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fLE exhaust plume of a minimum-smoke solid rocket contains
significant concentrations of hydrogen and carbon monoxide
which when mixed with ambient air react to water and carbon
dioxide producing visible flash and inecreased infrared
radiation. Both reactions produce undesirable signatures and
interference with optical guidance systems. Potassium salts
have bheen added to propellant charges to inhibit afterburning
in bhoth guns and rockets. They have not always been =+fective,
L inhibiting effect of the salt being related +to gas
composition and temperature in a complex marnner which is not
compietely understood. Further, there is disagreement as to
whether it is KOH, KDz, or K that is most important in the
aftarburrning suppression. The results are presented here of tne
first yesar of the investigatiorX sponsored by AFDSR>on the
afficacy of each of these on iLhae combustion of diluted

Hz/CO=02-Nz mixtures
moposed-jet  burner,

A flat diffusion flame prnduced

oy an

imulating the reaction conditions in the

boundary layer of thelplume, is being scannsd incrementally in

the infrared waveleng
is planned also to u:
in  which a1 amies
introdueced i e2anh

s to follow the inhibition re2actions. It
o an alternative oponosed-jet arrangsnent
combustible passs with additives 00
possd  ja2t. Jupporting equipment i.: 1

slace, .3, optical deVices, specti-ophotometer, flow mezring

symten ate, £ razsistive
of potassium ond potasiium salts at temperatures up Lo
,l
U3

hag pasr o L1 umidor bh

[ o Lo G R

‘. ay - . o gt
LLohas bheen found o
k=]

A Ha/C0/MNa/0z flame at

y heated burner permitting vapeorization

1OCo0

7 nra2gent grant., and has b2ers slaced in

otassium added to the fusl-side of
tolichiometry is more effective in

near
inhibiting the flame reémtions than EOH addsd to the fuel-side

rf 3 H::/Nz/oz flame at
CO was not used in

a stoichiomatric ratio of Q.51 (lean).
the latter experiments because of the’

formation of carbon in the heated burner at the higher
temperatures (S00-600C) required to vaporize a significant
amount of the salt. Itjis likely that carbon also forms in the
pluume fraom a minimgym smoke rocket contributing to the

vigibility of the flas
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INTRODUCTION

The Services have increasingly emphasized the development
and use of low signature tactical solid rocket amotors in recent
years., Visible primary and secondary smoke have been largsaly
eliminated from rocket plumes by the removal of ammonium
perchlorate oxiditer and most of the other energy and ballistic
modifier additives from the propellant formulation, resulting
in the formulation of the so-called "minimun smoke” (min-—-smoke)
propellants. fhe exhaust gases from min-smole propellants
owaver contain significant concentrations of hydrogen ard
carbon monoxide which when mi.ed with ambient air in the plume
react to water and carbon dioxide producing visible flash and
increased 1nfrared radiation. Also, some of the apparant
sacondary smabke advantage of min-smoke propellants over recguced
smoke propellants (ammoniwm perchlorate oxidizcer with low
salids content) is lost since the hydrogen in the plume raacts
to  form  addiztional water which is available for potential
znnadersation to  smole. The resszarch reported on delow is
dipracted toward praventing o at ieast inhibiting tne
sirgnatures due to afterburning.

It is krnown that potassium salts inhibit the reactions af
rydrogen and carbon monoxide to water and carbon dioxide
respectively.t-* Potassium salts such as ENOx and ¥=280a have
Sezn added to propellant charges at a level of | - 3 wt pet to
uppr=ss gun muozle flash = and racket plume infrared signature
-  The mechanism by which the potassium salts 1nhibit
fterburning is controversial, but it probably involves ., EKOH
and possibly ¥Dz reacting with H and OH radicals to break the
chain reactions controlling the combustion of hydrogen and
carbon mono<ida.®»%.7 Experimental evidence suqggests that the
reactions take place 1inm  the vapor phase. Since only small

a
=

o concentrations of the K, KFOH and K0Oa are required, the amounts
b N .

s of salt that have been used in guns and rockets may have been
o excessive. Minimizing the amount used is important because the
< -, potassium salts i1ncrease radar signatures and the propensity

fﬁ) for smoks faormation. The effects of excess potassium salts on

T the latter have been demonstrated in recent studies reported by
oS the US Army Missile Command.®
Under the present grant, the effects of K, KOH and KOz on

W

oy

) the afterburning reactions are being evaluated by introducing
'S them as a vapor into a flat diffusion flame of Nz~Hz-C0/02-Na,
P

scanning the flame incrementally and examining its infrared
spactral emission. Initially methane was chosen as the fuel
basedy on experimental convenience and because  there was
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previous research reported in the literature on the eftfects of
potassiun and potassium salts on combustion of methane. Alsa,
the formation of HWCHO in the flame zone provided a convenient
tag +or following the progression of the reaction. However
methane 1tself inhibits the H atom reactions being studied.
Theratore it was decided to emphasize mixtures of Na—-H=2~CO as
the fuel wmixture since 1t is c¢loser to the situation in the
plume  without 1ntroducing complicating side reactions. It is
planned to define the conditions of gas composition and
Lompar ature for which the additives are effective.
AN npposed-yet diffusion burner adaptad from one describeaed
¢ Hahr, Wemndt ard Tyson ? is being used. As discussed turther
haluw, bha burnsr canfiguration parmitbts study of the chemistiry
a3f inhibition of afterburning under conditicns simulating those
n the oluame. In addition, the arrangement makes the injectinn
of  potassium and  1Es salt  vapors into | the flame relatively
c-roanient. A Barpbman IR spectrophotometer has  been modified
far  debtsction aof enission spectra. The scanning technigque is a
~cakion of  one previously developed by the principal
Lrsastigator P, dvarsole Y1 15 asing A premiied Ha/0Oa/0Na
b O IR T +iab tlame for N1 studies of afterburning
BIUPPRED TS ON. This burner has advantages also of bRing well
crarzcterizad,. bot fthe flame fone 15 relatively compressed
comgared  vikth  the opposed-jst burner  requiring  the use of
raducren pressures  to  broaden  the flame., Also., the range of
comsuttrion and flow rates ftor flome stability 1s narrower and
addition  of additives ig more cifriculbt. Eversole is wusing LIF

o
-

xnd Fanan scabtaring o maEasuring concantration and
toanpariture profiles in the +lame. Th2 techrnigques are ouch more
zemzibive oo more Jashrictive  than the emssion spectrometer

zimg us2ad 10 the predfent research. The emission  spectromatar
rore 2asily detects the range of Flame intermediates than do
2 laser specroscopic technigues.

THEQRETICAL BACHGROUND

The most 1mportant reactions involved in afterburning are
probably,

H+ 0O = OH -+ 0 1)

H + 0OH + M = HaO + Mx ()
and

CO + 34 = CD0a + H (3

There 13 disagreement about the corr2ct mechanism for the
potassium suppressiong of these reactions. Jensen, Junes and
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Mace ¢ concluded from their experiments with premired Ha—0a-N.
flames that atomic potassium was involved, 1.e.

K+ 0H + M = KOMH + M* (4)

and
FOH + H = Hz0 + K (3

On the other hand. Friedman and Levy @ fopund atomic potassium
and sodium  to he ineffective for a methane—air ditfusion flame
and statead that rzaction (4) was unlibely to occur =2arly encugh
in the reaction to bhe effective. In additieon to -eaction (3
the, proposed,

KOH + OH = Ha0 + KO (&

They suggested that potassium salts first foram wmciten B20 wihich
reacts with watsr to form gaseous hOH. Evidence # that sodiaa
oxirdes are naobt stable at Fflame temperstures and are ot
effective 1rhibitors lands credence o treir arQuament. basban
7 proposad an alternative mechanism,

b+ Qo + M = FO. + pMx (7}

= + 0OH = kOH + Dz (8

based on observat.ons of hydroxvyl radica.s 1n a l=zan flame.
Jensen'® 1n a more ra2cert papsr has bzen able to erplain
Faskan®s results without resorting to thes postulatiorn of the
reactions of k0.

All of these interpretations were speculative in natuwre
since no direct measurements had been made. It 135 =upected that
scanning  the inhibited flames spectroscopicaliy, ag is being
done in the present research, will help resolve the mechanism
guestion, and contribute to a definition of Row bDest to
formulate rocket propellants with potassium salts.

: EXFERIMENTAL APPROACH

A schematic sketch of the opposed-jet burner and optical
system being used for research sponsored by Morton Thiokol 1is
shown in Figure 1. It is working well but it :s limited to
reiatively vnalatile additives. A new burr2r has bzen designed
. and built under this grant which utilizes resicestive heating to
F vaporize the Kk, kKOH, and HO=x. A sketch of the new burner is
shown in Figure 2. It permits the introduction of the vapors
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into the gas stream. Th2 burner is 2-in Jdiameter by 13-in lung
and made ~f Inconel 3800 for corrosion resistance at high
temporatures. It 1s  corcentriz at the heating end with a
mullite tube bonded to it with sauereisen cement. Nichrome wire
is wound arouad the periphery of the mullite tube and heated
electrically. The other end of the burner i3 cooted bt * water in
e copper—tube heat evchanger silver-solca2red to the Ircune?
tube. Gaszs zntering the cool end 2-z conducced through a
plzrum chember 1nto the heated section wiich s nacked with
178- n amullite balls held 1tn place at both  =nds ~ish Irconsl
sareening. he balls serve two puwpases -~ ta provide o flar
valocity profile nzeded to sbiain the flat flame, and to hold
the potassium or potassium  salts in place whila they are Seing
vaprleed ard mived with the fiel  jJases. (he extericr of tias
bBurnar 15 wnsulated with a NMome: blanket.

The flow metering system for introducing Nz, Oz, Ha and CO
1as  oeen  completely instalied ang cal.brazted. The woticat

sysktem usad ko convert che Beckman 4240 IR specirometer
from abseorption o emission mrasuremencs ocomprises  fronk
murfate =10 alan? mirrors and 3 hA-in spharical mieror of
£/1.8. The mirrors a~2 na2id in adjustabie mounts and pesiiicaed
by m2ans of rod cwriers on an upbioal oench. Thege permut
pozitironing of the burpner  and ocpltics easily ang regroducisly.
The =zli1t 15 variable between .08 ana 4 mn, 135 12 ma high and
iz wmounted on & translating base in the sample corpartment nof o

=,

Bertman 3240 IR

spactroraotonster. Magnification aof n2 1mage
on tna sl 3

ois 0.4,

rRnce YW, ohe flame 1tseld was moved o order to
scan the flat flame i1ncremer.ally. 4We havs improved i
techntgua, Focusing the floime ‘mage on the spectramstar 51-
and trenslatirg the s31it instesd. The flam2 sSpeCuira  or some
af the possiblz Fkinetic i1ntermediates, 2.g. K0, KO and K.,
arg not known. If possible these will bz identitisd put thsir
effacts can b ized from  following the H, 0OH, H20. CO and
Clz spectra.

i

)

0.

it
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EXFSRIMENTAL RESULTS
Ar No-H=2~-203/02--Na/MeBr Flames:

In order +*to correlate the operatian of the experimental
equipment with the 1nitial tests which were conducted with
methane fuel. & series of tests wasz run with MeBr added to
H=/C0 flamas on koth the air~ and fuel-sid=s of the burner at a
I vol Y oand 0.4 vol L respzcoively for & lean flame of o =
C.8&. For the case of the 3 volY MeBr added to the air-side
particularly the IR width of the flame was requced, and there

I T
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WAs an increase in the total IR radiation in the 3800 - 2000
cm™* wavenumber raqion, especially in  the I300 - 2900 cm™—?
water-0H bands and less so in the 2400 - 2000 cm~* CO0=-CO0
bands., Similar 2ffects were ftound when 0.8 vol%Z MeBr was added
Lo the fuel-side of the burner. Less MeBr was usea for this
tegt because of the formation of carbon at higher levels. The
results witkh and wikhowvt +the MeBr additive are tabulated in
Tables I threough IV.

B. Na-Hz-CO-kK/Us~Ne Flames:

in thizs series of tests (and in that in which KOH was
adaoed) it was first necessary to establish the i1ntensity of
radiation of thne flame as a tunction of temperature of the fual
gases enitting the heatsd buwner. Subseaquently., the spectra
were measuwred with potassium in  the fuel. Gas composition
for the tests was as foliows:

Fuel - Ha, 4.3
Bi1de .G, s
Nz, .7
| . 0.22,1.3,1440 ppm & L13,142,738C respect-
ivels
ALr-— Do, .2
Side Nz, 14.7
d = 0.7938
Sli1t width was ¢.4 mm. Integrated areas for the width of tha

flame at a wavenumber of 3440 cm~t, the maximum radiation
fraquency, ara shown in Figure 3 for +lamas with and «a1thout
potassium vapor added tn the fuz2l. At this frequency. the
addirtion =f potassium led to a decrease in emission at all
temperatures, the effect i1ncreasing with increasing temperaturs
or concantration of potassium vapor 1n the fuel.

. MNe—Ha-KOH/Ozx-Nax Flames:

As notad above, CO0 was deleted Ffrom the fuel bacausz of
carbon was formed by reduction with the hydrogen at the highar
temperatures ragquired to vaporice the KOH. The gas cowmpasition
for thsse flames was:

R «, S e S % S I TR TP T e T, e s TN, T W T s s W Tt T S 2 e - M
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KOH, 0.5,92.4,147 ppm @ 415,390,600C respect-

ively
Air- D2, 4.5
side Nz, 15.2
B = 0.61

5lit width was 0.2 mm. Total spectral areas for the scan acrass
the width of the flame for the wavenumbar range 3I800 -~ J000
cn~*  are summarized 1n Table V. HNormalized areas versdas
temparature arzs shown in Figure 4. BRBobth the Table and the
Figure illustrate the increase i1in spectral smission produced
whan 0H 13 adoec to the flame. Details of the spactral scan as
a function of the position 1n the flame are sheown in Figuras 3
and & for the flame without and with FOH additive respectively.
These latter Figures i1ndicate an initial i=hibition of the
delay of the flame reactions on the fuel-side but toward the
Aair-=ide of tne flame the r2actions ars compleated. A plot of
the normalized arzas with  and without HOH additive is given in
Figure 7.

D
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SUUSSION
A N~Ha-C0/0n~NosMeliv Flames:

it had been preaviousily dsterminad that methyl bromige
inhibits the combustian of methan=- air mixtures. it was
obsarved that theie was an increased formation of HUHO when
mathyl bpromide was added to lsgan flames, confirming the
reaction scheme proposed by Wilson®™® based on his own research
and that {rom refersnce 11 tha+ tre increased rate of reaction
of methyl bromide with H over that of methane and H led to an
increase in  the formation of HCHO in the flame. We also
observed an overall increase 1n IR radiation with methyl
bromide added to the flame ronsictent with Wilson's observatian
of the the main reaction tabing place at a highsr tesperatursa
than in uwunirhibited flames. Similav- effects were noted in the
prasent experirental data ohtained with the Ha~CO flames. HCHO
was also observed in these flames. According to Fenimore %
Jones®®, the inhibition 1s involves the reaction:

H + CHsBr = CHx + riBr {9)
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At 1000K and 1200K the rate of reaction of sguation (9)
was fourd to be significantly faster than the rate of reaction

for H + 0z given by equation (1) given in the THEORETICAL
BACKGROUND section. In addition,

CHe + 0

il

HCHO + H (100
and
HBr + H = H» + Br (L

turthar breab the chain reaction for atterburning. Wilson
propased also that tne following reactions were involved,

CH-Br = OCHs + Br (12)

H + B + M HBr + P {13

#

and
CH<Br + OH

[

CHabr + H.zD {10

He proposed that the flame inhibibt:on mechanism was dus Lo che
inhibrtor ornlonging the preignition ~one of the f.amse and
shifting the primary rzaction o a higher temper ibture. The
present experimental results with He~L0 and the previous tests
with methane ceonfirm the conclusions about the narrowing of the
flan2 zone 3and the higher temperature in that zone.

B. Ha/CO0-F and He-h0OH Flames:

Al though there ware diffzrences 1tn how the scans wera maons
tor  these two different f1lames, 1t would appear that k 15 3
more effective afterburning inhibitor than KOH. This is not
consistent wirth the gualitative interpretations of the
references cited. In addition, the forward rate of reaction of
reaction equation (35) for the HOH 13 orders of magnitude
greater than egqguation (4) Ffor K and 0OH. However, the kK
experiments were conducted with a H=/C0 fuel and the KOH with
only Hz as the fuel. The fuel mixture for the potassium flame
was also closer to stoichiometry but this would be expected to
reduce the effectiveness of the potassium. It is likely that
the CO in the K flame plays an impartant role explaining the
difference in effectiveness. The forward rate of reaction of CO
and OH, equation (3), the principal reaction controlling the
combustion of CO to C0a, is about one order of magnitude slower
than the reaction of KOH and H. However the concentration of CO
in the flame is several orders of magnitude higher than the
concentration of KOH, generating H atoms and heat. The ..
potassium reaction, by remaving OH and inhibiting the CO.
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reaction, effectively inhibits the Ha oxidation as well. The
effectiveness of these inhibitors is likely to be significantly |
altered as a function of stoichiometric ratio in the flame. We

intend to investigate this factor further. Also, €O will be
introduced into the KOH flames from the air side of the burner
to confirm this mechanism.

FUTURE FLANS

(1) Complete the opposed-—-jet flame scans using M2-diluted
H2/CO  fuel and diluted air with K, KOH and KDOZ vapor additives
over a range of é fram rich to lean.

() Literature Surveys and interpretation of thea
euperimental results are a continuing process.

{3) Make comparison runs, again with opposad—-jets but
utilizing premsed gases of different &°'s consistent with
avording 1gnition of the premixed gases while vaporizing the
additives in the burner tube.

REFERENCES

(1) "Explosinn % Combustion Frocesses in Sas=2s," W, Jost,
MeGraw-Hill (1944)

(2 "Flames: Their Structure, Radiation and Temperatura," A. G.
Baydon % H, G. Wolfhard., Chapman % Hall (1979)

(M "Chamical Mechanism for Seccondary Flash Suppression." A,
Cchan 2 L. Declter. 18Bth Symposium (Int.} on Combustion, pp
225-271. Combustion Institute (1981

{4y ““lame Inhibition by Fotassium Compounds,"” E. T. ilcHale.
Combustion & Flame 24, 277-279 (1973

(5) "Inhibition of Opposed-Jet Mechars-A1r Ditfusion Flames.
The Effects of Alkali Metal Vapors and Urganic Halides." R.
Frisdman % J. B, Levy. Combustion % Flame 7, 199-291 (19&7

 em a ww A

PRI

(&) “Flame Inhibition by Potassium,” D. E. Jensen, G. A, Jones
4+ % A. C. H. Mace. J.Chem.Bo0c. Faraday Trans I, 75, 20770285,
x (1979) i
[ {7) "Tha Reaction of Alkali Atoms in Lean Flames," W. E. ‘
w Kaskan. 10th Symposium  (Int.) on Combustion., pp 41-44.
ﬁ Combustion Institute (1965)
¥ {(8) "Flash Suwipression Effects on the Total Signature of
- Minimum Smoke Fropellants.' L.B. Thorn, C.lL. Greer % W.W.
- Wharton. 1984 JENNAF Fropulsion Meeting (Feb 84) g
- (?) "Analysis of the Flat Laminar Opposed Jet Diffusion Flame
C: with Finmite Rate Detairla«d Chemical kinetics.," W. A. Hahn, J. 0.
; L. Wendt % T. J. Tyr—--. Combustion Science & Technology 27,
ﬁ ‘ 1-17 (1981)
o % (10) ‘“Spectroscopic Study of n-Butane-Nlz Flames,” W. W.
N 3 : < LR . B
L 1 Es ’
Q H -F
¥
3 “
v
- ;
i o T L O R Ly T I A S D A L L e P D D e e




-

oot AL 8 g

"

&

s

- Wharton, T. D. Violett & E. Miller. &th Symposium (Int.) on
o Combustion, pp 173-177. Combustion Institute (1357)

N (11) "Afterburning Suppression Kinetics," J.D. Eversole. 1983
’ AFOSR/AFRFL Rocket Propulsion Research Meeting (12-15 March
1984)

(12) "Alkali Metal Compounds in Oxygen—-Rich Flames," D. E.
Jensen. J. Chem. Soc. Faraday Trans I, 78, 2835-41, (1982)

(13) "Structure, Kinetics, and Mechanism of a Methane-Oxygen
Flame Inhibited with Methyl Bromide," W. E. Wilson, Jr., Tenth
Symposium (Int.) on Combustioen, p47. The Combustion Institute
(1963)

(14) Fenimore, C.F. % B.W. Jones, Combustion % Flame 7. 323
(1263)

AR Bty

PO M E e

& e KT e b | " " oy
e S

b R
Pt

- v ()
DA A s

»
.

Gt §) A ‘-
L) 7
WEL Y TSR Y

For
e

4
I.l"

1) el i
‘-’a‘—

ok s
p A

.
AR By

eyt

-

m; ‘h

Ch W N W SN T T T L A T A A R A R R R At = =



= - O FTx o sFTET T T T T T T e T Ty e e T A T ST TR s e T e MEETeE DT eI R R A TR TEERy T AR SR TEA e N AR AT T A Y T T T wl s e e
= - R R ER = - i - - L - S N

T b oX ¥ Py

i
w® ey

b TABLE I

- IR SPECTRAL EMISSION OF OPPOSEDR-JET H=/CO DIFFUSION FLAMES

N B = 0.86, 11 Hz/CO DILUTED WITH N= ON FUEL-SIDE, AIK

' DILUTED WITH Mz & METHYL BROMIDE (3.0% WHEN ADDED) ON AIR-SIDE.
[ SLIT = 0.25 MM, IB0OO-2900 CM-1

inch sg.in.
w/0 MeBr w/ MeBr % Increase
Fuel - 0.18 0.24 0.09 -&2.5
B Side 0.17 0.8 &44.7

2 Slit Position, Spectral Area

: 0.35 0. 31 -11.4
3 0.58 0.72 4.1
! 1.19 1.37 15.1
Y 0.23 1.70 2.04 20,0

2.70 F.00 11.1
$ 377 4,37 13.9

N 5.13 5.95 14,0
3 b6.75 7.2 3.4
) 0.28 8. 00 ?.19 14.7

E- 3.364 10.97 17.2

10,91 11.45 4.9

3 10.87 12.48 14.8

L 11.42 12,47

& 0.3 11.39 11.54 .

: 10.30 10.52
£ 9.07 8.892
- b.84 77

N = hird = G

0D o B

.23 4.84

” Ll
o A 2.41 2.52 b
W Air- 0,85 0.74 -1

-, Side 0.40 0. 06 0.00 -100.0
i TOTAL 119.29 127.78 7.1
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= TABLE 11

X IR SPECIRAL EMISSION OF OPFPOSED-JET H=/€0 DIFFUSION FLLAMES

2 @ = 0.B6, 111 H/CO DILUTED WITH N= ON FUEL-SIDE, AIR

! DILUTED WITH Nz % METHYL BROMIDE (3.0% WHEN ADDED) ON AIR-SIDE.
. SLIT = 0.25 MM, 2400-2000 CM-1

S 51it Position, Spectral Area
S inch sg.1in.
3 w/0 MeBr w/ MeBr % Increase

Fuel - 0,17 0.65 0.67 3.1
- Side 0. 39 0.93 1.5
5 1.70 1.27 - 2.3
; 1.561 1.71 6.2
b 1.97 2.14 8.4
L 2.45 2,63 7.3
0.23 2.96 3.24 7.5

% T.48 .78 8.6
s g 4,44 .2
. 3.973 5.09 3.2
. S5.15 5.54 7.6
. 0,08 5. 69 b.24 F.7
i b.20 b. 40 T2
< &.24 b6.49 4.
R b.15 b.b& 8.3
E? L. 20 5.23 2.8
3 0,72 b.10 b.14 0.7
J 5.44 5.42 - 0.2
. 4.82 3.07 5.2
4.05 4.19 3.5

.02 .02
9 0.38 1.80 1.96

Air-— 0.77 0.895
- 51 de 0. 40 0.0 0.05

.
e

. -‘“r,

i

Do
4 C
£ O

8. TOTAL 87.08 0,20
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TABLE IIl
IR SFECTRAL EMISSION OF OFFPOSED-JET Ha/CO DIFFUSION FLAMES
B = 0,86, 111 H2/C0O DILUTED WITH N= ON & METHYL BROMIDE
(0.46% WHEN ADDED) ON FUEL-SIDE, AIR DILUTED WITH Nz ON
AIR-SIDE.
SLIT = 90.25 MM, 3I800-2900 CM-1

S1it Fosition, Spectral fArea
inch sg.1i0N.
w/oc MeBr w/ MeBr % Increase
Fuel- 0.13 0. 00 .00 Q.0
Side Q.03 0.10 23,3
O.14 0.15 7.1
.31 0.20 ~25.5
0.57 Q.68 19.Z
[0 1.47 1.38 - 6.1
Z.45 2.26 ~- 7.8
I.2 .12 - 4.6
4.59 4.45 - 3.1
S 60 5.92 5.7
G,23 7.27 7357 1.4
8.42 .58 1.9
?.39 ?.40 .1
.65 Q.70 0.5
F.354 9.49 - 0.3
n PN 3. 64 8.70 1.6
7.61 7.565 UL 3
6.19 6.14 - 0.8
4,673 4.43 - 2.9
2.81 2.46 - 5.3
.13 1.25 1.06 -15.2
Air- 0.07 0.08 -12.95
Side QL 40 Q.00 . Q0 0.0
TOTAL ?3.90 @3.62 - 0.3
‘.~,
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TABLE IV
IR SFECTRAL EMISSICN OF OFPFOSED-JET H»/CO DIFFUSION FLAMES
B = 0.86, 1:1 H=z/C0 DILUTED WITH N2 OM % METHYL BROMIDE
(0.46% WHEN ADDED) ON FUEL-SIDE, AIR DILUTED WITH N DN
AIR-SIDE. )
SLIT = 0.25 MM, 2400-Z000 CM-~1

51it Fosition, Spectral Area
inch sQ. 1.
w/0 MeBr w/ MeBr % Increase
0.17 0.30 .35 193.0
Fual - 0.65 0.74 15.8
Side 1.01 0,82 -11.2
<23 1.21 - 1.6
1.55 1.66 7.1
1.87 1.9 T.2
L2l 2.49 2.54 2.0
2.3838 3.08 5.9
3.9 3,63 I.7
T.89 4,046 4.4
4,47 4,460 2.8
0.8 4,820 5,00 4.2
Z.i2 3.15 3. b
2.75 5.5 Q. &
.05 2.37 2.9
4,98 2.733 7.0
O, 37 4.4&7 +.78 2.4
4,06 4.34 &H.9
S.47 IR P - 0.3
270 .94 8.9
1.79 1.71 &.7
2,58 1.12 1.10 - 1.8
&ir—- ¢.Z8 DL 40 G.3
Side 0. 40 O, 20 .00 0.0
TOTAL CYAN-X 70,095 3.5
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TABLE V ﬁ
IR SFECTRAL EMISSION OF OFFOSED-JET Nz-H2/02-N= DIFFUSION

FLAMES
@ = 0.61, SLIT = Q.25 MM, 3800-3000 CM-1

Temperature, dpectral Area,

deq C Sg._in

wo/k0H w/KOH
00 g.71
115 10.11
420 5.05
3z5 .19
SCG0O ?.79 10.47
500 10.18 10.78
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