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~i"tcri  ~~k,'"8xa~tlg what does a chemist do in t h e  
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#--@ 

---* rocket  industry?". They general ly  know t h a t  "the f u e l s  and oxi- 
I* * 

d ize r s  a r e  discovered and made by chernistssg, but I3-c.rhat e l s e  do 
I 

I 
they do.. . or  do they s i t  back and loaf  ~ i h i l e  o thers ,  t h e  de- 

I 

P 
' ( how 1st Chart 
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s igners  and engineers, build the  rockets and motors?". I?eeQ,,, -+ 
l e t  me acquaint you with some of the  areas i n  which a chemht  

has t o  corntribute. 
-Z 

F i r s t ,  t o  b r i e f l y  review the  p r inc ip les  by which a rocket 

works, then l e t s  take some spec i f ic  examples of por t ions  of t h e  

system and see what the  chemist has t o  do w-ith it. 

A rocket ,  as  you know, i s  bas ica l ly  a r e c o i l  machine... 

you push mater ia l  oui t h e  back end, m d  force tends t o  push t he  

vehic le  i n  t he  opposite d i rec t ion .  This mater ia l  can be 

various substances, r i f l e  b u l l e t s ,  rocks, compressed gasses,  e tc . ,  
Show 2nd C h a t  I .S 

of course, t h e  eff ic iency of these systems / ?re poor, so it behooves 

t he  engineer t o  use a system wnich can get  t he  most mileage f o r  

a given quant i ty  of propellant ,  

One fac tor  rqhich determines this B2rriileaget"s the  propel lants  s 

s zec i f i c  im-oulse., . o r  ';he amount of force  ( i n  pounds) which can - -- 
be obJiained by bu-rnlgg one po?;nd of propellant ,  The higher the 

spec i f ic  impulse, t h e  nore push you ge t  and consequently, t he  l e s s  

propel lant  which must be ca r r ied  fo r  a specific rr;ission. . 
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There a r e  other proper-ties wlnich a re  des i rab le ,  hoxever. I 

w i l l  l i s t  these  and then come back znd b r i e f l y  d i scuss  them. 

Chemical 

1. High Heat of Coxl'oustion 

2. Low Heat of Formation of Reactants 

3. Low Nolecular Weight of Products 

. 4. High Thcrrnal S t a b i l i t y  

5. High Combustion Efficiency 

6. Good Combustion Stability 

7. Good Ign i t i on  Charac te r i s t i cs  

8, Mater ia l  Cornpatability 

9. Reproducibility 

Now, l e t s  cover them i n  more d e t a i l :  

1. Heat of Combustion - This i s  the  amount of energy re leased ,  

upon burning. The more energy avai lable ,  the  more push you get  

on your rocket. 

2.  Heat of' Formation ~f t he  reac tan t s  or  propel lants  - A l l  com- 

pounds a r e  produced, a t  l e a s t  i nd i r ec t l y ,  by react ing t h e i r  elements 

together .  I n  doing t h i s ,  a c e r t a in  amount of the  t o t a l ene rgy  can be re-  

moved and consequently i s  not ava i lab le  when you l a t e r  burn the  

propel lants  i n  the rocket engine. Thus, the  amount of t h e  

t o t a l  energy removed i n  forming the propellant  compounds, t h e  heat  

of fornztion,  should be a s  small a s  possible. This i s  wlny hydrogen, 

HZ,. which being a simple compound, has a low heat  of formation, 

i s  higher energy f u e l  than hydrazine, 
N2H4a 



3. LOIT Molecular Weight of Products o r  exhaust gases - The 

u l t imate  ve loc i ty  which a rocket  can reach i s  a funct ion of how 
' 

f a s t  t he  p a r t i c l e s  a r e  t rave l ing  when you throw them out the  rear  end. 

obvious t h a t  you can throw a basebal l  f a s t e r  than a l ead  

7 

shot-put, because the  basebal l  i s  l i gh t e r .  By the  same token, 

l i g h t  weight erhaust pro6uc.t~ w i l l  travel. f a s t e r  than heavier 

? ones i f  they have the  same energy. Again, hydrogen which bv.ns ...- 
' i" 

with owgen t o  form water, having a molecular weight of 18, i s  a / 

b e t t e r  propellant  combination than kerosene-type f u e l s  with oxygen. 
4 

\ 

These f u e l s  contain carbon which burns t o  carbon dioxide and t h i s  ' 

has a molecular weight of fourty-four. 

Descr ibe  4. High Thermal S t a b i l i t y  - I n  l i q u i d  rocket engines, with which 

reger a t ive 
coo l ing  necessary  I'm most famil iar ,  the  f u e l  i s  of ten  used t o  cool the  t h r u s t  and 

combustion chambers i n  order t o  keep t n e  metal from melting. I f  - 
t h e  f u e l  tends t o  decompose o r  come apar t  due t o  heat ,  then it 

t .  

Example: Rzdfator wouldn't be long before the  coolant tubes would become stopped-up 

and t h e  engine would melt. . .  t h i s  i s  not very good f o r  t h e  per- , 

formance of successful  missions. So, it i s  des i rab le  t h a t  t h e  

f u e l  have a high deconposition texperature.  

5. H- - Any mater ia l  which i s  not  burned 

means a weight penalty or  l o s s  of m a i l a b l e  energy. For t h i s  

reason alone, I think I . c a n  s a f e ly  say t h a t  you w i l l  not  see wood 

used a s  a rocket  fuel . . . too mush ash, even though i t ' s  f u e l  

q u a l i t i e s  are qu i te  des i rab le  f o r  o ther  p-uposes. 



6 Good Combustion S t a b i l i t y  - The burning cha rac t e r i s t i c s  should 

be predic table  and qu i te  sniooth i n  nature. High combustion 

f ef f ic iency  and high energy content  a re  not enough t o  determine a 

good r'uai.. . f ~ E j i k ~ 6 g f ~ ~ e ? ~ i l ~ i 0  ha3 tfiesa ttqd qc~eJ2tf  0 6 ,  bttt I t ~ a u l d  

h e s i t a t e  t o  r i d e  a rocket using it as  a propellant .  

7.  Good Ign i t ion  C h a r a ~ t e r i ~ d i c s  - A normally smooth-burning 
-*- 

propel lant  combination which i s  hard t o  i g n i t e  might l ead  t o  a 

dangerous build-up of mixture combination i f  it doe sn' t i g r t i ~ e  .+ 

a t  t h e  cor rec t  time. The engine generally uses fue l - r i ch  mixtures 
/ -. ,''?'t>P+- 

f o r  cooling of the  combustion temperatures and t o  con t ro l  t h e  
A 

burning r a t e ,  however a s  the  mixture ra t io  approaches stckhiometric 

\ 
condit ions,  o r  quan t i t i e s  f o r  complete combustion, t h e  danger of 

explosion o r  detonation becomes greater. Thus, engine i g n i t i o n  

i s  usua l ly  designed t o  occur when l i t t l e  oxidizer i s  present  

P and then it i s  increased t o  t h e  proper design l e v e l .  

i 8. Mater ia l  Conpatability - The propellant, '  tanks, plumbing, 

engine s ea l s ,  gaskets, pumps, and i h e i r  necessary l ub r i can t s  . 

must not  be cher ica l ly  reac t ive  toward each otner  o r  e l s e  corro- . 

s ion,  o r  other damage w i l l  cause them t o  f a i l  with t h e  r e s u l t a n t  

mission abort .  

9, R e ~ r o d u c i b i l i t y  (Finhl Ccnoosition) - The propel lants  have 

t o  be uniform i n  proper t ies  and pu r i t y  or  a l l  of t he  above char- 

a c t e r i s t i c s  s d l l  be d i f f e r en t .  If  t h e  pu r i t y  of t he  gasol ine  

sold  a t  servlce  s t a t i ons  varied markedly due t o  varying molecular 

I weights of i t s  const i tuents ,  then the  densi ty  change alone could 
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vary t h e  d i s t v l ce  which a tank of gas would take your ca r  from 

l e s s  than 1 mile t o  possibly 11.00 miles,  The v i s cos i t y  ( res i s tance  

L' t o  flow) could. change from t h a t  of asphault t o  na tu r a l  gas, Yes! 

The values of the  th ings  mentioned a re  d-etermined pr imar5 . l~  

by chemists or  persons using chemical methods. Often 'there aye 

no known mater ia ls  which have a l l  of the  desired proper t i es ,  so 

t he  chemist i s  ca l l ed  upon t o  modify exis t ing mate r ia l s  OF-'Even $. . 

make completely new compounds i n  order f o r  t he  designers and 

engineers t o  bui ld  high performance rockets o r  vehic les .  

4 

Show C h a r k  4 The phy,sical proper t ies  p~hich t he  designers want i n  pro- 

p e l l a n t s  are: 

1, High Density - Thc xore the  propslbmt l a i g h s  psr  given 

volume, t'nen the  smaller and l i g h t e r  t he  s t ruc ture  or  tank has 

t o  be i n  order t o  car-ry t he  r e q ~ i r e d  weight of propel lants .  

2. Lo.;.. Viscosity - Liquid propel lants  have t o  be pmped from 

t h e i r  tanks through plui-cbing l i n e s ,  cooling tubes and f i n a l l y  

i n t o  t h e  engine. The more viscous the  f l u id ,  the  more energy i s  

necessary t o  pump it. Larger present day engines burn i n  t h e  

order of 2 ton or  more of propel lants  a second, so a free-flowing 

l i q u i d  i s  much eas ie r  t o  handle than a rnore syrupy f u e l .  

Low Temperature - CoeTficients of d-ensity and v i s cos i t y  - 

This property determines t h e  amount of change i n  dens i ty  o r  

v i s cos i t y  which occurs a s  t h e  temperature i s  ra i sed  o r  loxered.  

The current  w i d z ~ r a q e  rsi2tor o i l s  (1014-30) are  examples a mater ia l  

having; a low v i scos i ty  temperature-coefficient, as  opposed t o  the 
B 



older type of motor o i l s  which waul-dns t l e t  your car  s t a r t  

because it bec,ame a s  th ick  a s  glue on cold ~Jirlter mornings,.. 

usua l ly  when you were l a t e  t o  school, 

4. - Liquids having 
j-,(,ly f i  f c  

high vapor pressure are  hard t o  s t o r e  and pump because -%-%--is- 

e a s i l y  gass i f i ed  and form '?vapor locks". 

This property i s  important f o r  safety reasons a1;so. By 
7!// 6/ '. k,-v, .' g 

nature ,  t h e  f u e l s  a r e . f a i r l y  e a s i l y  ign i ted  and i f  it h a s  a .+ 

low bo i l ing  point- then t he  storage and handling problems a r e  
r' 

compounded. Liq6i hydrogen, which b o i l s  a t  -1153°~, i s  a good . * 

example of t h i s .  Test and handling f a c i l i t i e s  f o r  l i q u i d  hydro- i 

gen may e a s i l y  cos t  i n  the  mil l ions  of dol lars . . .  I f  we had a 

l i q u i d  hydrogen which t o i l e d  6 0 0 ' ~  higher (with a l l  i t s  other 

p roper t i es  remzining t he  same) then space f l i g h t  

would be a l o t  eas ie r  and cheaper f o r  everyone. 

5 .  Low Freezinq Point  - This requirement i s  qu i te  obvious i f  b .  

one remezbers t h a t  l i qx id  oxygen dnich b o i l s  a t  - 3 ~ 3 ~ ~  i s  s tored 

adjacent t o  the  f u e l  ... and so l id  f u e l  i s  hard t o  pump. 

6, High Specif ic  Beat of prope1lant.s - This property i s  a 

requirement 'of t he  moJ~or coolznt system. I f  it takes  a l o t  of 

heat  t o  r a i s e  the  propellant  temperature jus t  a l i t t l e  b i t ,  then 

t h e  coolant f1or.r r a t e s  i n  t he  t h ru s t  and combustion chambers can 

be l e s s  and higher performance, lotrer s t a b i l i t y  f u e l s  can be 

used. 
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7.  Low Specif ic  Heat of the  products - By the  same token, if 

only a  l i t t l e  heat  i s  required t o  r a i s e  the  exhaust gas tem- 

perature  by a  l a rge  anount, then the  exhaust gas p a r t i c l e s ,  

I having a  high temperature, w i l l  have a very high exhaust veloci ty .  

8. High Th--r*@1 Conductivity of propellants - This property 

, ,  is  a  measure of t he  r a t e  of heat  t r ans f e r  through t h e  pro- 

pe l lan t s .  Again, t he  engine coolant systeni requfres maximum 
\ I 
.i 6 '  '. -. 9' 

design coollng, thus it i s  favorable t h a t  t he  heat  adsorbed from 
i' 

t he  wal ls  of t h e  cool-ant chamber b e t r a n s f e r r e d  a s  rap id ly  a s  

possible t o  .the r e ~ a i n d e r  of the  coolant propellant .  Otherwise, . ' 

heat w i l l  build-up a t  t h e  coolant wal ls  and the  f u e l  w i l l  decompose 5 

due t o  the temperature or  the  engine wal ls  ~ 5 b l  melt. . 
- .  

The values  of a l l  of tnese p roper t i es  have t o  be known before  

the  designer can s t a r t  t o  make the  ac tua l  dra~r ings  and designs. 

Weight i s  the  magic word. i n  designing rocket  vehicles,  because every - 
T 

unnecessary pound 5s the  vehicle i s  t h a t  much penalty i n  t h e  paylozd 

weight, ~onsequent iy ,  the  individual  corcponents a r e  designed t o  

the  l i r r i i t  of t h e i r  c apsb i l i t i e s .  Only when the  propellant  and mater- 

i a l  proper t ies  a r e  k:;ovm exact ly  c2n the  pumps, tank and plumbing 

wall  thickness,  or  eve2 the  s i ze  of t he  propellant  tanks themselves 

be decided. 

This l e s 6 s  u s  t o  t h e  ot5er components of t h e  sys%e:fi a ~ ~ d  t h e  

, . materi.r,ls from id'ii.ch zney mde .  The proper t ies  already 

meni5oned of the  pro22llsnts w i l l  .deternine t o  a  l a rge  extent  what 

mater ia ls  bq-11 be used. For exmple;  the  gaskets,  o-rixgs,  and 

@ 



s e a l s  i n  t h e  f l ange  

p-md tit-th the  

kerosene type f u e l s  

t! 1, 
s must not  be d issolved, ,  at tacked o r  r e a c  

- 

f u e l  o r  ox id ize r  i n  which it may come i n  

cause n a t u r a l  rubber t o  sof ten  and swel l  

t i v e  . 

con tac t , .  . 
and 

I dissolve  most petroleum greases used i n  bearings and valves.  So, 

chemists have come up with chloroprene and polyvinyl  ch lo r ide  

rubbers which don' t  so f t en  o r  swel l  i n  t h e  f u e l ,  and s i l i c o n e  

greases which a r e n ' t  dissolved o r  washed-out. 
7 -  'd3 

4 
Liquid oxygen i s  a pecul iar  beas t ;  i n  t h a t ,  when most o rgan ic  

m a t e r i a l s  a r e  i n  con tac t  wi th  i t ,  a shock o r  sudden impact w i l l  

4 

cause a  de tona t ion  o r  vio1en.i: explos ion .  One of the  e a r l i e r  

v e h i c l e s  was l o s t  because of a  t en  cen t  gaske t .  It was i n  a  

va lve ,  then when the  va lve  was opened the shock wave caused the  

gaske t  t o  explode. The l i q u i d  oxygen l i n e  ruptured  and the  

I f i reworks  began. Since l ea rn ing  the  cause of t h i s  f a i l u r e ,  

a l l  m a t e r i a l s  which a r e  used i n  t he  ox id i ze r  system a r e  now 
S 

t e s t e d  f o r  l i q u i d  oxygen impac t  s e n s i t i v i t y .  This  i s  done 

by imnersing the  sample i n  l i q u i d  oxygen and droppkg a  weight 

from a given h e i g h t .  This  t e s t  s i n u l a t e s  t he  shock which a  

m a t e r i a l  rnay r e c e i v e  x.?fien a  va lve  i s  s~ tddenly  opened o r  c losed  

I somewhere i n  the  system. 
! 

The l lzbricants  use2  i n  the l i q u i d  oxygen va lves  have t o  

perform t h e i r  job a t  -300 '~  . . . i t  midst l u b r i c a r e  t he  p a r t  a s  

w e l l  a s  wi ths tand  the co ld  which i s  s u f f i c i e n t  t o  make a 

banana hard enough t~ d r i v e  a  n a i l  i n t o  wood, cause rubber  t o  
u .  
I 
I s h a t t e r  l i k e  g l a s s  xchen s t ruck  on a  s o l i d  o b j e c t  o r  f r e e z e  
II 



This  temperature problem e l imina te s  most e las tomers ,  

or p l a s t i c  materials,(iihi.ch r e  coinxoi~ly use i n  normal a i r -  

8 c r a f t  and automobile construction),from use  i n  t he  l i q u i d  

propel lan t  rocke t  systems. The gaske ts  and washers which 

a r e  now used i n  your c a r ,  i n  the  gas cap, ca rbu ra to r ,  

engine, and f u e l  pump, become too b r i t t l e  and break .  

S i - N  Polymers 

Aclax, Mylar 

Ceramic s t u d i e s  

Ti tanium con- 
s t r u c t i o n , . s p a c e  
me ta l s  

New m a t e r i a l s  had t o  be developed f o r  t hese  uses .  

.. hl' 
ITOW' we have p l a s t i c s  ~ h i c h  a r e  e l a s ~ i c  a t  1 0 0 0 ~ ~ (  the  . -t- 

mel t ing  p o i n t  of z i n c ,  t he  metal  s-r'nich i s  used f o r  / 

galvaniz ing  metal parts). A t  t he  o the r  extreme, t h e r e  a r e  + 

o t h e r s  which a r e  f l e x i b l e  a t  l i q u i d  helium temperature where 6 

every o t h e r  m a t e r i a l  i s  f rozen  s o l i d .  

The development of m a t e r i a l s  f o r  r o c k e t  v e h i c l e  

a p p l i c a t i o n s  i s  f u r n i s h i n g  t a n g i b l e  b e n e f i t s  t o  you i n  every-  

day l i v i n g .  The g r e a s l e s s  f r y i n g  pans now being so ld  a r e  a  

d i r e c t  outgrowth of the  s t u d i e s  on coa t ings  of m a t e r i a l s  t o  +- 

p r o t e c t  a g a i n s t  high ;eci?erature and chemical co r ros ion .  
r ' , ,  

The "C~i-r.~le:" ovem?are, ~ ~ h i c h  can be taken from a  h o t  oven and 

imraersed i n  cold watey wi thout  breaking ,  a r e  a  d i r e c t  consequence 

of t h e  s t u d i e s  on nose cone n a ~ e r i a l s .  It may n o t  be long he fo re  

your presens  day two-tor- au tooobi le  can be  ii~ade t o  perform the  

saiiie, b u t  w i l l  weight only 1500 pounds . . . y e t  be s t ronge r  and 

more poslrerful . . . your t i r e s  may be permanently mounted ar,d 

w i l l  l a s t  the  l i f e  OF  t h z  c a r .  

The in fo rma t io :~  wkich had t o  be learned  i.n order  t o  

des ign  and construc' i  roc!<?': and s?acG v e : i i c l ~ s  willahecome 

more and inore ~ s e f : ~ i  a s  i ~ d z s t r y  taltes a j v a n t a g ~  o i  i t .  

C 



Thi r ty  yea r s  ago, about t he  only p l a s t i c  m a t e r i a l s  used were 

pa t en t  l e a t h e r  products  (for shoes and automobile car t o p s ) ,  

na tu ra l  rubber ( for  t i r e s ,  r a i n c o a t s ,  a n d  hoses ) ,  and b a k e l i t e  

(car b a t t e r y  c a s e s ) .  Now you ssrear syi-ithetic c lo t l les  (Nylon,, 

rayon, Dacron), walk and d r i v e  on s y n t h e t i c  rubber ,  e a t  food 

which comes wrapped i n  p l a s t i c ,  d r i n k  from p l a s t i c  glasses, r i d e  

i n ' c a r s  and b o a t s  wi th  f iberg lass -epoxy r e s i n  bodies ,  s l e e p  

on foam p l a s t i c  beds, and s i t  on f u r n i t u r e  which i s  coateZi"l' -p 

w i t h  p l a s t i c  f i n i s h e s .  

This  i s  q u i t e  an impressive change i n  so  s h o r t  a  t ime,  + 

b u t  twenty yea r s  from now, y o u ' l l  be t e l l i n g  your c h i l d r e n  

how hard you had i t  ... your c a r s  only got  20 t o  30 mi l e s  per  , 

g a l l o n ,  your house had Co be r e p a i n t e d  every 5 y e a r s ,  food . ~ 

would s p o i l  i n  t h r e e  t o  four  days i f  it wasn ' t  p u t  i n  t he  

r e f r i g e r a t o r ,  c l o t h e s  had t o  be cleaned a f t e r  wearing them l e s s  

than a week ... why - you even had t o  buy a  new c a r  fender  =-, 

i f  you h i t  another  can. There w i l l  be a  l o t  of changes due 

t o  t he  th ings  which we're  l ea rn ing  today. L i f e  may n o t  be 

q u i t e  the  way the  nea t e l e v i s i o n  car toon  p . r o g r & ~  "The Setsons ' '  

1 
p i c t u r e s  i t ,  b u t  i t s  c l o s e r  than you th ink ,  

A t  Marshal l  S p c e  i ' l i .g i~z  Center ,  one of t he  v e h i c i e s  

which we're  b u i l d i n g  i s  t he  SJ~TUPS,  S - I .  This  uses  a  

- kerosenc-oxygen p r o g e l l ~ i n t  cop-bination. i t  i s  a l i t t l e  

inconvenient  t o  brii lg I t  wi th  me - i r ' s  21 f e e t  i n  d i a q e t e r ,  

7 8  f e e  i l o n g ,  and t::?i$~s 489 tons .  Novrev?r, t o  give you aa i dea  
I - 



This  engine uses  propane and compressed a i r  as  t he  

/ Show f u e l  tank  p rope l l an t s  and has a  t h r u s t  oE a b o u ~  3/10 pound. Vapor 
and plumbing 

from the l i q u i d  propane i s  in t roduced  i n t o  the  engine through 

k i z F ~  s e r i e s  of p l m b i n g .  fle c a n t r a l  t l ra  o~iilouiit. of  E i r d l  by 

c o n t r o l l i n g  i t s  p re s su re  and the  s i z e  of the  h o l e  through 

Shor.: f u e l  which i t  goes t o  the  engine.  This  gage measures the  £ u e l  
p r e s s u r e  gage 

pressure .  

Show ox id i ze r  tank, The ox id i ze r  p o r t i o n  of t h e  system has s i m i l a r  c o r n p e ~ & ~ t s  i 
gage plumbing 

4 / The amount of t h r u s t  which a  r o c k e t  engine can produce i s  I 

a func t ion  of n o t  only che p r o p e l l a n t ,  b u t  a l s o  t h e  chanyber - 
Siow chamber 
p re s su re  gage p re s su re .  This i s  measured by t h i s  gage. 

When the  f u e l  and ox id i ze r  a r e  introduced i n t o  the  combustion 
I 

Show spark p lug  chamber, they a r c  i g n i t e d  by a spark  p lug ,  and the  burned, 

exhaus t  gases  e x i t  through the  t h r o a t .  The r e s u l t i n g  t h r u s t ,  

I 

I 
Show - exhaus t  p o r t  o r  r e c o i l ,  causes :he engine t o  be pushed back a g a i n s t  t h i s  

I t h r u s t  measuring dgvicc,  and the  amount of t h r u s t  can be seen on 
-5 

SIlow t h r u s t  
s c a l e  t he  s c a l e .  

I 
I 

It can be sc:en t h e t  the  axount of t h r u s t  i s  p r a p o r t i o n a l  

t o  t h e  chan5er p re s su re .  

Show engine This  p a r t i c u l a r  engine i s  n o t  cooled so  w e  won't  be a b l e  

t o  r u n  i t  f o r  more than a  few seconds a t  a  time --- o r  r ~ e  '11 

end up wFth a  "glob1' of molten alzminrzm. Likewise, t h e  f u e l  

arid ox id i ze r  flow r a t e s  a r e  low f o r  the  sane reason .  

Consequently, the  exhaust  j e t  w i l l  only he abouc an inch  long 
' 

I ~ v i t e  ",'ne 

sCudents t o  csne a t  the  engine t h r o a t ,  and si.nce the  l i g h t  i s  f a i r l y  b r i g h t  i n  
up f o r  6 c l a s c r  
loo!c, i f  rhe re  t h i s  roo=, I ' l l  hold a dark backgrou~~d  behinci i t  so  $ha t  you. 
a re r i ' t  too xazy 

can s e e  - the j e t .  If you i,:atc:l c l o s e l y ,  yo-J. ~,iiil s2e t'r,.:o o r  +ore 
,- 



> - shock diamonds in t h e  j e t .  These a r e  diamond-shaped s p o t s  of 

l i g h t  which a r e  i n d i c a t i o n s  of s t a b l e  con5ust ion and "high" 

chanber p re s su re  ( i . e . ,  chamber p re s su re  i s  g r e a t e r  than  t h e  

- pres su re  i n t o  Which the  gaseG a r e  exhaus t ing) .  

Look i n  engine F i r s t :  Check t o  s e e  t h a t  we have c u r r e n t  t o  t he  spa rk  
t h r o a t  when swi tch  
i s  turned  on plug.  

Second: Th.: f u e l  and ox id i ze r  tank v a l v e s  a r e  turned  on 

p s i g  g r e a t e r  than  and t h e  p re s su res  s e t  t o  the  d e s i r e d  va lues .  

p f ' 4-,. 'u' ? 
I ' - F i n a l l y :  Ve 're  ready t o  go . . . . 
I / 

1. Turn on f i r e  
bu t ton .  + 

2. P lace  dark  
background behind 

I' j e t  exhaust .  

3. Read C p ,  Po, PC 
and t h r u s t  t o  c l a s s .  

I b- Turn off  engine 
a f t e r  10-15 seconds 
and i n v i t e  ques t ions  

- 
whi le  awai t ing  i t  t o  
coo l .  

5. Repeet demonstrat ion 
a s  a p p l i c a b l e .  
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