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NOTICES

When U.S. Government drawings, specifications, or other data are
used for any purpose other than a definitely related Government pro-
cureme: ‘ operation, the Government thereby incurs no responsibility
nor any obligation whatsoever, and the fact that the Government may
have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data, is not to be regarded by implication or
otherwise, or in any manner licensing the holder or any other person
or corporation, or conveying any rights or permissgion to manufacture,
use, or sell any patented invention that may in any way be related
thereto.
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FOREWORD

This report covers work done on Project 314803ACI, Inhibited Nitrogen
Tetroxide (INTO) Evaluation, by the Exploratory Evaluation Branch in the
Propellant Division of the Air Force Rocket Propulsion Laboratory from
1 July 1967 to 30 April 1968. The project engineer was. Capt Lewis P.
Barclay. 7

This report haz been reviewed and approved.
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ABSTRACT

Nitrogen tetroxide containing 3 percent FNO; by weight, inhibited
nitrogen tetroxide, {INTO) was fired in a 1000-1b-thrust engine with
hydrazine, MHF -3 and Aerozine-50, The INTO performed essentially the
game as neat NT(Q, as predicted by the theoretical periormance computer

programs,
Two 50-gallon batches of INTO were field-prepared. Severs tank
corrosion and iron fluoride precipitation occurred, resulting in clogged
feed lines and flowmeters.
Although performance is not degraded by the inhibitor, the corrosion
problem and physical properties make the use of INTO impractical for
future Air Force applications.
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EXPERIMENTAL EVALUATHN OF INHIBITED
MITROGEN TZTROXIDE

1. INTRODUCTION

Systems using water-contaminated nitrogen tetroxide {(NTO} have
suiffered gevere corrosion due to the formation of nitric acid in the propel-
lant. An inhibitor has been found which eliminates that corrosion {Refer~
ence 1), Eince the proposed concentration of the inhibitor is 3 percent by
weight, the possibility of an effect on propellant performance must be con- /
sidered. Thesoretical parformance data indicates that the performance
difference of inhibited nitrogen tetroxide (INTO) versus normal NTO is less
than 1/2 sec of specific impulse with hydrazine family fuels, however, the
properties of the inhibitor are such that kinetic effects are possible. Con-
sidering thic and the value of experimental field handling of the propellant,
the Air Force Rocket Propulsion Laboratory (AFRPL) undertook an evalu~

ation program to field-prepare and performance-tegt INTO a2 1000-pound-

thrust combustor.
II. DISCUSSION

A, General

]

The military specification for NTO allows a maximum of 0. 1 percent
by weight of water in the propellant. Unfortunately NTO absorbs water
easily, and during tranefer operation and in normal handling will do so to a
considerable extent, The water reacts with NTO to form nitric acid as
follows:

2
"N204 4 ‘20--—»41-&4'03 + 2MO0

The acid in turn reacts with metal tankage thus:

Metal + 4MO3WM~3(N03§Z + ZHZO + N204

As can be seen, the same amount of water is released at the end of the cycle

T R e TR KRR T R R T R

as is used in e boginning, 50 that a perpetual cycle is evolved.
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A solution to the problem can be considered from two standpoints, that
the problem ie one of nitric acid or that it is one of water. Solutions to
nitric acid problems tend to concentrate on hardware. Because of the nature
of technology used in existing systems, a component modification could
easily affect other parts of the system 80 as to reduce mission capability.

A solution to a water problem is apt to be chemical in nature, and this was
the route chosen. '

It was determined (Reference 1) that gaseous fluorine when added to
NTOQO reacts as follows:

Fp + NO = 2FNO,

The product in turn reacts with water:
ZFN‘()2 + HZO-—*ZHF + N204 + 1/2 o,

The oxygen boils off while the hydrogen fluorine remains in solution. The
addition of HF was not regarded as harmful since experiencs with it in
inhibited red fuming nitric acid (IRFNA) indicates negligible effects. How-
ever, the effects of FNOZ, particularly considering 3 io 5 zercent as use-
ful quantities, were unknown. The properties of FNO, are not well known,
as the only work done on it dates back to 1932, Value; of heat of formation,
both measured and calculated, differ drastically; none are encouraging.
Nitryl fluoride boile at -63.5°C, and thus results in very high vapor pressure
mixtures with NTO. In addition, the FNO) causes a fluoride passivation
coat to form on metal tankage. This was regarded as a benefit in the attempt
to inhibit tankage corrosion.

The mechanism of the inhibiticn process involves several steps. When
gaseous fluorine is initially added, it begins a passivation coat in the ullage
where the F3/NTO reaction occurs in the vapor phase. After the coat is
formed in the ullage, the FNO begins to diseolve into the NTQO where it
reacts with the water present. When the water is completely removed
pasgivation of the tank below the liquid level occurs. At this point, a

buildup of FNQ3 in the NTO occurs. For storage purpc .cs, it is desiratle
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to have 3 to 5 percent present to react with any incoming water.

Keference 1 is the final report on the development and physical
properties of INTO,

PB. Equipment and Procedures

A schematic of the test system is shown as Figure 1 and 2 photo~
graph of the system is included as Figure 2. The tankage, pressurization
lines, propellant feed lines and valve bodies were 347 stainless steel, The

valve seats and flowmeter bearings were Teflon.

The engine was rated at 1000-1b thrust at a chamber pressure of 500
psia. Nine like-on-like doublets admitted the oxidizer while 12 were used
for the fuel. Flow was controlled by cavitating venturis.

The inhibited N2O4 Was prepared in the run tank to simulate field
preparation. Fluorine was added through a dip leg until the tank pressure
was 50 psi below the X-bottle pressure. The mixture was then monitored
while formation and dissolution of the inhibitos occurred. After a day or

two a sufficient amount of the fluorine reacted to require another charge.

During the inhibiting process the vapor pressure of the prepellant was
! checked periodically. The vapor pressure of N20g4 - FNO, mixtures is a
strong enough function of FNO2 concentration to allow it to be used as a
crude analytic tool. When the vapor pressure indicatel the FNO2 concen-
tration was within the desired range {3 to 5 percent}, an analysi; was made

by infrared spectrometer.

Because of the extremely high vapor pressure of the FNO, as compared
with NTO, the FNO; rapidly boiled off during venting procedures. Con-
siderable effort was required to maintain the propellant within the desired

inhibitor limits.
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C. Data Reduction

An instrumentation specification sheet for these tests is included

> 5,/,55"*7 T
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in the Appendix. ihe data was recorded by a Systems Engineering Laboratory

ey

LY

Mg BB
f
L)

Py,
+ ‘,:,‘,;f«

o



A Dot et A 1 e

Jewayog walsdg 3831 1 @audrg

:

ao....uu>o
Ju:n
\ mv\
u>..4> masn\ﬁﬂ 5&3

M.A % o
200v0 2unstzne O LI TRy 1 M‘ﬂ Tans

BATVA
EIOBUVEL 2u3av4d @ AsBavs
Mdncooruie ©

w 20004 ¥

n

r ¢

Anaans o W M Mm & \_\M.I. “<oud Juag\w h
DATVA Liaa lTWM S, 4_.I
3unssaNd -t
- e e
/uugs %0

-$08d X0

124138 X0 s

H
i
|
o T
Aldans o o I...Wﬂ._ \vTImW“J - .
B

£ =0
d— vnmﬁn — SR

t
i 5710 Juss 55 s 4 PO Fus Totw
g /] K )
()
) o %8I 100 A0S 1.._+ Ny BATYA Alsevs
1 amn oo \ |~ by
BCAVINORAY 2LOMY antvannd " h : AR

RATVA NVOSTYNYY
m IATYA X2THO vm &

N
%
D1y AVA BXHL) BATVA BL0M2S m ) Wml@@t
(MDEST) TATYA BLONEY .~ . e
! - 2AIYA TTVE ANNS SIRVE U1 \%’M sciauaae xo
HATTVA TYDETERD N4 Wm e i

arvasvos B \ %

FATIVA 440 L1t

PPN ’ i T % > K e ede i W e A v e e

R N P Wy R S s T T R TR T



o ~ o

o " L NF v W . e -

wa3sAg 388 °Z 2andirg

S s v

iR
i

L

.

AR RN

TS o o A S S T

CRE R Y

ISV

Py gt BT S

L
W

3,

TR

AP

.y
PR

O e
SN c«ta N
Ry

W

AL
Bl N




e — ——-——

Analog to Digital unit (SEL 600). Data reduction was done by computer, by
Computing and Software, Inc., under Air Force contract,

Because of variationa in the chamber pressure from run to run and
because a 30 degree cone nozzle was usaed, the reduction program employed
two corrections for specific impulse,

Specific impulse is determined as follows:

CC* F Pofgg 7
Isp = 2 =chAt x o = -
Where: F = thrust
W = total propellant flow rate
Cs¢ = thrust coefficient

C* = characteristic exhaust velocity
P. = chamber pressure

nozzle throat area

32,176 ft/sec?

&

®
EH

While C; is a strong function of pressure, C* is not, so that for small
variations in pressure the following ratio may be written assuming that C#
is constant:

{Isp)REF = (Cf)REF
(Isp)ACT (Cf)ACT

(Isp)REF = corrected specific impulse at reference conditions
{P e = 50Cpeia
Pe = 13, 2psia)

(Isp)ACT = actual specific impulse calculatad as *%

(Cf)ACT = actual thrust coefficient calculated as pFA
c i
(Cf)REF = theoretical thrust coefficient at reference conditions

(PC = 500 psia, Pe = 13,2 psia)

R oA &2
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The above correction is valid if the actual chamber pressure is within
10 percent of the reference pressure. A more complete éiscuaaien ofthe

""af

above can be found in Reference 2.

An added correction was made for nozzle divergence angle aim:e ihe
theoretical impulse calculations are made for a zero divergence angle.

1apIACT

(fsp)corr = >

Where: A =1/2{1 4+ cos B )
and B = 15° the nozzle divergence half angle. The above can be found in
Reference 3. ’

Test data was recorded at a rate of 58 samples per second through a
3-gecond teat at each mixture ratic. Five slices of 10 consecuti:ve samples
each were taken during steady operation at approximately eqt;al time in-
tervals. Calculations as described above wezre made from the average
values obtained from each data slice. Data tables are included in the
Appendix. The five slices were further averaged and curves plotted as
specific impulse versus mixture ratio. These curves are displayed as
Figures 3, 4 and 5 and fcllow the discussion of propellant performance.

The thrust mezsgurement was accurate within 08, 50 percent while the
pressures were accurate to 0.25 percent. However, the turbine flow-
meters can only be considered accurate to 3 percent.

II. RESULTS AND INTERPRETATICN

A. Propellant Performance

The impulse efficiencies achieved were 90 percent and above with
all combinationg tested. The impulse/mixture ratio curves for the
hydrazine tests were shifted very slightly to lower mixture ratios as were
the curves for the MHF -3 tests. The curve for the Aerozine-50/NTO
baseline tests have positive curvature, that is, where the maximum Isp
should occur there is a minimum. Several series of tests were made with
the latter fuel and in all cases the cuzves were inverted. The explanation
is prcbably related to flowmeter accuracy. The curves are offered only as

a point of intersut.



Because of the 3 percent flowmeter accuracy, the curves can be said
to be essentially the same. From a thermeodynancic standpoint, this was to
be expected. The theoretical performances are within 0.5 sec impulse of
each other.

B. Iron Fiuoride Problem

A rather severs problem was encountered with iron fluoride with
the first 50-gallon batch of INTO that was made. Feed lines, flowmeters
and injector manifold were coated with iron fluoride during the first test
runs, Line pressure drops became excessive and the flowmeters were
completely clogged within approximately 1 second of propellant flowing
conditions. When the lines were drained and opened the coat dried rapidly
but could be washed off with water easily. The coat was 1/16 inch thick
over most of the feed lines which were 3/4 inch in diameter. The flow-
meters received such a heavy coat as to sometimes completely stop
propellant flow.

After several tests the problem cleared up of its own accord. Follow-
ing the test series. when the run tank was to be drained, the dump line was
found to be completely clogged. Visual inspection of the tank showed it to
be severely corroded, especially at the top. Because of the construction
of the tank, no pictures were possible, and no quantitative analysis of the
corrosion could be made. The flowmeters were out of calibration although
the portions of lines that were clogged were as good as new when cleaned;

there was no evidence of corrosion.

It would appear that the GFZINTO reaction is of such a nature as to
disrupt the normal passivation process. Apparently the passivation coat,
especially in the tank ullage, flaked off repeatedly until finally a strong
enough fluoride coat was formed.

A second batch of INTO was made in the same tank. After the batch
was completed it was run through a 10-micron filter. No iron fluoride
deposited on the filter element nor on the feed lines is subseguent tests.

This effect was also discovered at Rocketdyne and is reported in

Raference 2,
8
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i¥. CONCLUSIONS AND RECOMMENDATIONS

1. FHNO, in 3to 5 percent concentrations does not.affect the perform-
ance of nitrogen tstroxids when combusted with hydrazine, Aerczine-50 or
L3 .
m“3¢ R » B

14 6

2., Field preparation oi iNTO isa impractical due to the increased
corrosive effects of GF,ina ‘nitrogen tetroxide atmosphere, INTO prep-
aration and tank passivation should proceed as separate %teps with INTO
being added to tankage after passivation. t

3. INTO should be filtered between preparation and addition to
storage tanks. ’ ‘

4. INTO should be stored'in unvenked systems and ass::{yed after any
vent process becduse of the hxgh evaporatxon rate of FNO,. )

s

5. Although performance is not degraded by the inhibitor, the
corrogion problem and physical propernés make the use of INTO imprac-
tical for future Air Force apphca.tzons. '

3

L)
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13. ABSTRACT

“XNitrogen tetroxide containing 3 percent FNO@ by weight, inhibited
nitrogen tetroxide, (INTO) was fired in a 1000-1b-thrust engine with
hydrazine, MHF-3 and Aerozine-50. The INTO performed essentially

thie same as neat NTO, as predicted by the theoretical performance
computer program.—/

Two 50-gallon batches of INTO were field-prepared. Severe tank

corrosion and iron fluoride precipitation occurred, resulting in clogged
feed lines and flowmeters. (/

Although performance is not degraded by the inhibitor, the corrosion

problem and physical properties make the use of INTO impractical for
future Air Force applications,
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