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1. Summary 

Process 

Anomalies have occurred  i n  t h e  Symphonie S a t e l l i t e  MV2 on t h e  
ho t  gas system branch s i n c e  May 1976, which i n  p a r t  have l e d  
t o  t h e  f a i l u r e  of a l l  engines, t h a t  is, engines no. H2, H4, 
H5 

Analysis  o f  t h e  Process 

A d e t a i l e d  m a l y s i s  o f  t h e  phenomena hhs l e d  t o  t h e  conc lus ion  
t h a t  t h e  f u e l  supply f o r  t h e  eng ines  has  been i n t e r r u p t e d  by 
some klnd of  blockage a t  one p o i n t  of t h e  conveyance system. 
Also t h e  a n a l y s i s  performed h a s  l e d  t o  t h e  conc lus ion  t h a t  o u t  
of t h e  two supply systems f o r  o x i d i z e r  and f u e l ,  t h e  o x i d i z e r  
s y s t e -  i s  blocked. This  conc lus ion  r e s u l t e d  from t h e  f a c t  t h a t  
a f t e r  t u r n o f f  o f  t h e  engines,  a  t h r u s t  was d e l i v e r e d  af ter  a 
c e r t a i n  time wi thout  opening any f u e l  va lves .  

This  phenomenon can be exp la ined  by t h e  f a c t  t h a t  d u r i n g  t h e  
p rev ious  r e g u l a r  a c t i v a t i o n s  o f  t h e - e n g i n e s ,  only  f u e l  flowed 
o u t ,  which i s  f rozen  s o l i d  because o f  t h e  f a c t  % h a t  t h e r e  i s  
no combustion heat  i n  t h e  combustion chamber, and a t  a later  
time i t  was the rmal ly  decomposed by t h e  o x i d i z e r  which was 
supp l i ed  i n  drops.  From t h e  p r o c e s s  d e s c r i b e d  h e r e  w e  can  con- 
c lude  t h a t  t h e  o x i d i z e r  branch is blocked.  

1.2. P o s s i b i l i t i e s  o f  Repair 

It i s  known t h a t  f o r  c e r t a i n  pre-condi t ions ,  s o  c a l l e d  metal 
s a l t s  a r e  formed i n  t h e  o x i d i z e r  which first a r e  p r e s e n t  i n  t h e  
d i s s o l v e d  s t a t e .  These metal s a l t s  can p r e c i p i t a t e  a t  t h e  h i g h  
speed o f  t h e  s o l u t i o n  medium, t h a t  i s , through t h e  narrow passages  
of t h e  conveyance system i n  a  3-e l ly- l ike  s o l i d  form ( g e l ) .  
This  l e a d s  t o  f u r t h e r  c o n s t r i c t i o n  of t h e  na~:row. passage  and 



l e a d s  t o  complete blockage. It i s  n a t u r a l  t o  look upon t h i s  
phenomenon as t h e  cause  d f  blockage of  t h e  o x i d i z e r  branch o f  
t h e  MV2. 

An evacua t ion  o f  t h e  o x i d i z e r  branch is t h e  only  method o f  
r e p a i r i n g  t h e  dev ice  i n  o r b i t .  Therefore ,  we first c a r r l e d , o u t  
l a b o r a t o r y  experiments  where we observed t h e  behavior  of arti- 
f i c i a l l y  produced j e l l i e s  I n  a vacuum ( 1  Tor r ) .  It was found 
t h a t  t h e  s o l i d  volume of t h e  j e l l y  i s  reduced,which i s  t o  be 
a t t r i b u t e d  t o  a subl imat ion .  This  g i v e s  u s  a first i n d i c a t i o n  
t h a t  t h e r e  i s  a p o s s i b i l i t y  of r e p a i r i n g  t h e  o x i d i z e r  branch 
i n  o r b i t . , I n o r d e r  t o  e s t i m a t e  t h e  e f f e c t i v e n e s s  o f  t h e  vacuum 
on t h e  removal of  j e l l i e s  under t h e s e  boundary c o n d i t i o n s  which 
p r e v a i l  f o r  t h e  conveyance system, we performed f u r t h e r  ana l -  
y s e s  t o  determine which s i ~ u l a t i o n s  would be  p o s s i b l e  on t h e  
ground. 

S imula t ion  Methods on t h e  Ground 

I n  s e v e r a l  d i s c u s s i o n s  w i t h  r e p r e s e n t a t i v e s  of  t h e  i n d i v i d u a l  
wi th  t h e  i n d i v i d u a l  i n s t i t u t e s  such a s  CIFAS, GESOG, CNES we 

def ined  t h e  s i m u l a t i o n  method on th'e ground. We f i x  t h e  f o l -  
lowing: 

The raw n a t e r i a l  f o r  t h e  j e l l i e s  i s  aanufac tu red  a r t i f i c i a l l y  
by mixing water ,  Kal t ron  and I r o n  Nickel  n i t r a t e  t o  N2U4. The 
fo l lowing  composition h a s  been s p e c i f i e d  98 \ N204, I \ H20 

and 1 Ksltron 113 and 20 mg 50150 FE"Ni  'Nitrate. 

Water and Kal t ron  were added bscause one cannot  exclude  t h a t  
t h e s e  media have remained i n  t h e  bel lows t a n k s  which a r e  d i f f i -  
c u l t  t o  c lean .  A non-contaminated f u e l  MMH t o g e t h e r  w i t h  t h i s  
contaminated o x i d i z e r  was used t o  o p e r a t e  a 10 N-engine under 
ho t  run  c o n d i t i o n s  using a n  o r i g i n a l  r e p l i c a  o f  t h e  conveyance 
system up t o  t h e  systems valve. The t e s t  c o n f i g u r a t i o n  was 
s e l e c t e d  i n  t h i s  way because t h e  c r i t i c a l  p a s s a g e s - i n  t h e  corn- 



ponents  a f t e r  t h e  system valve  such as t h e  f i l t e r ,  diaphragm 
and engine  e x i s t  i n  it. The s i m u l a t i o n  of t h e  blockage was 
c a r r i e d  o u t  i n  con junc t ion  w i t h  a ho t  run ,  becauae .on ly  i n  
t h i s  way can one s i m u l a t e  t h e  f low c o n d i t i o n s  i n  t h e  convey- 
ance system which e x i s t  I n  o r b i t .  

can assume t h a t  t h e  o p e r a t i o n a l  c o n d i t i o n s  f o r  t h e  simula- 

t i o n  method c r e a t e d  i n  t h i s  way a g r e e  f o r  t h e  most p a r t  w i t h  
t h e  o x i d i z e r  branch i n  o r b i t .  However, as f a r  a s  t h e  simula- 
t i o n  o f  t h e  contaminsted f u e l  i s  concerned, we have t o  r e f e r  
t o  e s t i m a t e s  only. This u n c e r t a i n t y  i s  on ly  o f  secondary i m -  
por tance  f o r  the  sL~cllation t e s t s  on the 

ground, because we're n o t  i n t e r e s t e d  i n  examining the  p o s s i b l e  
blockage, but i n s t e a d  we wish t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  
o f  removing an e x i s t i : ~ g  blockage u s i n g  a vacuum. 

1 . 4 .  Tes t  Conf igura t ion  

An o r i g i n a l  ho t  gas  system (see appendices)  was b u i l t  from 
t h e  system valve  up t o  t h e  engine.  F i l t e r s ,  diaphragms and 
p i p e l i n e s  were newly c o n s t r u c t e d  accord ing  t o  t h e  a v a i l a b l e  
d a t a  s h e e t  o f  t h e  Symphonie p r o j e c t .  The t e n  N-engine a l -  
ready had an o p e r a t i n g  time o f  214g seconds. S ince  j e l l y  
format ion  is a c c e l e r a t e d  a t  narrow passages  by low f u e l  temp- 
e r a t u r e ,  t h e  e n t i r e  conveyance system was i n s t a l l e d  i n  a 
b a s i n  f i l l e d  with i c e  water .  This  way we s a t i s f i e d  t h e  con- 
d i t i o n  t h a t  a l r e a d y  a f t e r  a s h o r t  o p e r a t i n g  t ime we could  
expect  a  blockage of  t h e  conveyance system. A t  t h e  c r i t i c a l  
passages  of t h e  conveyance system such as t h e  f i l t e r ,  d ia -  
phragm, engine va lve  w i t h  f i l t e r  and t h e  i n j e c t i o n  system 
o f  t h e  engine,  weinstallednleasureroent connec t ions  f o r  meas- 
u r i n g  d i f f e r e n t i a l  pressure, in order t o  be a b l e  t o  r e c o r d  
a  change i n  t h e  c r o s s  s e c t i o n a l  passage a r e a  brought  about  
by t h e  beginning of  t h e  hlockage (see schematic  diagram of  
t h e  t e s t  c o n f i g u r a t i o n ) .  I n  o r d e r  t o  be  a b l e  t o  evacua te  t h e  
conveyance system a f t e r  t h e  h o t  run  i n  t h e  blocked state, we 



manufactured a n  a d a p t o r ' w i t h  which t h e  expansion nozzle of 
t h e  engine ,  

I n  t h e  second t e s t  s e r i e s  w e  wish t o  examine whether t h e  
removal o f  t h e  blockage i s  p o s s i b l e  f o r  t h o s e  components 
which l i e  far ~ W Q  from t h e  evacua t ion  p o i n t ,  by ex tend ing  
t h e  d u r a t i o n  o f  t h e  evacua t ion ,  
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Test  R e s u l t s  

Except f o r  t h e  hot  run  2.3, a blockage was achieved wi th  con- 
t a n i n a t e d  N204 a f t e r  a n  o p e r a t i n g  t ime of  about  400 . ~ c o n d s ,  
which made i t  necessary  t o  break o f f  t h e  ho t  run. The o x i d i -  
z e r  throughput  p r o g r e s s i v e l y  was reduced,and a c  t h e  same time 
t h e  f u e l  throughput was inc reased  because o f  a r e d u c t i o n  i n  
t h e  combustion chamber p r e s s u r e .  The h o t  run  was t h e n  term- 
i n a t e d  because due t o  t h e  extreme displacement  of  t h e  mixing 
r a t i o  and t h e  r e d u c t i o n  i n  t h e  t o t a l  throughput ,  t h e  combus- 
t i o n  i n  t h e  engine became extremely u n s t a b l e  and l i q u i d  unburn- 
ed f u e l  came o u t  o f  t h e  engine.  

The manner i n  which t h e  blockage comes about  can b e s t  be seen  
by i n v e s t i g a t i n g  t h e  v a r i a t i o n  o f  t h e  f low number (FN). The 
f low number is  a measure f o r  t h e  p e n e t r a t i o n  c r o s s  s e c t i o n .  
It can be  seen  t h a t  c r o s s  s e c t i o n  r e d u c t i o n  p e r  u n i t  t ime i n  
t h e  f i l t e r  i s  t h e  g r e a t e s t .  .From t h i s  we can conclude t h a t  t h e  
flow speed i n  t h e  f i l t e r  i s  very high and t h e r e f o r e  a ~ t r o n g  
j e l i y  format i c n  occurs .  I n  t h i s  way, a l r e a d y  most Of 

ou tpu t  prod.dcts o f  t h e  g e l s  a r e  h e l d  back by t h e  f i l t e r .  There- 

f o r e  i n  t h e  f z l l ~ w i n g  narrow passages  t h e  c r o s s - s e c t i o n  reduc- 
t i o n  i s  much s lower  than  i n  t h e  f i l t e r .  The c r o s s - s e c t i o n  re- 
duc t ion  i n  t h e  naryow passages  which a r e  s w i t ~ h e d  i n t o  t h e  fil- 
t e r  i n d i c a t e s t h a t  t h e s e  a r e  r e a l l y  j e l l i e s  and no t  s o l i d  par-  
t i c l e s  which produce t h e  blockage. Th i s  i s  because t h e  f i n e -  
ness  of t h e  f i l t e r  i s  s e l e c t e d  s o  t h a t  p a r t i c l e s  which can s t i l l  
pass  t h e  f i l t e r  a r e  s o  small t h a t  thzy  cannot b r i n g  about  any 
blockage i n  t h e  fo l lowing  narrow passages .  The most impor tant  
r e s u l t  o f  t h e  t e s t s  i s  t h e  f a c t  t h a t  by evacuat ion ,  t h e  block- 
age o f  t h e  narrow passages  can be r e v e r s e c  aga in .  It i s  of 
i n t e r e s t  i n  t h i s  connect ion  t h a t  t h e  removal o f  a b l o c k a g e , t h a t  
i s  t h e  removal of t h e  j e l l i e s ,  depends on t h e  t ime over  which 
t h e  vacuum ac;.. Fur  example, Tes t  2.3 shows t h a t  t h e  blockage 
a l s o  can b e  removed completely a t  t h e  p o i n t  which l a  f a r t h e s t , ,  
away from t h e  evacua t ion  p o i n t ,  t h a t  is, t h e  f i l t e r .  



1.7 Final Conclusion 

Ground t e s t s  have shown t h a t  a  removal :or a t  l e a s t  a reduction 
of t he  blockage of the  oxidizer  branch i s  possible  by evacuation. 
I f  one follows the  t e s t  r e s u l t s  fur ther ,  w'e have t o  conclude 
tha t  the  grea tes t  blockage occurs i n  the  f i l t e r .  T h i s  then re-  
s u l t s  i r i  a r e s t r i c t i o n  i n  t h e  capabi l i ty  t o  perform r e p a i r s  t o  
the  oxidizer branch i n  o r b i t .  This i s  because the  f i l t e r  in- 
s t a l l e d  ahead of the  system valve cannot be subjected t o  a  vacuum. 



2 .  GRAPHS OF TESTS RESULTS 

- Test S e r i e s  1, Tes t s  1 - 3 (1 Sheet)  

- Tesc S e r i e s  2 ,  Tes t s  1 - 4 (2 Sheets )  
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Definition of the tests according to the protocol of October 

13 1977 with the experts at Lampoldshausen. 
- Point 3 of the discussion protocol. 

1. INITIAL CRITERIA 

1.1 What Kind of Contamination is Present? 

- Reaction product between contaminated N2°4 and the 

tank materials V2A and Titanium. 

- Impurities in the NZD4 can be caused by humidity 

or residual amounts of' freon (Simulation liquid). Both 

components favor the formation of salts ( Fe - and - 
Ni-nitrate) NO3 1 fle*--3 fl8 No3 

1.2. What quantitative amounts of corrosion products leads to 

a blockage of the conveyance system? 

1.3 At which point of the conveyance system did blockage occur? 

2. TEST CONFIGURATION 

The following experiencs and knowledge has to be applied 

for the design of the test configuration and execution; 

2.1 The blockage does.not' occur suddenly but gradually and 

progressively. 

N 0 2.2 The higher the temperature of the -2-4- the more 

Fe and Ni-nitrates can be held 'in solution without pre- 

cipitation in the form of solids. 



2.3. The h i g h e r  t h e  f low speed o f  t h e  f u e l ,  t h e  weater w i l l  
be t h e  tendency f o r  t h e  Fe and Ni-Nitrates t o  p r e c i p i t a t e  
a s  s o l i d s  o u t  o f  t h e  s o l u t i o n .  

From t h e  i n i t i a l  c r i t e r i a ,  exper ience  and knowledge we 
can d e r i v e  boundary c o n d i t i o n s  f o r  t h e  test  c o n f i g u r a t i o n  
and execution.  

I n  o r d e r  t o  have a d i r e c t  means o f  comparison w i t h  pro- 

c e s s e s  i n  t h e  o r i g i n a l  system, it is  s imula ted  a s  much 
a s  p o s s i b l e  i n  t h e  t e s t  c o n f i g u r a t i o n  as al lowed by t h e  
blockage c r i t e r i a .  

3 .  N 0 DEFINITION OF THE CONTAMINATED 2 4 

I n  t h e  d e f i n i t i o n  o f  t h e  contaminated p1204' s o l u t i o n  
we assume t h a t  t h e  water  con ten t  a s  w e l l  a s  t h e  f r e o n  
con ten t  cannot cause  t h e  blockage d i r e c t l y ,  b u t  on ly  
i n d i r e c t l y  by t h e  i n c r e a s e d  format ion  of  Fe and N I - N i -  

t r a t e s .  However s i n c e  t h e  format ion  of Fe and N i - N I -  

t rates i s  a long  t ime process  because o f  t h e  water con- 
t e n t  and t h e  f r e o n  con ten t  a n d . t h e  experiments  have t o  
l e a d  t o  a  r e s u l t  as  fast a s  p o s s i b l e ,  t h e  amount of 
N i  and Fe N i t r a t e  i s  added d i r e c t l y  t o  t h e  NZ04 

N204. so lu tLons  a r e  produced which have a c o n s t a n t  
degree  water  and f r e o n  contaminat ion,  bu t  t h e i r  Fe and 
N i  n i t r a t e  m o u n t s  are inc reased  u n t i l  blockage occurs .  
S ince  t h e  blockage a l r e a d y  occurred  a t  t h e  beginning o f  
t h e  mission,  t h e  Fe and N i  n i t r a t e  amount can be s e l e c t -  
ed s o  h igh t h a t  blockage a l r e a d y  i s  p r e s e n t  f o r  a flow 
amount o f  3 k g  s o l u t i o n .  





DESIGN CRITERIA FOR TEST CONFIGURATION 

I n s t e a d  o f  f o l d i n g  bel lows c o n t a i n e r s  we used t a n k  f i l l i n g  
con ta ine r s .  
The reason:  The N2°4 c o n t a i n e r  h a s  t o  be f i l l e d  wi th  

N2 '4 with  d i f f e r e n t  n i t r a t e  c o n t e n t  f o r .  each  t e s t .  
The f o l d i n g  bel lows t ank  i s  n o t  s u i t a b l e  f o r  t h e s e  t e s t s ,  
because complete c l e a n i n g  cannot  be guaranteed and the re -  
f o r e  t h e  de f ined  salt con ten t  cannot  be determined w i t h  
c e r t a i n t y .  

5.2.In o r d e r  t o  reduce c o s t s ,  i n s t e a d  o f  He, N2 t s  used t o  
p r e s s u r i z e  t h e  f u e l s .  The i n f l u e n c e  of  d i s s o l v e d  gas 

i n  t h e  f u e l  on t h e  format ion  o f  blockage p roduc t s  i s  as-  
sumed t o  be smal l  compared w i t h  t h e  e f f e c t  o f  t h e  mixed 
amounts o f  Fe and Ni -n i t r a t e .  

5.3 The o p e r a t i o n  o f  t h e  engine  i s  done a t  a c o n s t a n t  t a n k  
p r e s s u r e  i n  c o n t r a s t  t o  blow-down o p e r a t i o n  i n  t h e  o r i g r  
i n a l  hot  gas  system. Reason: a  p o s s i b l e  r e d u c t i o n  i n  
t h e  throughput  due t o  t h e  beginning of blockage can be 
c o n t r o l l e d  much more poor ly  fir blow-down opera t ion .  

5.4.The t e s t  c o n f i g u r a t i o n  has  flow meters  i n  ordeq t o  be 
m 

able t o  a d j u s t  t h e  nominal throughput  amounts ees 

( t o t a l )  and t h e  mixing r a t i o  r wi thout  d i f f i c a l t  ad- 
j u s t q e n t  procedures.  Th i s  i s  done by simply changing 
t h e  tank p r e s s u r e s  a t  t h e  beginning of each test .  

5.5 I n  t h e  N2°4 supply system i n  which t h e  blockage i s  
expected t h e  p r e s s u r e  l o s s e s  i n  t h e  f i l t e r ,  i n  t h e  d ia -  
phragm and i n  t h e  i n j e c t i o n  system o f  t h e  eng ine  are 
checked by measurf ng A P . 



5 .6  The e n t i r e  f u e l  conveyance system except  f o r  t h e  f u e l  
c o n t a i n e r s  i s  surrounded w i t h  i c e  wa te r  i n  o r d e r  t o  
guarantee  a c o n s t a n t  f u e l  tempera ture ,  e s p e c i a l l y  f o r  

O from one test  t o  ano the r .  It i s  small enough 2 4  
s o  t h a t  any blockage t h a t  occurs  can be a c c e l e r a t e d .  
The fue l  conveyance system i s  submerged i n  a pan. 

5.7 The conveyance system from t h e  Nupro blockage v a l v e  up 
t o  t h e  engine corresponds  t o  t h e  o r i g i n a l  conveyance 
system i n  l e n g t h ,  a rmatures ,  such a s  f i l t e r s  and a d j u s t -  
ment diaphragm and a l s o  w i t h  r e s p e c t  t o  f low c r o s s  sec- 
t i o n .  The p i p e l i n e s  which l e a d  through t h e  f l a n g e  a r e  
an excep t ion  t o  ch i s .  

5.8, Between t h e  engine  and t h e  conveyance syscern t h e r e  is  a 
f l a n g e  which i s  s u i t a b l e  f o r  s e r v i n g  a s  a c o v e r i n g  f l a n g e  
of  t h e  r e c i p i e n t .  I n  t h i s  way a f t e r  blockage has  occurred  
i n  t h e  engine,  i t  can be evacuated  wi thout  s e p a r a t i n g  
t h e  conveyance system. During t h e  blockage tes t ,  t h e  
f l a n g e  a t  t h e  same t ime s e r v e s  a s  a s e a l i n g  f l a n g e  w i t h  
r e s p e c t  t o  t h e  water  pan. TQe f l a n g e  has  t o  be i n s t a l l e d  
s o  t h a t  t h e  engine  wi th  t h e  conveyance s y s t e m  can be 
disassembled from t h e  wa te r  pan wi thout  be ing  t aken  
apart. The connec t ions  of  t h e  f l a n g e  conveyance l i n e s  
which have t h i c k  w a l l s  and are made wi th  3 - 4 mm 1 W  

are made by means of b o l t s  with r e s p e c t  t o  t h e  conveyance 
system on t h e  one hand and t h e  engine  on t h e  o t h e r  hand 
(ANR-DIN b o l t s )  connect ions .  

5.9. The conveyance system up t o  t h e  s e p a r a t i o n  p o i n t s  a t  t h e  
Nupro va lves  i s  mounted on a p l a t e  I n  o r d e r  t o  be a b l e  
t o  t r a n s p o r t  i t  t o g e t h e r  w i t h  t h e  eng ine  t o  t h e  vacuum 

Pump 



6. WORKING PLAN 

6.1 Cleaning of t h e  c o n t a i n e r s  and c l e a n i n g  o f  a l l  o f  t h e  
components of  t h e  conveyance system. 

We have t o  d i s t i n g u i s h  between p a r t s  which have a l r e a d y  
been contaminated with f u e l s  and newly produced p a r t s .  
The l a t t e r  a r e  c leaned accord ing  t o  TN RT 353-1/77, 
( s e e  Appendix l), Item 3.2 i n c l u d i n g  and up t o  Item 

3.3. For a l r e a d y  contaminated p a r t s , f o r  example t h e  
~ G - S y m p h o n i ~  2 t a n k  f i l l i n g  c o n t a i n e r ,  c l e a n i n g  i s  

a l s o  dor.5 accord ing  t o  TN RT - 353-1177 , I t em 3.3. 
For c l e a n i n g  purposes t h e  f l a n g e  i s  removed from t h e  
tank and t h e  i n n e r  wall i s  sprayed w i t h  a s p r a y  nozz le  
having a hard j e t .  The t a n k  i s  p laced  w i t h  t h e  f l a n g e  
opening toward t h e  bottom. The c o n t a i n e r  i s  c l o s e d  
and evacuated wi th  s imultaneous h e a t i n g  from t h e  out-  
s ide  (20 minutes) .  After t h i s  t h e  i n s u l a t i o n  i s  f looded  
wi th  N2 ( p e n e t r a t i o n  of  a i r  is  avoide@).  Empty weight 

of t h e  c o n t a i n e r  i s  determined with t h e  f i n a l  equipment 
i n s t a l l e d .  

6.2 F i l l i n g  of t h e  N204 Conta lner  

Dis t i l l ed  N2O4 i s  f i l l e d  i n  through 2 , u  Mil l ipore -  
F i l t e r s  and t h e  f i l l i n g  i s  c o n t r o l l e d  by weighing. Then 
i t  i s  v e n t i l a t e d  and t h e  c o n t a i n e r s  a r e  f irst  o?ened, 
i n  o r d e r  t o  avoid t h e  e n t r y  of a i r ,  i f  overpressure  al- 
ready e x i s t s  i n  t h e  con ta ine r .  N20q' c o n t a i n e r s  are 
then  f i n a l l y  connected t o  t h e  t e s t  c o n f i g u r a t i o n .  

6.3. F i l l i n g  o f  MMH Conta iners  

MMH i s  f i l l e d  i n  c leaned S ~ m ~ h o n i 6  h o t  g a s  t a n k - f i l l -  
i n g  c o n t a i n e r s .  MMH i s  f i l l e d  i n  through 2 &fli l l i p o r e f i l -  
t e r s .  Otherwise t h e  same procedure i s  used as f o r  t h e  



'2'9 containers .  

7. PRODUCTION 0Fi6:THE CONVEYANCE SYSTEM 

7.1 A l l  o f  t he  components of t h e  conveyance system 
- Aeroquip-hoses - Nupro valves  
- flow meters 
- p ipe l ines  
- screw connections 
- pressure  t ransducers  

a r e  cleaned according t o  TN RT 3 5 3 - 1 1 3  except f o r  
t h e  engine w i t h  t h e  valve. The conveyance system is 
assembled under c lean  condi t ions .  

7.2 The adjustment diaphragm i s  not ad jus ted  wi th  o r i g i n a l  
f u e l  but  w i t h  water i n s t ead ,  and t h e  equiva len t  amount 
i s  ca lcu la ted  according t o  

f o r  equal  AP . 
7.3 A l l  of t h e  connections a r e  made us ing  DIN-Screw connec- 

tions,and t h e  c a p i l l a r y  tubes  a r e  welded i n t o  t h e  nipples .  

7.4 A "constant" power supply can be used f o r  t h e  engine 
valve and a rocking switch may be used f o r  con t ro l .  

8. AMOUNTS OF FUEL TO BE FILLED 

- Content of t h e  f u e l - f i l l i n g  conta iner  7.5 l i t e r s  
- The NIOI  conta iner  is f i l l e d  wi th  t h e  amount re- 

quired f o r  a s i n g l e  t e s t .  - The MMH-container is  f i l l e d  u n t i l  t h e  amount is  suf-  



f i c i e n t  f o r  a l l  t e s t s .  
- Tank f i l l i n g  amcunt f o r  MMH-container 7 l i t  9 6300 pr 
- use fu l  *mount 6.5 l i t  * 5850 g r  

Assumed number of t e s t s :  3 

MMH-amount pe r  t e s t :  
N20q' amount requi red  f o r  t h i s  

1550 g r  

3190 sr 

Tota l  amount 5140 g r  

The required t e s t i n g  time is  ca l cu l a t ed  from 

- 0 1454 s C 24 rnin 
3.54 

Summary : 

Amounts t o  be f i l l e d ;  

Test  time t o  be expected 
pe r  test :  

9. TEST SEQUENCE 

24 rnin 

- F i l l i n g  of t h e  f u e l  amounts 
- Cal ibra t ion  of  t ransducers  
- Hermeticity test  f o r  t h e  e n t i r e  conveyance system 
- Functional t e s t  of t h e  engine valve 
- F i l l i n g  of t h e  pan with i c e  water - Evacuation of t h e  N204 conveyance system with  c losed 

tank ,valve and opened system valve 
- pres su r i za t ion  of t he  N2O4 container a t  PT 

.I 

P~ ~~0~ 13.3 

Ap a1 
rn 5.0 



- f l l l i n g  of t h e  N20q' conveyance system by openiqg 
tank vaive.  

- Taking of  a c leanness  sample wi th  a mi l l ipore -adap to r  
wi th  a  2 $  f i l t e r  and a f low amount o f  200 grams 

- Q u a l i t a t i v e  check o f  t h e  f i l t e r  f o r  p a r t i c l e  amount, 
p a r t i c l e  s i z e  and p a r t i c l e  i d e n t i f i c a t i o n ,  

- Evacuation of  t h e  MMH conveyance system wi th  a  c l o s e d  
tank valve and open system va lve  

- F i l l i n g  of t h e  MMH conveyance system by opening t h e  
tank valve  

- Manual r e c o r d i n g  o f  t h e  f u e l  tempera ture  i n  t h e  t a n k s  
- Mar'lal r ecord ing  o f  t h e  t ank  p r e s s u l e s  

Pi' 'fiano - 0,3 ( R V I  

- Manual r ecord ing  o f  t h e  i c e  water  temperacure 
- Equa l i za t ion  o f  t h e  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 s  
- Manual r ecord ing  o f  balanced r e a d i n g s  
- Operat ion o f  t h e  engine  f o r  24  mi:iutes 
- Check o f  t h e  mass throughputs  u s i n g  f h e  f low meter 

readings .  I f  necessary  d i s s o n t i n u e  engine  opepat ion  
and make a throughput  c o r r e c t i o n  by changing t h e  t a n k  
p ressure ,  i f  t h e r e  a r e  d e v i a t i o n s  i n  , 

NO, ( T o t a l )  and r ~ o m  

- Observat ions o f  d i f f e r e n t i a l  p r e s s u r e s ,  l n j e c t i o n  
p reesure  arrd flow n e t e r  r e a d i n g s  i n  o r d e r  t o  e v a l u a b e  
whether a p o s s i b l e  r e d u c t i o n  o f  t h e  throughputs  i s  
caused by t h e  beginning o f  blockage i n  t h e  c a s e  where 
throughputs  a r e  reduced. 

- ,Observation of the temperature loadsd on  he engine,  espec- 
i b l l y  on t h e  vacuum noz l e  and i n t e r r u p t  t e s t  f o r  any 
c r i t i c a l  o p e r a t i o n a l  test .  

- Let any blockage increase i n  t h e  N2°4 

system a s  long  as t h e  o p e r a t i n g  :state of t h e  engirje does 
not  become c r i t i c a l  because o f  t h e  dlsplacernent o f  t h e  

mixing r a t i o .  

25 



- After blockage of  N204 has occurred 
Conveyance system ( re fe rence  value % 0 20 ' ~ o r i n c l '  

2 4 
Discontince operat ion 

- Determine t h e  l oca t ion  o f  t h e  blockage ( f i l te r ,  diaphragm 
i n j e c t i o n  system) from t h e  changes i n  t h e  d i f f e r e n t i a l  
pressures  which have occurred o r  from t h e  inJec t ion  pres- 

sure. 

- Close t l . ;  tank valve (0x/Br) (ox id izers / fue l )  and t h e  
N2G4- sys t em valve 

- Rinse t h e  EiMH conveyance system with  N2 with  an open 
engine valve by p re s su r i za t ion  through t h e  pressure  
r e l i e f  valve of t h e  NMH conveyance system and f o r  c losed 
XfW system valve, 

- Remove i c e  water and take  ou t  t h e  conveyance system to- 
ge ther  with t h e  engine from t h e  water tank. 

- With a pre-vacuum, remove f u e l s  from t h e  engine and t h e  
conveyance system a s  xruch as 'poss1ble.by connecting a 
water s p r a y  pump t o  a n  adaptor ( p l a t e  wi th  a rubber 
s e a l i n g  p l a t e )  t o  t h e  vacuum nozzle of  t h e  engine. 

- I n s t a l l  t h e  engine wi th  connected conveyance system t o  
t h e  r ec ip i en t  o f  t h e  vacuum pump. 

- Open t h e  engine valve and evacuate t h e  conveyance s y s t e m  

f o r  48 hours; Tor=) . Temperature of t h e  eng'ne 
valve should b e  checked. F i r s t  record every 
10 minutes. Close t h e  engine valve when 9 5 O C  I s  exceed- 
ed and open i t  again  wnez + temperature drops. Record 
vacuum pressure. 

- Reins t a l l  t h e  conveyance system i n  t h e  t e s t  assembly. 



- Repeat t h e  hot run t e s t .  Record t h e  throughputs and 
pressures  t o  check whether t h e  degree of blockage has 
been reduced by t h e  evacuation. The tank  pressures  
i n  t h e  previous s t e p  are maintained. 

- If it i s  not success fu l  t o  remove t h e  blockage, t h e  
conveyance system is r i n s e d  through a 2,u f i l t e r  wi th  
d i s t i l l e d  water a t  a temperature o f  about 60°C. The 
r i n s i n g  water is captured i n  a c l ean  container .  

10. SPECTFICATTON OF THE N 0 POR THE INDIVIDUAL TESTS 2-4- 

10.1 Test  1 

Reference test f o r  which no blockage is expected. 

D i s t i l l e d  N204 w:th t h e  following composition: 

Nominal 
values ac- 
cording t o  

Weight w t %  
H2° Equivalent wf % 

So l id s  mg/l 

M I L - S ~ ~ C  Actual values  
26539C 

The amount c f  s o l i d s  i s  determined q u a n t i t a t i v e l y  by f i l -  

t e r i n g  through 1 ~ -  mi l l i po re  f i l t e r s  of 200 g NZo4 

P a r t i c l e  d i s t r i b u t i o n  on t h e  f i l t e r  i s  not  determined, 
but  on t h e  o t h e r  hand t h e  dimension of t h e  largest par- 
t i c l e s  is determined. 

10.2 Test  2 

N2°4 of t h e  fol lowing chemical composition is  used: 
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98 w t  X NZo4 (Pu r i t y  c. nominal value of Test  1) 

1 w t  X H20 d e s t  
1 w t . %  Kaltron MDS 113 

20 mg/l ( N i t r a t e  mixture: 50 w t .  % Fe-Nitrate) 
50 w t .  % Ni-Nitrate) 

Production o f  t h e  Mixture, Both impur i t i e s  
(H20 and Freon) a r e  mixed t o  t h e  N204 by weigning. A 20 kg 

balance i s  used (-1 s c a l e  d i v i s i o n  = 5g). 

Work sequence: 

- D e t e r m i n a t i ~ n ~ ~ o f  t h e  empty weight of  the HG tank  Z i l l i n g  
conta iner  Gs m ,.... kg 

- F i l l i n g  o f  t h e  weighed Fe-Ni-Nitrate mixture. Weight ac- 
cording t o  I t rm 1 and weighed separa te ly  on an a n a l y s i s  
balance. 

- F i l l  t h e  amount of  water  o r  f reon  determined according 
t o  Point 2 and which has been weighed.separate ly  on an 
ana lys i s  balance. 

- Add t h e  amount of  t h e  d i s t i l l e d  N204 determined ac- 
cording t o  Point  2,  

- Mix t h e  compolents by shaking t h e  previously  c losed con- 
t a ine r .  

N 0 1. Determination of  t h e  FE-Ni-Nitrate amount f o r  3500 g 2 4 

Amount of N i t r a t e  AN X- 

X- 20 m g / l  
Tota l  amount NZ04 - 3500 g 

For 3500 g N204 t h e  amount of  n i t r a t e  is ca l cu l a t ed  



as follows: 

The Fe-Ni-Nitrate mixture for3500 g N2O4 c o n s i s t s  of 
24.2 mg Fe-Nitrate and 24.2 mg Ni-Nitrate. 

2. Determination of the  weight proportions of water and 
freon. 

Total  amount of  contaminated N Z o 4  11 3500 gm 

W t .  f r a c t i o n  A - . . N204 dest. 
W t ,  f r a c t i o n  B .) H20 dest. 

W t .  f r a c t i o n  C I Kaltron RDS 113 

A t B i C  - .  D 
8 

< 

'H_O dest.  

0 - 3500 g 
* + 50 balance a i r .  -- - 
10.3. T e s t  3 

If na blockage occurs f o r  Test 2, i n  t e s t  th ree  the  
Fe-Ni- Ni t ra te  amount l a  increaeed t o  40 &l. 

The contaminated N204 f o r  this test has t h e  follow- 



ing chemical composition: 

98 w t  % N2°4 (Purity c. nominal value o f  Test 1) 
1 wt % H20 dest .  
1 wt.% Kaltron MDS 113 
40 mg/l (Nitrate mixture: 50 w t  % Fe-Nitrate 

50 w t  $ Ni-Nitrate) 

Operating sequence just  l i k e  fo? the production o f  the 
mixture as  discussed i n  Test 2 .  

7 ro: 3590 g N204 the amount o f  n i t ra te  i s  calculated 
froin 

A~ 
- 40 2.42 

i . e .  the ni tra te  mixture cons i s t s  o f  48.4 mg Fe-Nitrate 
and 48.4 Ni-Nitrate. 



4. Test Configuration 



4. Test Configuration 



5 .  MANUFACTURING DOCUMENTS FOR TEST CONFIGURATION 

- Work plan 

- Work plan AP - Cleaning o f  the 10 N-TWK 

Engine SYS 2451 (Unit N r .  35) 
after the f irs t  hot run when investigating 
the HG-anomalie 

- Work plan MV2- Anomalie (2nd Test)  

- Work plan AP - Cleaning o f  t h e  10 N-TWK 
(engine) after the second hot run. 



MV-2 Anomalie Author 
Hammerlindl 

Date: 
12.5.77 

, -- . , 
r 

:r 

1 

Work Plan 

1. Documents which apply: 

TN.- RT 35 - 7/77 

TN - RT 353- 1/77 

2. The po in t s  shown i n  t h e  work p lan  have t o  be confirmed by 

the  person performing t h e  t e s t .  

. 
3. Work sequence 

3.1. Buildup of t h e  t e s t  aoparatus  according t o  TN ' RT 35 - 7 / 7 7  
I 

Page 5 

3.1.1. Equipment t o  be used o r  manufactured: Made a v a i l a b l e  
and manufactured RT 353 g* 

1. pressure  loading device SK 13 380 (BT-Nr. 2 )  

2 HG-Balances SK 8740 (BT-Nr. 1 / 2 )  
1 Vacuum pump type D S6 

2 Vacuum hoses wi th  adaptor  
2 HG-Containers ( N 2 0 4  1 S K  8720 (BT-Nr, 5/31 
2 Art i - re turn valves  ~ o d e l s  ~ ~ r . 2 3 2 0  R-2 PP-5 (*204).  

Models .Nr. Z ~ O ' T I  - 2 ~ b  ( F a )  

2 HG-containers (MMH) SK 8730 (BT-Nr, 1/71 

2 HG-container l i n e s  
(N204) S K  8692 KK4 - 13 

KU5 - 14 

( B T - ~ t ,  2 )  1 HG-tank f i l l i n g  l i n e s  (N 0 j SI bjg4 - 2.4 N2 
. . (BT-Nr, .2) 

SK 8693 K U 4  - 13  
2 HG-container l i n e s  (MMH) 

kUS - 14  
P (BT-~t. 2)  . 

* 3 4 
r: 
, ~ p - - a - - - - - U  li..i--r--.- - - - -  - - -.--. *... . . . - . 

.L ' 



MV2 - Anomalie 

Work Plan 

Author 

Hamer l ind l  

Date : 
12.5.77 

1 GSP. Drive l i n e  (MMH) SK 15470  (BT-Nr* 1) 
1 F i l t e r  f o r  N20q SK 2480 - 22 
1 F i l t e r  f o r  MMH SK 16120 
2 HG Pipe l i n e s  118tt x 0,Oigg x 1000 19. 

f o r  N2O4 and MMH-side 

4 manual valves :. NUPRO SS - 4H 
2 Turbines Model LF 6-00 

1 1 0  N-TWK SYS 2451 BT-Nr. 35 
with  MBB-Valve SIC' 4550 BT-Nr. 3 4  

1 TWK-Holder ( f o r  engine) 

1 Suction device f o r  TWK 

2 pressure  t ransducers  CEP TYPE 4-351-002 
2 p r e s s w e  t ransducers  CEC TYPE4-326.~226 

2 diaphragms N204 and MMH *f1(~4 

3.1.2. Cleaning of a l l  of t h e  equipment me'ntioned under 3.1.1 

Etching and c leaning of a l l  p ipe l ines ,  connection p i eces  

and welding adaptors  &k/ 

3.1.3. Cleanl iness  Class 1 demonstration 

Conveyance System Unit c l e a n l i n e s s  b e t t e r  than 

Class T according t o  SAE 

Pipe ~ 7 3 . m  /.rk u, Y42.7 7 
Hoses 

Tanks 

3.1.4 A i r  Tightness of i nd iv idua l  components 

3.1.5 In t eg ra t ion  of ind iv idua l  components 

3.1.6. A i ?  t i g h t n e s s  test p%kf 
3 5 

# 



MV2 - Anomalie 
Wosk Plan 

3.1.7. Test Preparation 

Mechanic =w 
Measurement d 2 L  

3.1.8. Analyses 

MON 0,3 

MMH 

3.1.10. Materials and Other Materials 

Isoprophyl alcohol 

Fuel : 1s kg NZOq 

1s .kg MMH . 

Author 

Hammerlindl 

Date : 

3.1.11. Monitoring during the evacuation & 

3.1.12. Conveyance system is rinsed with 4 and is evacuated 
a*/ 

3.1.13. Disassembly of individual components 

3.1.14. Cleaning of Conveyance System % 
Hoses %A/ 
Tanks 

3.1.15. TWK (engine) h 
Disassembly 

Cleaning 

Assembly - 
Functional test according to *P-SYS 2451 ( 35),01 1C25178. 

3.1.16. Evaluatian of Result8 
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WORK PLAN t ~ , ? .  
: 1 '  

Inves t iga t ing  t h e  HQ-Anomalie Audition A 
I i  

Cleaning of 10 N-TWK SYS 2451(35) . ... be . * a  , . u 

1. Engine SYS 2451 is  loosened a t  t h e  sep6.i-ation so1r.t C& 
between t h e  valve u n i t  3K 4550 and t h e  engine SK 8320. msa 
The screw s a f e t i e s  of Pos i t ions  13, 1 4  and 1 7  a r e  re- 
moved by hea t ing  t o  200-250 O C ,  us ing  a so lde r ing  i ron .  

i 

2. Va1,ve u n i t  SK 4550 i s  i n s t a l l e d  i n  spray device SK 
11470/1.01. Valve is  opened with  a constant  24 V 

and is  r&nsed with  completely s a l t - f r e e  water i n  t h e  
opposi te  d i r e c t i o n  according t o  TN RC 234-43/71 

3. Sa l t - f r ee  water i s  sprayed with SP of claaned l-4. 

N2 

L. 4. Ju s s  l i k e  s t e p  2 but us ing isoprophyl-al,?ohol. 

5. Isopropyl-alcohol i s  r in sed  wi th  S,u of  cleaned 
nitrogdn.  L. 

6. SK 8920 i s  i n s t a l l e d  on engine ana then i o  equipped 
with spray device SK 11 340, ard i s  r i n sed  w i t h  

completely s a l t - f r e e  water according t o  TN RC 234-43/71 L 
7. Sa l t - f r ee  water is r i n sed  w i t h  N2 

8, J u s t  l i k e  s t e p  6 but us ing fsopropyl-alcohol 

9. Isopropyl-alcohol i s  ~ i n s e d  wi th  N2 

10. Engine SYS 2451 i s  assembled a c c ~ r d i n g  t o  SYS 2451 
Pos. 15 and HV SyS 2451 but wj.thout screw sa fe ty .  

L. 
11. A i r  t i g h t n e s s  t e s t  u s ing  5~ of  p u r i f i e d  N i n  40/80 

gaso l ine ,  Test  Pressure: 5 bar  (Over pre888re) 

12, 3ngine is i n s t a l l e d  i n  r ecep tac l e  fo r  hot run ano- 
malie XI. 

# 3 9 
k. 
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AP Cleaning 10 N-TWK (engine) 
after second run 

SYS 2451 (Unit Nr. 35) 
after second hot run when investigating 
the HG-anomalie 

Distributor: LA 

. . . 
: \ . . . .  . . .  
. . . . .  . . . .  \ 

. . 
. . . . Author: : 8 . w - .  1 JT 353 125.1.78 -.:'. 

Examine ; 
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WORK PLAN Version A 

Inves t iga t ion  o f  HG-Anomalie 
Cleaning o f  10  N-TWK SYS 2451 (35) 

1. Engine SYS 2451 i s  loosened a t  t h e  s epa ra t ion  po in t  Muckle RT 

between t h e  valve u n i t  SK 4550 and t h e  engine SK 8920. 353 

The screw safeties of Pos i t i ons  13, 1 4  and 17 are re-  
moved by hea t ing  t o  200-250°C us ing  a so lde r ing  i ron .  

2. Valve u n i t  S K  4550 i s  i n s t a l l z d  i n  spray device  SK 

11470/1.01. Valve i s  opened w i t h  a constant  24 V and 
4 

i s  r in sed  with  completely s a l t - f r e e  water i n  t h e  oppo- 
s i t e  d i r e c t i o n  according t o  TS RC 234-33173 

3. Sa l t - f r ee  water is sprayed w i th  5/(L of  cleaned N2. L- 
4. J u s t  l i k e  s t e p  2 but  us ing isoprophyl-alcohol. L A -  

5. Isopropyl-alcohol is r in sed  with  5C+ of cleaned ni t rogen.  I, 
6. SK 8920 i s  i n s t a l l e d  on engine and then is  equipped 

wi th  spray device S K  11 340, and i s  r in sed  with  com- bs I 

p l e t e l y  s a l t - f r e e  water according t o  TN RC 234-43/71 

7. Sa l t - f r ee  water  is r in sed  w i t h  N2. Lo 
8. J u s t  l i k e  s t e p  6 but  us ing  isopropyl-alcohol. t: : I 

i 

t 
I IL. - 9. I ~ o p r o p y l ~ a l c o h o l  i s  r in sed  w i t h  N2. . . 

10. Engine SYS 2451 is  assembled according t o  SYS 2451. 4 ,  

Pos. 15 and IHV SYS 2451 but without screw sa fe ty .  

3 

11. A i r  t i g h t n e s s  test us ing  s,# of  p u r i f i e d  N2 i n  40/8O gas- [ ; 
o l ine .  Test  Pressuret  5 bar (over p ressure) .  

12.  S t o r e  engine. 

45 
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TASK DEFINITION 

MBB Report: TN-RT353-5/77 

Author : H. Czaika 

Division: RT 354 

T i t l e :  TEST INSTRUCTIONS 
Ground tests f o r  inves t i ga t ing  

the  MV2 anomaly 

Date: 

F i r s t  Test Ser i e s  

Extended as a test report,  test r e s u l t s  recorded 

on 11/1/78. 

Author: Div i s ion  : 

Report S i ze :  

21 pages 
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8 sheet  
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1. Study . a  

I n  order  t o  i n v e s t i g a t e  t h e  MV2 anomaly (TN R'f 353-7/77) f 

we c a r r i e d  ou t  hot  runs  wi th  t h e  10 N-Enginecunder atmos- 
pher ic  condi t ions) .  

* 
! 

I n  t h i s  r epo r t  we spec i fy  t h e  requi red  work s t e p s  f o r  pre- 
par ing  and execu t ing - the  hot  run t e s t s .  I 

i 
Test 1: Reference test f o r  which no blockage Is expected. 

! 

N 0 Test  2 :  Hot run t e s t  f o r  which 2 4 i s  used with  t h e  
chemical composition mentioned under Item 2.3.2.2. 

Test 3: Is only performed $f  I n  t e s t  2 no blockage of the  
~~0~ conveyance system occurs. I n  t h i s  hot  
run t h e  Fe-Ni-Nitrate f r a c t i o n  i n  t h e  N20q i s  
increased.  

2. Data on t h e  Test Item and t h e  Test  Configuration fdr the 

Hot Run. 

2.1. Test item: - 1 0  N-Engine SYS 2454 Number 35. 
- w i t h  valve Number 44 .  

- Original  f u e l  l i n e s  ( l i n e  c ros s  s e c t i o n  and l eng th )  wi th  . 
f i l t e r s a n d  diaphragm according t o  t h e  HG-System H4 (Sketch 
Page 8)  w i t h  t h e  conveyance l i n e  between the manual valve  
Ox 4 (BR 4 )  f u e l  and t h e  engine., 

2.2. Test Configuration: 

The test c o ~ f l g u r a t i o n  (Sketch Page 8) I s  b u i l t  up according 

48 



to TN RT 35-7/77. 

All of the components of the conveyance system and the fuel 

containers are cleaned according to TN-RT 353-1/77. and 

cleanliness is demonstrated using the millipore-method 

(without QS-documentation). 

2.3. Fuels and fuel amounts 

2.3.1. MMH: (Demonstration not required) 

Amount of fuel to be filled: 6300 g 
(for an expected testing time of 3 x 24 minutes) 

2.3.2. Detailed N204 with the following chemical composition 

2.3.2.1. Hot Run 1 Nominal Values 
according to 
MIL-Spec, 
26 539 

Actual 

I Values 

Solids mg/l 
1 . -10 - I 

NZ04 wt. % > - 99,s 

The solid fraction is determined quantitatively by fil- 

tering throughlp~ millipore filters of 200 g ~ ~ 0 ~ '  

Particle distribution on the filter is not determined. 

(see Test Sequence), 

33 39 

The amount of fuel to be filled: 3500 g 

Number of particles, nomlnal value: Purity better than 

Class 2 according to ' 

SAE. signed -rqrrCt 
f lu//# b / 

December 17, 1977 

2.3.2.2. Hot Run 2 

Distilled N204 with t.he following chemical composition:- 



(see data in TN-RT 353-7/77) 

98  wt.I N204 dest. (Purity see item 2.3.2.1) 

1 wt. - % H20 ,dest. 
1 wt. - % Kaltron MDS 113 
20 mg/l Nitrate mixture: 50 we.% Fe-Nitrate 

50 wt,X Ni-Nitrate 

@(see preceding page) HNOg wt. % 0.64 
H20 free wt. % 0.02 

. HN03 + free H20 result in an H20 
equivalent of 0.11 wt. X .  

Responsible for item 2.3.2.2. - RT351 - Mrs. Keil 22 

Total amount of contaminated 
N Z 0 4  : 3500 9 

NZOq desk. = 3430 g (2 5 g- balance air) 

H20 d e s t .  - - 35 g 
Kdltron 113 MDS = 35 q 
Fe-Nitrate = 2 4 , 2  mg 
Ni-Nitrate F 2 4 , 2  my 

2.3.2.3;-'Hot run 3 (is performed because no blockage occurred 
in Hot run 2) 

Distilled N204 with chemical composition shown under 

Item 2.3.2,2., but the Fe-Ni-Nitrate is increased to 

' ? O m y / l  . 
For 3500 g ~~0~ we find 

Fe-Nitrate: 48.4 mg 
Ni-Nitrate: 48.4 mg 

2.3.3. Filling of the N204 and the MMH containers 

MMH is fllled through a =/-- YilXipoye f$lter and 
filling is controlled by weighing. Ventilation opening 



on t h e  conta iner  $8 first opened, i f  over-pressure 
e x i s t s  i n  t h e  conta iner ,  i n  order t o  avoid penetra- 
t i o n  of  a i r .  

2.3.3.2. F i l l i n g  of' N2°q Container 

F i l l i n g  of d i s t i l l e d  NZ04 u s i n g ~ ~ ~ ~ i l l i p o r e  f i l -  
ters,where f i l l i n g  i s  con t ro l l ed  by weighing. Venti- 
l a t i o n  of t h e  conta iner  i s  only opened i f  o v e r ~ p r e s -  
sure  a l ready e x i s t s  i n  t h e  conta1ner)ln order  t o  avoid 
pene t ra t ion  of  air. m e n  producing t h e  mixture f o r  
Test 2 and Test 3,  t h e  impur i t i e s  (H20 and f r eon )  a r e  
mixed by weighing ( ZPw f i l t e r ) .  A LO kg balance is 
used (1 s c a l e  d i v i s i o n  - 5 g ) ,  

Sequence : 

- Determination of t h e  empty weight of t h e  N20q 
conta lner  (residual N2O4 i s  emptied o u t )  GB - kg 

- F i l l i n g  of  t he  Fe-Ni-Nitrate mix t i r e  which was weighed 
separa te ly  on an a n a l y s i s  balance. 

- F i l l i n g  of  Kaltro- 113 MDS o r  t h e  amount of water which 
has been weighed separa te ly  on an a n a l y s . 1 ~  balance. 

- Weighing of t h e  d i s t i l l e d  N204 - Mix$ng o f  components by shaking the  c losed container .  
r Before f i l l i n g  t h e  NZ04 i n t o  t h e  conta iner  f o r  hot  

run 3, t he  conta iner  i s  cleaned according t o  
TN-RT 353-1/77 9 

2.4. Meaaurement point  p lan 



I @ V = Visicorder; D - pressure; E Reading 

~ecording* Remarks 

(Fi) 0 - 6 a t  V, D, A ged. 1OOpF 
i 

A P I  
I 

Pressure measurement transducers A PI 
CEC TYP 4 - 351 - 002 

(81) 
~2 

P~ 

&, 

f i ~  
Valve 
signal 
Engine 

Time 

Pressure 
mark 

Turbine flow meter 

COX 6-00 N204  Tucb.Nr. 7191 
I .  

COX 6-00 MMH Turb.Nr. 15732 - 

i Cal1,bratlon of  pressure transducers using 2 t r  Filter (nod 
I 

ged. 1 3 0 , ~ r F  

ged. 1OOpF i 
! 

ged, 100/lcF 

* 

- 

0 - 6 a t  

0 - 20bar .' 
0 -  9 bar 

Hz 

Hz 

i 
. 

V, D, A 

V, D, A 

V, D, A 

D, A 

D, A 

v 

D, A 

V 





3. Test Sequence 

3.1. Preparations 

- filling of fuels (Point 2.3.3) 
- calibration and installation of transducers 
- functional test of engine valve 
- air tightness t e s t  for the entire conveyance system by 
connecting through~v-0x3 ( B R ~ )  using GN2 = 10 bar. 

(Filter bn) 
- Filling of the pan w?!h ice water 
- pressurization of the *2'4 container at PT 

. (HV-OXZ nclosedn) 

- 13,30 bar 
Presfture balance 

A p  Dlende = 5 , O  bar 

A p FOS = 0 , s  bar 

' l a ,  80 bar 

F p ~ ' .  17,80 atn 
- * for hot run 2 + 3 adjust values from hot run 1. 
- Evacuation of the NZOq conveyance system using 

- Filling of the N20q' conveyance system by opening of 

the hand valve Ox 2 

- Removal of a cleanliness sample with Millipore adaptor 
with a filter and a flux of 200 g at the hand .alve 

ox 3. 
- Qualitative check of the filter for particle amount, par- 
ticle size and particle identification. 

- presswization of the MMH-container with PT (HV-BR 2"ClosedW) 



'& MHH - .  14,10 bar Pressure balance 

a p  diaphragm - 4 , s  b a t  

1 

s o FUS - 0 , 3  bar 

18 ,9  bar  

P ~ *  17.9 atg 
' ( 8  For hot run 2 + 3 adjust values from hot run 1) 
- evacuation of the MMH-conveyance system throughHV-BR 3 

( f 1 Torr) ,. HV-BR 4 "Openn 

- Filling of the MMH-conveyance system by opening hand. 
valve BR 2. 

3.2. Nominal operating conditions for engine 

6 = 5,20 91s 4t1 
N2°4 

'E- 3 = 14.1 bar 

' c  = 8 , 7  bar 

3.3. Hot run 1 (reference test for which no blockage is expected) 
Test No. 02-2550/1 on December 16, 1977. 

3.3.1. Manual Recording: 

Temperatures in the tank 

Nominal value 
:: .It Oc 

"204 



I c e  water temperature . N2O4 : 9 4 i l r  kg 

Balance read ing  ' Wl : 94 7f@ kg 

Tank pres su r i za t ion  
adjustment va lues  

- Equal izat ion of d i f f e r e n t i a l  p ressure  t ransducers  

- Check hand valves  Ox 1 / BR I 
OX 2 / BR 2 "onn 
OX 3 / BR 3 n o f p  

Ox 4 / BR 4 "onn 

3.3.2. I g n i t i o n  of  Engines 

- 2 seconds before  Ign i t i on ,  t u r n  on engine Vls icorder  
1 c d s  - upon i g n i t i o n  s t a r t  engine t ime and p r i n t  out  i n  time 
i n t e r v a l s  o f  2 minutes (2x)  - check t h e  mass throughputs: if necessary i n t e r r u p t  
engine opera t ion  ( s top  t h e  t ime) ,  i f  deviations In 

ric 
9es and r nom a r e  found. Throughput cor- 

r e c t i o n  by changing t h e  tank pressures .  
- Observation of d i f f e r e n t i a l  pressures .  - Observation of temperature load on engine, espec- 

ially on t h e  vacuum nozzle. 
Discontinue t e s t  f o r  c r i t i c a l  opera t ing  s t a t e .  

Engine shut  down a t  test time 

tqes - 1 4 4 0  s Nominal time 1400 8 

- Vlsicorder  "Off" 



- Manual Recording: 
Nominal 
value 

Engine temperature i n  the tank AP. ~~0~ 40 OC 

f r n ~  4 O c  
Ice Water 

Balance Reading 

~~~H ,f ?P# , kg 

Tank pressurizat ion s e t t i n g  Nz04 d$f /  
atg 

MMH *3, Sf atg. 

- Reduction of 'T-0 and ' ~ - 8  
- Close hand valves OX 2 and BR 2 

OX 4 and BR 4 
- Empty N2°4 container 

3 . 4 .  Hot Run 2 (Test w i t h  contaminated NZoq according t o  
Item 2.3.3.2.) . 
Test Number 02-2950/2 
December 16, 1977 

3.4.1. Manual Recording: 
Nominal 
value 

Engine temperature i n  t h e  tank ,$* 0 : 42 OC 
2 4 

Ice water 

Balance reading 

Adjusted tank pressur%zation 'N204: f q P  atg 
(see adjusted value8 f o r  
Hot Run 1) ww : jt$c atg 



- Equal izat ion of  d i f f e r e n t i a l  p ressure  measurement 
t ransducers  

Check hand valves 

3.4.2. Engine i g n i t i o n  

- 2 seconds f o r  i g n i t i o n  turn-on v i s i c o r d e r  1 cm/s 
- upon engine i g n i t i o n  start time and p r i n t  ou t  va lues  

i l l  cn te rva l s  of 1 minute (2x) .  Shorten i n t e r v a l s  
f o r  throughput changes. 

- Observe temperature load-on engine, e s p e c i a l l y  on 
vacuum nozzle. Discontinue test f o r  c r i t i c a l  opera t ing  
condit ion.  

- Observe d i f f e r e n t i a l  pressure ,  i n j e c t i o n  p re s su re s  
and f l u x  readings  i n  o rder  t o  eva lua te  poss ib l e  through- 
put  changes and whether these cause t h e  beginning of 
blockage. 

- Let blockages which can occur i n  t h e  NZOq- conveyance 
system increase  as long as the ope ra t ing  s t a t e  of  t h e  
engine i s  not c r i t i c a l  becauae of t h e  displacement of 

t h e  mixture r a t i o .  

3.4.3. Engine shut- down 

3.4.3.1. After  blockage of  t h e  ~~0~ conveyance system has 
occurred 

Nominal value: 

.-..- - 

(accordingly 2 0  ' 

m'Z04 
Nom. 

3.4.3.2. Af te r  an opera t ing  time of  



- Visicorder  wOFFw 

Recording: 
Nominal 
value  

0 
Engine Temperature i n  the tank  /IUpoq: 48 C 

I c e  water temperature 

Balance reading 

. - 
Pres su r i za t ion  adJusted va lues  rz04: *4  f 

Test time 

P P - Reduction i n  TO and Ta 

- Close hand valves  Ox 2 and BR 2 

Ox 4 and BR 4 

- I f  blockage occurs dur ing  t h e  hot  run:  
f u r t h e r  sequence accordicg t o  Item 3.4.4. 

- I f  no blockage has occurred dur ing  t h e  hot  run,  
f u r t h e r  sequence accoading t o  Item 3.5. 

3 . 4 . 4 .  Blockage i n  t h e  N204- ccnveyance system: 

-- Brom t h e  changes i n  t h e  d i f f e r e n t i a l  p r e s su re s  
o r  i n j e c t i o n  pressure ,  determine t h e  blockage 
l o c a t i o n  ( f i l t e r ,  diaphragm, i n j e c t i o n  system). - Rinsethe MMH-conveyance system with  N2 wi th  an  
open engine valve us ing  t h e  hand valve BR 3 
(observe BR f u e l  f l u x  read ing) .  

- Remove much of t h e  f u e l s  from t h e  engine and 
t h e  conveyance system (hand va lvesox  4 and 

BR 4 i n  t h e  conveyance system a r e  c lo sed )  
by connecting a gas jet pump through an  adap te r  



t o  t h e  vacuum nozzle o f  t h e  engine (valve open). 

- after t h i s ,  connect t h e  vacuum pump t o  t h e  adap te r  

- open t h e  engine valve and evacuate the convey- 
ande system over 48 hours 

$ , l o '  * Torr 
- temperature gn t he  valve of t h e  engine should b e  

checked. A t  t h e  beginning, make recordings  a t  
time i n t e r v a l s  of t e n  minutes. 
O i f  9 5 O C  i s  exceeded c l o s e  t h e  engine valve and 

open it  again  after t h e  temperature as dropped 
and then record Pv 

O after  t h e  end o f  t h e  evacuation time c lose  t h e  

engine valve and c lo se  o f f  t h e  adapte r  i n  t h e  

vacuum pump. 

3.4.4.1. RepetL+,ion of t h e  hot  run t e s *  2 Test No. 02- f $,$P/f 
- _ _  3ecember 19, 1977 

- Pres su r i za t ion  ofN204 and MMH container .  
Adjustment values  a s  under i tem 3.4.1. 

- Evacuation o f  the N204 o r  MMH-conveyance sys t em 

(hand valves  i n  t h e  conveyance system YV-Ox 4 

and Hv-BR 4 a r e  c losed)  through HV-Ox 3/BR 3 

- f o l d  t h e  '2'4 conveyance system: 
Handvalve i n  t h e  tank hV-0~ 2 "OPENn 
Handvalve i n  t h e  conveyance system HV-O* "OPENn 

- f i l l  t h e  MMH-conveyance system: 
Handvalve i n  t h e  tank HV-88 2 "OPENw 
Handvalve i n  t h e  conveyance system HV-BR 4 ,  wOPENV 

xi 
I - Manual Recording 



Nominal 
value 

Fuel temperature i n  t h e  tank  . - 9 *C 

~ h i i ~  : d? OC 

I ce  water 

Balance reading 
Adjustment values  f o r  tank.  
p re s su r i za t ion .  (see  adjustment 

N204: q'i, B 
a t g  

- Equal izat ion o f  d i f f e r e n t i a l  p ressure  t ransducezs  
- Check hand va lves  Ox 1- / BR 1 "OPENn 

Ox BR "OPEN" 

Ox ' BR "CLosEDW 
Ox 4 / BR 4 "OPEN" 

3.4.4.2. I g n i t i o n  of Engine 

- 2 seconds before  engine ignstion-Visicorder "ONn 

= 1 cm/s 

- a t  engine i g n i t i o n  start time counting and p r i n t  
ou t  values a t  1 minute i n t e r v a l s  (2x1. Shorten 
time i n t e r v a l s  I f  t h e r e  a r e  throughput changes. 

- Observe t h e  following: Temperature load on t h e  eng- 
ine ,  e spec i a l l y  on the  vacuum nozzle. Stop t e s t  
f o r  c r i t i c a l  opera t ing  t e s t .  

- Observe d i f f e r e n t i a l  pressures ,  i n j e c t i o n  p re s su re s  
and f l u x  readings  i n  o rde r  t o  eva lua te  througnput 
change8 which could occur, whether t h e s e  are caused 
by a beginning blockage. 



- allow (occurring) blockages) i n  the  ~ ~ 0 ~ -  

conveyance system t o  increase as long a s t h e  
operating s t a t e  of t h e  engine i s  not c r i t i c a l  .* 
because of displacement of the  mixing r a t i o .  

3.4.4.3. Engine Shutdown 

3.4.4.3.1. - When the  N20qn conveyance system i s  blocked 
(same tlockage a s  before evacuation) 

3.4.4.3.2. - A f t e r  an operating time corresponding t o  corr-  
esponding t o  the  avai lab le  N204 

(F i l l ed  i n  N7O4 lainus consumed N2°4 f o r  
the  hot run 2 = remaining amount f o r  r epe t i t ion ) .  

- Visicorder "OFFw 

- Recording: 

Nominal 
value 

Fuel temperature 9 

I ce  water 

Balance reading 

Tank pressurizat ion 
adjustment value 

Test time 

MMH : 4% fi a t g  



- Reduce 'TO and PTB 

- Close handvalves Ox 2 and BR 2 

Ox 4 and i31t 4 

- . I f  the  blockages a r e  successful ly  removed, empty 
Ox and BR f u e l  conveyance systems. 

- In  the  case of a f a i l u r e ,  r i n s e  MMH conveyance 
with ON 2 ( pw ~ilter) . *204 Conveyance system 
i s  r insed with a Zp- f i l t e r  using d i s t i l l e d  water 
a t  about 60°C. The r i n s i n g  water i s  captured i n  1 

a clean container.  
I 

3.5. E?t Run 3 (Test with contaminated N204 according t o  
Ttem 2.3.2.3.) 

T h i s  hot run i s  ca r r i ed  out if no blockage has occurred 
during hot run 2. Hot run sequence is  t h e  same as f o r  
hot run 2 (item 3.4.1.). . 



1 R L I ~ B O L I Z ~ - \ I : ~  ~ t : ~ \ : ; > : * ~ \ ~ r s t r r - s . r  1 ; 

I.)-.--. - i 1 b.nrlmnung S!ichwo,t T y p c  j l . - N r .  1 Tun5ng Diaphragm Specificatlona 4 ..a ,,., ,b, tlb,c;.w,M b ! t u r i L  
J 3.3 14r . r d ~  

I 1  --- 2 I 3 I I 4 S 6 I 
I- r -- . I I 

I . 
i 

-. 

for investigating MV2 anomaly according to  
A ~ ~ ~ x U S c . r q  L, tivn- i lkLc&. 

. . 
/ 

' ' 7,t- mss-fp,3 9 C1 
j /t,t k/chct e- . 

I $&ing Diaphragms . . 

a c c o r d l n u  TN .RC 31 -65/44 (Tuning ( 
.,-* -u*3 /M c" 5 f - c s k i t ,  (dk:L.--q . . 

I' 

4 
J . 
i: 

. . 

.-. - I?' $ 
Nominal t hroughpiat s ; : ,Z2'; -- t ,  r , i q s  

# . '.'3 



- . ,  . 
Y '  . --., . - - -  

,-. G -: :!:s:.t?fi ,:it b: .c :~ rC~ i ' t : : r  t!-a$11n2 

A * , ~ Q ? . : ~ I I ~  Lu,II;AA~:~ i h n ~  :dn 

0 s - ,'; !i (; I1 \: i? .L s - 
- - c - - -  ------ ..L 

? for :  QS Demonstration 

name: HG N 0 container 
]Ipil:!;,!;!::l?:: -. --- ~ P C  - N $  ed n , h ; / l f e ,  I .. . 

Component No: 
nnut'! . -~;r.: 3, 
Fabrication No, 
l*';:;I,-. ->.:*. ! 

9 I - -  

To: 
Itu!1r : -- 

Nominal +. . . value fo r  c leanl iness  demonstration: Class 
I . L i i .  : i i . l tr~sa na~: t  S.12 -.-.- ..------- m * . . . .  e m . . . .  

- , . , .. ,; : (&?: ."..#~t .k: J~L= ,2,z1r9A..fi, f*; 
--.- 

according t o  SAE C" J,I/. j7j 
Actual value g rea te r  than ( i l l e g i b l e )  SAE . . 
So:..: .t':lr i)c!t.- i.c.ltod r.2cl:.?.yqi;t; 3 i : j  : --- - -- - 
Nominal value for apera t ing  pressure demonstration: 
:rs t: - 
Actual 

8 

' -  Sol l f i ir  Dic l~t! \~ i tsnac!rwoi .c; ' :  Noana l  fop a i r - t i g h t n e s s  . Y 

cjemonstratlon: 
2 j-[:w ,9/-137 d-• 1st: c.7 - 2~7. /t, 77 . . . . \ *  

Nomlnal : Y 

e 

? I ~ C !  ien f iir ~ l c i r : ! ~ t ~ ~ t s r ; : ~ c l ~ : ~ ~ ~ i . ;  : 1 p p  a 8 ,; f - --- 
Msdia f o r  c leanl iness  demonstration: Tsoproponol - 

Flcdlsr: f iir I ? e t  r:i ~ i > ~ r . l r ~ ~ ! ; ; ~ i ~ c l ~ ; i o j . s  : 1 - 3 
, I 

Media for  operat ing pressure demonstration - - 1  
3 

1loc!i.ran f>r Dicht.I~e i t : j !~; tc! l tr l i .  E.2. # P ~ z .  & d M .  

Media f o r  a i r  tightness demonstration: l i n e  N2 

1st: Rcstman:;on von ..................... *...... ppm Lu 

Chemical pur i ty  w i t h  tubes.,,.... . tested 
Nom.:nal: Residual amounto of.,, . . 

PPm d I '  
1)io c i i t  "QSn vsrsolrvrron Sollworto nind  vorr d o r  QS 

Y 
1. 

r:,;rclrzuu~i i son .  . ' 

The nobiinxl values with #QSW have t o  be' demonstrated .I 
.. 

B by the QSe .II 

-NUII~I ins-  65 - Urautt- 
" -----. .-.-... 



Name: HG H-co 
Doncnnunr: - ##Y.?oP~ Gl i e f -  : . ---.-. 
Item No. 
Sach-Nr.: 8730 
Component No. 
B a i i t 1 . - X r ,  : 4, 
Fabrication No. 
F n k .  -Xr . t 
To: 
Ro11r : 

1 I 
-. ... I I - . 

Au0onsIal;a Lampa\dthau~sn 

i ' $3 -;IIIU~O / Stichww t / Type I L.-Nr. -?$ 3: S 
L 

$ 2 ' :  3 e d m  / c r [ ~  zu,Unr;r~~rir Jn ,Ye -&,urr@/;c t n Gtb(lndetesZr( TQT Invest t; f ng *bhe *i8nomalf e 4 

6 
Nominal value f o r  c leanl iness  demonstration: Class 
St)! 1 fiir Rr!inhei tsnacir9.-:?is ! Slasse 

.*....*..* noch SAS 

IS?': - c(ct,cT /f5. A / I U ~ ,  J6!! 2f.K ?5&fd ,j, 
zccording t o  SAk 

A-ctual value grea ter  than ( i l l e g i b l e )  SAE 
S o 1 1  fur B.!triehsdruckn;:cl~~:ci s: 
l@zp&nal . -  . - value f o r  operating pressure demonstration: 

Order - 
Abt. 

Name 

.. - - . - 
Actual : 

50 11 f iir Dichtlrei  tsnac111:ais : Nominal f o r  a i r  t igh tness  

- 

- 
,,,--r,ldbc(cy   demonstration: 

:EdmI' : 2~-41,t -- 
2s: /I. 72 Nominal : 

6 I ? I 1 I I 2 1 
- I 

I:o~l i+n fiir Rtin11aitsnrcl:~rais: i r o p l r p n  nfil (r'p d . )  

Media for cleanl iness  demonstration: Isoproponol 

3 1 I 4 1 
1 

b!cdien f i i r  B e  triob.rclrucknhch\~-ois : 
hedia f o r  operat ing pressure demonstration: 

s I 

Median fur Dicht11eStsnncJl:Jcis: yc , ~ ~ / ~ , b ,  
Media for a i r  t ightness  demonstration: l i n e  N2 
C11 emi sche Reinheit mit DrSgorrUlircl~en e e ~ r f t r h  

Chem c a l  wit with  tubes ..... t e s t e d " ~ / " " ~ ' " " *  
1 s t  : ksstnPongsX von 
Nominal : Residual ambhht 8' bT: : : : " " """' e m .  ...,.. BBa 
Ilia m i t  QS verschonotr Sollwerto s i n d  vorr dor 48 nnc!.r- 
zut~*ai?ian, The nominal valuer with mQSr have to be demon- 
strated by the QS, 

, 



.. 
. +  

C I\ILll~:llly 3 ;u 
I 

, , G:~?!:.C:I~I~ lait ~J;C:I~JII!;! ;r Hu!t~caj TN-HT3S3-S/77 
Aunpn;!~lI;l lorn?oljihnuiirn 

Ugt~cnnwc~ / Stirhrv~r I / Typl/;l.-Nr. 
. , 

for:  Ground t e s t s  fo r  inves t iga t ing  the  MVp an~nhlyl ?- 
f "r P :. ! i 5. f f t f .  I/.n,l/.~/,u! <# ,t~,~.~! /!:* vk), :8?1:+1/! c e* 

O;&r I 1 I I I I I -. --- I I" 3 .  .I 4 6 6 7 
b \'. i t- 
N:tmo 

Name : N 0 HO conta i~ r ,  l i n e s  
nencn:lnn,y: 8:bu - H G  - A F % y l t t l ~  * I  m . . 
Item No. 
~ n c i l - Y c , :  86.92 Kir 4 -  d j  1 - 
Component No, Ku S - 4 4 ~  

~ a ~ t ~ . - I ~ r ~ :  2 ,  b 

a ric t i b n  .No, . 
rat:t*..a.r.: - 
Rbr: - 
Nominal value f o r  c leanl iness  demonstration: Class 
So';  ! f iir Rain: i~ i : ;sr: -~t: l l~; :~  is : 1;Lasst. 

--I_- 

1 1 & ~ 1 1  S i U  . . . . . . . according 
i$;r: ~;;,&,'j Lku+ / H ~ , & ,  JQLZ i2317A,~&4 q , --. 2 P ?  to' SAE. 

value greater than ( i l ~ e g i b l e f ' S ~ E  
bettel* than Class 1 according t o  SAE 11/28j77 

- - 
- . 501.1 f ' B r  flo~-~.i.e'Ja.'ru.;!-::~,~:'~i~t.~t~is : r f d G 4  . 

-7 

Nominal for operating pressure 'demonstration: 
1st: - 
Nomi na 1 : 

*. Nominal f o r  a i r  t ightness  demonst r~t lon  Sol1 fiit ~ i s l ~ t l ~ e : ' i t t i n r ~ o l ~ ~ v e i s :  4C'u*..f 

# 

I.lurl i*?n Piir ~ c i n ! i c i . t s i i n c ! ~ ~ ~ ~ c i s :  i : b p f F p  a C ,  4 

Media f o r  c leanl iness  demonstration: Isoproponol 

Eledicn f iir Retriebsdruc!cnaci~uoi.a : 
Media f o r  operat,ng pressure den.mstration: 

Iledien fiir ~iclttheitsnuc!rvois: k t ,  ~ p i = , C / o / k .  . . 
Media f o r  a i r  t ightness  demonstration: l i n e  N2 

Choal.i.jcha Reinlieit in1 t 'Dr~iqtrri'iil~t*akon 
' 

Chemical urity w i t h  tubes.,,,. t e s t e d  P 
.....,....,a,geyrUf 

Itrt't Roe mongen von .......,............. , . . . . . .  ~ 3 m  
Nominal: rssidcal amounts of,,, PPm 

D i e  l i t  @USw versollonorh Solluertu aind von der US 
naclr~uboiren~ The nominal valtles ylth have t o  be 
I .. - w 

demonatrated by the  QS, 



I - T ? ? I V I ~ ~ , ~  ): . .:. .-.>:II i y , ~ : /  t- ~ v r .  
!) :i - 2: A C I 1  \ f  15 L !i 
----.-a - 

for: Ground testsQS DEMONSTRATION 

- 
1 I I 

---- . 
Ah!. 

sow? 

Name : il ng ling 
Denennun::: &Odly *#ta?Frf,cYr n 9 r U ,  ;t u n r  , . . . . 

-. Item No. 
Sneh-::r rn : ~ ~ m ~ m m r  dl 94 Ku 6 - r \ l l .  

Nominal value for cleanliness demonstration; .'Cleanliness 
Sol-l f iir R w . i r t ; ~ c i t s t l : . ~ t : ! ~ ? r ' ~ i s  : I j la~se  nac S.V 

r*.*r*r 
- .  accdfdlng to : !.st.: -- 4 i t  J @TJZ* k*u* - 2 s.f/. 7% SAE 

better than class 1 according to S M  

Sol.1 f fir ~..ni.~:Ssd=x~!i:t;~.~i~uoiu : 2 J-6% -- 
~o&al for operating pressure demonstration: 
1st: - 
Actual 
sol1 f iir Diebthei tsnnclrt~s is :  C ~ ' / W  NOlninal. for air tightness 

test 

I Actual 
. - 

Flsdien f i i r  l le in?~eitsncc!rvai+: N i  . f i r  12 L 4-  . - 
Media f ~ r  cleanliness demonstration: line N2 

Media for operating pressure dencnstration; 
Ilndi on fur ~icl\tlle~itsnac~~weis: kc ~ r l j  Lo r r r .  ' ' 
-7-p 

Media for air Mghtness demonstration l i n e  N2 Cllcmi.scho Rcinl loit  m i  t D?)ikarrtilrrchcn ,e.e,,.,.e...~eyrti: 
f&@ 9.i P X $ A ~ ~ ~ W + ~ Q  t ~ "  ' tented .., ....,........... ....... ypn. 

'n@pi$$~~ef%?&%t %firer t e sind von i e r  US Die mit 
~ytchzsuwniscn. The nominal values with WQQ? have fa be - --*. 
*de:lonst+ited by the QS. 



QS DEMONSTRATION 

I 
-..) 

Item No, 
Saclr-3s.: 8 6 9 3  Mu#. r f j  . 
Component No. & W S -  4 Y  
Raut1.-Nr.: 2 ,  . 
Fabrication No, 

Fa31 .-%r. : 

To: 

Nominal value for cleanliness demonstra+i.on: Class 
Sol1 fiir !:uin?.~oitst:,?ct:t:~is: xla~so r~ac i~  SAY 

* -  *.*.... 0 . .  - 
& / , < r i b  JdE /&Z%r"i /fC~.27 according . 1st : - to SAE 

Actual: better than class 1 according to 3AE 

So!. 1 f i i ~  3e t r i ~ S ~ d r ' r ~ c : i ? - . * . ~ i ~ k ~ e i s  t r&,,, . . 
Nominal value for operating pressure demonstration: 
1st: 
Actual 

Sol1 f i i r  DichtIiei t snachuois  : {la.& Nominal .~aiue for air 
tlghtneas demonstration' 

1st: 4 ~ ' b  - ~/3f4,44,7& f4 i 
2 9.d 27 

P 

Nomlnal: 
Medisc fiir Roinl ie i  tsrlac:tucis: ircp rpclr,l /ipo3 
Media for cleanliness demonstration 

Medien fur Botr iebsdruc l :nac l~:~~ i s :  . . 

Media for operating pressure demonstration 

Nedicn  fiir D i c :  > l ~ e i  t s n a c l ~ w e i s  : Arcb l I f i 2  && a .  
Media for air tightness demonstration: line d2 
Uie n i t  "(IS" vorsolrencn Solluorte a i d  vc+p der (2s 
nachzuveieen, The nominal values with "QS have to be 
demaps rat 
~hooxsck. if K W m S *  ~r i igerrr l~re~~an  gaprlif t. 
emic 1 1 with tubes,,,.teeteb """""* 

Yat :  if P -g* *on 
Res dual admlnt8 'pi, ~.*.~o~.~ * . ~ a r ~ i n a l . : ~  "O? ...*.w 



QS DEMONSTRATION a &':: PAGE 1 (61:lt---b. - --.-- 

1 
0:2;: 1 2 I I 4 1 . S I I 6 I%iT I I I I  1 7 - 
N ~ m r  

Name : 
I 

GSP Drive l i n e  Apoq fo r  W pre8rurizatlon 
. . - ... nm*nn*'tle** 6 .I'/: ~n i p  ;b r L )U rPp ,9 

Item No. I;* n#'fH B r r , 6 t R z m  9. , . * 
Srlc,\-:Jr. : A< 4 3 0 . 

Component No: 
i - EEU t !. . -t:r. : .d. 
1 

a r i c  t ion  No: 
FCk b- . -%r 

To: 
It n!rr : 

Nominal value f o r  c leanl iness  demonstrati-on: Class , 

Salt fii;- Rnirtltcifsncl~:!r!;~?is: I<lai;su ------------ aach S.11 
e o m S * *  m-roar 

-J/-~,~,C/L c . $4 aceording t o  SAE 
1st: C-w- -- Actual: b e t t e r  than c l a s s  1 Z P  //.72. 

according t o  SAE 
SO:.: CUr 9.2 ~ : ~ ~ ~ 3 s ~ t ; : c ! - : n ~ ~ i r g ~ i . ~  : 
--a ~ o i i v a l u e  f o r  ~ ~ r a Z d f i m b n s t r a t i o n  

. 
Actual : 

Sol  l .ff!r Dichtlreitsnac\rveis: C; c &L, 
Nominal for a i r  
t igh tness  demons- 

1st: ' j p  &it - # 7Jj-Y / d d & ~ *  

zg. / / .  7 7  r a t i o n  . 
Actual 

FlaC-icn f i i r  r\aintrcitsn~cl~~vei:~: N ~ , + = . L ~ ~ ,  
Media Por c l ean l iness  demonstration; Line N A . . 

F!edien f iir Rct riebsdrucLnachrels: L 

Media for  operat ing pressure demonstration: 

PIedf en fiir ~ i c h t h o i  tsnaclweis : N z o  Nr&  &om 
. - C  

Media f o r  a i r  t igh tness  demonstration 

Cl~ernL'achq Rzinhoi t in1 t Dr&ikoiidiireheh line Np 
Chemical pur i ty  w i t h  tubes....teated * * * * * . - - - . ~ c ~ r e f  
1st: Restnerb *en von 
Nominal: ~ e s k d u a l  anounbsdk** . . .o -o** .*  . . ---* P P  ' 

Die m i t  "QSY v e r s ~ 1 ~ 0 n ~ ) r i  Sollw~rta mind von der US 
r~aclr.ruuaf sea. 

._ - The n m i n a l  values with-yaSa . .- hare to  

be demonatrated by the QS. . . 



... . --. - .C" 
?1. - -- - -- --- - - .- -- - - 

. L L I I I L & ~ . . J  h i  1JU LI .' :..+.mIUl~ $.Ill U:bC~l~ - s l  b' J r  t1J'klld 

I TN-HT353-5/77 Au9.tnitalir Latn?.rldb;~a~iarc 
I 

1 i;rnrfict.~nq/ Skiii~trot~i Typalt-Nc. 
!! S - S :I (: I[ 1; E 'C S 

for QS DEMONSTRATION 
fiir: B i i r  r ,  ,.;ii su, gfi 1,. ta t ~t * a w ~  5 up' c.2. -&&-d4. ., <*.t ..*.....*... r-.......*-...... 

I :  1 1 
&..- 2 I 3 
i 2 . .  I 
t I I 8 I 

I I 
I 

I I - 

1 .. 
Nama I I # .  * .  t Name: Test design on N 04 s ide  

nac+nat~n.:..: f r r l z ~ / d * . r  4 I e  I r r l *  . : . . . .  8 - - 
. . Item No, 1 

s:kcll -Yr. : I 

I Component NO : .L 
I 

prnJ 
/;It : N * P ~ J -  1.1 - U  H. 

anciv'alve 
Noqinal value for cleanliness 

Sol, ? T i l r  I'\c in l i c i  ~.sII.?.~:.Iu:+Ls: li1;18se --- - ........... 
->. . p9* &.4drc t r ;  J9F 2T4-1 /24&dU 
I S C :  --- 
Actual: better than Class f ''. , 

according to SAE - 
S::,li fi;.~' 3nicr.:.e'osc!~r;~r:?<n,?.~il\rcj..-;: 
Nominal value foroperat ing  m u r e -  demonstration - . . .  

. , . . .  Actual  . . .  .: . 6 1 
. . 

Sol1 fiiz l I i ~ l ~ t : \ c . i t s n ~ ( : ~ ~ w ~ i ~ :  . . -. . -. 
. . I . . . . .  . . 

fominal for air tightness demonstration. . . . .  
st: . . 

. . 
7 ' 
. i 

. . .  Actual - '6 
. .- . 

. . 

. . Media for cleanliness demonstration: . . .  ? 1 
. . J Medien f iir Bct ricbsdrac?cnacitusis : 

' a  

Media for operating Gressure demonstration: . . ., I 

tledien fiir Dicl\theitsnacllrreis: N ~ .  N t / a  - LJm.  . -  . J i 
Media for air tightness demonstation: Line N2 I 9 

m ' t ' Druarc-'lr om sc 9 Re 
E$en~fOa?~~ur~~~~wh! !h  tubes.. . .tls€~8~'. . .'. .. .'. .... .grprr\ft ; 1 , ,  

1st: I t o s t n e n ~ o n  von - .- . ..,...... ppn_,-* ' ;, ..................... . 
Nominal: ~esidual amounts of . . s, : 

. .  * . . .  Die rit @USa voreohunon Sollvarto aind v-n der QS ' . - ! 4 

~ c ~ u ' ~ a i s @ n *   he n a n a l  ,vueq.,nlth_ W Q S W  have t o  . . . .- . -. -- I j 
. 1' 

be demonstrated by the QS. 
. . 



; , ,  ' 1 ? .  8 #  1 8  . 5 a ms-ccn~n~ I st:&rww t TYQS P..NI. 
0 s - ? : A C l f l f E I S  -. -- 
QS DEMONSTRATION 

. . h 

6 7 

I 
Test configuration on'MHH side 

? 
Name : 

neni?ikntln::: T P S ~  br ., nr) H $rre/ r 
! "  1 a 

Item No: 
SrAcll-?J~ : - 
Component Nr. 

E a ~ ~ t l  .-Er. : 

To : /l yfi4'c9c - Lor/ - i "  Ro!lr: H 6  l ? c h / c  k 4 
tube 

T ~ f h i ~ ,  r ;  rr,,(l .LC /. uc Sere;! a, AC?.? C 
i - i+,,,,di,..b,'!/ : 'Nuprc .  - SS- 4e. .r 

i 1 handvalve Class . accorang to 
rial value forSc?.!. Fiir Rr,fnl~oi.t.sti::t:!~!;~?is: IiLasns P -- . ~13Ghs.m . . . .  t . e  . m e .  r . 

I 
cl anlineas demonstration 

3-6t: - -- . . 4 4 1 r E A 7 ~ ~ - * , 4 - / , ~ 8  ME 
! Actual: better than Class 1 aS6h'fXg to. S M  

Sn1.l  ftir -- 3 c  t:?j-cSs~rr~~<:~.?.*:i~\rls is : 
Nominal value for operating pressure demonstration: 
1st: 
7 

Actual: 

S3l1 . f i i r  D i c h t l l e i t s n n c l t w ~ i a  - -- : 
Nominal for afr  tightness demonstration: . '  
1st: 
7 . . 
Nominal : 

. .. 
FIed i a n  Piir R e i n h e i  ta l tnchrre isz  / r i  r r r p r  r ,  I ' 

Media for cleanliness demonsfratlon: 
- 

Flcdien filr D c t  r icbsrl~ucknacl~weis  : 
Media for operating pressure demonstration: 

).lec!5err fur ~ic!\tlle'itsnacl~wcis: kt. f irf l .b6rr,  . 
Media for air tightness demonstration: line W p  

Chemivchq T!~inbcit  m i  t l'lr&orrt55;ytt;te . . . ; . . ;g"prU.ft Ghemlcal uri t  with tubes .... 
Tstr Res &eng#n von 

r$nal  Resi ual ~~~# we*.\*.* 
' ' 

, .  . 

Die n i t  'USn versel~onon Sollwartc s i n d  *on dor 9 S  ' 
. . 

noclrxwoison. The nominal value8 with nesw hsvr t o  
L. .- - .  . . - .- **. - 

be dewnotrated by the QS. '. 
' - . . 

-PIundi ng- 
. - 



I 
, . .  . 

bridge through the resistance of the co i l .  . . 
Die Temperatur am Triebwerk wird m i t  eincr WeWOcke Obet den - 
Widerstand der Spule gemessen. 

. 1 

. . 

Rhax = 331 Ohm 6 ~ S O C  . 

4 

Tenpetatur an der O X - ~ l e n d e ,  Sol1 2 0 * ~  
Temperature on the OX-diaphragm Nominal 2 8 @ ~  
Betriebsspannung fur Triebwerk 27 Volt DC 

- 

1 operating voltage for Engine 2 1  Volts DC 
Monitoring Resistance of Temperature 

I ' Time t iberwzhkq T 

-mkrs t .  ~ d e r  Spule -urn Bx-Blende racuUm Bemerkunge;, Remarks 1 
1 I Name 

Dat .  ~Uheze i t  [ ~ h m ]  PC] I [~orr] I 
23-7 dt: f<. ?*5- 

4 f - 2.7s 
vacuatiqn interrupted 

( 4  fl&. LC- - .  

. . 

1 

. . 

' I  
4 .  

I - .- 
t - 

. - 

l i  

- C  ( * '5 7 .  

i I I r  . 

. + ' , 

h ~ ~ ~ O M W Q  / Ui~ \wOt t /  lypm/ Z-Nr. 'UQ& 16.12.77 
Evacuation 
Evakuieren / Pos. 3.4.4 TN RT 353-5/77 

- I - 
2 ~ H L  =--.-, 

81.30 
Ordo 

a Abt. 

Norno 

a 1 The temperature 0 7 t h ~  e n g i n F ? s i e ~ s i e d  using a measurement 

1 S J l  6 I -- 
I 

7 I 

I 1 
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1. Summary 

. . I n  order  t o  i n v e s t i g a t e  t h e  MV2 anomaly (TbJ RT 353-7173) 
hot runs  wi th  t h e  10  v-Engine were c a r r i e d  o u t . ( i n  t h e  
atmosphere), 

I n  t h e  present  document we spec i fy  t h e  requi red  s t ep8  f o r  
prepar ing and ca r ry ing  ou t  t h e  hot  run tests. 

Test  1: Reference t e s t  f o r  which no blockage i s  expected 
Test  2: Hct run t e s t  f o r  which N204 i s  used with  t h e  

chemical composition s p e c i f i e d  i n  i tem 2.3.2.2, 
Tes t :3 :  Is only used i f  dur ing  Test 2 no blockage i n  t h e  

N204 conveyance system occurs. I n  t h i s  hot  run 
t h e  Fe-Ni-Nitrate component i n  t h e  N204 i s  increased.  , 

2. Data on t h e  Test Specimen an? Tes t  I n s t a l l a t i o n s  fo r  t h e  
Hot Run. 

2.1. Test  Specimen: 

- 10 N-Engine SYS 2451 Bt. kt. 35 
with valve ~ t .  Nr.'44 

- Original  f u e l  conveyance l i n e s  ( l i n e  c ros s  s e c t i o n  and 
length)  wi th  t h e  f i l t e r  and t h e  diaphragm according t o  
t h e  HG system engine H4 (Sketch Page 8)  i n  t h e  conveyance 
l i n e  between hand valve OX 4 (BR 4) and t h e  engine. 

2.2. Tzst  Configuration: 

The t e s t  conf igura t ion  ( ske tch  page 8 )  i a  done according t o  
TN RT 35-7/77 , A l l  of  t h e  components of t h e  conveyance 
system and t h e  he2 conta iner8  are oleaned according t o  

~ - R T  3 ~ 3 ~ ~ 7 7  snd t h e  c l e a n l i n e s s  10 demonstrated u:lng 



t h e  Mil l ipore  method (without QS docwasntation. 

2.3. Fuels and Fuel Amounts 

2.3.1. MMH: (Demonstration not  requi red)  

Amount of  f u e l  t o  be f i l l e d :  6300 g 
( f o r  an expected t e s t  time of  3 x 24 min) 

2.3.2. D i s t i l l e d  N I O ,  with t h e  fol lowing chemlcal composition 

2.3.2.1. Hot l ine  1 ~ o m i n 8  1 value Actual value8 

according t o  MTL- 

w t  % 
So l id s  

UZOI w t  % 

H20 Equival. 

The s o l i d  f r a c t i o n  i s  determined q u a n t i t a t i v e l y  through , 

- 1PWillipore. f l l t e ~ s  u s ing  POQ 9 N204 . Par- 

L 09,s 

t i c l e  d i s t r i b u t f o n  on t h e  f i l t e r  i s  not-determined 

(see  t e s t  sequence). 

. 9i .39  

The amount o f  f u e l  t a  be f i l l e d !  3500 g 

Number of p a r t i c l e s ,  acbual  value:  Cleanl iness  Class 2 

- according t o  SAE 

January 20 1978 

s igna tu re  :Muller 

2.3.2.2. Hot run 2 

I 

* 
D i s t i l l e d  N204 with the  fol lowing chemical compo81- 

4 

I t i o n  i s  used: ( see  d a t a  of TN-RT 353-7/77 ) 

H N 0 3 w t % :  * g 8 w t . %  x des t .  (Pu r i t y  see item 2.3.2,-L.) 
I 
I 

0.64 
I 

I w t .  % H20 d e s t  
H20 f r e e  1 w t ,  Kaltron MDS 113 
w t m  %: 0.02 20 mg/l Nitrate mixture: 50 w t  % Pe-n i t ra te  

HN03 +f ree  H20 gives  a n  H 0 equivalent  50 wt.$ Ni-ni t ra te  
of 0.11 w t .  X.  ~ e ~ p o n s i b l 6  for Item 2.3.2.2. RT351 Mrs. Keil  u(e 

# 78 



0 r-3500 Q Tota l  amount o f  impur i t i e s  up 4 
NZOI dest. ' 0  3 4 3 0 9  ( 2  bslurae a i r )  

n20 dear. . 3s g . s 0 

Krltron 113 MDSJW 35 Q 

Fe-Nitrate = 24.2 mg. 
Ni-Nitrate = 24.2 mg, 

2.3.2.3. Hot Run 3 ( is  performed if no blockage i s  found dur ing  
Hot Run 2. 

D i s t i l l e d  N204 w i t h  t h e  chemical c o m p ~ s i t l ~ n  as under 
Ttem 2,3.2.2., but  t h e  FB-Ni-Nitrate f r a c t i o n  is increased  
t o  4 0  mg/l 

For 3500 g N20q we f ind :  

Fe-Nitrate 4 8 . 4 . ~ .  
~i- itr rate - 48.4 W* 

2.3.3. F i l l i n g  o f  t h e  NPOj and MMH-cont@iners. 

F i l l  t h e  MMH uaing a i/c.b Millipore . F i l t e r  and f $ l l i n g  
i s  con t ro l l ed  by weighing. Vent3la t ion on t h e  con ta ine r  
i s  only opened i f  over preesure  e x i s t $  i n  i t  i n  o rde r  t o  
avoid e n t r y  of a ir .  

2.3.3.2. F i l l i n g  o f  t h e  '2'4' conta iner  
a 

F i l l i n g  o f  d i s t i l l e d  N204 through a fbL Mil l ipore  
f i l t e r  and f i l l i n g  i s  checked by weighing. Ven t i l a t i on  
of con ta iner  only when over pressure  e x i s t s  i n  it i n  
o rde r  t o  avoid pene t r a t i on  o f  air.  When producing t h e  
mixture f o r  Test  2 and T e s t  3, impur i t i e s  (H20 and fieon) 
e r e  mixed by weighing ( Filter 2,4b- ) A 20 kg bal- - - .  -I. _ 
ance i s  used f a r  this (1 s c a l e  d l v i 5 i a n  5g). 



Sequence : 
- Determinatibn of the  empty weight OB of t h e  N204 

- conta iner  ( r e s i d u a l  N204 is  emptied) GB = kg - f i l l i n g  of t h e  Fe-Ni-Nitrate mixture weighed separate-  
l y  on an ana lys i s  balance. 

- f i l l i n g  of t h e  Kaltron 113 MDS o r  t h e  amount uf water 
separa te ly  on an ana lys i s  balance. 

N 0 - weighing of  t he  d i s t i l l e d  2 q 

- mixing of components by shaking t h e  c losed conta iner  
N 0 - before  f i l l i n g  i n  t h e  2 4 i n t o  t h e  conta iner  fo r  

hot  run 3 t h e  conta iner  i a  cleaned acccrding t o  

TN-RT 353-1/77 

2.4. Measurement l oca t ion  plan 

Measurement Range RecordingR Remark 
(Fi) 

A PI 

A p Z  ' 

'"B . 
valve srgnur  
Engine , 

Time 

0 - 7 ba t  
8 

0 - 1 3 b a r  

' us 

V, b, A . 

V , D , A  . 

. - .. 

' C, A 
. 

I .  

@ .  

I .  ' 

v 



: Pressure mearurement A p l  c~ T Y P  4 - 351 - 002 
t ransbuoors  

A ~2 
C& TYP 4 - 351 - 005 ' 

COX 6-00 'N204 , Tutb.Nre 7191 
Turbine f l u x  meter .# 

COX 6-00 a )9U( Turb.Nge. '15732 

Cal ib ra t ion  of pressure  
t r ~ s s a s c e r s  us ing  a ~ P L  Alter (nor9 

3. Test  Sequence 

3.1. Preparat ions  
- Addition o f  t h e  f u e l s  (Item 2.3.3,j - Cal ibra t ion  and i n s t a l l a t i o n  of t ransducers  
- func t iona l  t e s t  of engine valve 
- a i r  t i g h t n e s s  test of  t h e  e n t i r e  conveyance system by 

applying a load through H V d X 3  ( B R ~ )  and G N 2  10 bar, 
(Pi1 tar 

- f i 1 l i n .g  of  t h e  bas in  wi th  ice water - pres su r i za t ion  of t h e  ~~0~ conta iner  a t  pT (Hv-oxZ PCLOSEDn) 

.'E r 13.30 bar 

Pressure  balanee s 

A p F ~ S  0.5 bar 

- f o r  hot  run 2 + 3, ad jus t  va lues  frem hcf run 1 - evacuation of t h e  ~ ~ 0 ,  conveyance eystem by means of 
HV-0x3 ( to ,% Torr) mJJI 'ONQ - illling o t  t h e  Me4 canveya.ice r78tma by openin6 hm<?.- 

valve OD( 2 . 8 





- removal of a cleanliness smnple with a Millipore 
adapter with br- Filter and a floor mount of 
200 g on the manual valve 0x3.  - qualitative check or  the filter for particle amount, 
particle size and particle Identification. - pressurization of the HMH container at PT (JW-BR 2 

CLOSED" ) 
p~ luur - '  34.10 bar Pressure balance , 

' 4 . 5 .  bar 
diaphraw 

A p  P(lj - 0.3 bat . 

18.9 bar-. 

p ~ '  17.9 atg 

For hot rtms 2 + 3 adJust values Prom hot run 1 . 

- Evacuation of the MMH-co.veyance system using 
( .fql Torr) - W-BR 4 w ~ ~ ~ n  - Filling of the HMH-conveyance system by opening - 

handvalve BR2. 

3.2. Noninal operating conditions for the engine 

i - 3.54 g/. " ' 
qes 

• . - 1 . 6 4 .  a / s  



3.3.  Hot Run 1 (Reference t e s t  f o r  which no blockage is expected) 
Test  no. 02-2953/1 1/20/78 

3.3.1. Manual recording: 
Nominal value 

Fuel temperature i n  t h e  tank 

Ice water tern, e ra tu re  

Balance Reading 

-. 

W*Ol ' * g p  
Adjusted tank pressurfzat ion - . atg 

. * '  
PINU .' t i$2 . atg. - Equalization of d i f f e r e n t i a l  pressure measurement 

transducers. 
- Check: Manual valve Ox' 1 / BR 1 "ON" 

Ox 2 / .BR 2 VONR 
0% 3 / BR 3 "OFF" 
Q r 4 / = 4  

3.3.2. Engine Igni t ion:  

- 2 seconds before engine i g n i t i o n  - Ylsicorder "ON" 2 
P upon engine i g n i t i o n  s t a r t  time and p r i n t  out values 

a t  time in te rva l s  of  2 minutes ( 2 d  
- check the  mass throughputs: i f  necessary i n t e r r u p t  

engine operation (s top the  t ime),  i f  deviat ions i n  

&qes rmm and r nom are found. Throughput correc- 

t i o n  is  made by changing the  tank pressures.  - observa* : cn of d i f f e r e n t i a l  pressures  - obbervatiorl of temperature Zoad on t h e  englce, espec- 
i a l l y  on t h e  vacuum nozzle. 
Tnterrupt. t e a t  f o r  c r i t i c a l  operat ing a ta t e .  



3.3.3. Engine shutaown f o r  the  test ti# 
8 Nominal time - 1 4 4 0  recond 

- manual recording: . 
Nominal value 

Engine temperature In the tank 4 h 2 0 ,  / / . . O C  

Tce water . 

Balance reading 

AdJusted .values of tank 
pressur iza t ion  

P - reduction i n  T-0 and PT-g 
- close  handtalres  OX 2 and BR 2 

OX 4 and BR 4 

- empty N2°4- container  

,de m-ti! * p. Oc. 
. . . 

'. - /x20-  2 . . Oc 
. - 

. . N,O, : CPO *9 
. * 

a .  . 

. . mli ; f -kg 
Y 

i 

: - # .  w,o, 463 ! . .., atg 

3.4. Hot r u n  2 (Test with contar inated according t o  I t e m  
2.3.2.2.) 
Test No. 02-2953!2 
January 20, 1978 

3.4.1. Manual recording: 

Fuel temperature i n  t h e  tank 
Nominal value 

Tce water 
. N204 3 to. r93 rg 

Balance reading 
n w ~ :  #Z for*, 

Adjusted values of tank p ~ e s s u r i z a t i o n  ' '2048 te 3 a t g  

(see adJust td  values f o r  hot run 1) M( 8 f&a a t g  



- equal leat ion of  d i f f e r e n t i a l  pressure transducer8 
Check manual valves: 0% 1 / DR 3 "ONu 

OX 2 / BR 2 WON" 
0% 3 / BR 3 WOPPW 
a 4 / 4 @ONA 

3.4.2. Engine Xgnition . 
- 2 seconds before engine ign i t ion  - Visicorder "ONm 1 

- s t a r t  time upon engine i g n i t i o n  and p r i n t  out values 
' a t  1 minute i n t e r v a l s  (2x).  Shorten i n t e r v a l s  i f  

there  a r e  throughput changes. 
- Observe temperature load on engine especia l ly  on t h e  

vacuum nozzle. 
Discontinue t e s t  f o r  c r i t i c a l  operat ing condi t ions-  

- Observation of d i f f e r e n t i a l  pressures,  in j ec t ion  
pressures and f l u x  readings i n  order t o  evaluate pos- 
s i b l e  throughput changes and'whether these a r e  caused 
by the beginning of blockage. 

- allow blockages i n  the N204 conveyance system t o  
increase a s  long as t h e  operat ing state of the  engine 
is  not c r i t i c s i  because of  t h e  displacement.of t h e  
mixing r a t i o .  

3.4.3. Engine shutdown 

3.4.3.1. After blockage of the  N204 conveyance sys ten  has occurred 
Preference value 

. . 

*u204 0.44 O/B 9 ' - - ' . Imp/.  . . 
(according t c  20 % Mom. ) 

'204 . 

3.4.3.2. After an operat ing time of 

t - 1440 
. . - Visicorder 



. 4- "'"1 - 

Recording: 
Nominal value 

Fuel temperature i n  the tank 

I ce  water temperature 

Balance reading 

..-- *. - : 7 t  348-. -kq - 
N204: atg Adjusted tank pressur iza t ion  

- :- m :.. -443, atg 
. .- - 

Test time . . 
'.-t '-:*..3@ :. 

. . . . 

- Reduct ion i n  PTg and 'TB 
- Close manual valves OX 2 and BR 2 

OX 4 and BR 4 

- i f  blockage occurs during a hot run: 
f u r t h e r  sequence according t o  item 3.4.4. 

- i f  no blockage occurs during the  hot run: i 
continue sequence ticcording t o  item 3.5. 

3.4.4. Blockage i n  t h e  N204 conveyance system 

- from the  changes i n  the  d i f f e r e n t i a l  pressures  o r  
the  change i n  the  i n j e c t i o n  pressure,  determine 
t h e  loca t ion  of the  blockage ( f i l t e r ,  diaphragm, 
in jec t ion  syaeem) 

JE 
with 4 4  A,& - close  d i f f e r e n t i a l  pressure can .- 

closed and close the  connections using b l ind  screw 
connections. - let  i c e  water run out of the pan. ? 

- operi HV-3R4 and evacuate M W  conveyance system 
through n*BR3 (P S 0.1 %re) 



- Rinse the MIYH conveyance.8ystem wi th  N2 with open 
engine valve through manual valve  BR3 ( f l u x  read ing  
BR is observed). . 

- f u e l s  a r e  removed from the  engine and t h e  conveyance 
sys tem f o r  the  most pa r t .  (Manual valves  Ox4 and 
BR4 i n  t h e  conveyance system are c losed) ,  by connect- 
i n g  a gas j e t  pump through an  adapte r  over t h e  vac- 
uum nozzle of  t h e  engine (valve open). 

- a f t e r  t h i s  connect t h e  adap te r  t o  a vacuum pump. 
P - Manometer vac i s  connected ahead o f  t h e  f i l ter .  - Open t h e  engine valve and evacuate t h e  conveyance 

I 
system over 336 hours ( PVac 3 + 'vat 2 1 s  recorded).  

P, 
g loo2 Torr 

- surrounding temperature i n  t h e  pan and t h e  temperature 
on t h e  f i l t e r  a r e  recorded. 

- temperature on t h e  engine valve is  checked. A t  t h e  
beginning record a t  i n t e r v a l s  of 10 minutes. 
O i f  9S°C i s  exceeded c l o s e  t h e  engine va lve  and 

open i t  again a f t e r  t h e  tempe-ature drops and t hen  
- . - record 'y . 

O a f t e r  t h e  end of t h e  evacuation time c l o s e  engine 
valve and c l o s e  o f f  adap te r  ar.. vacuum pump (cal-  

i b r a t e  Ap@,Jp,,-pl, 4 
O c lose  manometer pvas and- connect p ressure  can 

pressure  cans 1f4, A r 8 are connected. 

3.4.4.1. Repet i t ion of  hot  run 2 Tes t  No. 02-2955 I 

February 2, 1978 
i, - pres su r i za t ion  of  '2'4 and MMH conta inera  I 

adjus ted  values  as under 3.4.1. i 

- evacuation o f  theHV-Ox 4 o r  MMH conveyance system 
(manual v a l v e s  in t h e  convesance system 2 

and - 4 are. span) through W-Ox 3/BR 3 (: q,i 

Tort 

88 . 



- f i l l  t h e  N204 conveyance system: 

Manual valve on the  tank Wj-& 2 wOPEN" 
Manual valve on the  conveyance system HV-Ox 4 . 

"OPENn (Check) 
- f i l l  the  MMH conveyance system: 

Manual valve on the  tank HV-BR 2 "OPENw 
Manual valve on t h e  conveyance HV-BR 4 "OPENn (Check) - ~Hanual Recording: 

Nominal value 

: 42 
. . ' Oc 

Fuel t e m ~ e r a t u r e  i n  t h e  tank 

Ice  water 

Balance reading 

N204 : ' ,.*f4# 
AdJusted values of tank pressur- a tg 

i z a t i o n  (adjusted value Item 3.4.1.) MH : 782 . a tg  
- equal izat ion o f  d i f f e r e n t i a l  pressure transducers 
- check: Manual va l res -  . Ox 1 / B R - 1  "ONw 

O x 2 / B R 2  w3N" - - -  

Ox 3 / BR 3 "OFF" 
0 % 4 /  

"ON" 

3.4.4.2. Eng1r.e ign i t ion  

- 2 seconds before engine i g n i t i o n  - Yisicorder "ON" 
r 1 c d s  - start t i m e  a t  engine igrii t ion and p r i n t  over time 
i n t e r v a l s  of 1 minute (2x). Shorten time intervaie . . 
f o r  throughput changes. 

1 
/ I - Observer temperature load on engine, e spec ia l ly  on I 



the vacuum nozzle. 

interrupt test for critical operating conditions. L 

- Observe differential pressures, injection pres- . 
sure and flux reading in order to evaluate possible 

throughput changes and whether these are caused by 

a (beginning) blockage. 

- blockages which occur in the '2'4 conveyance 

system are allowed to increase a9 long as the 

engine operating state is not critical because 
of aisplacenent of the mixing ratio. 

3.4.4.3. Engine shutdowc 

3.4.4.3.1. - for blockage of the '2'4 conveyance system (same 

blockage as befors evacuation) 

3.4.4.3.2. - after an operating time according to the available 
!2O4 ,z 

N 0 (Filled in 2 4 minus consumed W2O4 for 

hat run2 -remainder for ~epetition) 

- visicorder "OFFv 
- Recording: 
Fuel temperature 

Ice water 

Balance reading 

Nominal value 

Temperature pressuriea*ion . atg 
NZ04 8 d q  3 adjurted values 

. ' . 'atg 

test +.inre 



- reduction i n  'TO and 'pa - closed manual valve Ox 2 and BR 2 
. Ox 4 and BR 4 - i f  blockage i s  successful ly  vemoyed, empty 

Ox and BR conveyance systems. - i n  t h e  case of f a i l u r e  r i n s e  MMH conveyance 
system * ~ t h  ON 2 J q u : ~ t l t a r )  . W204 
conveyance system i s  r insed  through a+ Fi1t.c; 
using about 60.C warm d i s t i l l e d  water. The 
r i n s e  water is  captured i n  a s u i t a b l e  c lean  
container.  

3.5. N 0 Hot Run 3 (test w i t h  contaminated 2 q accordina 
t o  item 2.3.2.3) 

This hot run is  ca r r i ed  out  i f  no blockage occurs for 
Hot Run 2. I 

F 
Hot Run sequence t h e  same as f o r  Hot Run 2 !.Bern 3.4.1.) f !I 

I 

3.5.1. Hot Run 3 . 
- , - 

i 
then Hot Run 2 i s  repeatea (item 3.4.4.1.) we found ! i 

no blockage a f t e r  about 1300 seconds (Ox-Tank empty) i' 
1 .  

After t h i s  an addi t ional  t e s t  Number 02-2956 was 
car r ied  out w i t h  N204 , using t h e  composition of 
3.3. j.2. 

Surpris ingly blockage occurred a f t e r  100 seconds on 
the  f i l t e r  (see graphed f i g u r e s  o f  test re8ul te ) .  



Regarding ground tests for  investigating the MV2 anolbalier . . . 
cordin t TN-RT 35 7/77 tr. U k a b  cwL;~"t A,. ~ V * - ' A . - ~ L  . . 

p p  w- CJS-+ I#? 
nb,~iLdJJtLlcl(1.h. . -  - -, 8 

. . .. ... 
Tuning Diaphragms .. 

\ . . 
 MI) ' . . 

.I 

3 

. the the diaptrrsb: . ' 

'. 

......... . . . * a dc&~JLat * ( *  t . . .A :$ I  

. . 
88,s - km ~ ~ 4 4 ~  , -. Nominal through- 

puts 
40 * rwyp  .,, (-Si* /b.8*/*..l) A 6 'O 0,00354 k 9 h  - 
*I,? 6 ' J  fU a4915 

3 i * ~  4. ' 3% 8/r . . f, 4s 

%+ 7 

Speci f  led  A', 0' -(, 4 . t. I& . * 2,go $I, .** .& 
' f.83 

t 
04 

\ ( lle i b l e )  a. - h a m  
i m a t c a  * . . * .  . -. 



TN-RT353-1/78 Authof ; Ha-rcbere 
QS Demonstrat Ion 

for :  Ground tests f o r  i n m s t i g t i ~  the anomaly . Page 1 of 7 

lkme : HCI N204 Containel. 
Item No: 8720 
Component No.: 
Fabrication No.: 

To: - 
Nominal value f o r  c leanl tness .  de~)or,atratiori Class 1 according t o  
SAE 

Actual value: Date: 7117178 RC34 
( i l l e g i b l e )  

Nominal -*slue f o r  operating pressure -. demonstration: 

Actual: - 
Nominal value f o r  a i r  t ightness  demon~st~?ation: 

Actual: 

Media f o r  c leanlfness  demonst$ation: ~soproponol  

Media f o r  operat ing pressure demonatration 

Media f o r  a i r  t ightness  demonstration 

ON2, LAM Supply Network 

The nominal values w i t h  "QSw have t o  be  demonstrate^ by t h e  QS. 



*urlz-.-.r. r .-. - - -"., -.----. -r-..- .-"".-. - - --. -,---.*.. -. - , , , . . . ~ w & e - .  - 
f -  - T-, ' 
i 

Appendix B t o  
TN-RT 353 - 1/78 - Author8 Hurtberg 

QS Demmstrat ion Page 2 a f  7 
f o r  Ground tests fo r  investigating t h e  )(PZ anomaly 

Name: N204 Side Test  Configuration - 
Item No,: 

Component No. : 

Fabr ica t ion  No.: 

a F i l t e r  MQ SK 2480-22 BT "using N r .  20/21 
Turbine Model LF 6-60 S e r i a l  No. ?191 

To: HG tube 1/8w x 0.0lW x 1000 mm long -. 
Manual valve: Nupro SS 4H. 

Nominal value f o r  c l e a n l i n e s s  demonstration Class 1 according t o  
SAE 
Actual value: Date: 7/17/78 RC34 

( i l l e g i b l e )  
Nominal vaiue  f o r  opera t ing  pressure  demonstration: 

Actual : 

Nom;:ral vs lue  f o r  a i r  t i g h t n e s s  dembna'ii-ation: - 
Actual : 

MeCia i>r  c l ean l ines s  demonstration: Isopropanol - 
Medin f o r  opera t ing  pressure  demonutratton 

Media f o r  a i r  t i g h t n e s s  demonstrat ion N2 LAM Supply Network 

Chemical purity with tubes..  . . . , t e s t e d  
Nominal: Reuidual amounts o!'.....ppm 
The nominal r a l u e c  wi th  wQSn have t o  be demonstrated by t h e  QS, 



Appendix B t o  
TN-AT353-1/79 Author: Herrberg 

QS Demonstration Dats 1~16.78 
Page 3 of 7 

for :  Orounl Tests f o r  inves t iga t ing  the  W2 anomaly 

Name: MMH Side Test Configuration - 
It em No. : 

Component No. : 

Fabrication No.: 
Turbine: Model = LF 6-00 S e r i a l  No 15732 
To: - HG tube i/8" x 0.01" x 1000 m long 

Manual valve: Nupro SS 4H. 

Nominal value f o r  c leanl inese demonstration Class 1 according t o  
SAE 

Actual Value: Date 7/17 '78 RC34 
( i l l e g i b l e )  

Nominal value f o r  opera!ing pFessure demons'tration: - 
Actual: 

Nominal value f o r  eir t iuhtneas d e m o z t r a t i c ~ :  - 
Actual : 

Media f o r  c leanl iness  demonstration: Xsoprapancl - 
Media f o r  operating preesure demonst-ration: 
Media f o r  a i r  t ightness  demonstrat;lon: ii2 LAM N e t w o r k -  - . . - -  

The nomincll values with *rJSv have t o  be demnr-'tratsd by t h e  GS,. 
-Munding- rBr8un- 



Appendjx 0 t c b  Author: iS8~tbary ' 

353 - V 7 8  page 4 or t - 
tor: Oromd teat. for i n m u t l g t i ~  the MV2 8nomly 

QS Demonstmtlon 

Name: - N202 HP Tank flllln(l line 
Item No. : 0694 Ku 6-N2 
Comonerit No. : 
Fabricatlor, No. : 
'-9 . - - 

: Nominal value f o r  ~~~~~~~~~~s demonstration Cla.8 1 a c c e r d l w  t o  
SAE 

Actual value Date 7.2.78 RC34 
(1llegPbl.e ) 

Nominal value f o r  opera tin^ pressure d e m n s t r a t i o n  

Actual: 

. Nominal value f o r  a i r  t i ~ h t n e s s  demondtratign: 
Actual: 
Media f o r  c leanl iness  demonstration: N2 l i n e  LAPI 

Media f o r  operat ing pressure demonstratl'on 

' Media f o r  a i r  t ightness  demons'tr&ion 

. Chemical pur i ty  w i th  tubes,..,...tested 
Nominal: Residual amount8 of  ...,,ppm4 

The nominal yalueb ~ 4 t h  WQS-hare t o ' b e  de~ronstrateb.by the  

-B]?aun- - Nunding - 



Appendix B t o  

for: Ground tests for inveati&atin& the P.68 5 or 7 .* 

anoraly 

Name: - QSP dr ive  l l n e  A pog for HMH pressur ixa t ion  

Item No: 

Component No, : 

Fabrication No, : 

Yo: - 
Nominal value f o r  c leanl iness  'demns'Cr'8;t'i'on C l a s s  1 according to 
SAE 

Actual value: 7/12/78 RC34 
( i l l e g i b l e )  

Nominal value for operat ing pNs.8u're 'dexi6ridt'r'a'Ei'on: 

Actual: - 
Nominal value f o r  air t i f i t n e s s  'demdristz?ation; 

Actual: 

Medla f o r  c leanl iness  demonstration: N p  LAM Supply Network 

I Media f o r  operating pressure demonstration 

Media f o r  air t ightness  demon8tration 
Chemical pur i ty  with  t~bes..~,.tested . 
K o m l ~ i :  Re8ldual amounts otae,,ppm 
The nominal valuer, with aQSa have t o  be d e p n s t r a t e d  bg t h e  QS, 

-Mutiding- 97 -&am- 



Appendix B to  
a-RT 353-1/78 

for ground t e a t 8  for l n v e a t i g t l n g  the 1(92 v l y  

Name : - MU - HO Container l i n e  , 

Item No: 8693 Ku 5 14 

Component 
No: - 

Author: H8~8ber8 

Fabrics- 
- t i o n  No, 

To: - - 

I Nominal value f o r  c leanl iness  demonstration: Class 1 according t o  SAE . 
Actual Date: 7/02/78 RC34 ( i l l e g i b l e )  

1 Nominal value f o r  operating pressure-demonstration; 

1 Nominal value f o r  a i r  t igh tness  demoiistration: ' 

Actual: 

Media f o r  c leanl iness  demonstration: Tsopropanol 

Media f o r  operating pressure demonstPation: 
Media f o r  a i r  t ightness  examination: 
Chenrical pur i ty  with tube8.,,.,,te8ted 
Nominal: Residual mounts  o t  .....ppm 
The nominal valuer with "QS" have t o  be dmonr t ra t ed  by t h e  QS. 



Appendix B t o  
TN-RT 353-1178 Autho~t Hersberg 

QS Demonetration Page 7 o t  7 

-7 for :  ground t e s t s  f o r  inves t iga t ing  the W2 anomaly 

& 

' r. 
I 
@ .  - Name: N204 HO Container l i n e  
g 

1 i i. I t e m  No. : 8692 Ku 4 13 
P 
g 
's 
F. 

t . Component 
r 4 No: - 2 

Fabrication No.: 
i 

To: - 
i Nominal value for c leanl iness  'deinonstra'tien: Class 1 accgrding t o  

S AE 
Actual Date 7,12178 RC34 ( I l l e g i b l e )  

Nominal value for opePating Bre6sbre tie.mriati.atLon; 

Actual : 
, , 

Nominal value Pax, air t lghtneas Uemons~tPdtion 8 T s o p r o p ~ o l  

Actual : 

Media for cleanl iness  demonstration: 
E 

Media f o r  operating pressure demonstratiant 

Media f o r  a i r  t ightness  demanstkation: 

CheBaical pur i ty  with  tubes.. .. . . t es ted  ' 
Nominal: Residual amounts of . . . . .ppn 
The nomlnal values with aQSm have to be bemonatrated by the QS. 



Appendix C t o  . Diviaion 
TN-RT35 3-m.8 m' 353 , 

Evacuation of Conveyance Syaterr Author 
Braun 

C3V2 Anomaly Test R e r u l t ~  Date 1/20/78 
Page l o t 3  

The temperature on the engine i s  measured with a meaawmmt 
bridge using the resistance of the  c o i l .  

R, - 331 Ohm 4 SS'C 

Temperature of the Ox-Diaphragm, nominally 28OC 

Operating vol tage  f o r  Engine 27 Volt DC 
Total evacuation time 336 hours (FS o f  1.23.78) 

Monitoring Temperature Vacuum Resistance 
O c  [bar] h r p 3  of the 

Date Diaphragm Diag- o f  dia-  and R e w k  Name 

surround- phragm phragm Engine ~oil[Ohm) 
i ngs 



Appendix C to Division 3 

Evacuation of  Conveyance System Author: 
MV2-Anomaly Test Results Braun 

Page 2 of 3 
Monitoring Temperature Vacuum Resistance 
Date Time ~ i a p h & m  Dia- [bar] [Torr] of  the Remark Name 

of dia- and phram phragm Engine 
Coil 

ings C ohm3 



Appendix C to Division 3 
TN-RT35 3 RT 353 

Evaouation of Conveyance Spatem Author 

W2 Anomly Teat Results Braun 
Date 1/20/78 

Page 3 of 3 . . 
Monitoring Tempsrature Vacuum ' Resistance 

O C  [bar] [Torr] of the .coil Remark Name 8 .  

Date *Ime Diaphragm Dla- 1 ohm] 
i .  of dia- and 

sarround- phragm phragm Engine 1 

10:15 Engine Clqse .Vacuum pump off - 
. . 

,@a0 pump On 6 x 1 0 0 ~  Engine on .%. 
. '  , .  . - .  

43.m 30 235 
- I . I .-. 

, . . .  . I , . . *  
. . . . .. - . - .- .- .& - . . 

L _ _  .. . .,  &&.*., @ . m , .  

1 

102 
! .,klGWAL F k  OF POOR QU. 
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