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In  t h i s  S p a c e  Age, p r e s s u r e s  and  f l o w r a t e s ,  a s  w e l l  as t h e  cost o f  

c o m p o n e n t s ,  a r e  g o i n g  h i g h e r  and  h i g h e r ,  Not too many y e a r s  a g o ,  

p r e s s u r e s  o v e r  150  p . s . i .  w e r e  c o n s i d e r e d  h i g h .  Then  t h e  e r a  o f  A i r c r a f t  

and  R o c k e t s  c a u s e d  t h e  p r e s s u r e s  t o  i n c r e a s e  t o  3 , 0 0 0  p . s . i .  Now t h e  

normal  o p e r a t i n g  p r e s s u r e  o n  s p a c e  v e h i c l e  s e r v i c i n g  f a c i l i t i e s  i s  6 , 0 0 0  

p . s . i .  Even t h e  6 , 0 0 0  p . s . i .  is n o t  enough  and many s t u d i e s ,  tes t  p r o -  

g r a m s ,  and  r e s e a r c h  p r o g r a m s  o f  i n d u s t r y  a r e  b e i n g  c o n d u c t e d  i n  o r d e r  t o  

d e v e l o p  1 0 , 0 0 0  p . s . i .  and  1 5 , 0 0 0  p . s . i ,  s p a c e  v e h i c l e  s e r v i c i n g  f a c i l i t i e s .  

T h e  f i r s t  q u e s t i o n  w h i c h  g e n e r a l l y  comes t o  mind  when t h e s e  h i g h  

p r e s s u r e s  a r e  b e i n g  d i s c u s s e d  is : Why are  t h e s e  p r e s s u r e s  r e q u i r e d ?  T h e  

s i m p l e  a n s w e r  i s  t h a t  i t  i s  t h e  most e c o n o m i c a l  a p p r o a c h  f o r  t h e  

p a r t  i c u l  a r  p r o b l e m .  S e v e r a l  e c o n o m i c a l  s t u d i e s  h a v e  b e e n  c o n d u c t e d  b y  a n d  

u n d e r  t h e  t e c h n i c a l  s u p e r v i s i o n  o f  t h e  r e c e n t l y  renamed Kennedy S p a c e  

C e n t e r  t o  d e t e r m i n e  t h e  most e c o n o m i c a l  p r e s s u r e  f o r  t h e  S a t u r n  S p a c e  

V e h i c l e  Launch  Complex. T h e  f a c t o r s  w h i c h  g o v e r n e d  t h i s  series o f  studies 

w e r e  : 

1 .  T h e  f l o w r a t e s  and  vo lume o f  g a s  r e q u i  r e d  t o  p e r f o r m  t h e  

n e c e s s a r y  f u n c t i o n s  a r e  t h e  same r e g a r d l e s s  o f  t h e  p r e s s u r e .  

2. O n l y  p r e s s u r e  s y s t e m s  a b o v e  6 , 0 0 0  p . s . i ,  a r e  c o n s i d e r e d .  

3 .  I n s t a l l a t i o n  costs o f  s t o r a g e  b o t t l e s ,  c r o s s - c o u n t r y  t r a n s m i s s i o n  

p i p i n g ,  b a t t e r y  i n t e r c o n n e c t i n g  p i p i n g ,  p r i m a r y  p r e s s u r e  r e g u l a t i o n ,  com- 

p r e s s o r s  and c o n v e r t e r s ,  a n d  d i f f e r e n t  m a t e r i a l s  f o r  p i p i n g  a n d  b a t t e r y  

s t o r a g e  b o t t l e s  w e r e  c o n s i d e r e d  i n  t h e s e  s t u d i e s .  

S e v e r a l  m a n u f a c t u r e r s  and  g o v e r n m e n t a l  a g e n c i e s  w h i c h  o p e r a t e  h i g h  

p r e s s u r e  s y s t e m s  w e r e  c o n t a c t e d  to  d e t e r m i n e  t h e  e x i s t a n c e  and  r e l i a b i l i t y  

o f  o p e r a t i n g  e q u i p m e n t  i n  t h i s  p r e s s u r e  r a n g e .  Some o f  t h e s e  o r g a n i z a t i o n s  

w e r e :  H e r c u l e s  Powder ,DuPont ,  J o h n  D e e r e ,  M i s s i s s i p p i  C h e m i c a l ,  N i t r o -  

W e l l ,  I n c ,  T h e  c o n t i n u o u s  o p e r a t i n g  p r e s s u r e s  o f  t h e s e  o r g a n i z a t i o n s  

r a n g e d  f r o m  7 , 5 0 0  to  1 5 , 0 0 0  p . s . i ,  



T h e  r e s u l t s  o f  t h e s e  e c o n o m i c a l  s t u d i e s  i n d i c a t e d  t h e  most 

e c o n o m i c a l  p r e s s u r e  r a n g e d  f r o m  7 , 5 0 0  p . s , i .  t o  1 2 , 0 0 0  p . s . i . ,  d e p e n d -  

i n g  upon t h e  m a t e r i a l  u s e d  i n  t h e  b a t t e r y  s t o r a g e  f a c i l i t y  a n d  t h e  cross- 

c o u n t r y  t r a n s m i s s i o n  p i p i n g .  

I n  o r d e r  t o  w i s e l y  s p e n d  t h e  t a x  p a y e r s  money b y  s e l e c t i n g  t h e  b e s t  

component  a t  t h e  l e a s t  p r i c e ,  a  c e r t a i n  amount  o f  r e s e a r c h  a n d  d e v e l o p -  

ment  i s  r e q u i r e d .  T h i s  r e s e a r c h  is r e q u i r e d  to  m a i n t a i n  t h e  p r o f e s s i o n a l  

r e s p e c t  o f  i n d u s t r y  a s  we1 1  a s  t o  e v a l u a t e  t h e  p e r f o r m a n c e  o f  i n d u s t  r y e  ' 

T h e  n e e d  t o  e v a l u a t e  h i g h  p r e s s u r e  p n e u m a t i c  c o m p o n e n t s  f o r  g r o u n d  

s u p p o r t  e q u i p m e n t  a n d  t o  m a i n t a i n  p r o f e s s i o n a l  r e s p e c t  i n  t h e  f i e l d  a r e  

t h e  u n d e r l y i n g  r e a s o n s  f o r  w h i c h  t h e  M a r s h a l l  S p a c e  F l i g h t  C e n t e r ' s  High  

P r e s s u r e  F l u i d  F a c i l  i t y  was  c o n s t r u c t e d .  

T h e  test  f a c i l i t y  h a s  a  h y d r o s t a t i c  p r e s s u r e  c a p a b i l i t y  o f  1 0 0 , 0 0 0  

p.s.  i  . T h i s  h y d r o s t a t i c  ' p r e s s u r e  is u s e d  t o  p r o o f  p r e s s u r e  test compo- 

n e n t s  i n s e n s i t i v e  t o  w a t e r  and  t o  b u r s t  c o m p o n e n t s  when t h i s  t y p e  o f  

d e s t r u c t i v e  test  i s  r e q u i r e d .  T h i s  p i e c e  o f  e q u i p m e n t  h a s  a  r a t h e r  

u n i q u e  p r e s s u r e  m e a s u r i n g  d e v i c e  - a  B u l k  Modulus  C e l l .  T h i s  d e v i c e  i s  

i n s e n s i t i v e  t o  s h o c k  p r e s s u r e s  a n d  is v e r y  v a l u a b l e  i n  b u r s t  tests.  T h e  

u n i t  w o r k s  f o l l o w i n g  t h e  l a w s  o f  modulus  o f  c o m p r e s s i b i l  i t y .  It h a s  a  

h o l l o w ,  e n c l o s e d  e n d  s t e e l  c y l i n d e r  e x p o s e d  o n  o n e  s i d e  t o  t h e  h i g h  

p r e s s u r e  and  o n  t h e  o t h e r  s i d e  t o  a t m o s p h e r i c  p r e s s u r e .  T h e  h i g h  p r e s s u r e  

c a u s e s  t h e  c y l i n d e r  o f  s t e e l  t o  b e  c o m p r e s s e d ;  t h i s  c o m p r e s s i o n  i s  

m e a s u r e d  a n d  is d i r e c t l y  p r o p o r t i o n a l  t o  t h e  p r e s s u r e .  

T h e  test  f a c i l i t y  a l s o  h a s  a  g a s  i n t e n s i f i e r  c a p a b l e  o f  p r o d u c i n g  

2 5 , 0 0 0  p . s . i .  a t  s m a l l  v o l u m e  w i t h  a  5,000 p . s . i .  g a s  s o u r c e .  T h i s  g a s  

p r e s s u r e  c a n  b e  e i t h e r  n i t r o g e n  o r  he1 ium. T h i s  p r e s s u r e  is u s e d  t o  

p r o o f  p r e s s u r e  tes t  c o m p o n e n t s  w h i c h  a r e  s e n s i t i v e  t o  w a t e r  a n d  t o  l e a k  

tes t  c o m p o n e n t s .  



T h e  F l u i d  T e s t  F a c i l  i t y  c a n  a l s o  c o n d u c t  p n e u m a t i c  f l o w  tests a t  

1 0 , 0 0 0  p . s , i .  a n d  a n  e s t i m a t e d  maximum f l o w r a r e  o f  n i t r o g e n  f r o m  8 0 , 0 0 0  

t o  1 0 0 , 0 0 0  s c f m .  T h i s  f l o w  f a c i l  i t y  c o n s i s t s  o f  a  c o m p r e s s o r ,  s t o r a g e  

b o t t l e s ,  and  t h e  d i s c h a r g e  1 i n e .  

G a s e o u s  n i t r o g e n  i s  p i p e d  t o  t h e  t e s t  f a c i l i t y  a t  3 , 0 0 0  p . s . i .  a n d  

a m b i e n t  t e m p e r a t u r e ,  T h i s  p r e s s u r e  is r e d u c e d  t h r o u g h  p r e s s u r e  regu-  

l a t o r s  a n d  f e d  t o  t h e  c o m p r e s s o r .  T h e  c o m p r e s s o r  i s  a  s i x - s t a g e  a i  r- 

c o o l e d  c o m p r e s s o r  w h i c h  b o o s t s  t h e  n i t r o g e n  g a s  t o  1 0 , 0 0 0  p . s . i .  a n d  t o  

w i t h i n  2 0  d e g r e e s  F o f  a m b i e n t  t e m p e r a t u r e .  T h i s  1 0 , 0 0 0  p . s . i .  g a s  i s  

t h e n  p a s s e d  t h r o u g h  c h e m i c a l  d r y e r s  and  o i  1 a b s o r b e r s  t o  remove t h e  oi 1 

i n t r o d u c e d  by  t h e  c o m p r e s s o r .  T h e  g a s  is t h e n  d i s c h a r g e d  i n t o  a  b a t t e r y  

o f  s t o r a g e  v e s s e l s .  T h e  t o t a l  vo lume o f  t h e  s t o r a g e  v e s s e l s  is 1 2 5  c u b i c  

f e e t  w a t e r  vo lume o r  a p p r o x i m a t e l y  8 0 , 0 0 0  s t a n d a r d  c u b i c  f e e t  o f  n i t r o g e n  

g a s  a t  1 0 , 0 0 0  p . s , i . g .  T h e s e  s t o r a g e  b o t t l e s  a r e  m a n i f o l d e d  a n d  p i p e d  

i n t o  t h e  test  c e l l .  T h e  s y s t e m  s h u t o f f  v a l v e  w h i c h  i s o l a t e s  t h e  b o t t l e s  

f r o m  t h e  test  c e l l  i s  a  r e m o t e l y - o p e r a t e d ,  s p r i n g - l o a d e d  c l o s e d  g a t e  ' 

v a l v e  and  is i n s t a l l e d  a t  t h e  e n d  o f  t h e  f l o w  l i n e .  From t h i s  p o i n t  a  

test  s p e c i m e n  a n d  t h e  r e q u i r e d  a s s o c i a t e d  s u p p o r t  e q u i p m e n t  w o u l d  b e  

i n s t a l l e d - f o r  a  t e s t  series.  N i t r o g e n  i s  t h e  normal  f l o w  medium; h o w e v e r ,  

t h e  s y s t e m  is a l s o  d e s i g n e d  t o  f l o w  h e l i u m .  

S i n c e  t h i s  is a n  u n u s u a l  f a c i l i t y ,  many p r o b l e m s  h a v e  b e e n  e n c o u n t e r e d  

i n  d e s i g n ,  c o n s t r u c t  i o n ,  and  o p e r a t  i d n o  Some o f  t h e  m a j o r  p r o b l e m s  

a r e  d i s c u s s e d  i n  t h e  f o l  l o w i n g  p a r a g r a p h s .  

One o f  t h e  most i m p o r t a n t  is t h e  p r o b l e m  o f  s a f e t y  b o t h  t o  p e r s o n n e l  

and  e q u i p m e n t .  T h i s  p r o b l e m  i s  o f  p a r a m o u n t  i m p o r t a n c e  s i n c e  t h e  

s t o r a g e  b o t t l e s  p r e s s u r i z e d  a t  1 0 , 0 0 0  p . s . i .  h a v e  t h e  e q u i v a l e n t  

f t . - l b s .  o f  e n e r g y  a s  250 l b s ,  o f  TNT, F o r  t h i s  r e a s o n ,  t h e  test b a y  



was cons t ruc ted  t o  g i v e  good p r o t e c t i o n  f o r  personnel and t h e  o p e r a t i n g  

procedures were es tab l  ished t o  per form as many opera t  ions remote1 y  

as p o s s i b l e  . 
The most d i s a s t r o u s  t ype  af  f a i l u r e  would be t h e  complete 

s t r u c t u r a l  f a i l u r e  o f  a  l a r g e  component which i s  p ressu r i zed  w i t h  t h e  

gas, T h i s  would c r e a t e  two se r i ous  s a f e t y  hazards: shrapnel and inc rease  

i n  p ressure  w i t h i n  t h e  t e s t  c e l l .  

The t e s t  f a c i l i t y  was cons t ruc ted  i n  an e x i s t i n g  b u i l d i n g  which 

c rea ted  problems o f  b u i l d i n g  a  s u i t a b l e  p r o t e c t i v e  b a r r i e r  w i t h  m a t e r i a l s  

which cou ld  be handled i n s i d e  t h e  b u i l d i n g .  The t e s t  c e l l  was b u i l t  o f  

1 /4- inch s t e e l  p l a t e ,  welded on each s i d e  o f  6- inch columns, and then  

f i l l e d  w i t h  sand. T h i s  t ype  w a l l  i s  on t h r e e  s ides  o f  t h e  40'X201X101 

t e s t  c e l l .  The remaining w a l l  i s  a  cor rega ted  asbestos w a l l  f o r  weather 

p r o t e c t i o n  on l y .  T h i s  w a l l  was l e f t  unprotected t o  serve as a  b lowout  

, w a l l  i n  t h e  event o f  a  l a r g e  component f a i l u r e .  The area immediate ly  

behind t h i s  unpro tec ted  w a l l  i s  fenced t o  p reven t  acc iden ta l  en t rance  

t o  t h i s  area. 

The c e i l i n g  o f  t h e  t e s t  c e l l  i s  covered w i t h  t h r e e  ove r l app ing  

l a y e r s  o f  heavy gauge cha in  l i n k  fence. Th i s  t ype  c e i l i n g  i s  t o  ca tch  

any p ieces  o f  a  component which may f a i l  d u r i n g  a  t e s t ,  b u t  t o  r e l i e v e  

any p o s s i b l e  ove r  p ressure  due t o  t h e  sudden re lease  o f  gas, 

The c o n t r o l  s t a t i o n  i s  l oca ted  o u t s i d e  o f  t h e  t e s t  c a l l  on t h e  40- 

f oo t  w a l l . s e c t i o n .  From t h i s  p o i n t  o u t s i d e  t h e  c e l l  a l l  of  t h e  ope ra t i ons  

a r e  c o n t r o l l e d  w i t h i n  t h e  t e s t  c e l l .  A l l  o f  t h e  t e s t  c e l l  c o n t r o l  va lves  

a r e  f a i l - s a f e  i n  t h a t  they  a r e  spr ing- loaded t o  t h e i r  normal p o s i t i o n s .  

I n  an emergency a1 1 t h a t  has t o  be done t o  r e t u r n  t h e  t e s t  c e l l  t o  a  

4 



s a f e  c o n d i t i o n  w i t h  a l l  o f  t h e  c o m p o n e n t s  v e n t e d  i s  t o  t u r n  o f f  t h e  

e l e c t r i c a l  power  o n  t h e  c o n t r o l  p a n e l ,  

T h e  f a c t  t h a t  n o  d i s a s t r o u s  t y p e  f a i l u r e s  h a v e  o c c u r r e d  i n  t h e  

o p e r a t i o n  o f  t h e  test  f a c i l i t y  i s  d u e  p r i m a r i l y  t o  t h e  p r e l i m i n a r y  tests  

c o n d u c t e d  o n  a componen t  b e f o r e  i t  i s  i n s t a l l e d  i n  t h e  f l o w  l i n e .  B e f o r e  

a componen t  is i n s t a l l e d  f o r  f l o w  tests ,  i t  m u s t  s u c c e s s f u l l y  p a s s  a  

l e a k a g e  test w i t h  n i t r o g e n  g a s  a t  t h e  r a t e d  w o r k i n g  p r e s s u r e  o f  t h e  com- 

p o n e n t .  I f  i t  p a s s e s  t h i s  t e s t ,  i t  may b e  s u b j e c t e d  t o  a  l e a k a g e  test  

u s i n g  he1 ium as t h e  test  medium and  a t  t h e  r a t e d  w o r k i n g  p r e s s u r e .  I t  

is t h e n  s u b j e c t e d  t o  a p r o o f  p r e s s u r e  test  f r o m  150% t o  200% o f  t h e  

r a t e d  w o r k i n g  p r e s s u r e .  T h e  t e s t  medium is e i t h e r  n i t r o g e n  o r  w a t e r ,  

d e p e n d i n g  o n  t h e  c o m p o n e n t ' s  s e n s i t i v i t y  t o  w a t e r .  T h i s  p r o o f  p r e s s u r e  

is m a i n t a i n e d  o n  t h e  componen t  f o r  a t  l e a s t  t e n  m i n u t e s ,  Any s i g n  o f  

l e a k a g e  o r  s t r u c t u r a l  d e f o r m a t  i o n  d u e  t o  t h e  p r o o f  p r e s s u r e  tes t  is 

g r o u n d s  f o r  r e j e c t i o n  o f  t h a t  componen t .  

A t y p i c a l  tes t  p r o g r a m  w o u l d  b e  d i f f i c u l t  t o  b r o a d l y  d e f i n e  s i n c e  

many t y p e s  o f  c o m p o n e n t s  a r e  t e s t e d ;  h o w e v e r ,  o n e  tes t  w o u l d  b e  common 

t o  e a c h , c o m p o n e n t  mounted  i n  t h e  f l o w  f a c i l i t y ,  t h i s  b e i n g  a  maximum 

f l o w  tes t .  T h i s  tes t  i s  t h e  most n o t a b l e  b e c a u s e  i t  creates a  h i g h  

n o i s e  l e v e l ,  T h i s  n o i s e  l e v e l  c a n ,  a t  times, b e  p a i n f u l  t o  t h e  human 

e a r  w i t h o u t  p r o p e r  e a r  p r o t e c t  i o n ,  T h e  e s t i m a t e d  d e c i  be1 1  e v e 1  r a n g e s  

f  rom a p p r o x i m a t e l y  1 2 5  t o  160DB; t h e r e f o r e ,  e a r  p r o t e c t  i o n  d e v i c e s  a r e  

u s e d  d u r i n g  h i g h  f l o w  tests .  

T h e  a n a l y s i s  o f  t h e  test d a t a  r e v e a l s  o n e  o f  t h e  most i n t e r e s t i n g  

o f  t h e  p r o b l e m s  e n c o u n t e r e d  i n  t h i s  t y p e  o f  test  f a c i l i t y  - t h e  f l o w  

measu  r e m e n t  . 
As i t  h a s  b e e n  s t a t e d ,  t h e  maximum f l o w r a t e  o f  t h e  test  f a c i l i t y  

is 8 0 , 0 0 0  t o  1 0 0 , 0 0 0  s c f m  and  t h e  maximum s t o r a g e  c a p a c i t y  is 8 0 , 0 0 0  



scfm a t  10,000 p.s. i .  I t  i s  obvious t h a t  these maximum f l o w  t e s t s  

occur  f o r  s h o r t  pe r i ods  o f  t ime, 5 t o  10 seconds. T h i s  s h o r t  t i m e  

p e r i o d  c rea tes  an unusual demand on a l l  i n s t r umen ta t i on  - t h a t  i t  

respond w i t h i n  m i l l i s e c o n d s  and be accura te  w i t h i n  1/2% t o  1%. The 

types o f  measurements requ i red a r e  temperature,  pressure, and f 1 ow. 

Probably  t h e  most f r u s t r a t i n g  problem w i t h  t h i s  t e s t  f a c i l i t y  o r  

any t e s t  f a c i l  i t y  which dea ls  w i t h  a  compress ib le  f l u i d  i s  t h e  measure- 

ment o f  f l ow.  Th i s  f l o w  measurement d i f f i c u l t y  i s  compounded by t h e  

l a c k  o f  exper ience i n  measuring these f l o w r a t e s  a t  these pressures. 

There a r e  c e r t a i n  per imete rs  which a r e  requ i red  o f  t h e  f l o w  measur- 

i ng dev i ces : 

1. The measuring dev ice  should c r e a t e  a  minimum f l o w  r e s t r i c t i o n  

and p ressure  loss .  

2. The dev ice  should cover t h e  range from 50 t o  100,000 scfm range 

w i t h  an accuracy o f  1%. 

3. The dev ice  should be capable o f  g i v i n g  an instantaneous f l o w  

read i ng . 
4. The dev ice  should have a  minimum s t a r t - u p  t ime  and a  minimum 

coas t  downtime a f t e r  a  run. 

There a r e  t h r e e  methods p r e s e n t l y  employed t o  measure t h e  f l o w  i n  

t h e  t e s t  f a c i l i t y :  

1 .  The temperature and p ressure  i s  measured j u s t  p r i o r  t o  a  t e s t  

run  and aga in  one hour  a f t e r  t h e  t e s t  run. The mass o f  n i t r o g e n  i s  

c a l c u l a t e d  from t h e  thermodynamic p r o p e r t i e s  o f  t h e  gas a t  t h e  s t a r t  o f  

a t e s t  run and then  aga in  from t h e  cond i t i ons  one hour  a f t e r  t h e  run. 

The d i f f e r e n c e  i n  t h e  mass i s  t h e  amount o f  n i t r o g e n  f lowed d u r i n g  t h e  

t e s t .  The t i m e  o f  t h e  t e s t  run i s  taken from t h e  i ns t rumen ta t i on  cha r t s .  

The mass d i f f e r e n c e  i s  then  d i v i d e d  by t h i s  run t ime  t o  g i v e  t h e  average 

f l owra te  f o r  t h e  t e s t .  



T h i s  m e t h o d  i s  c o n s i d e r e d  t o  b e  t h e  most a c c u r a t e  f o r  d e t e r m i n i n g  

t h e  t o t a l  f l o w  a n d  t h e  a v e r a g e  f l o w  f o r  a  t e s t .  Bt d o e s  n o t  a l l o w  f o r  

s t a r t - u p  t i m e  o r  d e c a y  time d u r i n g  a  r u n  a n d ,  t h e r e f o r e ,  a n  i n s t a n t a n e o u s  

f l o w  m e a s u r e m e n t  w i l l  b e  s l i g h t l y  h i g h e r .  T h i s  m e t h o d  d o e s  h a v e  t h e  d i s -  

a d v a n t a g e  o f  h a v i n g  t h e  t e s t  f a c i l i t y  i d l e  f o r  a t  l e a s t  o n e  h o u r  a f t e r  

a  test  r u n  t o  a 1  low t h e  b o t t l e  p r e s s u r e  a n d  t e m p e r a t u r e  t o  s t a b i  1 i z e ,  

2.  A s e c o n d  m e t h o d  f l o w  m e a s u r i n g  i s  a  t u r b i n e  f l o w m e t e r .  T h i s  

d e v i c e  h a s  b e e n  g i v i n g  a m a z i n g  r e s u l t s  f o r  t h e  c o n d i t i o n s  t o  w h i c h  i t  

h a s  b e e n  s u b j e c t e d ,  It h a s  b e e n  o p e r a t i n g  a t  a p p r o x i m a t e l y  f o u r  t i m e s  

i t s  r a t e d  r a n g e  a n d  h a s  b e e n  c o m p a r i n g  v e r y  c l o s e l y  w i t h  t h e  m a s s  f l o w  

c a l c u l a t i o n s ,  T h i s  t y p e  o f  a  d e v i c e  h a s  t h e  d i s a d v a n t a g e s  t h a t  i t  c a n n o t  

m e a s u r e  t h e  c o m p l e t e  r a n g e  o f  f l o w s ,  a n d  i t  h a s  a  s t a r t - u p  t i m e  d e l a y  

a n d  a  c o a s t  down t i m e .  

3. T h e  t h i r d  f l o w  m e a s u r i n g  d e v i c e  is a  p i t o t  t u b e  w h i c h  h a s  b e e n  

m a n u f a c t u r e d  t o  w i t h s t a n d  t h e  1 0 , 0 0 0  p . s . i .  p r e s s u r e .  T h i s  p i t o t  t u b e  

h a s  b e e n  i n s t r u m e n t e d  w i t h  a  t h e r m o c o u p l e ,  a  p r e s s u r e  t r a n s d u c e r ,  a n d  a 

d i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r .  T h e  t h e r m o c o u p l e  i s  t o  g i v e  t h e  

t e m p e r a t u r e  o f  t h e  f l o w  med ium,  t h e  p r e s s u r e  t r a n s d u c e r  is t o  m e a s u r e  

t h e  s t a t i c  p r e s s u r e  i n  t h e  l i n e ,  a n d  t h e  d i f f e r e n t i a l  p r e s s u r e  m e a s u r e s  

t h e  p r e s s u r e  d i f f e r e n t i a l  b e t w e e n  t h e  s t a t i c  p r e s s u r e  a n d  t h e  p r e s s u r e  

c a u s e d  b y  t h e  v e l o c i t y  o f  t h e  medium i n  t h e  f l o w  l i n e .  A p r e s s u r e  

d i f f e r e n t i a l  m e a s u r e m e n t  is  u s e d  t o  g i v e  a  more a c c u r a t e  r e a d i n g  a n d  i t  

is e a s i e r  t o  w o r k  w i t h  i n  t h e  c a l c u l a t i o n s .  

T h e  d i f f e r e n t i a l  p r e s s u r e  i s  v e r y  s m a l l  c o m p a r e d  t o  t h e  s t a t i c  

p r e s s u r e ,  a n d  i s  v e r y  d i f f i c u l t  t o  m e a s u r e  a c c u r a t e l y .  T h i s  d i f f e r e n t i a l  

p r e s s u r e  is  a p p r o x i m a t e l y  130 p . s , i  . d ,  w i t h  a  4 , 2 0 0  p . s . i ,  s t a t i c  

p r e s s u r e  a n d  a  f l o w r a t e  o f  4 0 , 0 0 0  s c f m .  T h i s  d i f f e r e n t i a l  p r e s s u r e  i s  

p r e s e n t l y  b e i n g  m e a s u r e d  w i t h  a  p r e s s u r e  t r a n s d u c e r  r a t e d  f o r  a  0  t o  



5,000 p.s.i.g. I t  i s  obv ious t h a t  t h e  130 p.s. i .d. i s  on t h e  low end of  

t h e  range and t h e  s i g n a l  is a m p l i f i e d  t o  t h e  e x t e n t  t h a t  i t  f a r  exceeds 

t h e  accuracy 1 i m i  t s  o f  t h e  p ressure  t ransducer .  

Pressure t ransducers  designed t o  measure t h i s  smal l  d i f f e r e n t i a l  

p ressure  a t  t h e  h i g h  s t a t i c  p ressure  should  enable  t h i s  f l o w  measur ing 

dev i ce  t o  become t h e  bes t  o f  t h e  t h r e e  methods. 

There a r e  thermocouples i n s t a l l e d  i n  t h e  s to rage  b o t t l e s  t o  measure 

t h e  average temperature.  There i s  a l s o  a  p ressure  t ransducer  m o n i t o r i n g  

t h e  s to rage  f a c i l i t y  pressure.  T h i s  temperature and p ressure  i n f o r m a t i o n  

i s  used i n  one o f  t h e  methods t o  determine t h e  gas f low.  These 

temperature and p ressure  i n s t  ruments a re  no t  requi  red t o  respond as 

r a p i d l  y  as t h e  o t h e r  i ns t r umen ta t i on  s i n c e  these  readings a r e  taken  under 

e q u i l i b r i u m  c o n d i t i o n s  ( be fo re  and a f t e r  t h e  t e s t  runs).  

There a r e  two t o  t h r e e  temperature measurements r e q u i r e d  w i t h i n  t h e  

f l o w l i n e  t o  measure t h e  gas temperature as t h e  gas f lows .  These 

temperature measurements have t o  respond w i t h i n  50 t o  100 m i l l i s e c o n d s  

t o  g i v e  t h e  d e s i r e d  speed needed t o  correspond w i t h  t h e  f l o w  measurements. 

The f l o w  measurements a r e  taken ins tan taneous ly ;  t h e r e f o r e ,  t h e  temperature 

must respond as r a p i d l y  as t h e  f l o w  measurement t o  g i v e  an accura te  

c o r r e c t i o n  f a c t o r  f o r  t h e  f l o w  c a l c u l a t i o n s .  

T h i s  temperature measurement i s  one problem which has no t ,  t o  date,  

been s a t  i s f a c t o r i  1 y reso lved.  For  a  thermocouple t o  respond as r a p i d l  y  

as i s  r e q u i r e d  i n  t h i s  a p p l i c a t i o n ,  i t  should  be made o f  smal l  w i r e s  

w i t h  t h e  j u n c t i o n  o f  these w i res  exposed. There a re  two l a r g e  problems 

which a re  c rea ted  by  t h i s  s imp le  s ta tement :  ( 1 )  t h e  smal l  w i r e s  may 

bend, break, o r  f a t i g u e  due t o  t h e  v e l o c i t y  o f  t h e  gas i n  t h e  p ipe,  t h e r e -  

f o re ,  t hey  shou ld  be suppor ted w i t h i n  t h e  p ipe .  T h i s  suppor t  would cause 

8 



a r e s t r i c t i on  w i t h i n  the  pipe and because of the  r e s t r i c t i on  glve a 

f a l s e  tenperature reading and a pressure drop i n  the  l i ne ,  and (2)  the  

wires have t o  be sealed t o  withstand the  10,000 p.s.i. pressure. This 

pressure seal must be posi t ive  t o  prevent leakage and movement of the  

w i  res ;  i t  a l so  must be non-conduct ive. 

One possible solut ion t o  t h i s  temperature measurement i s  some 

re la t ive ly  new developments i n  the  sol i d  s t a t e  e lec t ron ic  temperature 

sensors; A t  the  present time these devices have not been evaluated a t  

t h i s  faci  1 i t y .  

Another problem area is measuring pressure d i f fe renz ia l s  of small 

magnitude w i t h  a  h i g h  s t a t i c  pressure. An example i s  t o  measure a a 

pressure drop across a component of 0-100 p.s.i.d, with a 10,000 p,s . i .  

pressure on the i n l e t  of the  component. This type of measurement i s  

used; ( 1 )  t o  measure the f r i c t i o n  losses i n  a  length of pipe, (2)  t o  

measure the  pressure drop across a component, and (3) t o  measure the  

veloci ty  pressure i n  a  p i t o t  tube. The s t a t e  of the  a r t  i s  adequate t o  

measure pressures of 10,000 p,s.i .  w i t h  pressure transducers of rhe 

vari  abl c rel uctance o r  s t r a i n  gauge type w i t h  i n  1/2% accuracy; however, 

the  requi-rcqcnt f o r  the  small d i f fe ren t ia l  pressure a t  the  h i g h  s t a t i c  

prcssure has been special enough t o  requi re specia l*  manufacture, 

Another problem which retards the t es t ing  program i s  the  limited 

number o r  components which have been developed t o  meet the  requirements 

of a Space Vchicle Launch Complex. 

Most of the  valves, pressure regulators, re1 ief valves, and o ther  

conponcnts which operate a t  10,000 p.s. i . , w i t h  equiva? e n t o r i  f  ices 

- grcatcr  than one inch, a r e  avai lable  only on special order. I hese 

spccial conponents a r e  very expensive and requi re a t engthy del ivery 



P ipe  and p i p e  coup l ings  a r e  a l s o  problem items. The p ipes  w i t h  

i n t e r n a l  bores g r e a t e r  than  one inch  and ope ra t i ng  a t  10,000 p o s e  i. 

a r e  g e n e r a l l y  spec ia l  m i l l  runs w i t h  h i g h  s t r e n g t h  a l l o y  s t e e l s .  

Tests  have proved t h a t  a clamp t ype  coup l i ng  w i l l  h o l d  g r e a t e r  

pressures, a r e  1 i g h t e r ,  l e s s  expensive, t ake  excess ive bending, and 

h o l d  much h i g h e r  pressures than t h e  ASA f l a n g e  designs. These clamp- 

t y p e  p i p e  connect ions a r e  used e x c l u s i v e l y  i n  t h e  t e s t  c e l l  f o r  h i g h  

pressures, 

High p ressure  components o f  t h e  t u b i n g  s izes,  l e s s  than  one inch, 

a r e  r e a d i l y  a v a i l a b l e  and a r e  economica l ly  p r i ced .  I n  t h i s  area t h e r e  

a r e  a number o f  manufacturers  which produce q u a l i t y  products.  The 

s a f e s t  and most p r a c t i c a l  t u b i n g  and tube  connect ions a r e  o f  t h e  Bureau 

o f  Standards super p ressure  design, 

American I n d u s t r y  has t h e  a b i l i t y  and w i l l  produce components t o  

... meet these  r i g i d  requirements. To complement t h i s  a b i l i t y ,  i n d u s t r y  

has a l s o  developed t h e  f i n e s t  techniques o f  persuas ive  salesmanship t o  

s e l l  these  products.  I n  o r d e r  t o  determine t h e  d i f f e r e n c e  between sa les -  

manship and workmanship i n  these  components, t h i s  t e s t  f a c i l i t y  w i l l  be 

conductin'g component e v a l u a t i o n  t e s t s  f o r  t h e  Space Veh i c l e  Launch 

Complexes d u r i n g  t h e  nex t  few years, 

The problems which have been encountered d u r i n g  t h e  design, bu i ldup ,  

and o p e r a t i o n  o f  t h i s  t e s t  f a c i l i t y  have no t  a l l  been resolved. They 

a r e  n o t  hopeless, i n  f a c t ,  t hey  w i ?  l probab ly  be rep laced w i t h  g r e a t e r  

problems w i t h  t h e  t r e n d  go ing t o  h i g h e r  pressures and l a r g e r  l i n e  s izes .  
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