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EFFECT OF AMMONIA ADDITION ON LIMITS OF FLAME FROPAGATION FOR ISOOCTARE-
AIR MIXTURES AT REDUCED FRESSURES AND ELEVATED TEMPERATURES

By Cleveland O'Neal, Jr.

SUMMARY

Pressure limits of flame propagation were determined for 1sooctane,
eammonia, and mixtures of the two in air at several temperatures in the
range of 60° to 400° C. A hot-wire ignition source was employed and the
2-inch-diameter flame tube was closed at both ends. Two-lobed pressure-
l1imit curves were obtained for all mixtures except ammonia in air.

For all mixtures studled, the rich limit rose considersbly and the
lean 1limit decreased slightly, resulting in a broasdening of the flammeble
region, when tempersture was raised. The minimum pressure limit was
decreased by raising the temperature.

Addition of ammonia broadened the flammable region considersbly up
to asbout an ammonia-alr welght ratio of 0.02, but thereafter the region
narrowed. Over the range of ammonia-air ratios studied (zero to 0.039),
the lean 1limit increased but very little and was in falr asgreement with
values predicted from Le Chateller's mixture rule. On the other hand,
rich 1limit equivelence ratlic maximized at an ammonla-air ratic of about
0402 which is not predicted by Le Chatelier's rule. The lowest value of
the minimum pressure was alsc found at an ammonis-alr ratioc of zbout

0.02.

Gas-analysis data for smmonls after passage of flame In the ternary
mixtures showed all the additive was consumed in lean mixtures and from
48 to 62 percent wes used in the rich mixtures.

INTRODUCTION

In a turbojet engine, additional thrust may be obtalned by injecting
a sultgble coolant into the compressor; ammonie and water have been em-
ployed for this purpose (ref. 1). Since ammonis is iteelf a fuel, it is
desirable to determine how 1ts presence will affect combustion. Some
insight may be geined by studylng the fundamental combustion properties
of the ammonia when used alone and when combined with & typical fuel.
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A convenient property td investigate is the pressure limit of flame
propagation from which concentration limits may be derived. A rich and
a lean concentration limit of s particular fuel bound an area, which may
be termed the "flammeble region". This region of flame propegation has
been found to wlden when temperature is raised for methane (refs. 2 and
3) and pentane (ref. 4), and the broadening of the region is brought
about by a decrease in the lean limit and an increase in the rich limit.
For the higher hydrocarbons, only the veristion of the lean limit with
temperature has been investigated (ref. 5). In addition to studylng the
ammonle effect on the limits of isooctane in air, the tempersture effect
was also determined.

In this report, pressure limlts were measured at reduced pressures
(up to 400 mm Hg) for iscoctane, ammonia, and mixtures of the two in air
at several temperatures in the range of 60° to 400° C. The work was
performed in a pyrex glass tube of standard dimensions (2-in. I. D. and
4-ft long) closed at both ends (ref. 6). A hot wire was used as the ig-
nition source and propagation wes upward. Gaseous ammonla with ammonia-
gir ratlios of 0.020 and 0.038 by welght was added to the lsooctane-air
mixtures. Data showing the amount of ammoniz consumed after pessage of
flame through rich and lean mixtures containing isooctane and ammonla
are presented.

Pressure-limit, curves showing a plot of the pressure limit against
equivalence ratlio are presented for isooctane at five temperatures and
for emmonie at two temperstures. §Similar plots are shown for each of
the ternery mixtures at flve temperatures. These pressure-limit -
equlvalence-ratic plots were obtalned by cross-plotting pressure-limit
and temperature dats at s constant temperature. Lean and rich concentra-
tion limits for lsooctane-sair at. 400 millimeters of mercury are plotted
against ammonia-air ratio to show the effect of added ammonia on the
flemmable reglon; these limits are then plotted agalnst temperature to
obteln the temperature effect. The mixture rule of Le Chatelier was
employed and concentretion limits of flame propagation were calculsted
at three temperatures for the ternary mixtures and compared with cbserved

velues.

EXPERTMENTAT, DETATLS
Apparsatus

A dlegram of the apparetus used in this investigation is shown in
figure 1. Reduced-pressure limits of flame propagation were determined
in & pyrex glass tube (4-ft long and 2-in. I. D.), which was enclosed in
s resistance-wound furnace with three separate windings. The flame was
observed through a 1/2-inch slit in the furnace.
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Mixture Prepasrstion

The mixture storage tank wilth a sealed-in, vaned-type stirrer, the
fuel capsule, the air inlet, and a precision manometer were mounted '
within a glass-walled tank contalning minerel oll which served as a
constant~temperature bath. The bath was maintained at a temperature of
approximately 65° C throughout the investigation to ensure complete
vaporization of the isooctane.

The composition of the mixtures to be tested was determined from
the partlial pressures of the constituent gases. A vacuum pump together
with a cold trap in acetone and dry ice was used to evacuate the system
to & pressure of less than 0.1 millimeter measured with a McLeod gage.
Following evacustlion of the storage tank, isooctane was allowed to evap-
orate into it to the desired pressure. With the partiasl pressure of
isooctane recorded, alr from which carbon dioxide and water had been
removed by Ascarite and Anhydrone, respectively, was admitted into the
tank until the desired total pressure was attained. All pressure read-
ings from the msnometer were obtained by means of a cathetometer accureate
to epproximately 0.05 millimeter. The mixture was stirred for 4 or &
ninutes to ensure homogenelity. Subsequent fuel concentraiions were ob-
tained by successive dilutions with air. For the mixtures containing
ammonia, the same procedure was employed except that the.additive weas
admltted following evaporation of the hydrocarbon.

Tempersture Measurements

For the purpose of obtalning adequate tempereature measurements, the
4-foot tube was divided by marking the furnace into three zones cgrre—

sponding to the furnace windings, the top and bottom zones being 7 of a
foot and the middle portion Z% feet. TFive readings were recorded in the

Z%-foot section and two readings were taken in each of the terminal sec-
tions by means of a thermocouple and potentiometer. The thermocouple

was moved from station to station inside the tube. Average temperatures
were obtained for each of the three sections, and these values were then
averaged to obtaln a mean experimental temperature. Individual measure-
ments within a section deviated from the mean by +5° C, and sectional
temperatures differed by no more than +10° C. Temperature measurements
were recorded before and after each pressure-limit determination to detect
any varlation that might have occcurred during a single run. No apprecia-
ble difference 1in the two temperatures was observed.
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Pressure Measurements

In order to determine the pressure limit, the combustible mixture to
be tested was run into the flame tube to a desired pressure. The mixture
was then lgnited at the lower end of the flame tube by means of a hot
wire consisting of 10 or 12 inches of 24-gage (B and S) Nichrome wire
wound in the form of & helix. The ende of the coil were attached to
conducting rods fastened in the bottom of & removable glass-ignition
unit. A watt meter and a timer were used to obtaln a record of the power
and the length of time it was spplied. A power of 90 watts was applied
for 3 to 6 seconds for all pressure limits determined except those for
ammonia. For ammonia, 100 watts were necessary in the same time interval.

The lowest pressure that would support flame travel over the com-
plete length of the tube for s given mixture was teken as the pressure
limit (the conventional criterion for pressure limits, ref. 6). A prop-
agating and s nonpropagating pressure were determined by several trials
until they were 4 millimeters apart. The midpoint between these two
pressures was taken as the limit; thus, the deta polnts shown herein were
obtained with a precision of +2 millimeters. The deviation from one
measurement to another with lean mixtures wes +4 millimeters, and for
rich mixtures +8 to 10 millimeters as Indicated by check points shown in

figure 2.

Complete pressure-limit -~ equivalence-ratio curves were determined
for isococtsne in air at 60°, 1459, 210°, 323°, and 395° C; and for
ammonia in air at 62° and 335° C. Each curve at a single temperature was
determined in the course of one day. With the ternary mixtures, the
concentration was held constant and flame-tube tempersture varied. Gen-
erally, pressure limits for a single mixture concentration were deter-
mined at four or five temperatures between 55° and 470° C in a single
day. Data obtained in this manner were plotted as pressure limit against
tempersture. These lines were then cross-plotted at a constant tempera-
ture and. concentration to obteln the pressure-equivalence ratio curves
for the ternary mixtures. The highest pressure at which limits were

determined was 400 millimeters of mercury.

Calculation of Equlvalence Ratio

All fuel concentrations in this report are glven in terms of the
equivalence ratio (actual fuel-alr ratlo divided by stolchiometric fuel-
alr ratioc) calculated on a volume basis. (The same values of equivalence
ratio would have been obtained if calculations were made on a weight
basis.) For ammonia, the combustion products were assumed to be nitrogen
and weter when calculabing the stolchlometric fuel-air ratio. In the
case of the ternary mixtures, it was necessary to calculate the fuel-alr
ratio at stolchiometric for each mixture tested. The actual ratio of fuel

to alr was glven by
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P + P
(g) CgHig ~ "NHg (1)
8 = P

actual ailr

where P 1s the partial pressure in millimeters of mercury. At stoichi-
ometric, the fuel-air ratlo was obtasined from the followling equation:

P + P
Colg © "NHgz

‘= 5378, . + 3.56P (2)
gflig Ni

)
<a stolchiometric

where 59.7 and 3.58 are the stoichlometric proportion of air for 1 milli-
meter of isooctane and smmonia, respectively. The equivaelence ratio
then becomes

(f) NH3
- P P
a CH
actual = 59.7 PB 18 + 3.58 S
alr gir

(3)

£)
(a stoichiometric

Two concentrations of ammonia mixed with isooctane and air were
employed in this investigation. Expressed as the welght ratio of ammonis
to air, the concentrations were 0.020 and 0.039. With both ammonig-alr
ratios, some gas-analysis data for smmonia were obtained before and after
passage of flame. A gas bulb of known volume was evacusted and then
attached to an outlet from the flame tube with a tight-fitting rubber
hose. The bulb was £illed with the gaseous mixture, and boric acld was
used to &bsorb the ammonie in the mixture. The resulting solution was
titrated with stendard solution of 0.02N hydrochloriec aclid. Samples
were taken in duplicate for the enslysls.

RESULTS AND DISCUSSION

In this section, the effect of equivalence ratio on pressure limits
of flame propsgation will be discussed first. Next, the influence of
temperature on the concentration limits of flame propagetion at 400 milli-
meters of mercury will be considered and, finally, the effect of added
ammonisa on 1lsococtane concentration limits will bhe described. In this
discussion the word "limit" will be used to refer to concentration limits
of flame propagation at the experimental pressure of 400 millimeters of
mercury. Whenever the pressure limit of fleme propagation is discussed,
it will be designated as such.
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Iffect of equivalence ratio on limits. - Pressure limits for
lsooctane-alr mixtures as a function of equivalence ratio at a series of
temperstures between 60° and 400° C are presented in figure 2; experi-
mental data are tabulated in table I(a). Where compsarison is possible,
results are conslstent with those obtained by others. For example, lean
and rich limits for isooctane in air at 60° C (fig. 2(a)) are found at
equivalence ratlos of 0.6 and 3.8; under comparsble conditions other
workers have reported 0.5 and 3.8 (ref. 6) and 0.5 and 3.6 (ref. 7).

Table I(b) shows pressure limits ard equivalence ratios for ammonis
in eir at 62° and 335° C. Plots of these data are shown in figure 3.
Ammonia-~air limits at atmospheric pressure have been determined at 18° C
(ref. 8) and at 26° C (ref. 9). These may be compared with those of the
62° C curve (fig. 3(a)), since limits are not greatly affected by a small
temperature increase nor by a decresase 1ln pressure below atmospheric for
the first few hundred millimeters (ref. 6). The values reported in both
references 8 and 9 for lean and rich limits in terms of equivalence ratio
were 0.68 and 1.30, respectively; and from figure 3(a) the lean and rich
limits are 0.60 and 1.50. Thig discrepancy probably arises from a dif- -
ference in ignition socurce. QGun cotton was employed as an 1gnition
source in references 8 and 9. It gave for hydrocarbons, at least, nar-
rower limits than hot-wire ignition (ref. 10). -

Inspection of the 60° and 62° C curves of figures 2(a) and 3(a)
shows that lscoctane has g much greater range of fleme propegation than
ammonia; isococtane having lean and rich 1imits of 0.57 and 3.85, and
ammonia 0.60 and 1.50, respectively. The flammsble region, thet is, the
rich minus the lean limit, for iscoctane is 3.6 times that of ammonia.

Plots of pressure limits against equivalence ratlo for the ternary
mixtures at several temperatures were cobteined by cross-plotting from
presgure-limit - temperature curves derlved from the data of table II.
Flgure 4 shows the pressure-limit - equilvalence-ratio plot for mixtures
having an ammonis-air ratio of 0.02; and figure 5 shows the same plots
for an smmonla-air ratio of 0.039. The points on these curves, repre-
gented by a dlagonal line, give some indiceation as to the spread in the
croge-plot data. The seme symbol is used in all succeeding curves in
this report where cross-plotting is involved. (This symbol does not
represent asctual experlimental data.)

Two-lobed pressure-limit curves, which are assoclated only with
upward propagation (ref. 10), were observed for all mixtures containing
isococtane. In some of .the figures, lobes have been Indicated by dashed
lines. In this region, the flames sppeared extremely rough and unstable,
and reproducibility in general was very errstic. The second lobe appears
to shift at the higher temperatures to greater equivalence ratios and N
higher pressures. For esmmonise 1n air, smooth burning took place over the
entire flammable region. No erratic behavior of the flame was observed
and the two-lobe phenomenon ls absent as can be seen in figure 3.

3598
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Effect of temperature on limits. - The flammsble region of isooctane
is wldened on ralsing the temperature; the rich limit is increased and
the lean limit is decreased. The lean and rich limits were obtalned
from the pressure-limit - equivalence-ratio curves of figure 2 at 400
millimeters and plotted against temperature in figure 6(a). Also plotted
in this figure are some experimental data taken from reference 5; the
agreement is very good.

A plot of lean and rich limits (taken from the pressure-limit -
equivalence-ratio curves for ammonis, fig. 3) esgainst temperature also
shows a broadening of flammable region with increasing temperature.
Because ammonla limits were determined at only two temperastures, data
from reference 8 are also plotted in figure 6(b); a comparison of the
slopes of the two lines at each limit (rich and lean) gives Justification
for drawing the straight line through the two experimental points. The
seemingly wide variation in the two flammsble regions may be caused by
the difference in ignition source. As mentioned easrlier, gun cotton was
used as the ignition source in reference 8, and the data reported herein
were obtained with a hot wire.

The plots of ternary mixtures wlth iscoctane-alr and added smmonia
show the same trend with tempersture as those for isococtane in air and
ammonis in air. The plots are shown in figures 6(c) and (d) for ternary
mixtures having an ammonia-air ratio of 0.020 and 0.039, respectively.

The lean limit in the series of plots in figures 68(a) to (d) de-
cregses linearly as the temperature 1s raised, but the increase in the
rich 1limit for isococtane and the ternary mixtures is nonlinear.

The minimum pressure limit, that is, the pressure at which the lean
and rich limite coincide on a plot of pressure limit sgeinst equivalence
ratio, is known to chenge wilth tube diameter (ref. 10). Figures 2 to 5
show that this factor decreases as the temperature 1s ralsed, although
data are not sufficiently precise to permlt quentitative examination of

this trend.

Effect of added ammonis on limits. - The effect of added ammonia on
the limits of isooctane at 400 millimeters of mercury pressure may be
ascertalned by plotting lean and rich limits at a specified temperature
sgainst the smmonia-gir welght ratios employed in this lnvestigation.
Limits for iscoctane and the two ternary mixtures were obtalned from
figures 2(a), (c), and (e), 4(a), (c), and (e), end 5(a), (c), and
(e), respectively. These limits are plotted against ammonis-air ratio
at 60°, 210°, and 395° C in figures 7(a), (b), and (c¢), respectively.

A grid of weight ratios of isooctane in alr is also shown. It 1is seen
in figure 7 that the flammable region (rich 1imit minus lean limit)
broadens up to an emmonia-air ratio of approximstely 0.02, but beglns to

"diminish beyond this point. The lean limit increases very slightly as
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ammonia is added. Thils increase might be expected, since the lean-limit
equivalence ratio for pure ammonla is larger than that of isococtene. On .
the other hand, the rich-limit equivalence ratio meximizes at an smmonia-

air ratio of ebout 0.0Z2, although the rich-limit equivelence ratio of

smmonia is much smeller than that of lsococtane. Thus for ammonia-asir

ratios of 0.020, rich-limit equivalence ratios were 10 to 20 percent

higher than values for isococtane slone. ’

i

The limits for the ternary mixtures can be considered together with
the prediction of Le Chatelier's mixture rule (ref. 6). Le Chatelier
proposed & simple additive formula to connect the lower limit of a mix-
ture of combustibles with the lower limits of the pure fuels. It may be

, 3098

stated mathematically as ;l + ;& = 1; where N; end N; are the lean
1 2

limits of each gas separately in air, and n; and ny are the per-

centages by volume of the two gases in any lean-limit mixture of the two

in air. The rule may also be applied to rich limits, if Ny, Np, 1y,

and n, are defined at the rich limit. "A modified form of the rule .
engbles one to calculate the limits of any mixture of two or more com- '
bustible gases (ref. 11). The transformed equation is

100
(4)
P F %
T A .

I =

vhere L 1s the limit of the mixture of combustible gases, and P;, Py,

and so forth, are the proportions 1n percent of each combustible gas
present in the originsel mixture, free from air and inert gases; Nl, Nz,

and Nz are the limits of each gas separately in alr.

From the modified equation, rich and lean limits were calculated
for the ternary mixtures at 60°, 210°, and 395° C; the results are plotted
in figure 7. At the lean limit for every temperature, agreement between
the experimental and calculated values is good. At the rich 1limit, how-
ever, the mixture rule predicts a regular decrease in the 1limit as
ammonia-air ratio is increased, and 1t is seen that the experimental
1limits increase, then decrease, indicating an optimum ammonia-air ratlo
for promoting the burning of iscoctane in air. It is not surprising that
the calculated rich limlt does not agree with the experimental curve
because the greater discrepancles have been found with upward propagating
flames, especially when one of the constituents 1s capable of propagating
cool flames (ref. 12}. This may account for the discrepancy observed
here, for the flames were propagated upward and isooctane is known to be
capable of cool-flame propagation (ref. 13), at least at higher

temperatures.
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The effect of emmonis-alr ratic on the minimum pressure at constant
temperature can he examined by consldering data of figures 2 to 5.
While the data are somewhat uncertaln, they suggest that for small addi-
tions of ammonis ( up to ammonis-alr ratios of perhaps 0.02) the minimum
pressure decreases somewhat, at least at the higher temperatures. An
optimum concentration of ammonia 1s again indicated, as was seen at the
rich limit (fig. 7), for increasing the Plammsble region of isooctane.
S:ane the minimum pressure limit is extremely high for ammonia (162 mm
at 60° C and 140 mm at 335° C), it appears that the additive inhibits
burning st low pressures when the ammonia-zir ratio exceeds gpproximately
0.02. For ammonia in air (fig. 3), minimum pressures occurred at an
equivalence ratio less than 1; whereas, for isooctane (fig. 2) and
isooctane-smmonia-sir mixtures (figs. 4 and 5), minimum pressures were
found on the rich side. A similar trend has been observed in the case
of maximm burning velocitles. For ammonia, maximums occur on the lean
side (ref. 14), whereas for hydrocarbone maximums are observed at equiv-
slence ratlios greater than 1.

To estlmate the extent of ammonia consumption, some gas-analysis
deta were obtained for rich and lean concentrations of the ternary mix-
tures. These daba are recorded in teble IIL, and the values in the
"percent recovered" column for no ignition indicate the limited accuracy
of the method. Roughly, the method was good to within +10 percent of the
theoretlical amount. The values given for lgnited samples are based on
those values for no ignition, and not on the theoretical amount, for
example, 100 percent. Inspection of the table reveals that at lean
equivalence ratios for both ternary mixtures (ammonia-air ratios of 0.020
and 0.039), no ammonia remasined after passage of flame. On the other
hand, at rich eguivalence ratios gpproximately 38 to 52 percent of the
ammonis wes recovered for both mixbtures indicating a cornsumption of
gbout 48 to 62 percent. Since ammonia burns less reaedlly than isooctane,
it is somewhat surprising that any sdditive was consumed in the rich
mixtures. Possibly the ammonls is thermglly decomposed, or it may be
gbsorbed by condensed water on the wall of the flame tube.

SUMMARY OF RESULTS

The pressure limits of flame propagetion for iscoctane, smmonia, and
mixtures of the two in air were determined in a Z-inch-diameter tube
closed at both ends. A hot wire was used as ignition source and propa-
gation was upward. Variation of the propagation limits with the addition
of ammonie and with temperature was investigated, and the following
results were obtalned:

l. All pressure-limit - equivealence-ratio curves showed two lobes
except those curves for ammonis in air.
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2. The flammsble region (rich limit minus lean limit) widened when
temperature was raised; the lean limit decreased uniformly but very
little, while the rich limit was ralsed markedly.

3. The minimum pressure limit of flsmé propasgation for all mixtures
studled decreaged when temperature was raised.

4. At 60° C, the flammeble region of isooctane was found to be 3.6
times that of ammonis in terms of equivalence ratio.

5. On addition of emionia, the flammsble region of isooctane in-
creased at first, but then decreased as the ammonia-air ratio exceeded

0.02.

6. The lean limit of isooctane Increased very little but linearly
ag the ammonia-air ratioc was lncreased.

7. Limits celculated from the mixture rule of Le Chatelier show the
lean limits in good agreement with experimental values, but wide differ-
enceg appeared at the rich limits.

8. Gas-analyslis data for ammonla showed that all the additive was
consumed on the passage of flame in lean mixtures; and approximately 48
to0 62 percent was used in the rich mixtures.

Lewls FPlight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohlo, February 9, 1953
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TABLE I. - PRESSURE LIMITS OF FLAME PROPAGATION FOR ISOOCTANE IN
ATR AND AMMONIA IN ATR AT VARIQUS TEMPERATURES

(a) Isooctane in air

Flame-tube temperature, °C
60 145 210 323 395
Equiva- |Pres- |Equiva~|Pres~ |Equiva-|{Pres- |Equiva- [Pres- |[Equiva- |Pres-
lence sure |lence |sure |lence sure |lence gure |lence sure
ratio (limit, ratio [imit, ratio |limit,|ratio (Limit,ratio |limlt,
mm Hg mm Hg mm Hg mm Hg mm Hg
4.61 [>400 [ 4.23 [>400 4.30 ([>400 4,60 [>400 4.30 {>400
4.08 |>400 3.61 |>400 3.88 314 4.20 335 3.96 294
3.50 200 3.43 222 3.7 300 3.94 318 3.78 296
2.92 108 3.30 164 3.48 280 3.73 312 3.64 284
2.45 94 2.77 97 3.32 170 3.58 310 3.38 232
2.19 a8 2.10 114 2.80 105 3.13 257 2.85 103
1.80 gg | 1.73 76 1.97 54 2.54 122 2.14 46
1.59 56 | 1.27 37 1.25 39 1.91 55 1.63 28
1.15 44 .89 44 .86 42 1.20 37 1.04 33
.78 57 .58 70 .57 74 .70 43 .65 46
.56 119 .49 114 AT 122 .48 69 .38 110
———— —— .42 |>400 .42 230 .37 140 .30 [|>400
(b) Ammonia in air
Flame-tube tempersture, %
62 335
Equiva- {Pres- Equiva- | Pres-
lence sure lence sure
ratio limit, ! ratio limit,
mn Hg mm Hg
1.55 >4.00 1.83 340
. 1.47 345 1.66 274
1.25 208 l.45 227
1.02 167 1.19 176
+90 161 1l.0L 155
.89 is62 .91 144
.80 162 .75 144
.72 164 .59 156
.67 179 .49 138
.81 2386 .46 245
.b4 > 400 A4 >400
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TABLE II. - PRESSURE LIMITS OF FLAME PROPAGATION FOR ISOOCTANE-

AMMONTIA-ATR MIXTURES

8682

Ammonia-air ratioc by welght
0.020 0.038
BEquiva- | Temper- | Pressure Equiva- | Temper- | Pressure
lence ature, 1imit, lence ature, limit,
ratio Oc mm Hg ratio S¢ m Hg
0.42 56 >400 0.58 60 >400
134 >400 144 >400
250 >400 235 >400
345 >400 340 168
Y 456 145 Y 426 151
0.59 100 >400 0.71 71 234
142 >400 145 178
252 134 238 113
343 76 340 98
Y 446 64 Y 454 87
0.65 66 ~ 285 0.86 62 90
152 ~170 142 85
252 95 234 84
354 66 338 78
1 442 60 Y 444 65
0.88 o8 82 1.51 65 66
138 83 158 50
248 82 255 47
350 76 360 44
Y 450 68 Y 458 38
1.64 60 53 1.76 56 104
145 34 137 92
248 33 246 69
335 31 348 52
435 29 Y 442 ~48
2.26 60 90 2.42 58 111
134 89 142 98
252 44 254 77
336 40 345 63
448 34 Y 446 50
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TABLE II. - Concluded.

FOR ISOOCTANE-AMMONIA-ATR MIXTURES

NACA TN 3446

PRESSURE LIMITS OF FLAME PROPAGATION

Ammonla~alr ratio by welght

0.020 0.038
Equiva-~ | Temper- Pressure Equiva-~ | Temper- Pressure
lence ature, limit, lence ature, limit,
ratio o¢ vm Hg retio o¢ mm Hg
3.00 58 105 3.11 74 133
146 106 160 140
246 94 258 182
335 74 368 210
3.70 62 205 3.33 445 ~260
132 180 69 160
244 224 150 212
335 ~320 238 207
445 235 340 2388
4,09 63 279 3.64 452 297
140 245 65 244
238 ~280 144 275
325 320 232 225
435 266 335 257
Y 444 ~380
4.18 62 >400 3.96 57 >4.00
136 274 145 >400
245 280 251 >400
335 ~ 325 351 >4.00
§ 439 287  { 468 ~231
4.48 55 > 400
135 > 400
245 321
362 327
Y 452 259
4.82 - -——
262 ~378
357 ~336
Y 460 ~244
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KACA TN 3446 15
TABLE IXIT. - GAS-ANALYSIS DATA FOR AMMONIA
IN ISOOCTANE-AMMONTIA-ATR MIXTURES
Ammonisg-air ratio by weight
0.020 0.039
Equiva~ | Ignition |Recovered, | Temper- | Equiva- | Ignition |[Recovered, | Temper-
lence percent |[ature, lence percent |ature,
ratio oC ratio oc
0.79 no 90.3 58 1.04 no 108.0 10
yes 0.0 { no 103.0
yes 0.0 1 yes 0.0
no g1.2 338 yes 0.0 \
| yes 0.0 + 3.58 no 89.1 68
‘ yes 0.0 no 106.0
3.73 no 88.5 66 l yes 51.9
yes 39.4 4 yes 39.8 \
yes 40.0
no 90.9 345
yes 38.9 ‘
Y yes 38.9
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Figire 1. - Apparatus for determining pressure limita.

ST

9%% NI VOVN



3598

CA~3

t

NACA TN 3446

Pressure limit, mm Hg
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Figure 2. - Limits of flame propagation for iscoctene in air.
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Pregsure limit, mm Hg

NACA TN 3446
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Figure 2. - Qontinued. Limits of flame propagation for isoccctane in air.
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Iscoctane-alr ratio by welght
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Figure 2. - Concluded. Limits of flame propagatlon
for isooctane in air.
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Pressure limlit, mm Hg

NACA TN 34486

Ammonia-air ratic by weilght

(2) Temperature, 62° C.

Figure 3. - Limits of flame propagation for ammonia in alr.
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Pressure 1imit, mm Hg

NACA TN 3446 21
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(v) Temperature, 335° C.
Figure 3. - Concluded. Limits of flame propagation for ammonia in air.
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Pressure limit, wmm Eg
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Flgure 4. ~ Limits of flame propagation for ternary mixtures &t ammonia-air ratio of 0.020.
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Pigure 4. - Continued. Limits of flame propagation for ternary mixtures at ammcnia-air ratio of 0.020.
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Figure 5. - Limits of flame propagation for ternary mixtures at ammonia-air ratio of 0.039.
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Figure 5. - Continued. Limits of flame propagation for fernary mixtures at ammonia-air

ratio of 0.039.
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Figure 6., - Concluded. Effect of temperature on limits of flame propagation.
Pressure, 400 millimeters of mercury.
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Filgure 7. =~ Concluded. Effect of ammonia-air ratio on limits of fleme
propagation of ternery mixtures. Fressure, 400 millimeters of mercury.
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