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Fl.
I. INTRODUCTION

Dur ing  the past few yea r s , conside rable ef fort  has been made to
iden t i f y the b es t  ava i lab le  combination of reac tan ts  required for  the genera~
tion of s u f f i c ien t l y h igh f luo r ine-a tom concentrat ions in a combustion-
d r i v e n , sca led-up  cont inuous wave HF chemical laser . 1- Alte rnatives to
the use of F2, H2, and D2 were  so ug ht for  reasons of sa fe ty ,  convenience ,
m~~t er i a 1  expense , and capa c it y for  s torage.  NF 3 was concluded to have the
g r e a t e s t  potent ia l  for  use as an oxidizer iii combination with various hydro-
c a r b o n  or f l u o r o c a r b on  fue l s .  An ox idi ze r - r i ch  mix ture  of NF 3 and f uel
r eacts  t o form on l y CU 4 , HF , N 2, and F2 . At hig h chamber  tempera tures ,
t h e r m a l  d i ssoc ia t ion  of the  excess  NF 3 produces f luorine  atoms. The addi-
t ion of iner t  gas to the  reactant  m i x t u r e  must be properl y adjusted in order
to preven t excess ive  d i lu t ion  of chamber  ene rgy  release to where it becomes
ins uf f ic ien t t o sus tain prope r NF3 decompo s ition rates.

1Stud y and Demons t ra t ion  of Li quid and Gaseous Reactants  for  Advanced
Chemical Lasers ,  TRW ~b3 9 5 - b U O I - R U - o o , Final Re port , TRW , lnc .7
One Space Pa~k~ Redondo Beach , Calif.  (8 Apri l  1975) .

Gosh gar ian , C. Selp h , and J. O ’Pray,  Mass Spec t romet r ic  Inve stigation
of F luo roca rbon  Flames ,  AIAA 74-1141 , Amer ican  Ins t i tute  of Aeronau t ics
and As t ronau t i c s , New Y o r k  (21 Oct 1974) .

3A . Axwo rth y ,  E. C. Cur t is , and 3. F. Hon , Liquid and Gaseous Reactants
fo r  Advanced Chemical  Lasers,  Final Report , Rocketd yne Division ,
Rockwel l  In t e rna t iona l , Canoga Park , Calif. ( 1 Apri l  1975) (Contract
N 6 0 92 1 - 7 4 - C - - 03 7 1) .

4 L. Forman , A. Axwor th y,  3. Hon , and C. Schneider , Advanced Fuels for
Chemical  Lasers,  A F R P L - T R -7 5 - 3 , Final Report , Rocketd yne Division ,
Rockwel l  I n t e rna t i ona l , Canoga Park , Calif .  (May 1975)
(C o n t r a c t  F046 11-72 -C-0094) .

5E . F . Croom es , ‘ The Combustion of Hydroca rbons  and F luoro- subs t i tu ted
H y droca rbons  with  Ni t rogen T o r f l u o r i d e-O x y ge n  Mixture s , ‘I Combust.  Flamej Q, 71 (1966) .

J. P i sacane , E. Barood y, R. Robb , and 0. Dengel , UReact ion  of NF3wi th  Gases and Condensed Ma tt e r , ” 12th JANNAF Combustion Meeting,CPIA 273 , Vol . 1, Chemical  Propulsion Information Agency,  Silver Spr ing,
~l a r y land (Dec.  1975).
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In the conduct of NF 3 combustion tests  with C2H4, some difficulty
was encountered in igniting the mix ture at desire d chambe r conditions and
mixture ratios . The problem was circumvented by using a small amount of
F2 pilot gas to initiate the reaction wi th C2H4 or other fuels.  Although this
action produced sat isfactory result s , it did , howeve r , defeat the objective
of eliminating the need to carry hazardous F2. The primary objective of the
work reported he rein was to inve sti gate the conditions required for the
efficient ignition and burning of various oxidizer/ fuel  mixtures  by using
simple spark or hot-wire ignition sources.  The ignition characterist ics  of
N 2 F4 as a spontaneous ignito r of cbmbustible mixtures of NF 3 and C2H4were also studied. The reaction of seve ral othe r fuels with NF 3 was also
investigated to dete rmine the feasibility of their use rathe r than C2H4.

7Project 2454, Module Ve r i f ication Tes t  Report ,  TRW M- 1384 , TRW , Inc . ,
One Space Park , Redo ndo Beach , Calif .  (8 Feb . 1978) .
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I I .  DESCRIPTION OF APPAR A T U S

A hi gh - p re s s u r e , s t a in less  steel react ion vesse l  (Fi g. 1) was modified
to accommodate a f a s t-open ing , remo t e l y operated pneumat ic  ball valve
(Whit ey  SS 44S6- 133 NC) ,  a ther mocoup le (Chrotne l Alumel) ,  a p ressure
t r a n s d u c e r  (Kis t l e r  Qua rt z ) ,  and a spark plug or glow hea te r .  A long-reach
spark plug (NGK D7ES , 0 . 060-in , gap) was used to p lace the igni t ion source
as fa r  as possible into the reaction vessel .  The therr~ocoup le could be
moved ove r the ent i re  de p th of the react ion vessel  if required , and the
p r e s s u r e  t ransduce r was in a fixed position near  the vessel  lid . The g low
wire , constructed of Pt- 10% Rh wire , was welde d d i r e ct ly to the te rminals
of a modified spark plug.

Cal ibra t ion  of the p r e s s u r e  t r a n s d u c e r  was performed s ta t ical ly  with
the de tec to r  in i ts  normal posit ion . Ope rat ion of the t r ansducer  was
pe riodicall y checked by in ject ing helium at hi gh p res su re  into the reaction
vesse l  a t various initia l pre s sures .  In thi s way,  a comp le te calibrati on

. could be perfo rmed over the range of initial and final  to tal p r e s su re s  to be
investi gated . A tef lon-clad s t i r r i ng  bar  was placed at the bottom of the
vesse l  for tho roug h mixing of the r eac t an t s  before  ignition .

The gas-handl ing  sys tem (Fi g. 2) was c o n st i u c t e d  of s t ain less  steel.
C2 H4 was  added d i rec t ly f rom a small cy li nde r , NF 3 was t r ans fe r red f rom
a large reservoi r  to a 1-lite r s ta in less  steel  cy linder at 100 psi , N 2F4 was
t r a n s f e r r e d  f rom anothe r supply to a similar i-l i ter stainless steel container.
M ixtures of 2. 5 to 10% N 2F4 in helium were prepared at total pressures to
3 atm. Other fuels used were t r a ns f e r r e d  directly from their cy linders
or , if in liquid form , contained in metal s torage tubes. The entire apparatus
was located ins ide  a we l l-ven ted  fume hood (Fi g. 3).

Safety shields were  placed in front of the reaction vessel and the system
was  evacuated by exhausting a pump direc tl y into the hood duct. All gas

‘

~~~~ 
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TO GAS-HANDLING
SYSTEM

I , ’
_____ 

PNEUMATIC BALL VALVE

THERMOCOUPLE, fl1 12 mm SPARK PLUG, 4(MovabIe)— ------~~~~ UJ 3/4 in REACH

D RING SEAL ___E-;:T:( 3 [lii
PRESSURE TRANSDUCER
(Mounted flush )

.
~~~— HIGH PRESSURE

STAINLESS
STEEL VESSEL

TEFLON CLAD
-j STIRRING BAR —

Figure 1. Reaction Vessel
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samp le and s to rage  bot t les  w e r e  thoroughl y cleaned and pass iva ted  p r i o r  to
use . The s y s t e m  was con t inua l ly  evacuate d to ~~~ 75 p.m when not in u se .
Cont inuous pass ivat ion was e f f ect ed  b y the F2 produced d u r i ng  the i gni t ion
t e s t s  and the sys tem was always vented in helium . Data r eco rds  were
obta ined on a Tech t ron ix  551 dual-beam oscilloscope (Fig. 4). The spark
was  f i r ed  b y us ing  an EGk G model TM- 12A tr i gge r  module . Some typical
da ta r e co rds  for  diffe r ent  combina t ions  of NF 3 and f u el s  a re  shown in
Fi g. 5.

Gas ana lysis  of NF 3, C2H4, HF , CF4, N 2 and N 2 F4 was c a r r i ej  out
- 

- b y gas chromatograph y. T race  im p u r i t i e s  in any  of the r e a c t a n t s  can be
m e a s u r e d  throug h mass spec t rome t ry  or i n f r a r e d  anal y sis , ne i the r  of which
was conduc ted du r ing  these t e s t s . On the basis  of the assumpt ion  that  l i tt le  - -

r e a c t a n ts othe r than the compound s NF 3 ; C2 H4 ; HF; F2 ; N 2 ; CF 4 ; C2 H2F2 ;
1, 3 , C~~H6 ; and C 5H6 woul d appear , an anal y tical s y st e m  that  cons i sted  of
f o u r  separa te  columns ope rat ing in two gas chromatograp hs was built and
tes ted . Ini t ia l l y,  many o f the column mater ia l s  described  in the l i t e ra tu r e
failed to show prope r separa t ion  for  CF4. NF 3, F2, or HF~~’ 

9) Seve ra l
- 

ma te r i a l s  were  properl y p repared  but yielded ~~ sa t i s f ac tory  results.  Finally,
a sys tem of columns was developed wi th  separa te  22~ and 4 - ft , 60- to 80- —

mes h silica gel  columns p lus a 10-f t  Halo ’-a rbon  oil 1321 on Kel F 300 D
powder and a 10-f t  d idecy lphthalate  on a GCZ2 f i r eb r i c k  column . With th i s
sys tem , al l compound s except  F2 we re separa ted.  E f f o r t s  to de t ec t  F2 on
th e Ke 1 F column w e r e  u n s u c c e s sf u l  despi te  the c lear  s e p a r a t i o n  of this

8
A B. Richmond , “Separa t ion  of N i t r o g e n  Fluoride f rom Carbon T et r a  f lu o r i d eb y Gas C h r o m a t og r a ph y , ’ AnaI .Chen-i . 33 ( 1 2 ) ,  1806 ( 1 9 6 1 ) .

9 L. A.  De e , A n a l y s i s  of N i t r o g e n  T r i f l u o ri d e ,  A F R P L- T R_ 7 6_ 2 0 , Ai r  Force
Rocke t  Propulsion Labora to ry ,  E d w a r d s  Air  Force Base , Ca l i f .  ( Ap r i l
1976) .

- . 1 1 -
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NF3/C2H4 10:1 NF3 102H2F2 5:1

NF /C H 8~l NF IC H F 2~l3 2 4  3 2~~ 2 ’

‘ ~uIU ~~~~~~~-

NF 3IC2H4 5:1 NF3/C4H6 20:1 GLO PLUG

NF 3IC2H4 10:1 GLO PLUC NF3 I C 5H6 20:1

Fi g u re  5. T y p ical  Oscil loscop e Reco rds .  Uppe r
t r a c t , pre s s u r ( ’ ;  lowe r t r ace ,
tempt’  r a tu r e
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compound from HF in a s imi lar  column. 10 It was the re fore  assumed that

the balance of any fluorine unaccounted for in the analysis  of both reactants
and products would appear as F2.

Diff icul t ie s in the separation of NF 3 and CF4 were overcome by
lengthening a silica gel column to 22 ft , whe re elution time s are 19. 5 and
21 . 5 mm for CF4 and NF 3, respe c tively. The 4 - f t  silica gel column was
used for N 2, C2H4, and othe r h ydrocarbons if required . Elution time s were
as follows: N 2, 0 . 6 m m ;  NF 3 + CF4. 1. 8 m m ;  C2 H6, 6. 8 m m ;  C02,
8. 8 m m ;  C2F6, 11 m m ;  C2H4, 13 . 5 m m ;  and C2H2F2, 16 . 5 m m .  HF was
eluted on the Kel F-Halocarbon oil columns in 5 . 8 m m .  Butadiene ( 1 ,

• 3-C 4H6
) and isopropenylacety lene (C 5H6) were eluted on the didecylphthalate

column in 2 . 2 and 8. 5 mm , respectively. The columns were periodically
calibrated with the use of known mixtures  of each of the compounds being
analyzed. Structural and empirical formulas of the fuels used are given

in Table 1.

10 . ‘t .I. Lysy j  and P. R. Newto n , Evaluation of Gas Chromatographic Columns
for the Separatio n of Fluor inated Mate rials , ” Anal. Chem. 35 ( 1) ,  90
(1963 ) . —

-14-
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III . EXPERIMENTAL PROCEDURES

The gas-handl ing  sys tem waa comp letely evacuated to -s. 75 p.m.

Attached to the sys te m was a s ta inless  steel gas sample bottle . The fuel ,
oxidizer , and hel ium we re loaded into the reac t ion  vessel and g as sample
bottle in the des i red  ratio for a pa r t i cu l a r  t e s t .  A fixed amount of time was

ass igned to mixing wi th in  the react ion  vessel .  Dur ing  thi s pe riod , the

sys tem was again evacuated , and the u n r e a c t e d  gas sample mix ture  was

removed fo r  analys is . Another  sample bottle , which was to receive the

reacted  gas m i x t u r e  was  a t tache d and evacuated . In orde r to ensure  that

prope r mix ing  had occu r r ed  bo th in the r eact ion vessel  and samp le bottle ,
• the following t e s t  was pe r formed . A f t e r  initial gas loading, the sample

bott le was anal yzed for NF 3 and h y d r o c a r b o n .  The gas contained in the

react io n v& ssel  was then anal y zed by expanding it into a gas  sample bottle
wi thout any  mix ing .  Th e se  p r o c e d u r e s  we re repeated wi th  a tho roug hl y
mixed reac t ion  vessel  samp le . No d i f fe rences  wer e  noted in the NF 3 /
h y drocarbon  ra tio for  any  pa i r  of gas m i x t u r e s .

B e f o r e  the f i r s t  i gn it ion t es t , t he expans ion volume of the en t i r e
s y s tem  was  m e a s u r e d  w i t h  and w i t h o u t  the gas  sample bo t t l e s . A new

m e a s u r e m e n t  was made af te r each mod i f i ca t ion  of the s y st e m . A f t e r each

igni t ion , the g a s e s  in the r eac t ion  vesse l  were  expanded into the sys t em ,
and p r e s s u r e s wer e  no ted as a f u n c t i o n  of t ime . A slow dec l ine  in p r e s s u r e

occu r red f o r  a few m i n u t e s  befo re f ina l  s t a b i l i z a t i o n .  The expanded pres-
su r e  was  then  re la ted  to the f ina l  p ressu re in the reac t ion  ve s s e l  shor t l y
a f t e r  i g n i t i o n .  The smal l  dec rease  in p r e s s u r e  f rom in ~tia 1 va 1u~ s mi g ht

have resu l ted  f rom the absorpt ion of F2 on s y s tem wal l s , which can be

c o n s i d e r e d  as a c o n t i n u a l  pass iva t ion  of the meta l s y s t e m .

For  the addi t ive  i n j e c t i o n  e x p e r i m e n t s , the m i x t u r e  of NF 3 and fue l

w a s loaded into the reac t ion  vessel  as desc r ibed  p reviously. The sys tem

- 1 7-
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w a s  evacuated , ari d the N 2 F 4 and helium were  loaded at var ious  pressures
into  the inj ec t ion  volume tube,  modi fi ed by doub le -lacke t ing  for  safety.  In
o r d er  to ensure  proper  mix ing  of the compounds , another  mixin g test was
conduc ted  in a small  gas sample bottle f i t ted with  a magnetic s t i rr ing  bar
ari d loaded with  1 • 3 butadiene  and hel ium at var ious  p res su re  ratios. If
t h e r e  is s epa ra t i on  or poor m i x i n g ,  an ana lys i s  sequence of f resh  unmixed ,
m i x e d , and l o n g - t e r m  stored (ve r t i ca l l y)  mix tures  would reveal d i f fe ren t
C 4 116 1 , 3/ H e  ra t ios .  Since such d i f f e r e n c e s  were  not noted , we believe that
t h e  N 2 F 4 and hel ium in the i n j e c tion volume were adequatel y mixed. The
osc i l loscope  was t r i g g e r e d  lus t  be fo re  the pneumatic valve was opened in
o r d e r  to r eco rd  an y  ev idence  of spontaneous ignit ion.

- 18-
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IV . E X P E R I M E N T AL  R E S U L T S

Before c a r r y ing out ign i t ion  tes ts  wi th  NF 3, the p e r f o r m a n c e
charac ter i stics of the ent i re  g a s-h a n d l i n g  Sy s t em  w e r e  i n v e s t i gated , par ticu-
lar l y the react ion vessel , wi th  the uSe of known  f l a m m a b l e  m i xt u r e s  of
C2 H4 an d a i r . This inve s ti gatio n pe rmi t t ed  t e s t i ng  of the t e m p e r a t u r e  and
p r e s s u r e  sensing sys tems probe s and also revealed any pecu l i a r i t i e s  of the
e n t i r e  sys tem wi th r e g a r d  to ign i t ion  l imits  of known C

2 1J
4-a i r  m i x t u re s .

— Resu l t s  indicated that , a f t e r  a d j u s t m e n t s  to the  i n i t i a l  e le c t r o n i c r eadou t
system , par t icu lar ly ad jus tments  related to h igh-vo l tage i n t e r f e r en c e s  on
the t empera tu re  recording channel , sys temat i c and reproducib le  t e mp e r a t u r e -
p r e s s u r e  reco rds  could be obt ained f or m ixtu res  of C 2 H 4 ari d a i r  down to
about 7 vol% C2 H4. This value is somewhat hig h e r  than the k n o w n  lower
combust ib i l i ty  l imit  of 3~~, bu t was believed to be adequate for  the purpo se s
of this stud y. Al l  mix tures  of NF 3 and fuel  were  i g n i t e d  at 1 a tm ini t ia l
p r e s s u r e . Because of the special i n t e r es t  in C2 H4, the range  of s t a r t i ng
p re s su re s  was extended f rom 0. 8 to 2 atm . Uppe r c o m b u s t i o n  l i m i t s
(based on mo lar ra t ios )  were  dete rmined to be u s e f u l  if gas anal y s i s  i n d i c a t e d
that most  of the NF 3 and fue l were  r eac ted . In some cases , uppe r i g n i t i o n
limi t s w e r e  d i re c tl y dete rmine d b y a f ai lu r e  to ig n i te . Lowe r l i m i t s  w e r e  not
de te rmined because it was  no t  desi rab le  to ope rate  at molar l imi ts  w h e re
carbon p a r t i c u l a t e s  would deve lop w i t h i n  the r e a c t i o n  v e s s e l .  The f u e l s  u sed
othe r than C

2 114 we re s e l e c t e d  on the bas i s  of m a x i m i zi n g  the F2 / N F 3 and
F2 / H F  p r o d u c t i o n  rat io .

Eth y lene cou ld be s p a r k  igni ted easil y up to an o x i d i z er / f u e l  ra t io  of
10 / I  at i n i t i a l  p r e s s u r e s  of 0 .8 to 2 .0 a tm . I g n i t i o n  wi t h an unsoph i s t i c a t e d
g low-wi re  i gn i to r  was also cond ucted at an o x i d i z e r / f u e l r a t i o  of 10/ 1. The
combust ion  ef f i c i ency  was som-~what  low. Eth y lene d i f l uor ide  could be ign i t ed
onl y at an o x i d iz e r / f u e l ra t io  of 6/ 1  or lowe r , a ra t io  at w h i c h  t h i s  fue l  does
no t appear  to be usefu l .  Bu t ad i e r -ie was  i gn i t i ab l e  up to 2 5/ 1  NF 3 /C 4 H rn 1e
ra t io , above which no e f fo r t s  were  made to ign i t e  this fue l because  it  was

- 19 -  
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apparent  f rom the gas anal ys is  that the extent  of NF 3 reaction was alread y
decl in ing f rom that obtained at the 2 0/ 1  ox id i ze r/ fue l ratio . Glow-wire
igni t ion  of this  fuel  was also possible up to a ratio of 2 5/ i . The eff iciency
of combustion was almost identical with a glow coil and with a spark at the
same mix ture  ratio . Isopropeny lacetylen e was ignitable at a mixture ratio
of 20/ 1  and had good combust ion e f f i c i ency .  Thi s compound can be easily
handled and s tored . The resu l t s  of these tes t s  are summarized in Table 2.
Analyt ical  data occasionally indicated sli ght excesses  in mass balances ,
which were  a r b i t r a r i l y rounded off to 100%. Temperature , p ressure , and
ignit ion delay times are a c c u r a t e  but  should not be in te rpre ted  anal ytically
because the specif i c location of the sensors  and the geometry of the reaction
vesse l  may si gn i f i can t l y a f f ec t  the resul ts . In general , te sts carr ied out at
the same p r e s s u r e s  and mix tu re  rat ios  had similar e lec t ronic  resu l t s .

Gas charges  of 2 . 5 to 10 .0  vol % N 2F4 in hel ium were injec ted  into

m ixtures  of 10/ 1 NF 3 ari d C 2 H4 in the react ion vessel  at 1 atm. Injector
p r e s s u r e s  were  f rom 1. 2 5  to 3 atm . Oscilloscope data indicated that no
s pontaneous ignition occur red  at any of the s ta r t ing  conditions. 
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H
V. CONCLUSIONS

Spark  or  h o t-w i r e  i g n i t i o n s  of m i x t u r e s  of NF 3 and severa l

h y droca rbon  or  f l u o r o c a r b o n  fue ls  were  accompl i shed  s ta t ical ly in a high-

p r e s s u r e  r eac t ion  vesse l .  P r o d u c t  gas composit ion , p r e s s u r e  arid t empera_

t u r e  r i se , and i g n i t i o n  de lay  we re m e a s u r e d  to dete rmine the phys ica l  and

compositional cori~ i t ions n e c e s s a r y  fo r  smooth, rapid in i t ia t ion  of combus-

t ion .  O x i d i z e r - r i c h  m i x t u r e s  w e r e  used in all t es t s .  Combust ion was

always v e r y  e f f i c i en t  wi th in  the range of r eac tan t  concen t ra t ions  used . No

e lementa l  ca rbon  was  found;  the total  carbon input  was usua l l y accounted

for  by the  CF 4 p r e s e n t  in the p roduc t  gases .

Since C2 H4 
was  dete rmined to be the fue l  of choice , more compre-

hensive te s ting was conducted  with thi s compound than wi th  any of the o t h e r s .

T e s t s  w e r e  c a r r i e d  out over an init ia l  total  p r e s s u r e  r ange  of 0 . 8 to 2 . 0 atm

and molar ra t ios  of 8/ 1  to 10/ 1 , NF’3 /C 2
H4. In all cases , combustion

e f f i c i enc ie s were  nea r ly 10O~~ within the regime of the a fo remen t ioned  range

of init ial  cond i t ions .  The (r i t e r i a  for  e s t ab l i sh ing  combu s tion e f f i c i e n cy

w e r e  based on the amount  of NF 3 reac ted  and the amount  of CF
4 found f rom

the to tal ca rbon  inpu t .  Small dif fe r ences  were  no ted in burning e f f i c i enc i e s

when spark  and g low-coi l  ini t iat ion t e s t s  were  compared under  identical

cond i t ions . A more soph i s t i ca ted  des ign  for  the h o t-w i r e  source  and the

method of act ivat ion might  have reduced these d i f f e r e n c e s  in p e r f o r m a n c e.

Li t t le  s i gn i f i c ance  can be placed on the igni t ion  delay t imes and the

t e m p e r a t u r e  and p r e s s u r e  pu l se s  because  of the r e s t r i c t ed locat ions of these

senso r s  and the specifi c geomet ry  of the react ion vesse l .  Fu l l- sca le  dynamic

t e s t s  in an app licable combusto r unde r the condi t ions used in these t e s t s  may

conf i rm the v e r y  shor t  ignit ion delays  and modera te  o v e r- p r e s s u r e  r eco rded .

Produc t  gas anal ys is  r e s u l t s  we re closely re la ted to t e m p e r a t u r e, p r e s s u r e,

and ignit ion de lay  m e a s u r e m e n t s  in repet i t ive t e s t s  of the same mix tu res  of
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NF 3 and fuel  at the same start ing conditions. In this way,  the monitoring of
problems related to spark t r igger ing , incomplete mixing, and detector
func tion could be controlled.

Of the remaining fuels te s ted , theoretically,  butadieri e 1, 3-C 4H 6 would
be the most ef fec t ive  used if complete combust ion were to occur . The molar
ratio of H F/N F 3 and F2 /NF 3 produced would be 0 . 3 for HF and 0 .95  for  each
mole of NF 3 reac ted , compared with 0 . 4 and 0 . 90 for  C2H4. Mixtures  of
20/ 1  NF 3 and C4H6 and 10/ 1 NF 3 and C2H4 we re compared. Complete
combustion of isopropenylacetylene (C 5H6 ) with NF 3 at s imilar fuel-lean

mixture ratio s ( 1/ 2 0 )  would show a sli ghtly lower theoretical F2 /NF 3
product ion ratio .

Theoret ica l ly, eth y lene difluoride would be the best  fuel  to use  if the

ratio of HF/NF 3 were  to minimized and F
2 /NF 3 maximized. At a molar

ratio of 10/ 1 NF 3/C 2H2F2, the ratio of HF/NF 3 would be 0 . 2 , considerably

bet ter  than that achieved with butadiene (0 . 3). The ratio of F2 /NF 3 wou ld
be 1.1 , which compares favorably with tha t obtained with butadiene (0 .9 5).
Because of the inability to ignite mixtures  of NF 3 and C2H2F2 at molar
ratios greate r than 5/ 1 to 6/ 1 by the methods repor ted  here , this fue l was

no longer conside red as an al ternative for C2H4.

The failure to ignite spontaneously combustible mixtures of NF 3 and

C2H4 with the use of very  dilute N2 F4 -He injection mixtures  should not be
considered as a final conclusion for  the following reasons:

1. The experimental tests  were  conducte d with an injection
system that  could be grea t l y improved .

2 . The probabi l i ty  of shock f ront  heating of the N 2F4 was no t
assured because of l imitations imposed by safe ty and equip-
ment considerations .

3 . The remotely operated ball valve should be replaced by a
diaphragm or a much fas ter  opening valve .

4 . The allowable N2F4 concentration should be increased
considerably ove r that used.

5. The maximum total p ressure  and volume of the inject ion
vo lume should be increased .

-26-
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R e s u l t s  of t he  s t a t i c  ign i t i on  t e s t s  r ep o r t e d  h e r e i n  indica te  that NF
3

can be s u c c e s sfu L l y i gni ted in a cornbus to r  b y us ing  a s p a r k  or hot -wire  igri i .-
t ion  s o u r c e  at s u b a t m o s ph e r i c  and e levated  c h a m b e r  p r e s s u r es  and opt imum
o x i d i z e r/ f u e l  m i x t u r e  r a t i o s . These r e s u l t s  should be conf i rmed  in full-
scale c o m bu s t o r  l e st s . -
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LABORATORY OPERATIONS

The Laboratory Operation. of The Aero .pa ce Corporation i. conducting
experime ntal and th eoretical investigation. nece8.ar y f o r  the evaluation and
app licat ion of .cientific advanc e, to new military concept, and system. . Ver-
.atility and flexibility have been developed to a hig h degree by t he laboratory
pe r.onne i in dealin g with the many pr oblem , encounter ed in the natio n ’, rapi dl y
develop ing space and missile system, . Expertise in the late .t scienti fi c devel-
opment . ie vit al to the accomplishment of ta.k s related to the. e pro blem. . The
laboratorie, that contribute to this re,earch are:

Aer ophy sic. Labo ~ a:~~~~~ Launch and re entry aerod yn amic., heat tran .-fer , reentry physic. , chemica l kinetic s , st ru ctural mechanic . , flight dynam ic. .atmosp heric pollut ion, and hi gh-power ga. lasers.

Chem istry and Phy sic, Laborator y : Atmo.p heric reac tion , and atmo.-pheric optic . , chemi cal reactions in P~ltu ted atmospheres , chemi cal reaction.of excited species In rocket plumes , chemical thermod ynamic , , pla sma andlaser-induced react ion, , laser chemi.t ry, propulsion chemistry, .pace vacu uman d radiati on effect, on mater ial, , lubrication and surface phenomena , photo-,en,itive mater ial, and sensors , hig h p recision laser rangin g, and the appli-cation of phy ,ic. an d chemistry to pro blems of law enforcemen t and biomedicine .
Electronics Rese arch Laboratory : Electromagn etic theory, device. , an dpropagation phenomen a , including plasma electr omagnetic.; quantum electronics ,la,er , , an d electro -opt j cs; comm unic ation .ciences , app lied electronic s , semi.con ducting, supercon ductin g, and crystal device ph y.ic, , optical and acousticalimaging; atmospher i c pollut ion; millimeter wav e and far-infrar ed technology.
Ma terial, Science. Laborator y : Development of new material, ; metalmatrix composite. and new form, of carbon; test and evaluation of gr aphiteand ceramic, in r eentry; ‘pacecraft materi als and electroni c components innuc lear weapon . environment; application of fra cture mechanics to .t ?e,s cor.roalon and fatigue-induced fractures in structu ral metals.

Space Sciences Labora to ry : Atmospheric and ionospheric physics , radia-F t ion from the i~tmo.phe re, density and compo.ition of the atmos phere , au r oraeand airg iow ; nn agneto sph er ic physic. , co,mic r ay. , generation and p ropagationof p la .ma wave, in the magnetosp here; solar physic. , studie, -of ,ola r magneticfi e lds ; space astronomy, x.r ay astron omy; the effect, of nuclear explosion. ,magneti c ,t orm,, and solar activity on the earth ’ s atmosp here , iono,phere , andma gnetosp here; the effects of optical , electromagneti c , and part iculate radia-tion , in .pa ce on .pace ,ystems.

THE AEROSP ACE CORPORATI ON
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