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TEMPERATURE RANGE 20° TO 80° C

By A. B. McKeown and Frank E. Belles

SUMMARY

Total vapor pressures were measured for 28 acid mixbures of the
ternary system nltric acid, nitrogen dioxlde, and water within the tem-
perature range 20° to 80° C and within the composgltion renge 83-97 per-
cent nitric acld, 0-6 percent nitrogen dioxide, and 0-15 percent water.
The ullage of the apparatus used for the measurements was 0.65.

Ternary diagrams showing isobars as & function of composition of
the system, NOgz-H50-HNOz, were constructed from experimental and inter-

polated data for the temperstures 250, 400, and 60° C end are presented
herein.

INTRODUCTION

Concentrated solutions of nitric zcid contalning oxides of nitrogen
are commonly used in meny propellant and chemical applications. Certain
properties, such as vapor pressures and boiling points, are therefore of
considerable inverest. A recent literasture survey made at this labor-
atory indicated that date are lacking on vapor pressures of ternary
systems of nitric acid, water, and nitrogen dioxide at temperatures
greater than 25° C.

Vapor pressures of binary systems of nitrie acid and water have
been determined experimentally for the temperature range 0° to 125° C
(refs. 1, 2, and 3). The vapor pressure of pure nitric acid has been
calculated from thermodynamic data on the assumption that the fugacity
and vapor pressure are equal (ref. 4). Total vapor pressures for the
ternary system nitric acid, water, and nitrogen dioxide have been
measured at the temperatures 0°, 12.5°, and 25° C for anhydrous, 19 N
(82 weight percent), and 16 N (7l Weight percent) nitric acid diluted
with varying smounts of nitrogen dioxide (ref. 5).
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To obtain more complete vapor pressure data, an investigation was
made at the NACA lewis laboratory to determine the total vapor pressures
of the ternary system nitric acid, water, and nitrogen dioxide within
the temperature range 20° to 80° C and within the composition range 83
to 97 percent nitric acid, O to 15 percent water, and O to 6 percent
nitrogen dioxide. The experiments were planned with s view toward
establishing a relation between total vapor pressure and composition of
the acid solution.

The total vapor pressures of 28 acid mixtures are presented herein.
The data were obtained by use of an isoteniscope.

AFPARATUS

A diagrammetic sketch of the eguipment is shown in figure 1. The
apparatus consisted of an isoteniscope, & mercury manometer, a thermom-
eter, a vacuum system, and & heat control unit.

Isoteniscope. - An isoteniscope was used for the vapor pressure
measuremente in order to separate the scid vapors from the corrodible
parts of the vacuum system. The instrument was a Smith and Menzies type,
modified by the additicn of & resgervoir, to contaln the separating fluild
during the degasification procedure (ref. 6, p. 439). The isoteniscope
was made of pyrex glass and was attached to the vacuum system by means
of a ground-glass sphericsal joint. The acid chamber of the isoteni-
scope (A in fig. 1) was attached to the U-tube by means of a ground-
glass taper Joint, lubricated with Halocarbon stopcock grease, which
resisted sttack by the acids. The acid chamber wase filled with epprox-
imately 5 milliliters of acid during operation of the epparatus. The
reservoir (B in f£ig. 1) was filled with approximately 10 milliliters of
fluorocarbon (Fluorclube 8), the separating fluid. The ullage of the
isoteniscope, that is, the ratio of the vapor volume to vepor volume plus
liquid sample volume, was approximately 0.65 under operating conditions.

Temperature control system. - The isoteniscope was maintained at
specified temperatures by lmmersion in a 4000-millillter transparent
Dewar flask filled with vmter at a predetermined temperasture. The water
was hegted in s separate constant-temperature bath and was circulated
through the Dewar flask by a pump during experimental runs. The constant-
tempersture bath was heated by two 750-watt immersion-type heaters
connected in series with an immersion-type thermoswitch, which controlled
the temperature of the bath to i-_O.5° C. The temperature of the liquid
in the Dewar flask was measured by & calibreted thermometer that could

be read to +0.2° C.
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PROCEDURE

Preparetion of scid ssmples. - Acid samples were prepared by mixing
aliquot portions of 99.8 percent HNOz, distilled Hp0, and a 33.1 percent
by weight solution of KOz in HROz. The 99.8 percent HROz was prepared
by the vacuum distillation of & mixture comprising two parts of concen-
trated sulfuric acld and three parts of comerclal white fuming nitric
acid (aspproximately 98 percent HNOz) at a temperature of 10° to 15° C.

The 33.1 percent solution of KOz in HROx was prepared by passing gaseous
KOy into 99.8 percent HNOz. .

Degasification of acid sample. - Acld samples were degassed in the
isoteniscope to remove sbsorbed carbon dioxide and air. Degasification
was accomplished prilor to the determination of vapor pressures by seversal
repetitions of the following procedure: (l) the acid sample was frozen
with 1iquid nitrogen; (2} air wes evacuated fram the isoteniscope; (3)
the vacuum tap to the isoteniscope was closed; esnd (4) the sample was
allowed to melt. Imn order to avoid the possibllity of carbon dioxide
being retained in the acld sample in the frozen state, an ethanol-weter
solution at a temperature of -95° to -100° C was used as a cooling
medium in the final repetition of the degasificatlion procedure.

Measurement of vepor pressures. - Following degasification, the
vacuum tap was closed and the isoteniscope was removed from the vacuum
system. With the sample still frozen, the fluorocarbon separating fluid
was allowed to flow into the U-tube to approximately one-hslf the height
of the U-tube. The ligquid levels were marked as reference poinkts for
essentially equal pressures in both arms of the U-tube. The instrument
was reattached to the vacuum system and vapor pressures were measured
as follows: (1) water was circulated through the Dewar flask from the
constant-temperature bath until the temperasture was reached at which
the first vepor pressure resding was to be taken; (Z) as the pressure
of the vapors im the acid chamber increased with rising temperature,
the liquid in the arms of the U-tube wes maintained at the reference
levels by controlled admission of sir into the vacuum system; (3) when
no further pressure changes were cbserved, temperature and pressure
readings were recorded. The air pressure required to balance the vapor
pressure of the acid sample was read on an zbsoclute mancmeter.

Pressure measurements were made in the ssme marmmer at successlvely
higher temperatures. After the pressure reading at the highest temper-
ature wes taken, the acid sample was cooled to the initisl temperature
and snother reading was taken to detect any pressure increase that might
have occurred during the run due to the decomposition of the acid.

Pressure measurements were made at all temperatures within the time
interval 20 to 30 minutes.
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Acid analysis. - The acid samples were analyzed by the method of
U. 8. Alr Force Specification No. 14104 with the exception that total
acidity was determined by direct titration of the acld sample in water
with NaOH solution. The NO, was determined by back-titration of the
sample in Ce(NH),(804)z so%ution with FeSO4. Water content was deter-
mined by the subtraction of the sum of the NO; content and HNO3 content
from 100 percent.

Acid analyses were made both on stock solutions and on samples taken
from the isoteniscope after experimental runs. The acid analyses reported
in table I are for stock solutions, inasmuch as fresh samples from stock
solutions were used for each experimental run. The analyses 1n table I
represent the aversge of two determinations for each sample.

RELTABILITY OF MEASUREMENTS

Accuracy of the apparatus. - The inherent accuracy of the spparatus
was checked by comparison of the measured vapor pressures of benzene and
distilled water with their values as reported in the literature. The
experimental data and the literature values for the same temperature are
presented in the following table:

Temperature,| Vapor pressure, mm Hg |Deviation,
oc ExperimentalILiteraturea percent
Distilled water
31.7 35.8 35.1 2.0
43.9 69.1 67.9 1.8
53.4 110.1 108.3 .7
59.1 145.0 143.2 1.3
Av. 1.4
Benzene
198.2 72.5 72.3 0.3
24.5 95.4 93.0 A
30.7 120.8 123.0 -1.8
39.0 172.6 175.3 -1.5
Av. 1.0

8Yalues for water are from ref. 7 (table 9, p. 391);
values for benzene, fram ref. 8.

Fron this table it sppears that the experimental error associated with
this apperatus is of the order of 1 to 1.5 percent.
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Ullage effects. - The ullage of the isoteniscope used in this inves-
tigation was spproximately 0.65 under operating conditions. For several
samples the ullage was varied approximately 20 percent between the firxst
run and the check run without measursble change in vapor pressure.

The vapor pressures measured by this spparatus are essentislly due
to the transfer of varying proportions of the constituents from the
liquid to the vapor phase, which produces changes in the composition of
the liquid remeining. Inasmuch as it is necessary to report vapor pres-
sures as those in equilibrium with samples of composition determined by
prior analysis, calculations were made by means of the ideal gas law to
determine the meximum change in liguid composition that could taske place
by the transfer of components from the liguid to the vapor phase. As an
extreme case, these calculations were based on the assumption that the
vapor space was entirely occupied by the least sbundant component of the
liquid phase. For most of the samples, these calculations showed thet
the maximum emount of the component that could be transferred to the
vapor phase was generally less than 5 percent of the total quantity of
this component present in the original liquild sample. For samples con-
teining 0.15 to 0.2l percent NO,, the calculations showed changes of
approximately SO percent of the NO, present in the liguid sample; how~-
ever, the condition of these calculations was more severe than the con-
dition encountered in actual practice, since vapor pressure is not due
solely to one constituent of the mixture.

From the experimental evidence and the calculations just described,
it was therefore concluded that ullage is not & significant source of
error in these measurements. However, inssmich as the effects of wide
variations in ullage were not experimentally determined, the reader is
ceutioned egeinst the Indlscriminate gpplication of the results to
systems with ullage differing from 0.65.

Effects of decomposition and degasification. - As described earlier,
the vepor pressure of each sample was messured twice at the initisl tem-
perature of the experimentsl run, once at the beginning of the run and
once at the conclusion. Invariably, the second pressure was higher than
the first, indicating that & certain amount of decomposition had tsken
place during the experimental run. The largest pressure lncrease exper-
lenced for all runs between the initisl and final readings was 16.5
millimeters of mercury, end the average increase for all the experimental
runs wes 4.5 millimeters of mercury. Inesmuch as the amount of decompo-
sition increases with both temperabure and time, it is reasonable to
expect that errors due to decomposition affect chiefly the higher vspor-
Pressure measurements, corresponding to higher temperstures and longer
time intervaels. By comparison of the pressure Iincreases with the vapor
pressures at the higher temperatures, it appears that errors in pressure
megsurements due to decomposition were on the average less than 3 percent
of the measured pressures at the higher tempersatures.

Further evidence, given in the following table, shows that change
in composition of the acid due to decomposition and degasification is
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small. The data in this table were obtained by snalysis of two acid
samples both before and after experimental runs.

Sample Anglysis, percent by weight
number
HNOz | KO, [HZ0
17 Stock solution 91.10]2.60(6.30

After experimental run number 1|90.81]2.75|6.44

After experimental run number 2|91.19}2.58|6.23

12 Stock solution 95.10|2.16|2.74
After experimental run number 1}95.16/2.09|2.75

After experimental run number 2|95.03|2.03|2.94

RESULTS AND DISCUSSION

The measured vapor pressures for 28 acid samples are presented in
table I. Vapor pressures were not measured for some of the acids at
temperatures sbove 70° C since limiting features of the epparatus made
it impossible to measure vapor pressures sbove 1 atmosphere. .

Figure 2 is a logarithmic plot of total vapor pressure of the acid
versus vapor pressure of water (ref. 7) at equal temperatures (method.s
from refs. 9 end 10). This FPigure is a plot of the raw data for all the
acld samples. Ro special significance is attached to the wey the samples
are grouped in the figure. When great accuracy is not needed, the vapor
pressures of the various acids above 70° C may be obtalned by extrapola-
tion of the curves in this figure.

Figure 3 ie presented to show the effect of variation of composition
of the acid sample on vapor pressure at temperatures of 25° C, 40° C,
and 60° C , respectively. An attempt was made to prepare samples in sets
of approximetely constant NOZ concentration for the purpose of relating
composition of the acid with vapor pressure at specilfic temperatures.
These concentrations were 0.15-0.21, 1.07-1.24, 2.02-2.28, 2.48-2.70,
3.48-3.60, and 5.30-5.63 percent NOZ’ with varying amounts of HNOz and
HyO0. In figure 3 vapor pressure is plotted against welght percent HHOE5
for the NOZ concentrations mentioned. Vapor pressure values were cbtalned
from the smoothed curves of the pressure-temperature data of teble I for
each acid composition. These data indicate that, within the compositilon
range studied, an increase in total vapor pressure is produced by a

~
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decrease in HNOz content for acids containing 2.0 percent NO; or more.

For acids containing less than 1.25 percent KO, an opposite effect is
shown.

Ternary dlagrams showing isobars as a functlon of the composition of
the system NOp-Hz0-HNOz are presented for the temperatures 25, 40°, and
60° C in figure 4. These diagrams were constructed both from interpolated
vapor pressure valuee taken from figure 3 and from experimental dets
points. Whlle subJject to minor inaccuracies due to the manmer of thelr
construction, these diagrams can be used to estimate the vapor pressure,
at 259, 40°, and 60° C, of any sample within the range of composition
covered by the ternary plots. Such estimates at two different tempera-
tures may then be plotted as the logaerlthm of the vapor pressure of the
acid against the logarithm of the vapor pressure of water at equal tempera-
ture. A straight line drawn through these two points gives good predic-
tions of the vepor pressures at other temperatures in the range 20° to 80° cC.

Vapor pressures of 62.1 millimeters of mercury and 100.5 millimeters
of mercury have been reported for anhydrous nitric acids containing O and
6 weight percent NO,, respectively, at 25° C (ref. 5). These data corres-
pond closely to the vapor pressures predicted by figure 4(za) (65 mm Hg
and 89 mm Hg) for these compositions at 25° C.

The calculated vapor pressures of pure HNO., are reported 1n refer-
ence 4 as 62.5 millimeters of mercury, 133 millimeters of mercury, and
317 millimeters of mercury at the temperatures, 25°, 40°, and 60° C,
respectively. These data are shown in figure 3 for the purpose of com-
parison with the wvalues cbtained by extrspolation of the 0.15-0.21 per-
cent NOy; curve to 100 percent HNOz. Vapor pressures cbtalned by this

extrapolation were 65.5 millimeters of mercury at 25° C, 141 millimetexrs
of mercury at 40~ C, and 344 millimeters of mercury at 60° C.

SUMMARY OF RESULTS

Total vapor pressures were measured for concentrated geids of the
system, NOp-H;0-ENO, within the temperature range 20° to 80° C. Results
of the investigation msy be summarized as follows:

l. Yor acids containing 2.0 percent NOZ or more, an Increase in
HNOz content resulted in a dJecreased total pressure. For aclds containing
1.2 percent NOp or less, an increase in ENOz content resulted in an
increased total pressure.

2. A streight line was obtained throughout the tempersture range
20° to 80° C for the logarithmic plot of vapor pressure of the acid ver-
sus vepor pressure of water et egual temperature. :

Lewis Flight Propulsion Isboratory
National Advisory Committee for Aercnautics
Cleveland, Ohio, July 10, 1953
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TABLE I. - VAPOR PAESSURES OF VARIOUS NITRIC ACID, MITROJEN DIOXIDE, AND WATER MIXTURES

[Uilage, 0.65; all temperstures sre in °C; all pressures are in mm Hg.] W
s.sgln Analysis of atock solution Hun number 1 Aun number 2
nusber
205, | KDz, 820,
percent |[percent |pesraent

1 94 .40 0.18 S.42 Tamperature 21.0 | 24.0 32.3 42.0 &4.1 5.2 {27.7 34.0 | 40.8
vapor pressure 43.1 50.1 78.0 |121.0 |310.0 [486.8 | &4.5 8T.0 J]116.3

2 92.07 0.15 7.78 |Temperaturs 21.0 [ 27.0 | 37.0 | 49.0 | 61.0 |~---~ |24.4 | 31.0 | 38.3
Vapor pressure | 37.8 | S1.0 | 83.0 |149.5 [289.5 |----- 145.5 | 61.% | 88.0

3 88.32 Q.21 10.47 Temperature 25.8 35.0 | 44.0 | 54.9 8d.4 77.8 |24.9 30.1 40.3
Vapor pressure | 58.3 | 63.1 97.0 [1%55.0 [235.8 |384.0 |38.6 | 51.0 | 85.0

4 88.83 0.18 35.01 |Temperature 18.0 | 25.0 | 32.1 41.35 | 51.4 | s8. 17.9 23.0] 30.0
Vapor presssure 3%.8 58.1 84.0 |I¥1.8 j210.2 [281.3 |40.1 548.0 76.5

8 85.47 Q.74 5.79 |Tempersturse 20.56 | 23.9 54.4 | 644.9 | 54.0 | 64.2 |21.3 | 26.0 | 35.2
Vapor pressure | 48.5 | 57.0 | 99.5 |168.9 [2685.C |4056.0 |{52.5 87.0 | 107.8

8 84.38 1.20 14.42 |Teampsrature 18.8 | 25.2 | 29.9 38.7 | 57.1 76.5 [25.2'1 32.8 | 43.0
Vapor preassure |'44.0 65.0 82.1 |128.6 |302.5 [654.6 |64.5 96.2 | 159.0

7 89.62 l.24 9.14 |Temperature 18.7 | 25.0 | 29.0 | 53.1 45.8 76.4 |25.1 B5.4 | 48.0
Vapor pressure 44.6 57.3 78.1 |128.3 |208.2 |668.9 |62.0 |10E.5 |179.9

8 82.14 1.07 6.79 |Tewperature 19.3 | 23.7 | 39.0 | 48.4 | 54.8 78.5 [19.4 | 25.2 | 34.1°
Vapcr pressure 48.3 82.4 |235.0 |212.8 |335.8 |6867.5 |48.1 |[-67.9 |108.5

9 91.75 1.32 6.95 |Temperature 24.0 | 29.9 39.3 | 54.9 835.2 | T4.4 |19.5 | 30.0 | 40.9
VApPOr pressure 61.1 85.2 |136.2 |268.1 [412.0 |652.0 |47.5 | 85.8 |148.1

10 88.50 2.22 8.28 |[Temperature 22.0 | a9.1 39.0 | 48.8 | S8.2 68.3 |12.0 | 25.0 | 28.8
Vapor ) 67.5 |100.0 |180.0 |255.8 |395.6 |599.9 |57.8 71.8 95.3

11 85.96 2.02 12.02 Temperaturs 24.1 20.4 43.9 50.9 59.4 70.5 |15.1 -0 32.8
vapaor pressure 75.0 99.3 |210.8 |298.0 [432.9 |679.1 |565.5 70.0 |118.7

12 85.10 2.16 2.74 [Tecperature 24.3 29.3 38.0 49.1 59.4 68.4 [18.8 29.5 35.0
vYapor presaurs 71.5 91.5 {151.5 |252.0 [401.7 |595.7 |51.5 g2.2 |124.8

13 91.00 2.28 8.72 |Temperaturse 25.9 | 32.4 | 39.0 | 45.6 | 59.5 69.4 |19.0 | 25.0 | 29.4
Vapor pressure | 85.4 1119.0 |167.2 [276.5 [432.2 |654.0 |69.7 | 73.9 |103.2

14 83.96 2.48 3.56 Temperature 19.0 23.5 335.9 51.4 53.9 T2.4 iG.O 19.0 7.0
Vapor preasure 82,0 87.0 [118.9 |289.0 |505.2 |7T30.5 | 44. 52.8 82.3

18 94.31 2.60 3.09 Tempsrature 2¢.0 | 29.2 54.5 49.8 58.9 6§9.3 |20.3 29.5 4.0
Vapor pressure | 75.0 | 80.4 |158.0 |276.7 |425.9 |654.8 |60.8 | 992.5 | 125.0

16 85.03 2.70 12.27 ‘rulp'nt'uz‘t 24.0 ] 29.0 | 4l.0 48.0 | 59.2 70.7 [18.8 24.2 30.2
Vapor pressurs | 77.8 |102.6 {180.5 |282.0 |447.C¢ |713.8 {55.8 | 75.8 | 106.5

17 gl.10 2.80 §.30 |Tempersture 19.5 | 25.% | 29.1 | 36.5 [ 48.7 | 60.2 |23.0 | 29.1 | 40.2
Vapor pressure $7.0 72.5 998.8 |144.7 |2668.6 |444.0 {T1.0 88.5 J175.0

18 93.46 3.58 2,98 |Temperature 22.1| 28.5 | 38.9 | «8.2 | 65.1 B86.4 [18.1 3L.2 | 4l.53
Vapor pressure | 75.0 | 86.8 |148.8 |238.0 |351.0 |629.2 | 62.4 }I21.0 |199.5

1% 86.59 3.54 9.87 Temperature 18.8 26.1 39.1 47.5 535.0 é8.1 |20.9 32.2 36.9
VYapor presaure 75.6 | 107.7 | 199.8 |280.1 [425.0 |726. 82.7 J145.9 |179.7

20 §1.05 3.48 5.49 Tecperaturs 6.0 19.2 30.6 39.0 | 49.2 69.2 | 18.8 25.8 34.5
Vapor pressure | §6.68 | 67.9 1118.0 |179.0 |238.6 |465.4 | 67.1 92.2 [ 144.0

21 83.68 5.80 12.74 |Temperature 18.0 50.9 39.0 46.0 | §7.5 |&2.2 18.8 25.7 30.2
vapor preasure 68.6 | 130.5 | 200.0 {2683.9 [479.4 |682.5 { 68.7 21.6 | 129.8

22 84.26 5.32 10.42 | Temperaturse 22.7| 26.6 | 37.3 | 47.2 | 59.2 | &83.2 |19.9 | 27.2 | 33.2
Vapor pressure 91.2 [ 118.0 | 208.5 .& |693.0 | 715.0 | 81.9 |J125.5 |17i.5

a3 84.80 8.50 4.70 | Temperature 21.8| 29.9 38.1 48.4 | 56.0 | 65.5 |20.0 | 26.9 8]
Vapor pressurs 78.2 | 121.8 [ 202.8 |335.0 |460.6 | T00.5 | 72.5 |104.0 | 1€8.4

24 81.00 5.83 5.37 Tenperature 22.1 ar.1 35.0 59.8 55.0 80.7 |17.8 20.7 | 's335.0
Vapor pressure 75.4 | 104.4 | 155.7 (200.0 |395.8 |559.1 | 60.3 71.8 | 142.8

5 86.97 5.30 7.75 | Temperature 23.1 30.0| 3.3 40.8 55.2 84.0 | 21.1 2%.0 37.8
Vapar pressure 85.0 ) 138.7 [ 174.2 | 240.2 ]488.8 | 715.0 | 86.9 |150.5 | 205.6

28 92.70 5.48 1.84 Tezperatuzre 24.3 20.4 35.1 .7 54.8 835.9 [ 19.2 24.0 | 20.7
vapor pressurs 89.7 | 118.0 | 180.1 [282.2 |430.3 | 658.7 | 67.5 .8 {120.8

27 as.a2 5.61 10.57 | Texperaturs 24.8| 28.5 5.0 | 47.0 | S4.0 [ €2.1 |19.0 | 2.5 ,3%.0
Vapor pressurs [114. 140.0 | 186.0 | 359.2 |S06.1 78.8 {168.3 | 237,7

28 20.50 6.12 3.33 | Temperature 22.86( 3.4 41.0| 48.8 | 54.5 20.1 | 23.9 | 28.8
Vapor pressure | 91.5 | 188.1 | 252.8 | 310.5 |450.0 78.2 | 96.4 | 12¢.3
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Total vapor pressure of acid mixture, mm Hg
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Figure 2. - Cox-Othmer plot of totel vepor pressures of nitric acid solutions.
Ullage, 0.65.
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Total vapor pressure of acid mixture, mm Hg
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Figure 2. = Contlnued. Cox-Othmer plot of total vepor pressures of nltric acid solu-

tions. Ullage, 0.65.
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Figure 2. - Contimued. Cox-Othmer plot of totel vepor pressures of nitric aecid
solutions. Ullage, 0.65.
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Total vapor pressure of acid mixture, mm Hg
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Flgure 2. - Continmued. Cox-Othmer plot of total vapor pressures of nitric acid
solutions. Ullage, 0.65.
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Figure 2. - Continued. Cox-Othmer plot of total vapor pressures of nitric acid
solutions. Ullage, 0.65.
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Total vepor pressure of acid mixture, mm Hg
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Flgure 2. - Concluded. Cox-Othmer plot of total vapor pressures of nitric acid

solutions. Ullege, 0.65.
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Flgure 3. -~ Variation of total vapor pressure of nitric acid

solutions wilth composition. Ullage, 0.65.
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Total vapor pressure, mm Hg
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Figure 3. -~ Continued. Varilation of total vapor pressure of
nitric acid solutions with composition. Ullage, 0.65.
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Figure 3.. - Concluded. Variation of total vapor pressure of

nitric acid solutions with composition. Ullage, 0.65.
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Figure 4. - Total vapor pressures of the system, nitric eeld, nitrogen dioxide, and water.
Ullage, 0.65.
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Figure 4-. c:m. tinued, Total vepor pressures of the system, nitric acid, nitrogen dioxide, and water.
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Figure 4. - Concluded. Total vepor pressures of the sysitem, nitric acid, nitrogen d&ioxide, and water.
Ullage, 0.85.

NACA - Langley Field, Va.
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