
for vehicles having a liquid core and SRM strap-ons calls for 
a deflector configured as follows: 

Flame centerline-to-deflector impingement angle - 30 deg 
Deflector radius of curvature - 1.7 nozzle exit diameters 

Nozzle exit-to-deflector standoff distance - 3 nozzle 
exit diameters 

Centerline of impingement - on or slightly upstream of 
point of tangency of curved and flat surfaces. 

If these rules of thumb are followed, the airborne vehicle 
will be protected adequately from the launch environment and 
deflector degradation will be minimal if vehicle liftoff 
thrust-to-weight ratio is 1.3 or greater. 

Exhaust Duct Design 

Exhaust duct geometry has a considerable effect on the 
acoustic and ignition overpressure environment. Open ducts 
reduce the strength of the overpressure pulse but add to the 
severity of the acoustic environment, whereas closed ducts 
allow acoustic directivity but aggrevate the ignition over- 
pressure pulse (especially when the cross sectional area is 
small). Figure 11 shows a relationship between exhaust flow 
rate and the cross sectional area of a closed exhaust duct 
that was determined to be satisfactory on the basis of Titan 
IIIC experience. The ignition overpressure pulse occurring 
as a result of this duct geometry relationship was approxi- 
mately 6 psig and some baffling was required to protect the 
core of the airborne vehicle. A lower ignition overpressure 
pulse would be expected with an open duct. 
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Fig. 7 Radiation Calorimeter Locations UTC 120-in. SRM 
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T a b l e  1 UTC 120 i n .  SRM Rad ia t ion  Data 

~ _ _  - 

Without TVC I n j e c t i o n  

11.09 

10.36 

4.82 

10.78 

11.29 

10.06 

5.36 

9.23 

8.49 

1.66 

10.68 

9.88 

4.66 

10.43 

10.82 

9.59 

4.65 

8.05 

8.09 

1.04 

With TVC I n j e c t i o n  

9.25 

7.00 

3.10 

8.75 

8 .55  

8.40 

3.70 

7.50 

7.30 

0.55 
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q Apparent plume emissive power. e 

' inc 
'abs 
a! Absorbtivity = 0.89. 
FAe Radiation source shape factor (actual 

Radiation incident on calorimeter. 

Radiation absorbed by calorimeter. 

shape factor is unknown, but it is known 
that the factor is somewhere between 
values for a 15-deg cone and a cylinder. 

L 

15 

'inc 'abs 1 Note: qe --I- 
aFAe 
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Fig. 8 UTC 120-in. SRM Apparent Plume Emissive Power 
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Fig. 10 Effect of Liftoff Acceleration on Erosion 

Exhaust Flow Rate ( l b h e c )  

Pig. 11 Exhaust Duct Sizing Nomograph 
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3 .0  DEFLECTOR COATINGS 

3.1 S e l e c t i o n  of Coat ing 

There a r e  s e v e r a l  f a c t o r s  t h a t  e n t e r  i n t o  t h e  choice  
o f  m a t e r i a l  t o  be used a s  a c o a t i n g  i n  j e t  impingement a r e a s .  
Probably t h e  most s i g n i f i c a n t  f a c t o r  i s  t h e  s u r f a c e  tempera- 
t u r e  expected t o  r e s u l t  from t h e  j e t  impingement. When s u r -  
f a c e  tempera tures  remain below 1000°F, an  o r d i n a r y  Por t l and  
cement conc re t e  can be used. For s u r f a c e  tempera tures  rang- 
i n g  between 1000 and 1500'F Por t l and  cement mixes may be used 
but aggrega te s  i n  which q u a r t z  i s  t h e  primary phase should 
be avoided and b a s i c  igneous rock ,  nonglassy  b l a s t  furnace  
s l a g ,  o r  c lay-based manufactured aggrega te  should be sub- 
s t i t u t e d .  A t  t empera tures  above 1500°F t h e  Por t land  cement- 
aggrega te  bond d e t e r i o r a t e s  s e r i o u s l y  weakening t h e  conc re t e .  
Flame d e f l e c t o r  s u r f a c e s  a r e  g e n e r a l l y  hea ted  t o  tempera tures  
well above 1500°F and need t h e  p r o t e c t i o n  a f fo rded  by a r e -  
f r a c t o r y  conc re t e .  A r e f r a c t o r y  conc re t e  d e f l e c t o r  c o a t i n g  
should have t h e  fo l lowing  c h a r a c t e r i s t i c s :  

1 )  High r e s i s t a n c e  t o  thermal  shock; 

2)  High s t r e n g t h  a t  h igh  t empera tu re ;  

3)  Negl ig ib l e  change i n  l e n g t h  a t  ve ry  high tempera ture ;  

4 )  Spa11 r e s i s t a n c e ;  

5 )  Res i s t ance  t o  c rack  p ropaga t ion ;  

6) Res i s t ance  t o  a c o u s t i c  shock;  

7 )  Good i n s u l a t i o n  p r o p e r t i e s  t o  prevent  t h e  conduct of  
hea t  t o  t h e  s t e e l  re inforcement  ( t h e  s t e e l ,  when h e a t e d ,  
w i l l  expand and c rack  t h e  c o n c r e t e ) ;  

8) A b i l i t y  t o  be app l i ed  by t h e  Guni te  p rocess ;  

9 )  A b i l i t y  t o  be cured by normal procedures  wi thou t  c rack -  
ing .  
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3.2 C h a r a c t e r i s t i c s  of M a t e r i a l s  and I n s t a l l a t i o n  Methods 

The c h a r a c t e r i s t i c s  of f o u r  candida te  Harbison-Walker 
d e f l e c t o r  c o a t i n g  m a t e r i a l s  and Fondu Fyre WA-1 and XB-1 
a r e  shown on t h e  d a t a  s h e e t s  on t h e  fo l lowing  pages. Note 
t h e  h igh  s t r e n g t h  of  t hese  m a t e r i a l s  a t  h igh  tempera tures  
and t h e  small  percentage l i n e a r  change. The approximate 
chemical a n a l y s i s  o f  Fondu Fyre WA-1 and XB-1 i s  a l s o  given 
t o g e t h e r  w i t h  methodology f o r  mixing, placement, bonding, 
f i n i s h i n g  and c u r i n g ,  and a guide s p e c i f i c a t i o n  f o r  pneumatic 
p l  acemen t . 

19  
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Brand Name: 

Desc r ip t ion :  

Uses : - 
Fea tu res  : 

Technica l  Data: 

DATA SHEET 1 

HARBISON-WALKER HARCAST ES 

A r e f r a c t o r y  c a s t a b l e  c o n s i s t i n g  o f  ca l c ined  grog blended w i t h  
a high p u r i t y  calcium a luminate  b inder .  

Developed t o  be used i n  extreme a b r a s i o n  a p p l i c a t i o n s  such a s  
petroleum r e f i n e r y  equipment cyc lones  and p ip ing .  

Adaptable f o r  gunning, c a s t i n g ,  o r  t r o w e l l i n g .  Highly a b r a s i o n  
r e s i s t a n t .  E x c e l l e n t  s t r e n g t h  throughout  i t s  tempera ture  r ange ,  
Must be predampened be fo re  gunning. 

Phys ica l  P r o p e r t i e s  (Typ ica l )  

Maximum s e r v i c e  tempera ture  2800°F 

Weight r equ i r ed  per cu  f t  131 

Approximate wa te r  r equ i r ed  per 100 l b  1% g a l .  

Bulk d e n s i t y  a f t e r  d r y i n g  a t  230°F 140 
Modulus of r u p t u r e  ( l b / s q  i n . )  

A f t e r  d ry ing  a t  230°F 1100 t o  1350 
A f t e r  h e a t i n g  a t  1000°F 1000 t o  1300 
A f t e r  h e a t i n g  a t  1500°F 1000 t o  1300 
A f t e r  h e a t i n g  a t  2700°F 3000 t o  3700 

A f t e r  d ry ing  a t  230°F 6500 t o  9500 
A f t e r  h e a t i n g  a t  1000°F 6000 t o  9300 
A f t e r  h e a t i n g  a t  1500°F 6000 t o  9500 
A f t e r  h e a t i n g  a t  2700°F 14 ,000  + 

A f t e r  d r y i n g  a t  230°F Negl i g i b l  e 
A f t e r  h e a t i n g  a t  1000°F N e g l i g i b l e  
A f t e r  h e a t i n g  a t  1500°F N e g l i g i b l e  

Cold c rush ing  s t r e n g t h  ( l b / s q  i n . )  

L inea r  change (%) 

A f t e r  h e a t i n g  a t  2700°F -0.5 t o  - 1 . 2  

- Note: A l l  d a t a  based on c a s t  samples.  
a f t e r  h e a t i n g  f o r  5 h r  a t  t h e  i n d i c a t e d  tempera tures .  
d a t a  i f  v i b r a t i o n  c a s t  o r  gunned, c o n s u l t  our  P i t t s b u r g h  
o f f i c e .  
f o r e ,  should not  be used f o r  s p e c i f i c a t i o n  purposes .  

Above d a t a  ob ta ined  
For 

A l l  d a t a  s u b j e c t  t o  r easonab le  d e v i a t i o n s  and,  t h e r e -  

Shipping; Data: Shipped i n  100- lb  mul t i -wa l l  mois ture-proof  sacks'. 

Locat  i o n  

Fu l ton ,  Mo. GM&O 

Ra i 1 road 
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DATA SHEET 2 

Brand Name:  HARBISON-WALKER EXTRA STRENGTH CASTABLE 

D e  script  i o n  : Blended mixture  o f  c a r e f u l l y  s i z e d  h a r d - f i r e d  r e f r a c t o r y  aggre-  
g a t e  and hydrau l i c  b inder .  

- Uses : Ash p i t s ,  hoppers and d u c t s ,  a n n e a l i n g  furnace  c a r  t o p s ,  tunnel  
k i l n  c a r  bottoms, o i l  r e f i n i n g  v e s s e l  l i n i n g s ,  cyc lones ,  i r o n  
b l a s t  fu rnace  mains, r o t a r y  k i l n  c o o l e r s  and c h a i n  s e c t i o n s ,  
hoods and d u s t  chambers, rocke t  launching  pads, and warm-up 
aprons.  

F e a t u r e s  : S t r o n g e s t  r e f r a c t o r y  c a s t a b l e  i n  i t s  tempera ture  range. High 
d e n s i t y  and low permeabi l i ty .  R e s i s t a n t  t o  mechanical impact 
and ab ras ion .  S a t i s f a c t o r y  f o r  pneumatic gun emplacement. Con- 
forms t o  ASTM C l a s s i f i c a t i o n  C401-60, C l a s s  A and B. 

Technica l  Data: Phys ica l  P r o p e r t i e s  (Typ ica l )  

Maximum s e r v i c e  temperature  
Pounds of d r y  c a s t a b l e  r equ i r ed  per cu 

Approximate amount o f  water  r e q u i r e d  

Bulk d e n s i t y  a f t e r  d ry ing  a t  230°F 

Modulus of rup tu re  ( l b / s q  in . )  

f t  

f o r  pouring 

( l b / c u  f t )  

A f t e r  d r y i n g  a t  230°F 
A f t e r  h e a t i n g  a t  1000°.F 
A f t e r  h e a t i n g  a t  1500°F 
A f t e r  h e a t i n g  a t  2300°F 

A f t e r  d ry ing  a t  230°F 
A f t e r  h e a t i n g  a t  1000°F 
A f t e r  h e a t i n g  a t  1500OF 
A f t e r  h e a t i n g  a t  2300°F 

A f t e r  dry ing  a t  230°F 
A f t e r  h e a t i n g  a t  1000°F 
A f t e r  h e a t i n g  a t  1500°F 
A f t e r  h e a t i n g  a t  2300°F 

Cold c rush ing  s t r e n g t h  ( l b / s q  i n . )  

L i n e a r  change (%) 

2600°F 

121 

1-3 /4  t o  2 US ga1./100 It: 

130 

900 t o  1150 
400 t o  600 
400 t o  600 
450 t o  750 

4100 t o  6500 
3100 t o  4500 
3100 t o  4500 
2700 t o  3100 

Neg l ig ib l e  
0.0 t o  -0.2 
0.0 t o  -0.3 

-0.1 t o  -1.0 

- Note: All d a t a  obtained on c a s t  samples. I f  v i b r a t i o n  c a s t  
o r  gunned, consu l t  ou r  P i t t s b u r g h  o f f i c e .  A l l  d a t a  s u b j e c t  
t o  reasonable  d e v i a t i o n s  and, t h e r e f o r e ,  should not be used 
f o r  s p e c i f i c a t i o n  purposes. 

Shipping Data: Shipped i n  100- lb  mult i -wal l  mois ture-proof  sacks .  
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Brand Name: 

Desc r ip t ion  : 

Uses : - 

Feature  s : 

Technical  Data : 

Shipping Data: 

DATA SHEET 3 

HARBISON-WALKE:R EXTRA STRENGTH CASTABLE L I  

Prepared from h i g h - f i r e d  ca l c ined  c l a y s  and low-iron calcium a l u -  
minate  b inder  w i t h  p l a s t i c i z e r s .  

Tunnel k i l n  c a r  bottoms, o i l  r e f i n i n g  v e s s e l  l i n i n g s ,  cyc lones ,  
i r o n  b l a s t  furnace  mains,  i r o n  b l a s t  furnace  upper i n  w a l l  and 
top .  

T h i s  c a s t a b l e  has  e x c e l l e n t  s t r e n g t h  throughout  i t s  e n t i r e  range 
and combined i r o n  c o n t e n t  o f  less  than  2%. 
t rowe l l ed ,  o r  rammed. 

Phys ica l  P r o p e r t i e s  (Typ ica l )  

Maximum s e r v i c e  tempera ture  

Weight r equ i r ed  p e r  cu  f t  

Approximate wa te r  r equ i r ed  p e r  100 l b  

Bulk Dens i ty  a f t e r  Drying a t  230°F 

Modulus o f  r u p t u r e  ( l b / s q  i n . )  
A f t e r  d ry ing  a t  230°F 
A f t e r  h e a t i n g  a t  1000°F 
A f t e r  h e a t i n g  a t  1500°F 
A f t e r  h e a t i n g  a t  2500°F 

A f t e r  d r y i n g  a t  230°F 
A f t e r  hea t ing  a t  1000°F 
A f t e r  h e a t i n g  a t  1500°F 
A f t e r  h e a t i n g  a t  2500°F 

A f t e r  d r y i n g  a t  230°F 
A f t e r  h e a t i n g  a t  1000°F 
A f t e r  hea t ing  a t  1500°F 
A f t e r  h e a t i n g  a t  2500°F 

Cold c rush ing  s t r e n g t h  ( l b / s q  i n . )  

L inea r  change (%) 

May be gunned, c a s t ,  

260OOF 

122 l b  

1-3 /4  t o  2 US g a l .  

1 2 9  

850 t o  1050 
370 t o  560 
350 t o  550 
1000 t o  1800 

4000 t o  5500 
3300 t o  4400 
2500 t o  4000 
4300 t o  5400 

N e g l i g i b l e  
-0.2 
0.0 

+0.5 

- Note: A l l  d a t a  based on c a s t  samples.  Above d a t a  ob ta ined  
a f t e r  h e a t i n g  f o r  5 h r ' a t  t h e  i n d i c a t e d  tempera tures .  
d a t a  i f  v i b r a t i o n  c a s t  o r  gunned, c o n s u l t  ou r  P i t t s b u r g h  o f f i c e .  
A l l  d a t a  s u b j e c t  t o  r easonab le  d e v i a t i o n s  and ,  t h e r e f o r e ,  should 
not  be used f o r  s p e c i f i c a t i o n  purposes.  

For 

Shipped i n  100- lb  mul t i -wa l l  mois ture-proof  sacks .  

Loca t ion  Ra i l  road 

C l e a r f i e l d  , Pa. PRR - NYC - BM) 
Ful ton ,  Mo. GM&O 
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Brand Name: 

D e s c r i p t i o n  : 

Uses: 
F e a t u r e s  : 

Technica l  Data:  

DATA SHEET 4 
HARBISON-WALKER SPECIAL M I X  13-65 FUSED SILICA CASTABLE 

Blended mixture  o f  c a r e f u l l y  s i z e d  aggrega te  o f  fused s i l i c a  
bound by calcium-aluminate h y d r a u l i c  s e t t i n g  cement. 

Rocket launch  pad f a c i l i t i e s .  

Adaptable  f o r  v i b r a t i o n  c a s t i n g  and pneumatic gunning. High 
r e s i s t a n c e  t o  thermal shock. 

Bulk d e n s i t y  ( l b / c u  f t )  115 

Approximate wa te r  r equ i r ed  when c a s t  (%) 13.5 

Cold c rush ing  s t r e n g t h  ( l b / s q  i n . )  

A f t e r  d ry ing  a t  230°F 

A f t e r  h e a t i n g  a t  2000'F 

4500 t o  5500 

2100 t o  2500 

L i n e a r  change (X) 
A f t e r  h e a t i n g  t o  1500OF 0.1 

Note:. Test ssmples :ere sc=ted a t  2nnn°F u n t i l  uniformly hea ted  
and then  quenched immediately i n t o  room tempera ture  water .  A f t e r  
f i v e  c y c l e s  of such t r e a t m e n t ,  no l o s s  i n  co ld  c rush ing  s t r e n g t h  
was noted a s  compared t o  s t r e n g t h  o f  samples merely submit ted 
t o  a soaking hea t  of 2000°F, cooled and then  t e s t e d .  

- 
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Brand Name: 

Technica l  
Data:  

DATA SHEET 5 

FONDU FYRE WA-1 AND XB-1 

Dens i ty  ( l b / f t 3 )  

Compressive s t r e n g t h  ( p s i  @ 7 

Transverse  bending 

Modulus o f  e l a s t i c i t y  (10 p s i  
@ 7 days)  

P o r o s i t y  (%) 

C o e f f i c i e n t  o f  thermal  expansion 

days) 

6 

( i n .  x I O - ~ / . F >  

C o e f f i c i e n t  o f  thermal  conduc- 

t i v i  t y ( H t u  /h r / f t lo F /i n . ) 
S p e c i f i c  Heat (Btu / lb°F)  e s t i -  

mated a t  O°C 

WA-1 

115 

5000 

916 

4 . 3  

16 

5 . 6  

3.5 t o  4 .5  

0.185 

XB-1 

180 
- 

3000 

430 

4 . 3  

25 

5 .6  

11 t o  1 3  

0.145 
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DATA SHEET 6 

APPROXIMATE CHEMICAL ANALYSIS OF FONDU FYRE (%) 

WA-1 

S i02  

Fe 2' 3 

Ae203 

FeO 

CaO 

TiOg 

Na20 

M g O ,  K20, and Igni t ion  Loss 

34.0 

11.5 

26.5 

1 .2  

20.1 

0.5 

4 . 2  

2 .o 

100.0 

XB-1 

zro2 

S i 0 2  

Ae203 

C a0 

5 3 . 0  

2 7 . 0  

16.0 

3 .6  

0 . 4  

100.0 

- 
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DATA SHEET 7 

FONDU FYRE REFRACTORY CONCRETE 

Recommended Cons t ruc t ion  P r a c t i c e s  

Desc r ip t ion  - Fondu Fyre i s  a c a r e f u l l y  premixed combination of  
s e l e c t e d  r e f r a c t o r y  aggrega te s  and a hydrau l i c  s e t t i n g  b inde r .  
Two types  a r e  a v a i l a b l e :  WA-1 and XB-1. Both a r e  d e l i v e r e d  i n  
100-lb bags and r e q u i r e  on ly  t h e  a d d i t i o n  of  c l e a n  wa te r  be fo re  
p l  a cement . 

WA-1 i s  designed 'for use a s  s h i e l d i n g  from r a d i a n t  h e a t  and s h o r t -  
du ra t ion  flame impingement i n  a l l  a r e a s  of  launch buckets  and flame 
d e f l e c t o r s .  It i s  used a l s o  a s  a r e f r a c t o r y  conc re t e  base f o r  XB-1.  

XB-1 i s  designed f o r  use a s  a h i g h l y  r e s i s t a n t  topping  f o r  WA-1 
i n  flame impingement a r e a s .  I t  i s  e s p e c i a l l y  r e s i s t a n t  t o  thermal  
shock, h igh  tempera tures ,  and seve re  e ros ion .  

Mixing - Contaminat ion,  mixing t ime and wa te r  con ten t  a r e  c r i t i c a l  
t o  the mixing o f  Fondu Fyre.  To avoid f l a s h  s e t ,  a l l  mixing and 
handl ing equipment f o r  Fondu Fyre must be f r e e  o f  l ime from P o r t -  
l and  Cement o r  p l a s t e r .  Convent ional  c o n c r e t e  mixing equipment 
i s  s a t i s f a c t o r y .  

Mixing time should be kept  t o  a minimum and t h e  ba tch  d ischarged  
a s  soon a s  i t  i s  homogeneous and p l a s t i c .  T h i s  time i s  u s u a l l y  
no more than  5 minutes  and should no t  exceed 1 2  minutes  t o  avoid 
premature s e t t i n g  and s t r e n g t h  l o s s .  

Only enough water  t o  o b t a i n  a s t i f f  but  f r e e l y  p l a s t i c  mix should 
be added. The maximum water  f o r  pour ba t ches  should be about 2 .0  
g a l .  per 100-lb bag of  WA-1 and 1 .6  g a l .  per  100- lb  bag o f  X B - 1 .  
These wa te r  c o n t e n t s  w i l l  produce a 1- t o  2 - in .  s l u m p ,  good work- 
a b i l i t y ,  and nominal s t r e n g t h .  Harshness  and s t r e n g t h  i n c r e a s e  
w i t h  l e s s  water .  Minimum wa te r  c o n t e n t s  f o r  pouring a r e  1 .5  and 
1 .2  ga l .  per 100 l b  of  WA-1 and XB-,I., r e s p e c t i v e l y .  
o f  the  bags should be determined be fo re  adding  w a t e r .  

Average weights  

For guni te  placement,  b e s t  r e s u l t s  a r e  ob ta ined  when using g u n i t e  
equipment t h a t  a l lows  mixing and p a r t i a l  w e t t i n g  o f  t he  m a t e r i a l  
ahead of  t h e  hydra t ing  nozz le .  T h i s  w e t t i n g  compensates f o r  t h e  
absence of t h e  usua l  aggrega te  moi s tu re .  The f i n a l  amount o f  water  
should be c o n t r o l l e d  by t h e  nozzleman t o  o b t a i n  t h e  b e s t  placement 
o f  ma te r i a l .  
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Placement - Fondu Fyre i s  u s u a l l y  depos i t ed  i n  uniform l a y e r s  on 
conc re t e  o r  s teel  s u r f a c e s  t h a t  have been prepared as  desc r ibed  
below under bonding. Horizontal  s u r f a c e s  can  be covered by e i t h e r  
pouring o r  Gunit ing.  Sloping s u r f a c e s  too s t e e p  t o  pour can be 
covered by e i t h e r  Gun i t ing  o r  by t h e  use  o f  a l a r g e  nozz le  p l a s t e r  
gun. Fondu Fyre a l s o  can be formed and poured f o r  s p e c i a l  r e i n -  
forced  wa l l s  o r  o t h e r  c a s t a b l e  shapes.  Nominal coverages f o r  
Fondu Fyre a r e :  

WA-1 Poured WA-1 Guni te  Placement 

Thickness  ( i n . )  Sq Ft/lOO-lb Bag Thickness  ( i n . )  Sq Ft/lOO-lb Bag 

2.4 4 . 1  
3 3 . 4  
3%* 2 . 9  
4 2.6 

2% 

3k* 
3 

4 

3 . 5  
2.9 
2 . 5  
2 . 2  

XB-1 Poured o r  P l a s t e r e d  XB-1 Guni t e  Placement 

1 L7L L - I  th ick  - 4,5 S? f t / l O O  l b  1%-in .  t h i c k  - 3.5 sq f t / 1 0 0  l b  

~~ 

*Re c omme nded t h i  c kne s s 

Bonding - Standard methods can  be used t o  bond Fondu Fyre t o  P o r t -  
l and  cement s u r f a c e s .  Old c o n c r e t e  s u r f a c e s  should be c leaned  
and roughened by sandb las t ing .  App l i ca t ion  t o  new conc re t e  should 
be made wh i l e  t h e  s u r f a c e  is still greeri. Metal anchorage f o r  re- 
inforcement  can  be f l u s h  s h e l l s ,  exp los ive  s t u d s ,  o r  d r i l l e d  and 
grouted bar  placed a t  18 in.  on c e n t e r s .  Poured-in-place r e i n -  
f o r c i n g  ba r  should be used f o r  anchorage t o  new conc re t e .  Rein- 
forcement c o n s i s t i n g  o f  Bufnel G r i p s t e e l  s u r f a c e  armor ( o r  equa l )  
can then  be welded t o  t h e  anchors ,  keeping  t h e  armor a t  l e a s t  %- in .  
above t h e  conc re t e .  The s t e e l  and conc re t e  s u r f a c e  should then  
be moistened and cooled before  Fondu Fyre placement. The minimum 
Fondu Fyre cover  ove r  t h e  armor should be If i n .  

A l l  X B - i  topping  should kie bonded directly t o  WA-1 base a s  soon 
a s  t h e  base w i l l  suppor t  i t  and be fo re  t h e  i n i t i a l  set  o f  t h e  
base occurs .  Th i s  s e t  w i l l  normally occur  one hour a f t e r  p l ac ing  
by Gun i t ing  and one and one-half  hours  when poured. Weather con- 
d i t i o n s  can i n c r e a s e  o r  decrease  t h e s e  times. The WA-1 base s u r -  
f a c e  should not  be t rowelled smooth be fo re  apply ing  t h e  XB-1. 
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Fondu Fyre can be app l i ed  t o  s t e e l  s u r f a c e s  by welding Bufnel 
G r i p s t e e l  ( o r  equal )  t o  t h e  s t e e l  s u r f a c e  and then  complet ing 
t h e  placement t h e  same way a s  f o r  Por t land  conc re t e  s u r f a c e s .  

J o i n t s  - J o i n t s  and s u r f a c e  i r r e g u l a r i t i e s  i n  l i n e  w i t h  d i r e c t  
flame impingement cause  a c c e l e r a t e d  t u r b u l e n t  e r o s i o n  and shou 
be avoided. When c o n s t r u c t i o n  j o i n t s  a r e  r e q u i r e d ,  they  should 
be placed a t  t h e  geometr ica l  b reaks  i n  t h e  f i n i s h e d  s u r f a c e .  Ex- 
pansion and c o n t r a c t i o n  j o i n t s  a r e  not  r equ i r ed  where adequate  
re inforcement  and base suppor t  a r e  provided.  

F in i sh ing  - A r e l a t i v e l y  smooth and uniform s u r f a c e  i s  r e q u i r e d .  
This  can be obta ined  u s u a l l y  wi th  one o r  two passes  o f  a wood o r  
s t e e l  f l o a t .  Trowel l ing  o f  poured s u r f a c e s  should be minimized 
t o  prevent pumping o f  f i n e s .  I r r e g u l a r  Gunite  s u r f a c e s  should be 
t rowel led  smooth. Water should no t  be added t o  a i d  f i n i s h i n g  
ope ra t ions .  

Curins: - The s u r f a c e  i s  u s u a l l y  ready f o r  c u r i n g  about  4 t o  5 h r  
a f t e r  placement.  When a wet ted  f i n g e r  w i l l  not  d i s t u r b  t h e  s u r -  
face  f i n e s ,  t h e  a r e a  i s  ready  f o r  c u r i n g .  Curing should be ac -  
complished by a very  l i g h t  water  spray .  T h i s  sp ray  should not  be 
appl ied  u n t i l  t h e  Fondu Fyre has  hardened s u f f i c i e n t l y  so t h a t  
t h e  water  does not d i s t u r b  t h e  s u r f a c e  f i n e s .  Curing should be 
continued f o r  24 h r .  Fondu Fyre can be f i r e d  on 24 h r  a f t e r  in- 
s t a l l a t i o n ;  however, performance is improved i f  t h e  m a t e r i a l  can 
cu re  f o r  3 t o  7 days.  
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FONDU FYRE REFRACTORY CONCRETE 

Guide S p e c i f i c a t i o n  f o r  Pneumatical ly-Placed Concrete  

Scope o f  Work - The b u i l d e r  w i l l  provide a l l  l a b o r ,  m a t e r i a l s ,  
t o o l s ,  and equipment and w i l l  perform a l l  o p e r a t i o n s  t o  complete 
t h e  placement o f  Fondu Fyre pneumatical ly-placed r e f r a c t o r y  con- 
c r e t e  a s  shown on t h e  drawings and descr ibed  i n  t h e s e  s p e c i f i c a -  
t ions .  

Codes and S p e c i f i c a t i o n s  - The fo l lowing  codes and s p e c i f i c a t i o n s ,  
t o g e t h e r  w i t h  c u r r e n t  r e v i s i o n s ,  w i l l  form a p a r t  o f  t h i s  s e c t i o n  
o f  t h e  s p e c i f i c a t i o n s .  

American Concrete  I n s t i t u t e  805 Recommended P r a c t i c e  f o r  t h e  Ap- 
p l i c a t i o n  of  Mortar by Pneumatic P res su re .  

Gunite  Con t rac to r s  Assoc ia t ion  General  S p e c i f i c a t i o n s  G-55-61. 

American soc iecy  i u r  Testing Xateriils A185 S p e c i f i c a t i o n s  f o r  
Welded S t e e l  Wire f a b r i c s  f o r  Concrete .  

M a t e r i a l s  - M a t e r i a l s  furn ished  by t h e  b u i l d e r  w i l l  be new s tock  
conforming t o  t h e i r  r e s p e c t i v e  des igna ted  s p e c i f i c a t i o n s .  

Fondu Fyre d r y  i n g r e d i e n t s  w i l l  be a s  manufactured by Designed 
Cnncre tes  Company, Sanra Fe Sp r ings ,  C a l i f o r n i a ,  i n  prepor t ioned  
q u a n t i t i e s .  

Mixing water w i l l  be potab le .  

Wire f a b r i c  w i l l  conform t o  ASTM A185, o r  where s u r f a c e  armor i s  
used,  w i l l  be a t  l eas t  314 i n .  x 1 4  gage Bufnel G r i p s t e e l  o r  equal .  

Spec ia l  I n s p e c t i o n  - The b u i l d e r  w i l l  o b t a i n  t h e  s e r v i c e s  o f  t h e  
manufac tu re r ' s  t e c h n i c a l  r e p r e s e n t a t i v e  t o  i n s p e c t  and a d v i s e  on 
the  mixing, placement, and c u r i n g  o p e r a t i o n s  o f  Fondu Fyre. 

Reinforcement - Before Fondu Fyre placement,  a l l  metal anchorage 
and re inforcement  w i l l  be f r e e  from r u s t ,  s c a l e ,  g rease ,  o r  o t h e r  
c o a t i n g s  t h a t  may reduce t h e  bond. 

Reinforcement w i l l  no t  be p laced ,  o r  allowed t o  remain w i t h i n  t h e  
t o p  1% i n .  o f  t h e  f in i shed  Fondu Fyre s u r f a c e .  

I 
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P l a c i n g  - Fondu Fyre w i l l  be placed by experienced nozzlemen i n  
accordance w i t h  b e s t  p r a c t i c e s  o f  t h e  t r a d e .  When e n c l o s i n g  r e i n -  
f o r c i n g ,  c a r e  w i l l  be taken  t o  remove l o o s e  sand o r  rebound from 
t h e  s u r f a c e s  be fo re  Guni t ing  t h e  Fondu Fyre.  

Fondu Fyre w i l l  be premixed w i t h  c l e a n  w a t e r ,  approximately t o  
1 g a l .  o f  water  t o  100 l b  o f  d r y  m a t e r i a l ,  b e f o r e  being admi t ted  
t o  t h e  hose.  F ina l  h y d r a t i o n  w i l l  t a k e  p l ace  i n  t h e  Gunite  nozz le .  

The propor t ion  o f  water  t o  cement conta ined  i n  Fondu Fyre w i l l  be 
t h e  minimum r e q u i r e d  t o  produce a Gunite  mixture  which, when s h o t ,  
w i l l  form a homogeneous mass c o n t a i n i n g  n e i t h e r  s a g s  o r  d r y  sand 
formation. 

Surfaces  t o  r e c e i v e  Fondu Fyre w i l l  be thoroughly  cleaned o f  a l l  
d e b r i s ,  l o o s e  p a r t i c l e s  and d u s t .  J u s t  b e f o r e  r e c e i v i n g  Fondu 
Fyre t h e  s u r f a c e s  w i l l  be wet ted  a s  approved by t h e  owner ' s  r e p -  
r e s e n t a t i v e .  

Compression t e s t  samples w i l l  be s h o t  a s  r e q u i r e d  by t h e  owner 's  
r e p r e s e n t a t i v e  and i n  accordance w i t h  A C I  805. 

F i n i s h i n g  - Fondu Fyre s u r f a c e s  w i l l  be f i n i s h e d  w i t h  a s t e e l  
t rowel  t o  provide a smooth, sandy t e x t u r e d  s u r f a c e .  

Curing - Curing w i l l  be accomplished u s i n g  a v e r y  l i g h t  w a t e r  
spray o r  m i s t .  Curing compounds w i l l  n o t  be permi t ted .  

Curing w i l l  commence n o t  sooner  t h a n  t h e  formation o f  a f i n e s - r e -  
t a i n i n g  s u r f a c e  c r u s t  o r  g l a z e  ( u s u a l l y  4 t o  5 h r )  and proceed con- 
t i n u o u s l y  f o r  a per iod o f  n o t  l e s s  t h a n  24 h r .  

Bonding - Bonding of Fondu Fyre topping  mixtures  t o  f r e s h  Fondu 
Fyre base mixtures  w i l l  be accomplished by apply ing  t h e  topping  
a s  soon a s  t h e  base w i l l  support  t h e  mixture  and b e f o r e  i n i t i a l  
s e t  of t h e  base has  occurred .  

Bonding o f  Fondu Fyre t o  c o n c r e t e  Lases  w i l l  be accomplished by 
us ing  a system of s h e a r  r e s i s t a n t  metal  anchor  r o d s  i n  combinat ion 
w i t h  w i r e  mesh o r  n o t  l e s s  than  314 i n .  x 14 gage G r i p s t e e l  Sur- 
f a c e  Armor ( o r  e q u a l ) ,  

Bonding of Fondu Fyre t o  meta l  p l a t e s  w i l l  be accomplished by u s -  
i n g  shear  r e s i s t a n t  s t u d s  and 314 i n .  x 14  gage G r i p s t e e l  Sur face  
Armor ( o r  e q u a l ) .  
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Acceptances - The owner 's  r e p r e s e n t a t i v e  w i l l  w i t n e s s  Fondu Fyre 
a p p l i c a t i o n  and i n s p e c t  t h e  f i n i s h e d  work f o r  i n c l u s i o n s  of  re- 
bound, s ags ,  o r  s loughing .  Hollow s p o t s  w i l l  be d e t e c t e d  by sound- 
ing  w i t h  a hammer. Imperfec t ions  d iscovered  w i l l  be c u t  o u t  and 
rep laced  w i t h  sound ma te r i a l  a t  no a d d i t i o n a l  c o s t  t o  t h e  owner. 

Before f i n a l  acceptance ,  the  b u i l d e r  w i l l  f u r n i s h  t h e  owner 's  
r e p r e s e n t a t i v e  w i t h  c o p i e s  o f  r e p o r t s  on a l l  t e s t s  performed. 

I 
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3 . 3  Behavior P r e d i c t i o n  

Cons iderable  work has  been done t o  enable  t h e  p r e d i c t i o n  
of  t h e  behavior  o f  cand ida te  d e f l e c t o r  c o a t i n g  m a t e r i a l s  (Ref 
1 and 2 ) .  The work encompassed t h e  e f f e c t s  of  l i f t o f f  a c c e l -  
e r a t i o n ,  s o l i d  rocke t  motor aluminum c o n t e n t ,  and chamber pres -  
s u r e  on d e f l e c t o r  e ros ion  and was v e r i f i e d  by a s c a l e  e f f e c t s  
i n v e s t i g a t i o n .  The t e s t s  t o  determine e f f e c t s  o f  l i f t o f f  
a c c e l e r a t i o n  revea led  t h a t  d e f l e c t o r  e r o s i o n  i s  approximately 
i n v e r s e l y  p ropor t iona l  t o  t h e  square roo t  o f  l i f t o f f  a c c e l -  

e r a t i o n  expressed i n  nozz le  d i ame te r s  per sec  . Eva lua t ions  
o f  t h e  e f f e c t  of  SRM aluminum con ten t  showed t h a t  e r o s i o n  was 
not p ropor t iona l  t o  aluminum con ten t  but  was g r e a t e s t  where 
t h e  amount of  aluminum i n  t h e  p r o p e l l a n t  was optimum from a 
s p e c i f i c  impulse s t andpo in t .  The chamber p re s su re  i n v e s t i g a -  
t i o n  (Ref 2 ) ,  which was based on ve ry  l i m i t e d  d a t a ,  r evea led  
t h a t  e r o s i o n  was p ropor t iona l  t o  chamber p re s su re  squared.  
T h i s  i n d i c a t i o n  was e n t i r e l y  unsuspected and could not  be 
expla ined  on t h e  b a s i s  of  t h e o r e t i c a l  c o n s i d e r a t i o n s .  The 
r e l a t i o n s h i p  was adopted ,  however, t o  provide a conse rva t ive  
approach t o  e r o s i o n  p r e d i c t i o n .  The s c a l e  e f f e c t s  i n v e s t i -  
g a t i o n  involved the  c o r r e l a t i o n  o f  f u l l - s c a l e  T i t a n  I I I C  
d a t a  obta ined  from t h e  f i r s t  l aunch  w i t h  s c a l e  model d a t a .  
F igure  1 2  i s  a d e f l e c t o r  e r o s i o n  p r e d i c t i o n  nomograph t h a t  
summarizes t h e  r e s u l t s  o f  t he  work done i n  Ref 1 and 2.  

2 

Res i s t ance  t o  e r o s i o n  should no t  be the  on ly  d e f l e c t o r  
coa t ing  c h a r a c t e r i s t i c  cons idered  when s e l e c t i n g  a c o a t i n g  o r  
p r e d i c t i n g  t h e  behavior  o f  a c o a t i n g .  During t h e  i n v e s t i g a -  
t i o n s  of  Ref 1 seve ra l  cand ida te  c o a t i n g s  had a tendency t o  
spa11 (H-W Spec ia l  Mix 13-65, Fondu Fyre XB-1, and Por t l and  
cement; Fig.  13  t h r u  16) and some requ i r ed  more c a r e  i n  c u r -  
i n g  than  o t h e r s  ( e . g . ,  Fondu Fyre X B - l ;  F ig .  1 7 ) .  I n  a d d i t i o n ,  
some c o a t i n g s  performed more poor ly  when f i r e d  on a second 
time than  t h e y  d id  t h e  f i r s t  t ime (Fondu Fyre WA-1 and P o r t -  
land cement; Fig.  18 ) .  These f a c t o r s  must be weighed i n  
l i g h t  o f  t h e  s p e c i f i c  a p p l i c a t i o n .  Unfo r tuna te ly ,  o n l y  a 
small  amount of  q u a n t i t a t i v e  d a t a  a r e  a v a i l a b l e  and t h e r e  i s  
l i t t l e  i n  t h e  way o f  a q u a n t i t a t i v e  approach t h a t  can be 
taken  i n  weighing the  f a c t o r s .  

3 . 4  Maintenance and Refurbishment Methods 

While d i f f e r e n t  c o a t i n g s  r e q u i r e  d i f f e r e n t  re furb ishment  
t echn iques ,  most manufac turers  of  c o a t i n g s  recommend t h a t  t h e  
fo l lowing  s t e p s  be taken:  
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Extra S t r e n g t h  
Castable  L I  125 

I Harcast ES 210 

a b l e  ~ 300 

S p e c i a l  Mix 13-65 
Fused S i l i c a  C a s t -  
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1) Remove l o o s e  s c a l e  by w i r e  b rush ing  and /o r  s a n d b l a s t -  
i n g ;  

2 )  Wash down d e f l e c t o r  and a l low to d r y ;  

3)  Spread epoxy i n  the  a r e a  t o  be r e f u r b i s h e d ; *  

4 )  Apply w e t  mix over t h e  epoxy u s i n g  t h e  Guni te  p rocess  
o r  by packing t h e  mix f i r m l y  i n  p l a c e ;  

5) Smooth t h e  r e f u r b i s h e d  a r e a  and c u r e  u s i n g  a veyy 
l i g h t  w a t e r  spray  o r  m i s t .  
g e n e r a l l y  pe rmi t t ed .  Cur ing  should proceed f o r  a 
per iod  o f  no less  t h a n  24 h r .  

Cur ing  compounds a r e n ' t  

3.5 Cost  Data 

The fo l lowing  c o s t  d a t a  were submi t ted  by manufac tu re r s  
o f  c a n d i d a t e  d e f l e c t o r  c o a t i n g  m a t e r i a l s  and r e f l e c t  t h e  c o s t  
o f  l a r g e - q u a n t i t y  purchases .  The d a t a  should be used a s  c o s t  
i n d i c a t o r s  o n l y  s i n c e  t h e  t i m e  a purchase i s  made, t h e  s h i p -  
p ing  l o c a t i o n ,  and t h e  t o t a l  q u a n t i t y  o f  m a t e r i a l  needed have 
a s t r o n g  i n f l u e n c e  on  t h e  u l t i m a t e  purchase p r i c e .  No a t t empt  
has  been made t o  provide cost: datu fsr n l l  c i z r e n t l y - a v a i l a b l e  
c a n d i d a t e  c o a t i n g  m a t e r i a l s ,  but  r a t h e r  t o  provide  enough i n -  
fo rma t ion  t o  a l low p re l imina ry  c o s t  estimates. 

Tdeal Cement Port land Cement 
Kin 2 0  

*A Fondu Fyre WA-1 d e f l e c t o r  was r e f u r b i s h e d  by s imply 
packing w e t  Fondu Fyre mix i n  t h e  a r e a  t o  be r e f u r b i s h e d  
under  p r e s s u r e  without  f i r s t  c o a t i n g  t h e  d e f l e c t o r  w i t h  a n  
epoxy. Model t e s t s  i n v o l v i n g  t h i s  d e f l e c t o r  r evea led  t h e  
adequacy o f  t h i s  technique .  A second Fondu Fyre WA-1 de- 
f l e c t o r  was r e f u r b i s h e d  u s i n g  an  epoxy bonding agent  con- 
s i s t i n g  o f  Epon 828, Versamid 140,  phenol g l y c i d y l  e t h e r  
(PGE), and Fondu Fyre WA-1 from which a g g r e g a t e  had been 
scremcd. T h i s  second re furb ishment  procedure was a l s o  ade-  
q u a t e  (Ref 1 ) .  
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I n s t a l l a t i o n  Cost 

The c o s t  of i n s t a l l i n g  a d e f l e c t o r  c o a t i n g  i s  dependent 
on v a r i a b l e s  such as c u r r e n t  l a b o r  c o s t s ,  t h e  type  of i n s t a l -  
l a t i o n ,  t h e  k ind  and c o s t  of r e i n f o r c i n g  m a t e r i a l  used, e t c .  
Data a v a i l a b l e  a r e  meager and c o n f l i c t i n g  and a r e  presented  
h e r e  only  t o  p u t  on record  t h e  items t h a t  m u s t  be cons idered  
i n  d e f l e c t o r  c o a t i n g  c o s t  e s t i m a t e s .  The d a t a  g iven  repre-  
s e n t  ac tua l  c o s t s  of two NASA d e f l e c t o r  c o a t i n g  i n s t a l l a t i o n s .  

The NASA j o b  a t  Complex 37 had a t o t a l  i n s t a l l e d  c o s t ,  
i n c l u d i n g  a l l  m a t e r i a l s ,  o f  $384 per  t o n  o f  Fondu Fyre WA-1. 
The c o s t  o f  welding t h e  g r i p s t e e l  and app ly ing  Fondu F y r e  
r a n  about $6.00 per  sq f t .  
welding t h e  g r i p s t e e l  t o  t h e  d e f l e c t o r .  

Two-thirds  o f  t h e  l a b o r  was on 

The sound suppres s ion  t e s t  s tand  a t  MSFC had a shee t  
s tee l  d e f l e c t o r  t o  which l - i n .  s t e e l  g r i p  p l a t e s  were welded 
and a 3 - in .  c o a t i n g  o f  Fondu Fyre WA-1 was a p p l i e d  v i a  t h e  
Gunite  process .  The c o s t  breakdown per  sq f t  f o r  c o a t i n g  
the  d e f l e c t o r  was a s  fo l lows:  

S t e e l  G r i p  P l a t e  $0 .79  

Fondu Fyre WA-1 3.27 

App l i ca t ion  Cost 2 .20 

Consu l t an t  Cost  0 .92 

$7.18 
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-- _ _  

F i g .  13 Spa l l ed  H-W S p e c i a l  Mix 13-65 a f t e r  a F i r i n g  

Fig. 14 Spa l l ed  Fondu Fyre XB-1 
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Fig. 15 Spal led  P o r t l a n d  Cement 

Fig. 1 6  Spal led Concrete on Southeast  Corner 
of AGE Bui ld ing ,  ETR Complex 40 

I- F i g .  17 Focdu F- T - L  L p - -  -’ t f 1 ec t o r 
(Cracked  d u r i n g  Cure) 
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4 .O THERMAL PROTECTIVE COATINGS 

4.1 C r i t e r i a  f o r  Use 

39 

S t e e l  s t r u c t u r e s  on o r  n e a r  a r o c k e t  launch pad are  
f r e q u e n t l y  exposed t o  the exhaus t  gas environment. Gene ra l ly  
t h e s e  s t r u c t u r e s  s e e  no more than the f r i n g e s  of t h e  r o c k e t  
motor exhaus t  plume and a r e  more than a b l e  t o  s t a n d  up under  
the tempera tures  and p res su res  encountered.  However, t h e r e  
a r e  launch s i t u a t i o n s  dur ing  which ground winds cause t h e  
missi le  t o  d r i f t  c l o s e  t o  t h e  s t r u c t u r e s  and immerse them 
w e l l  w i t h i n  t h e  exhaus t  plume. Without some kind o f  thermal  
p r o t e c t i o n ,  thermal  s t r e s s e s ,  buck l ing ,  and perhaps even 
s t r u c t u r a l  f a i l u r e s  would occur .  Work i n  Ref 1 i n d i c a t e d  
t h a t  i f  a s teel  s t r u c t u r e  remained a t  least  1.5 nozz le  e x i t  
d iameters  l a te ra l ly  from t h e  c e n t e r l i n e  of an exhaus t  plume, 
i t  would probably n o t  be damaged dur ing  launch provided t h e  
space v e h i c l e  s epa ra t ed  a t  least  50 nozz le  e x i t  d iameters  
from t h e  pad i n  10 s e c .  This s e p a r a t i o n  ra te  cor responds  t o  
a l i f t o t t  thrusc-co-weight iat5.o eqcsl tc! 1,25 f o r  a 100-in. 
n o z z l e ,  1.50 f o r  a 200-in. n o z z l e ,  e t c .  A t  lower l i f t o f f  
rates o r  where d r i f t  b r ings  t h e  space v e h i c l e  c l o s e r  than 
1.5 nozz le  e x i t  d iameters  t o  the s tee l  s t r u c t u r e ,  some t ype  
of thermal  p r o t e c t i o n  is i n  o rde r .  

4.2 Des i red  C h a r a c t e r i s t i c s  

A low d e n s i t y  coa t ing  i s  e s p e c i a l l y  d e s i r a b i e  f o r  a p p l l -  
c a t i o n  t o  s t r u c t u r e s  on l a r g e  mobile launchers .  The Sa tu rn  
V mobile  l aunche r ,  f o r  i n s t a n c e ,  i s  d i f f i c u l t  enough t o  move 
wi thou t  the added weight of thermal  p r o t e c t i v e  c o a t i n g  mate- 
r i a l .  P r o t e c t i v e  coa t ings  should be v i scous  and s e t  r a p i d l y  
so as n o t  t o  sag  when a p p l i e d  t o  v e r t i c a l  s u r f a c e s .  They 
should  be easy  t o  apply and should adhere  f i rmly  t o  under ly-  
i n g  s u r f a c e s .  
app ly  exc luding  t h e  m a t e r i a l s  , cos t .  
a p p l i c a t i o n  would s u b s t a n t i a l l y  reduce t h i s  f i g u r e .  

Some contemporary c o a t i n g s  c o s t  $14/sq f t  t o  
An easier method of 

Any c o a t i n g  s e l e c t e d  should  have a h igh  r e s i s t a n c e  t o  
thermal  and a c o u s t i c  shock a s  w e l l  a s  t he  h igh  tempera ture  
e r o s i v e  environment of an a luminized  SRM. It would, of cour se ,  
be unaccep tab le  i f  i t  con t inued  t o  burn a f t e r  t h e  space  ve- 
h i c l e  l e f t  t he  pad or  i f  i t  d i d  n o t  impede the  conduct  of 
h e a t  t o  the  under ly ing  s t r u c t u r e .  Compa t ib i l i t y  w i t h  ex- 
h a u s t  r e s i d u e  from the b o o s t e r  and any l i q u i d  p r o p e l l a n t s  
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t h a t  might be used i s  ano the r  requirement .  
should n o t  be hype rgo l i c  upon c o n t a c t  wi th  the  c o a t i n g  o r  
cause i t  t o  d e t e r i o r a t e .  The c o a t i n g  should weather  we l l  
and i t  should b e  s e m i e l a s t i c  so  a s  n o t  t o  c rack  i f  the  under- 
l y i n g  s t r u c t u r e  i s  t empora r i ly  deformed. It should be easy  
t o  r e f u r b i s h  l o c a l l y  and should be inexpens ive .  

These chemicals  

4 . 3  Rela t ive  Performance 

Two c l a s s e s  of m a t e r i a l s  have been used i n  a c t u a l  prac-  
t i c e  a s  thermal p r o t e c t i v e  c o a t i n g s  - -  epoxies  and s i l i c o n e s .  
The epoxies  cha r  on the  s u r f a c e  and a r e  a b l a t o r s .  The cha r  
has  good emi t tance  c h a r a c t e r i s t i c s  and i s  porous thus  pe r -  
m i t t i n g  a c e r t a i n  amount of s u r f a c e  coo l ing  by t r a n s p i r a t i o n .  
S i l i c o n e s  do n o t  cha r  u n l e s s  the o rgan ic  p o r t i o n  c o n t a i n s  
phenyl groups.  The epoxies  have proven t o  be s l i g h t l y  b e t t e r  
than the s i l i c o n e s  on t h e  b a s i s  of s m a l l - s c a l e  t es t s .  

A l a r g e  number of o f f - t h e - s h e l f  thermal p r o t e c t i v e  c o a t -  
ings  were screened du r ing  the  SPREE program (Ref 1) and 
s e v e r a l  were s i n g l e d  o u t  as s u p e r i o r .  These were Dynatherm 
E-300, Dow Corning 490-006, and Mar ty te .  Mar ty te  i s  manu- 
f a c t u r e d  and s o l d  by P r e s s t i t e  D iv i s ion  of In t e rchemica l  
Corp. Dynatherm E-300 and Mar ty te  a r e  ceramic impregnated 
epoxies  and Dow Corning 490-006 i s  a s i l i c o n e .  Dynatherm 
E-300 f e a t u r e s  an a s b e s t o s  f i b e r  f i l l e r  and a g l a s seous  
ceramic f i l l e r  t h a t  s o f t e n s  and r e t a i n s  some of the  cha r  f o r  
f u t u r e  launches.  It  has  a d d i t i o n a l  t r a n s p i r a t i o n  formulated 
i n  the c o a t i n g  i n  the  form of subl iming  ino rgan ic  oxides .  
Dow Corning 490-006 c o n t a i n s  i r o n  oxide t h a t  i s  a good emi t -  
t e r  of i n f r a r e d  r a d i a t i o n  and thereby  o f f e r s  a d d i t i o n a l  coo l -  
i ng .  

The c o a t i n g s  eva lua ted  du r ing  the  SPREE t e s t s  were ranked 
according t o  volume loss du r ing  s imula ted  l i f t o f f .  Dynatherm 
E-300 performed b e s t  of t he  t h r e e  top  contenders  on t h i s  
bas i s  followed by Dow Corning 490-006 and Mar ty te .  Other  
coa t ings  eva lua ted  are l i s t e d  below (no t  i n  the  o r d e r  of 
r e l a t i v e  performance) .  

Dow Corning 420-103 General  E l e c t r i c  RTV 511 

Dow Corning 430-121 General  E l e c t r i c  RTV 757  

Dow Corning 493-019 

( foamed) 

Raytheon RPR 2138 
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F u l l e r  F u l b l a t e  878 Type I Raytheon RPR 2141 

F u l l e r  F u l b l a t e  878 Type I1 Raytheon RPR 2156 

F u l l e r  190 5-4 

F u l l e r  Korb la t e  11-190-L 

I n  a d d i t i o n  t o  the l i s t e d  c o a t i n g s ,  many o t h e r s  were 
e v a l u a t e d  be fo re  the  s e l e c t i o n  of Mar ty te  f o r  t h e  T i t a n  
I I I C  i n t e g r a t e d  t r a n s p o r t e r  launcher  (In). Marty te  has  
performed w e l l  as a thermal p r o t e c t i v e  c o a t i n g  i n  a c t u a l  
usage on t h i s  l aunche r  and i n  p a r t i c u l a r  on t h e  ITL umbi l i -  
ca l  masts. 

The c o s t  of t h e  t h r e e  top  contending  c o a t i n g s  were about  
t h e  same. S p e c i f i c  c o s t s  f o r  l a r g e  q u a n t i t y  purchases  would 
have t o  be n e g o t i a t e d  wi th  t h e  manufac turers  f o r  ranking  pur- 
poses.  Dynatherm E-300 and Mar ty te  were more e a s i l y  a p p l i e d  
than Dow Corning 490-006 and i t  i s  r epor t ed  t h a t  Dynatherm 
is  a t t empt ing  t o  develop a gun t o  s i m p l i f y  t h e  a p p l i c a b i l i t y  
of E-300. The s p e c i i i c  grav i t i e s  sf Eyci therm E-300, Dow 
Corning 490-006, and Martyte a r e ,  r e s p e c t i v e l y ,  1 . 2 ,  1.48, 
and 1 . 5 .  

4 . 4  Behavior P r e d i c t i o n  

The d a t a  shown i n  Fig.  1 9  were developed from SPREE 
test r e s u l t s  and g ive  a b a s i s  f o r  p r e d i c t i n g  t h e  r educ t ion  
i n  t h i c k n e s s  of  f o u r  p r o t e c t i v e  c o a t i n g s  during ?aunch. The 
nomograph a p p l i e s  only t o  coa ted  v e r t i c a l  s u r f a c e s  1.5 noz- 
z l e  e x i t  d iameters  d i s t a n t  from t h e  c e n t e r l i n e  of a s i n g l e ,  
uncanted r o c k e t  motor. The d a t a  can be a p p l i e d  t o  a lmost  any 
s i z e  v e h i c l e  having  a l i f t o f f  t h rus t - to -we igh t  r a t i o  of 1.0 
t o  3.0 and SRM chamber p r e s s u r e s  t o  1200 p s i .  

4.5 Cost Data 

N o  a t t e m p t  has  been made t o  compile thermal  p r o t e c t i v e  
c o a t i n g  c o s t  d a t a .  Many of the c o a t i n g  costs r e f l e c t  r e -  
s e a r c h  and development a m o r t i z a t i o n s  and are n o t  r e p r e s e n t a -  
t i v e  of a c t u a l  m a t e r i a l  c o s t s .  Manufac turer ' s  c o s t  d a t a  a r e  
ex t remely  f l e x i b l e  based on the q u a n t i t y  of material pur- 
chased. A c e r t a i n  ceramic impregnated epoxy, f o r  i n s t a n c e ,  
s e l l s  f o r  $70/gal.  A r easonab le  c o s t  f o r  t h e  r e s i n  would be 
$6 /ga l .  and $0 .60/ lb  for t he  ceramic f i l l e r .  A n  11 l b  k i t  
of Dow Corning 490-006 w a s  purchased f o r  SPREE t e s t i n g  f o r  
$54.50. 
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5.0 GLOSSARY OF TERMS 

D Nozzle e x i t  diameter  

Epon 828 A product of S h e l l  Chemical Company 

PBAA Polybutadiene a c r y l i c  a c i d  

pC 

PCE 

Rocket motor a f t  end chamber pressure 

Pyrometric Cone e q u i v a l e n t  

Phenol Glyc idyl  E the r  A product of S h e l l  Chemical Company 

9 
2 Heating r a t e ,  B t u l f t  -sec 

SI(M Sol id  Rocket Motor 

Tt Exhaust Plume Stagna t i o n  Tempe ru 'Liirs 

UTC United Technology Corporat ion 

Versamid 140 A product  of General Mills 

AP 

E 

Stagna t i o n  p res su re  minus atmospheric  p re s -  
srirz; i n  supersnnic flow! s t a g n a t i o n  pres- 
su re  r e f e r s  t o  the  p r e s s u r e  behind a normal 
shock 

e x i t  a r e a  
t h r o a t  a r e a  Nozzle expansion r a t i o ,  

43 
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