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FOREWORD

This report was prepared for the Aercspace Research Laboratories of the
Office of Aerospace Research at Wright-Patte:son Air Force Basz, Ohio, by
the Ihstitute of Physical Chemistry at the Uawversity of GOttingen in Germany
under Air Force Contract ‘No. AF 61(514)-114Z, Project No. 7013, "Research
in Chemical Energetics!, Task No. 701301 . "Research on Energetic Procésses
in Gases". The project director at th« University of Gottingen was
Professor W. Jost, Head ,f the Institute of Physical Chemistry. Karl
Scheller served as techhical administ'.’or for the Aerospace Research
Laboratories. Ihe report reviews the .esearch performed during the period

1 March 1962 - 28 Feoruary 1963.




ABSTRACT

In continuing studies of kinetic and devonative properties of
simple compounds, which contain nitrogen, experiments invesvigating
the detonadility of hydrazize - nitrous oxide mixtures are reported.
%o descnations could be procduced in mixtures containing less than

7 vol.% of N20. Pure hydrazine shows z detonation velocity of

sbout 2450 m/sec, which is close to the theoretical value calcu-
lated on the assumption of chemical eguilibrium :in the CHAPMAN-
JCUGL ST region. The measured velocities meet some of the criteria

for stable detonations.

Spectroscopic investigations of the wake behind N2H4 detonations,

kowever, revealed great amounts of ammonia which rad not yet dis-

39

rpeared 500/xsec behind the detonation front.]Such quantities of
NH3 .nd this long a reaction zonre is not.in accord with the measured
velocity of the detonation. Jouwe evidence based on the pressure
dependence in the NH3 production suggests that these detonations

are inherently unstable.

(In compiling data for the understanding of the kinetic aspects
of the avove detonations, shock-tube studies of the pyrolysis of
nitrous oxide and hydrazine have been continued.] Absorption
coefficients od N2L up to 1800 °k have been measured. In the
temperature interval from 1530 %k to 1820 °K and at total gas
densities of 1,5.10”4 mole/cm3 (6 atm.) the initial decomposition
rate of N20 nixed with an excess o7 Ar is given by the rate

10.8_

= 10 exp(-60 000/RT) sec™ . This is in agreement with

n

law %k.
<L

resulis fron measurements of the unimolecular deromposition rate at

low tempera*ures. The second-order dependence of kl upcn total

iii
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L5 Lc“Qi } su:éests thet this wnimolécular reaction is deter-

. - . \
onal aciivation uader the present COLGlthDo.:

n
Thotoelentric techiicues are outlined which will allow the amount
of nithic :oxide formed in thzs reaction to te determined. Regi~

éated the presecnce of the reaction

s, even at the comparatively high

‘iessureménte of tiig &ocoumpasition .ate of hydrazine behind re-

£ He have been extended up

@}

Tigeted a“oc“ waves with cu éxcess
L.)"sing Ee as a carrier gas reduces
cets gnd focilitates the kinetic evaluation of short
tion terlods, even tnouZh the shock-frozt curvature has to
for, Zxtincviion coelficients brhind the incident

sh.ek woves were in arrecmiav with those obtained in previous ex-

revin.ats with Ar, By avppropriate evaluation of the half-lives it
weo estatllrnhed, that the rate of decomposition dces not depend

usin the nature of the carrier zas. Contrary to the results ob-

tained in the temper.ture rogion vetween 1100 °X and 1400 K

o8
srire was no Cigctinnuich.blae devendence of half-lives of hydrazine

i3 nrot different than in the lew tenperature region, i.e.

Liritations of the vrescant shock tube are indicated and a new

tube, which has bheen connitructed to nmeet more stringent require-

iv
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A. Studicc T Detonations of Hydrazin-Nitrous Oxide .

Mixtures.

I. INTRODUCTION
Within this general progran, in which the reaction behavior
of hydrazine at c¢levated temperatures is investigated in the
hozogeneous gas phase, the interaction of hydrazine with
various oxidizers is of bcth practical and theoretical concern.
Flemes supported by mixtures of hydrazine with oxygen, nitric
cxide and nitrous oxide have been studied extensively in
recent years ref. 1-4). Some detailed investigations on the
explosive combustion of aydrazine (ref. 5) have revealed seve-
ral features peculiar to the oxidation of hydrazine. Studies
of the detonability ané reaction zone of detonations through
hydrazine-oxidizer mixtures are expected to add some information
to previous results.
Ine detonability of pure zascous hydrazine at atmospheric
pressure had been examined before {(ref. 6). At that time,
¢iiZiculties were met in combining hydrazine and nitric oxide
or oxygen to form gaseous mixtures which were well defined
at a pressure of 1 atm. Furthermore, it was shown that nitrogen
dioxide could not be zdded to hydrazine at room temperature
withoutv immediate reacticn (ref. 7). Niirous oxide, on the
other hand, can be satuluved withd hydrazine readily and the

cixture is easy to deal with &t temperatures below 70 °C, thus

) offering a conve:iie..t approach to studies of detonative com~
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II. EXPERIMENTAL

¢ round aluxi—um tule was cnosen for these detonation experi-
tonits with N2 4~I2O mixtures. The test sectlica had a length

03 3C0 cn and a diameter of 8.4 cm (fig. 1). Three obs..vation
windows made of plexiglass were inserted 10 cm apart, the last®
c:e ‘being 11 cm upstream from tae end plate. All windows

were mounted flush with. the irner wall so that the gas flow

w25 not disturbed. The whole tube was surrounded by an electric

-

tzpe and could be reated uniformly.

The teaperature of tae test secticn had to be chosen according
to the cdesired partiel pressure of nydrazine, this veing con-
tingent upon condensetion phenomena (ref, '6,8). At higher

temneratures, hydragine undéergees catalytic decomposition when

t

in contact with metal zlass surfaces (ecf. review in ref. 7).

1o

¢!

je
(24

Tnois would give rise to great uncertainties avout the actual
composition oFf the detonating ges nixtures. Hence, it was de-
cided to restrict thece muasurements to initial temperatures of
43 °c (except for cevcxnct.ons with pure hycdrazine vapor -and
nixtures containing 8% vol% hydrazine, where the temperature
was 67 °C), entailing e partial pressure -of Lydrzzine of less
then 40 mm Hg. Total pressures of the test mixtures lay, in

geresws, around 90 mn Hg in the reported series of measurenents.

Detonations of mixiurc. with 7-30 vol%# hydrazine in nitrous
oxide, ol well es of ru.re hydr.zine, were initiated by hydrogen-
oxy: - detorations in a driver seciion 160 cm long and with

the sume diasmeter w3 tl.e test section. Initiator gas and test

nixiures were separated by an aluminum foil which ruptured
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uader the impact of the initizl detorations.

et . pressure in the initiator section was pade high
enough (450 &m iz, viz. 5 times higher than the initial
pressuwe of the test gas, cf. ref. 9, p. 356) so that de-
tonations of the nitrous oxide-~nydrazine pmixtures could be
initiated readily. The cowzposition of the initiator was con-
veniently set by restricting the flow rates of hydrogen and
oxygen with’the uid of properly g suged cupillaries before the
parsners vere nixed and passéd through the driver section.
Flow velocities wers coantroiled by means of capillary flow
neters. Two different mixtures of the initiafor gas were used,
the one contazined 40 £ 2 volsh £, the other one 60 vold H2
(balzi.ze OQ), providing calculated detonation velocities of
D=2080 = n/qec and D=2770 n/sec. The former value lay in

the runze expected for dctonction velocities of the test

The test mintures with 20- vol;: .0 or rore were prepared b
: 2

>

passing nitrous oxide, after cxpansion to a lower pressure,
twice through liquid hydrazine (fiz. 1). vifficulties in
saturating gasec with hydraziae vapor nave been reported before
(xof. 6 and 7,. Even though hydrazine evaporates sluggishly,

it ecadenses readily. Thus, when leading partially saturated
120 tarovgh a condenser, the temperature of which was kept
approxinately 10 C below that of the saturator, tkhe partial
pressure of hydrazine in the gas flow could be calculated

r

izbly on the beasis o. the condenser temperature.

ne glass tube tranci.ozong e N20—N2H4 nixture to the tec-%

scesion, as will as the ves. sectlon itself; were heated
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crzyreciably above the conucncation temporature of hydrazinc.

»

§till, previous experiments azd chewn (ref. 6 and 7) that
adsorption of hydrazine 2t the tube wall pisght produce great
devictions from the initial concentration of hydrazine.
Therefore, the test section was swept a few times with the
test rixture onderthe initial pressure of an experiment. The
higher the partial pressure of hydrazinc, the larger the
amounts of gas were wihich had to be passed through the tuve

before the interfacial egailibrium was approached. In order
to reach this point within a reasonable period of tire,

a special valve was constructed (see fig. 1 and fig. 21, p.58)

o

which allowed adequate flow velocities (ca. 10 en’/sec STP
and higher).

In zeneral, the- gas- volume in the test section was replaced
at least eight times before zsn experiment was started. Even
though this method was suiteble to gas mixtures containing
lower concentraticns of hydrazine, it quite evidently failed

for mixtures with more fhan 30 ¥ X

& In poepuring test gas mixtures with
' L)
a &0-100 vol.sb H2J4, another principle
was used (fig. 2). Diguid hycdrazine
I streced ot roonm temperature and
27 ep 2 atmospheric pregsure froa a graduated
2len .:'2::,
1
!

iev.® ¢ylinder into a cepillary which wes
c

heated %o about 80 “C by a surround-

ing electric tape. Thus, the capillaxy

servow o0th as evaporavcr and flow

roguliusor, viz. expansicn rozzle

:‘:’j. - ,,'.' A

s
F 4 s e +
N daown TO & pressure of about SO mm Iis.
f-- -

i tonation tubo Seyent the capillary, the _ascous

&1' e dava ¢

b, - 3 . : . - oot

g Lgh velve nodrosine could be mixed wivh

1\ 2 -~ brous o3 shioh heod W Soan

- zotrous exide, which had been poo-
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iz. 3 chows & typical cscilloscope record. The positive

.
(241

,.h

pins are 100 Jhsec ticing carkers furnished by a Tektronix

time-marl. ;zaerator (Dyse 181, ocuartz-stebilized). The first

“~ e

schiicren-siznal .is clcarly rzcorded on the screen. 4is the

detonation front procesds, grecter and greater thermal ra-

éiztion is recorded by vthe Shree photomultipliers and the

cf

" - i S - ~ e Y "
T “tocurrent increcses. The las

ot
™

brupt change in photccurrent

LS the end of the Utiazcr is presumably cauced by the cstrong

}..J
l.l
Gs
[$)
ct
[¢]

cission concomisant with the reflected cshock. The
devonation velocity could be peasured with &n accuracy of

.5 %, after photograpaic enlargement of the cscilloscope

ITI, MNADERIALS '

iquid unhydrous hydrazine, furnished by FLUHL AG, was em~
ployed without furtvher purilication. It centained less than

2 % vater. loss

[¢}]
Q
ct
H
(@]
[ O]
[¢]
O

pic aralysis incicased that the

Py

il

impurity level after cecvaporation was reducec to less than
0.1 %,

Nitrous oxide, anzesrchoetic grade, was provided by FARBUERKE
GCECHET AG and was at leas: 3 5 pure. Since these experi-

sents vwere of exploratery azsure, further purification by

destiliation was ncv nondaliery.

Fhe leak rate of tn. T.ob . ..vnoa zmounsed to 1077 mm Hg/min.

RPAERECH
- 8 i L

A

¥ost of the air penst. .ec . Lh. Jlunze holding the diaphregn.

e

Z2 any case, it was cc..juts. vhat tace vest zZas could not

e

c:.Sain more then C.1 .o air due to leaking,
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. ronation velocities dié not chow any attenuation or accele-
aiion withiz the riage of accuracy of these experiments. _

. sending upon ..o¢ composition of the mixture, theyranged

from 1803 m/sec (7.7 vol% N254) to 2600 n/sec (83 vol% N2H4)

at initial pressures of P, = 90 rm Hg and P, = 63 mnm Hg

(fig. 4). The iritial temperature was 316 %K except for experi-

uonts with 83 2nd 100 voish qu4 Then the initial temperature

z2& to be raised to I, = 340 °K in order to provide a sufficient-
. high vapor pressure. & mixture of nitrous oxide with 7.7 vol%

K224 still produced detonations.

Por mixtures containing 7 voljt and 6 veld N20 as well as

for pure nitrous oxide, however, only strongly attenuated
shock waves were recorded. With pure nitrous oxide, these
v..ock velocities averaged arcund 930 m/sec for initiator

ixtures of 30 +2H2 and around 1210 m/sec for stoichiometric

initiator mixturez (O +2 2)

Detonation velocities ¢f mixtures containing more than 7 vol%
Naf were faster by at least a factor of 2 than the above shock
speeds. Within the accuracy orf these determinations they did
not show any attenuation or any depcndence upon starting
pressure (Pi = 63 and 90 mm Hg) or composition of the initiator

mixture. Nevertheless, strong fluctuations occur among the

measured points (fig. 4). This might be due to inaccuracies
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£a5- conposition. Tae effects «of adsorptionof hydrazine on

the Waliszapd”hpterogchequé &ecomposition=have'not beén in-
sestigated in these éﬁperiﬁqnts. In -any case, the points in-
dizate :&..definite trehnd in the concentration and shavsome of

the characteristics O0f stable detonations. The tehavior of

pure nitrous oxide sufficiently démonstrates that the measured
velocities do not. résult from -overdriven detonations. The limits
0f detonz2bility have not been established exactly, because the

present detonation tube does not fulfil the requirements of

" such determinations (ref. 9. p. 338).

in some expériments, wheré the time constant of the electrical
recording unit was properly selected, the rise time of the
schiieren signals was found to be as long es 5jusec. (this

iy in agreement wita the riseé time of absorption signals, see
£. 16 ).

The experimental arrangoment(widtn of ligth be.m) does not
account for more thnan 0.5 peec. Thus, one might conclude

that the detonation front is either strongly curved or tilted,
& phenomenon viaicn usually appears in detonation waves of in-~

herent instability (ef. z.g. rof. 18).

V. CALCULATION OF DEICALIC:H VELOCITIES

The thocrestical values for detonation velocities have been

cuzlsuwievel by iteration under the assumption discussed in the
rel,

‘terature (¢f. e.2./5). Enthalpies of reaction and specific

neat date have been taken from ref, 10, energies for the

various components were chiuined from ref. 11. The following

teble shows tre results of the conmputation for six different

rixtures at sTurting pressures of 90 mm Hg, including the

:aellibrium
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Fig. 4. Uctonation felccities of Litrous Oxide - lydruzine Wistures
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% NoBy (T 1Ty K(vq/vo)g | To_y %K (va/vp)o ;i 5O % O % 0 %D n/sec; X
0 316{1483 9.24 {2555 1,750 2.95 ~ 0.62 |1 683 ;5.,11
10 31611700 10.%6 {2995 1.755 L.04 3.46 2.85 |1 983 §°86
20 316 {1785 11.35 13228 1,764 3.48 5.79 3.75 (2 089 {7.45
L d 4 Yoy Bl !
3.3 1316:18671 12.43 3537 1.769 1.85 5.62 2.68 [2 275 7.97
80 ’540x 2074 1.75% C.005 CL6 0.00212 5% b.51
100 ;540.1427 18.15  h9ys 1,756 - - -~ |2 48817.99
T1 = Initial gas teuperature
TF = Temperature boelind shock front
TC-J = Temperature at Chapran-douguet zone
‘; v,]/v2 = Ratio of speciiic volumes
P N = Mach numbers with respect to initial gas
fg The theoretical curve for the detonation velocities is in-
=
&; cluded in fig. 4. The higucst of the strongly scattering ex- ,
&: pericental points tend to be fiirly close to the calculated ]
X
B :
§::l' H ‘
%:’:f |
L & ;
oo L SRR LI A e A L D R I el e

e e Tw e e TmaTw g e Wi e

concentrations of the species KO, -OH and O in the Chupmarw
Souguet zone. Sudscript ¥ refers %o conditions just behind
the shock Zront, subscript C-J denotes paremeters of the

Chapran-douguet zone. In calceulating the

p.

tonatioa velocity
of pure hydrazing, it has h.ux secouzed vhat all of the hydra-

zine has be¢a converted to nitrogen and Lydrogen.

N,H

Sy, == 2 Hyll, A% =-25.62 xccl/zole at 340 °%.

Table I

Computed Detonavion Parameters

by = 90 nn Hg.
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values, confirming agair that actual detonation velocities
have been measured. The downward trend of the average of
all points indicated that uncontrolled effects have eventually .

ddcrcased the hydrazine concentration 'of the gas phase.

VI. DISCUSSION

The purpose of these exploratory investigations was to outline
experimental possibilities for future work a2nd to check the
rethods to be applied. It was demonstrated that this approach
holds promise of disclosing some interesting properties of the
detonations of hydrazine-nitrous oxide mixtures as well as

c¢f pure hydrazine vapor. Evidently, there is a limit of detona-
bility which lies fairly close to 100 vol.% N20, and ‘which
mizht show a strong dependence upon initial temperature. 41l
attempts to produce detonations through pure nitrous oxide at
initial temperatures of %16 %K and initial pressures of 90

ra Hg failed. Under these conditions -a temperature of only
1480 °K was calculated for the front of virtual detonation
(table I), a value much too. low to induce a rapid enough de-
conposition of pure nitrous oxide. Some shock wave experiments
reported by STREHLOW and COEEN (ref. 20) have irdicated that,
at a shock temperature of 14OO,OK’ adiabatic explosion of

N20 is preceded by an indu.tion period of several hundred

microseconds. In order to provide a higher temperature behind

-

"

the debonution front, viz. w reaction zone short enough to

S

7 facilitate self-supported detonations, one might raise the

[

5% initial temperature of the test gas appreciebly above the

o

8} values applying in the reported experiments. This cight be

%%: assuned in analogy to predictions concerning the decomposition
;g flare of NO. These prediction were verified by preheating "2
* 12

.
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the zas to 900 °C (ref. 13). On the other hand even small
additions -of hydrazine might bring about & substantial change

in the crivical parameters for detonation., While studying the

TR e g e 3T gy

critical parameters in the inflammation of cyclohexane-nitrous
oxide, Russian workers (ref. 14) found an unusually low thireshold
fuel concentration of 0.3 % CGHl”' Similax effects gecm to

control N2H4ak20 detonations.

BN O el Tl

The detonation velocity of pure hydrazine reveals an intereting.

feature: two values are conceivable for this case. Either the

I

detonation velocitiy is determined by ci.e composition of the

e e o

reaction products, generally observed in the decomposition

of hydrazine (ref. 7, i5):

YT

NH,—>NH; + 1/2 N, + 1/2 H, £ = -34.8 kcal/mole (=340 °K)

s X

Al

or'by the equilibrium composition, which, because of the

aLf *

inertness of the intermediate product NH3, can be attained N
only after a long reaction period: S
N H,— N, + 2H, 4H° = - 22.42 kcal/mole. ,
The former case would yield a detonation velocity of 2200 m/sec ;
and is definitively excluded by the present results. The de- g
tonation velocity given hy chemical equilibrium in the E
Chapman-douguet plane, D = 2488 m/sec, is in close agreement g
with the experimswutal values. There is no good reason to ﬁ
assune that hydrazine decomposition in the reaction zone of g
a cetonation orcurs according to a different mechanism than in %}
shock waves and flames., The sctual processes which control the :
development of hydrazirne detone*tions are visualized in different
experiments (cf. section B). :i
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B. Absorpvtion Measurements in Detonations with liydrazine

I. INTRODUCTION

Studies of detonation velocities of nitrous oxide-hydrazine
mixtures seem tz show that, in practically all cases, the
composition of reaction produé¢té in thé CHAPHAN-JCUGUET zone,
which determines the detonation vel.city, corresponds to
chenical equilibrium. It is known; hovever, that in the tempe-
rature range under consideration and wichin the reaction peiiods
available neither the pyrolysis of pure K0 foualitative

detection of NO, see section €) nor that of‘ﬁaki4 leads to an
equilibrium composition of reaction preducts (rer. 7, '15). The
thermal decomposition of hydrazine i< comparatively :ell uader-
stood and a postulated normal chadin mechanisu is in good agree-
ment with.both the observed over-~all rate and stoichiormetry of
the reactirn which is Naﬁﬁfﬁﬂﬁa + /2 Ny + 1/2 Hy. idditional:’,
some data about the pyrolysis of the primary reaction product
NH5 have been reportéd in ref. 7. From this it can be derived
that th: thermal decomposdtion of RHB, even in the wake of a

detonation front, might proceea guite sluggishly.

Because more accurate data about the reaction behavior of
hydrazine and aruonia are available at present, interest has been
focussed upon processes governing bthe development of detonations
with pure hydrezine. The measured detonation velocity demands
that the over-all stoichiometry follows the ecuation

N2H4-—+N2 + 2H2. Kinetic evidence, on the other hand, suggests

»

a fast conversion wits ammizia as a major reasction procuct,

14
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followed by the clow pyrolyris of NHB' Such a slow consecutive
reaction, however, would give rise to an urusually long reaction
zone of an order of magnitude which has not been observed
nitherto even at low pressures (ref. 9 p. 274, ref. %5 - 38).

-
-

An alternative reaction path might inclule the direct conversion
of hydrazine to nitrojzer and hLydrogen without the intermediate
Tormation of ammonia. {ince the species 1\‘2I1L,r ané JHB possess ab-
surption spectra in the ultraviolet, with roughly known tecmperature
dependence (ref. 7), an available set-up for photoelectric re-
cording could be used to decide to which degree the one or the

other reaction path is pnreferred in the reaction zone of

Naﬂu detonations at low pressures.

II. NETEODS

Mlonochromator and optical alignment with the detonation tube
(section A) were as described in connection with previous
shock~tube experiments (ref. 6,7). A UV light sheet passed
through quartz windows, 21 cm upstream from the closed end.
Absorption measurements were made mainly at a wavelength of
2500 % with a monochromator slit width of about 0.34 mm
(d.spersion & A /dsw~ 36 4/mz). The effective beam width inside
the tube amounted to 1.5 mm allowing a time resolution of
O.6}15éc behind the detonstion front ard 1.4/$sec for measure-
nents btenind the reflected wave (velociiies of detonation and

reflected wave 2.488 mm(psec and 1.09 mmépsec, resp.). The

actual rise times of the absorprion signals behind tke fronts
of the detonations and refl:cted shocks were 5 and 1O‘Asec,

resp., indicating again stroag curvature or tilt of the

g
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corresponding surfaces (see fig. 5, the same result as with

sc. lieren erfects, cf. » 9).

Cciibration of the light intensity was made with & rotating
sactor of 2.8 kc/sec. In this case, however, the intensity
recorded with the empty tube was not identicai with the
characteristic quantity Io’ on 'the basis of which the trans-
mission change during an exveriment is calculated. As the tube
was filled with hydrazine vapor, a film of liguvid hydrazine was
deposited on the walls 2nd also on the guartz windows. 'l'his
£ilm reduced the intensity of the incident light appreciably
and was pnot affected by the detonations in the gas phase.

Even when evacuating the tube, it evaporated only reluctantly,

as shown by the slow regain of the full light intensity.

Hence, prior to an experirent znd after the tube kad been filled,
the intensity of the transmitted J.J‘.{gh‘a'I,1 was measured. luring
experiments at starting pressures of P1 = §C mm Hg, practically
all light absorbing species decomposed behind the reflected
wave, so that the oscilloscope trace approachkeéd a level which
was ldentified with the one corresponding to full light trans-
mission Io without any absorption from the gaseous phase

(¢f. fig. 5a). The difference Io - I1 could be read from the
oscilloscope records -ard the molar absorption coefficient of
hydrazine at 340 %k could ve calculated. It was found to

be &)X = 1.0.107 cma/mole (x = geometric path length). Knowing
the extinction coefficient of unreacted hydrazine, the value

of 11 and the gas pressure made it possible to derive the value
of Io also for experiments which éid not show full light

transmission on the oscilloscope (fig. Sb - d).
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The trigger to the oscilloscope was provided bty one of the
scrlieren stations, describel - . section A. The detonation speed
was examined on the basis of the time difference recorded bet-
ween passage of the detonation w.d of the reflected wave through
the UV light beam. Cther details of the experimental procedure
and of computing the reaction conditions have been mentioned

in section A.

IZXI. R=E3ULTS

The oscilloscope records in fig. 5 illustrate the absorption
traces behind detonations of hycdrazine at four different
starting pressures. The cvieep speed was 50/usec/cm, the vertical
deflection C.2 V/cm. The horizontal straight trace corresponds
to the initial absorption throuzh zydrazine. Upon arrival of the
detoration front, the gbsorption increases. This, however, cannot
be caused by undecomposed nydrazine. Tedle I (p.ll) includes the
temperature and density ratio for the shock front of a stable
detoration through hydrazine. it a temperature of 1427 °X and

a density of 2bout 8.'10"5 mole/cma, the expression for the

half-lives (ref. 15) T, x=§ 7 2,707 **¥ exp(+40000/82) sec.

suggests, that most of trhe xhycrazine has been decomposed within
less than 1P9ec under isothermal conditions ané the more so when
thermal self~acceleration by adiabatic heat releace takes place.
Moreover, due to the time compression effect this recction *ire

)

appears to the observer to be shortened by a factor which varies
betveen 18 and 3. (In or.ur %o traneform observed reaction time
to a particle time scale, the former -as to e multi plied by the
density ratio with respesct %o the initial gas. This density ratio

varies across the reaction zone as illustrated by fig. 6).
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X o) R=90mmHg

d)R=30mm Hg

Fig.5. Absorption Traces of NH3 behind Detonati-
ons with NoHy . A=2500 A
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Even though the curvature of the detonation front involves a
rice time of the initial absorption signal of about Eﬂsec, the
signal's whole length of about ZO‘prec is not accounted for by

-

the absorption of hydrezine. Hence it is ascribved to ammornia.

Following the initial absorption peak, the trace drops off,
exvlainable partly by volume expansion, partly by a decrease in

temnerature which involves lowering of the extinction coefficient

of NH5’ and partly by the thermal decompositior of NHB'

LfSer a period of time, which covers 263 to 310'usec from
the passage of the detonation front on, the reflected wave
compresses and heats up the reaction products such that renewed

absorption is manifested.

The following table summarizes some of the observed quanti-

ties from records in fig. 5. PH is the initial pressure of
hydrazine at 340 OK, 91 the gas density in front of the
detonation, tr is the time elapsed between passage of detonation
and reflected wave through the recording light bean, Io is the
calculated value of the light intensity without any absorption in
the gaseous phase. IO/Ii is the maximum abzorption right behind
the detonation front, attributed to an intermediate stage of

‘the reaction, and IO/I5 is the maximum absorption behind the re-

flected shock wave. '

Table II ) .
Ea[mm I'g tr{ysec] I, 0] %~1Cb;§%%§] log I,/1; log IO/I5 o g |
a) 50 262 C.4¢ 4.2% 0.567 G.%6 1.6 0.53 ?
®) 60 290 0.40  2.% 0.44 C.40 1.6 0.92 i
¢) 40 308 C.47  1.5% 0.33 C.44 1.7 1.3 ;
d) 30 305 C.56  1.42 0.30C 0.48 2.1 1.6 ;
@
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-nce the conditions (temperature, density) behind the detonation
front are basically unknown no statements about the NH3 concen-
trations can be made at this point. Loreover, the curvature of
the shock front makec it imposcible to measure the initisl ab-
sorption of decomposiug LL, berhind tre éetonation front

(¢f. . %3 ).

¥y

I, ZDISCUSCION

Lyeady detonations are followed by nonsteady rarefaction waves.
The distribution of density &nd local velocity has been dealt with
theoretically and experimentally {(ref. %9, 40). In this case,
however, the starting concitione for the development of these
detcnetions are rather compiicated because they are initiated by
}%/02 detonations after rupturing of a diaphrazm.

'3

In 2ddition to this, the nscilloscope records of fig. 5 indicate

that cmple gquantities of Kﬁ5 are precent even at tke poirt

vhere the wake of the detonation interacts with the reflected
shock. £ince the measured detonation velocity correspornds closely
to a theoretical value, which was cezlculated or the assumption
that no \NB is left in the CiAFXMAN-JUJIGUET state, one should
onclude that the reaction period is not at ar end even

260 -~ BOC}Lsec after the deteonation front has vassed the recording
light beax. Under ideal conditvions rarefaction waves should not

pass beyond the CHAPMAN-JOUGUET region because of the limiting

condition for the local flow velscity If = 1.

On the ovzer hand , these detsonations are not really stabdle,
ven thoush the detsnation velocity is reproducible and does

rot chow any dcperndcence upon tie compocition of the initiator gas.
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The series of oscillograms in fig. 5 together with the evaluated
data in tab. II illustrate a proncunced pressure depncndence of
the absorption as well as of the time interveal between recording
detonation front and reilected wave. This shoulé not be expected
for stavle hydrazine detonaticn:s, because vhe (L FIAN-0CUGUET
temperature of 2000 °X is too low to incuce any approciadle
disscciation of reaction products. 1ilso the dencity pnrofile in
the expansion fan should be independent of pressure in such a
case (ref. 39). In these exveriments, the retiected waves take
more and more time belore they cross the UV beam and relatively
more and more ammonia appears berhind both the detonavion front
end the reflected shock the lower the staerting precrsure P1 is.
The variation in the stoichiometry of the reaction is demonstrated

by the dimencionless parameters d and P (table II).

0. rerresents the logerithm of the measured initial absorption

log io/Ii = E(Ti)-x- Qi(ﬁﬁa), divided %y the initial density
of hydrazine 91. ﬁ(Ti) is the extinction coefficient of NH3 at
25CC % and ?i(NHB) the partiel density of ammonia, N2asurements
of the temperature dependence of NH5 are being nade (&(T) has been
deternined only up to wavelengths of 24C0 ? so far, ref. 7). In
any case, without assuming a definite stoicrniometry of the
nydrezine decomposition neither the temperature course nor the
profile of total dencity across the reaction zone can be calculated.
But for stable detonations the ratio of dencities in the initial

gas and at the observable Intermediate reactvion stage could be ex-

pected to be the same at all nressures. 2nis is not born out by

i

?31 the precent evaluation ac :hown by the change in &, which indicates
ﬁﬁ} &n increase in the relative amronia production with decreasing

Lt pressure.
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log IO/I5 g(Ts) .fg(NHa)-'

log lo/Ii g(Ti) ~?i(NH3)

ﬁis defined as the ratio

This quantity isza criterion for the amount of I 3 which

has decomposed in the time interval between recording of tre
detonation front and the reilected shoeck (Wbscript $ denotes
verameters behind the reflected shock). Despite the fact that
this time interval increases, more 2nd more ammonia ‘survives
in the wake of the detcnation with decreasing detonation
precsure. p grows fron .57 at Pl = 00 mm Hg to 1.6 at

Pl = 3C mm Eg. This might be explained in terms of a tempera-
ture decrease cue tn the interazction with exnansion waves

from woth the walls and the initiation end of the tube.

On the assunption that hydrazine cecomposes within a traction

ot a/xscc according to H9H4———;KHZ + /2 E, + 1/2 H2, followed
J <

oy the slow pyrolysis of NHa,and that the effects of expansion
waves are negslizxible witnin the ohrarvation time of about
BOO/usec, the course of temmerature, density ratio and local

Mach number have teen ccleulated (fig, 6). As befere, indices

F, 1, CJ and 5 dennte ceonditicns of The inivial gas, at the

1Y

‘\.
r'i.-
;¥ shock front, at the peint where hycrazine has decomposed but
N -
ay : v s . .
S where all mhﬁ is still precent (sse above), in the CHAPMAN-

)
‘]
L 4 JUUGULT state and behind the reflected chock, respectively, It

‘?,_ ,‘,_{r

is interesting to notes, thzot the temperature in the reaction

2

Ay zone exceeds the one in the CHAPMAN-JOUGUET state.

33

< Cn tae basis of this —~rizl, one may relate the measured absorp-

A

tion values of NH3 penind v.ie aetonation, to reproduce the

profiles of partial asnsity of mnb and tempecrature. Rough

Lt s
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esvimates indicate & surpricing consistency of temperature,
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1= 2613 % y
[ MHyH /20,41 /20
2500 b L3 2 n_=oh6g%
' ; > N +2h:
i N 2™z
! S
} N
] .
] ~
00 F t .
T ' N.+2H
i
t
1500 L Tp= 127 Ok Detonation: Conditions
NoHy, (with D = 2.488 im/ysec)
governed by the reaction
1000 '
N2H4—+l\h3+1/2H2+1/2Nz——>
N, + 2 H,
Ny n = 340 o | P, =90 mn Eg
300 + ! ;
T 4268 see—, Pr = 9.0 atm.
L, ,
P, = 2.85 atm. |
20 = i j-
t . = 10 1 a Do j.
?/q1 | CcJ }
; PS = 2,66 atm.
10 - )
. V4 = 3.13 §5/0,=3-33
/ =1““-~--—~-__T_Jc —1 ol
y B4 T1/04 =174
- ‘ a
1.6 Mout | ;
M-‘ =7°99 _ - - {
M ‘ PR K:=0.7k f
ﬁ{: 0.63 :
i .
00:-— H ;'
A . ‘:
] f
! {
- ) \
I Mp= 0,216 \
0 ;
- > t (observespt time) .

23

N
~
Y
E N
! {
§ 1)
Y r’
§
;
&
04
S
- -

Uil
LI

Py e
>

«,
PR
J =7

-ty
[
\—-w




i sese
R

e
Sl Pra? B Lt

LIS R e
X
- AeA

E L i

'y
&

<
L d

-
a-ale "o

=Y .
‘,{5"# 0,

[ 2%

P

Ty
b 52

‘5‘:1'1' PEARRINS
D L S X

density and kinetic data of the HH3 pyrolysis, knovn from X
previous measurements (ref.?7). The calculated value for the

speced of the reflected shock, travelling through the detonation.
wake in the CEAPMAN-JOUGUET state is ug = 1.15 mm/ psec.
(Cslculation of the conditions behind the reflected ‘shock in

Tig, 6 is based on the assuzption that the reaction has come

to an end before the reflected sunock appears, such that any
further reaction benind tihe reflected shock could be ignored.

The dissociation H2-—)2H was accounted for. Fig. 6 applies

orly to an idealized stafionary detonation). Further

approximate calculations show that the speed of the reflected
shock is scarcely influenced by amounts of unreacted ammonia in
the wake or by expansion waves from the initiation end (éstimated
according to ref. 39). u5 varies between 1.15 &and 1.07 ﬁm//;sec.
This result in computed values for the time interval tr between
268 and 275/Msec. The experimental values for Py = 90 mm Hg
range from 263 to 2?0‘#sec. This consistency is most likely
Fortuitous and has to be examined more stringently. At lower
initial pressures than Pq = 90 =n Hz, the observed values for

tr are as high as 310‘»sec. This suggests that other effects are

operative besides phenomena associated with stationary one-

dimensional detonations.

Within these cursory studies an interesting type of detonation has
been considered. The gradual variation of the quantities tr,d

and P vith pressure suggests that ail of these detonations under

the concitions used are inheroncly unstavle despite reasonable values

.

for the instentaneous devonavion velocity. Nevertheless, one may

P

expect, that under more ravourasle initial conditions they

become .table.
24
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C. Results from Shock-Wave Studies of the Decomposition of N20

‘I, INTRODUCTION

To interpret the observations of hydrazine-nitrous oxide detonations
reported in section A, a more intimate knowledge of the thermal
decomposition of both hydrazine and nitrous oxide is required. For
this purpose, some results of shock-tube experiments with NZO

migat ultimately provide supplementary information, apart from

the fact that they are interesting for themselves.

The kinetics of the N20 decomposition has been the subject of

a number of investigations. The results of studies at temperatures
below 1100 °K have been summarized by JOHNSTON (ref. 17). Some
work has been devoted to details of the initial activation process
in the unimolecular reactior (ref. 18 — 20) and to the individual
rates of éecondary steps (ref. 21 ~ 23). These have indicated

a number_of uncontrolled complications, which preclude any extra-
polation from these data to higher temperatures. Investigations

at high temperatures have introduced some interesting technical
innovations but have yielded soméwhat divergent results (ref. 24
~ 26). The shock-tube experiments in process are expected to
provide some reliable information. Because the N20 decomposition

is exothermic, reflected shock waves had to be used (ref. 7).

II. EXPERIMENTAL
The saze shock tube including the photoelectric recording

technicue used for the investigation of hydrazine and ammonia

and described in ref. 6 and 7 serves for the reexamination of
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the 120 decomposition. is outlined before, shock parameters
were calculated by iteration from the velocity of the incident

shock, the attenuation of which was known.

In preparing the test gas, the flow velocities of Ar and
N20 {controlled by mecans of capillary flow meters) were set
in the desired proportion. The gases were mixed before they
entered the evacuated shinck tube. Hitrous oxide (¢f. p.7)
and tank argon for welding (ref. 7, p.41) were used without

further purification.

™o series of measurenmentc at two differcnt pressures can be
reported now, both coverirnng a range of lach numbers from
2,55 to 2.80, involving rzflected shock temperatures between

1550 and 1850 %% at reaction pressuras of about 2 and 6.6. atm.

Records of N20 reactions ot ternperatures higher than 1850 ox

J

have veen excluéed in the present report decause of uncertain-
vies in the reaction conditions. Gac mixtures investigated

so far contained 0.9 znd 1.9 mole X0 in Ar. Zuch high con-
centrations involve considerabl:z thornal effects during the
“ime in which they react tehiné reflected rhock waves. 4

sinple estimate of theses reaction conditions, based upon inter-
polation betvcen two casce of statiorary reactive flow that
are anmenable to exact computation, been outlined in ref. 7.
This method, however,reguires “nowledge of the firal product
corposition (hg, > ané 0) ané of the enthalpy of the reaction.
Previous work (ref. 23%) &id not provide this informcbion. Thus,

the nresent evaluation hul to oo ro.tricted to the initial stages
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of the reaction, where thermal effects are negligible, and
to decompositions that proceeded slowly enough so as not to
accelerate the reflected shock. Thus the initial temperature
of the reaction cvorrecponded clocely to the temperature of

3

the reflected shock calculated oy ignoring any reaction
whatsoever. At liach numbers higher ¢

han 2.95, reflected shock
specds were measured which revealed a definite acceleration
of the reflected wave. Thus, tesides records of the reaction
rate, another criterion was available to determirie the point
e up to which the initial reaction conditions could be given

by the simple shock-vave theory. Possibilities for measuring

the exact proportion of NC among the reaction products will

R A wos e g S L] T S YT ST T Yy e Y T T P Tl e

be uutlined belew (p.43 ).

oy

>

&

2

. . . . . By

As with hydrazine and ammonia, the density profile of N?O h
) [

was followed on the basis of its absorption of ultraviolet ﬁ
S

light at wave lengths between 225C and 24CC %. The station :

L
s

for photoelectric recording was situated 10 cm upstreamn from

X ’0."1:'

the reflecting plate., The effective bvean width of the UV

-t‘

_ ‘r\_x,}:'—iv-"f:‘ﬂf\l .

ligat amounted to about C.7 mm. .ith an average reflected
shock speed of 0.48 mm/}xsec, trnis resulted in a maxinum time

resolution of 1.5/Asec" accordingly, the electrical time

i ecyar

.

X constant of the recording unit was chosen to bte l‘ﬂsec.

il o
-

e w8y hoy pa G A

\ ITI. RESULTS

4

h a) Li~th Absorption of 4,0

ha

Y -v %3 extremely conducive to tie success ¢i these investi-

p:

4

% zaticns that nitrous oxide exi.ibits as unexpectedly igh increase

. of light absorption with s i.creace in temperature. Literature
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dzta of extinction values in the weve-length intverval from )
Q . N . . ,
2100 9 o 2600 & (continuvous avsorption, ref. 27) a%t roon

temperature did not furnish much hope that photoelectric

e “an 3 i . . Y -3 3 OF vict w b .
cechniques night be useful in this inctarce. Fig. 7a,b and

rption traces. The

ct
ry
o
o
I
3
O
L1

€a, b show oscilloscope recoxd: of
tase .line results from the phetocurrent of the full intensity

57 <he incident lisht (applied arter each experiment). The first

step of the absorption truce, clenrly diccernadle only for wave

lencths A< 2300 & occured as the incident sinck front passed by.

As the reiflected wave crossed the recording light bveam, strong P

absorpticn anpeszred with subsequent decomposition of 1 NEO at

i ¥ bsorption signals (occasionally
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up to 10 u"ec), indicatiag curvature and tilt of the shock fronts,
the decomposition of ¥ _O nrocecled so siowly at temperatures

valuation of the initial absorption

[¢/]
()
¥
(9]
(&)
ot
[0
O
;‘J

beiow 1800 °X that -

was possidble. Fig. 9 shows tul.o derived extinction coefficients in

dependence upon computed temwveraturec. Tor the monochromator the

following slit widthc were used ot the various wave lengths in-

volving the dispersion values given below:

) M (2] 2200  225C 2300 2400 2500 2600

o
= § fam) 0.5 0.3 0.2 0.18 0.16  0.12

-l‘

o dVas [Bfam] 22 24 27 31 37 e

. %
Al

¥
— P A

spersion of the monochromator and the widening

e

The increasing d

-

i
a

of the slit (in order to make up for the decrease in both the

D =
. ,,\,x
-4

sensiv.ty of the photomultipiier and the intensity of the light

-~

source) largely compensate each other, such that the spectral band
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Records of Absorption behind Shock Waves with N0
Fig. 7 ~ Fig. 8

. -
a) U=0,958  1,55% N20 »=2400A

o) U= 0,67 o0 1.95%M,0 X— 23005

—2=0,531 §5=9,610

_amole
3’5_0532 95=5210 T3 loZh7V

FI755%  k=gi0%sec™] s,xgzro5mo/e [=~2080°%K k=15 10%sec”]

B U=0876 15" 192% N0 h=22504 b) U,=0,955 1,5% N,0  A=22504 )

Us _ - -7mole U5_ ~7mole , .

5‘0,553 %5 = =88- 70 cm3 I,=20V (? 0553 g =52.10° 31 L6V
_ ° _ 5 cm ~ °

§° 1758°K 55)(_3,0.]0 ole 7’5 2070 °K :1
sweep 200/u. sec/cm). 0,5 V/em sweep 100/“ sec/cm,. 0,5V/em .

Records of Emission during NpO Pyrolysis

S - - ' AN .
¢cs hutf-widthof the first stage 200msec ¢ ) halt-width of the first stage 60/4.,. sec

1,8 % NyO 1,8% N,0

sweep Qoolusec /¢ m, 02 V/em
29
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width is of the same megnitude thrsurhout the wave-length

3

2
)

s
+
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o

In jeneral, data Irom irncident ond reflected shocks match

satisfactorily. lo systematic &ependence upon pressure or con-
centration could be detected,

In £ig.10 the averaged extinction coefficients have been re-
plotted versus wave length in order to illustrate the broadening
of the whole absorption band with increasing temperature.

-~y

b) Lisht Absorption of o

A% wavelenzths around 2250 3, the abscrption trace does not

fzll back to the zero line, as illustrated particularly by

fig: 8 b, Since some bands of the y-system of NO are situated

in this region (0,0 end 1,1 troergsition) the persiziing sbsorption
might be caused by the reiction product NO (the fail-off in

fig. 7b is provably causcd dy cooling and expansion waves, the
effect of which is shown tecause of the slow sweep speed of
200/usec/cm). Data abtout the kinetics of the IIC decomposition
behind shock waves .(ref. 28) suggsest that the ratz determining
reaction 2 NO— N, + Oy, with X = 4,8.1023.177/2 oy (-85 500/RT)
cma/mole-sec would involve a hnalf-life of NO not shorter than
0.1 sec below 20CC °K, as soecn &s N20 has disappeared. Hence,

the reaction product can be concidered as practically stable
behind these reflected shock vaves, even thou h the equilibrium

vr

proportion of NG at 2060 %X iz nov more than 1 mole% of the sum

DS

of ¥, and O,. The concentration ol U0 appearing at the end of
the N20 cecomposition con ve determined Lfrom the remaining
avsorotion at this point if the extinction coefficients of

0 are knows. This will also provide knowledge of
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tre stoichiometry and of the enthalpy of the H2O decomposition.

Then the exact reaction conditions are accessible to computations,

and investigations can be extended to appreciably higher tempe-
tures. Experiments for the quantitative determination of the

light absorption by nitrous oxide at hizh temperatures are in

PR Tt T e T T T SRS DN ST T e T
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¢) Initial Decomposition Zates of RN

3

¥

Since the over-all heat of the NQO reaction is still unknown under ;
F)
thece conditions, it wouid be premature to evaluate the whole K
of the absorption trace from kinetic aspects. The initial rate s
¥
of deconposition, however, will not ve aftected by thermal %
sclf-acceleration. The major cteps in the thermal decomposition of g
X
this cuasi-uninmolecular reaction are generally believed to be &
. . . . i
{zzf. 21, 24, hot atoms ac suggested in ref. 20.will be in- £
signiricant with an excess of inert gas): [
I
(1) N,0— N, + O Z
\ o "“.
(2) + 20-——> 12 + 02 -
(2*) 0 + 20-—» 2 NC :
i s L
(3) WO+ N,0 =¥, + N0,  kj = 2.5:107%exp(-50 100/RT)en’/mce-
< sec o
(ref.29) £
h " \[ . w 3
- 16, & 2 A
(3) M+ 0+ NO-—»NO2 + N k5=(2 to 4)+10 “cm”/mole“.sec &
(ref. 26) v
1"5 v "‘.
(5") 0 + NO— XO 2—...0,,+ hy ;
(6) M+ 0+0— 0yt k:=2-10"7 -1 en®/moza.sec L
(ref. %0,31) P
AN
No other rate constante then k,, k5 and k6 are known with any cer- ¥
. . . - S
tainty. .ome further thermal cdecomposition steps of "2 (ref.32) e
%
2
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are irrelevant for the consideration of the initial reaction
rate ¢’ K2C. The radiative recomdination of KO and 0(5')
forning NO2 was estimated vo account for only a smzll fraction

(ezout ﬂC'a) of the termolecular reaction (ref. 21).

For the disapnearance of N2O, the rollowing rate exprecsion re-

ts

b=

[ohd
~ A

- a[N,0] /dt = X, [I\'eC; + (k+ X3) [N2o}-fo] + ka[NZO] [X0] +k, N0 2)

In eveluating initial rates, it is sufficient to assume that [Ol
[x0] ana [NOél, as well as additional terms which account for

thermsl seli-acceleration, incrsase linearly with time:

-d 1in [NZU'S/ dt ek, +ot

1

=

he oscilloscope recordr {such as fig. 7a and 7b) were *smoothed
~ [
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Aln~m201per time At in the various reaction stages, one was able

vo extrapolate to the point t = O, the beginning of the reaction,

thus obtaining tlhe firct order rate constant kl, which is assigned

to the unimolecular decomposition of N,0. lecause of the slow rise

Tize of the absorption signals, conditions at the start of the

reaction were somewhat obscured in the records., Fig. ll, however,

is a typical extrapolation plot for kl’ which illustrates that .
this procedure will ot he compromised by too large an error.

There is a monotonous increase of the formal first-order rate

-

constant with time up to the voint where the evaluation of

Y

the oscilloscore records becomes impossible because of too

low atsorption values.
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At the initicl stuges of the reactions, different total pressures
will ¢ Z72ct only the collisional activation of the unimolecular
reaction step. Comparison of results from low and high pressure

experinents disclose that the unimolecular decomposition of N20

B

10.81

<, = 10 exp(-60 C00/RT) sec™t

log kl
bec™

2ob [
0 total density (O.4bi0.04)-10—4mole/cmF
1.8 + 0.14 mole? ¥20 in Ar
.. total density (L.52 «+ 0.02)-10'4mole/cm3
& ¥
0.84 + 0.02 moled N20 in Ar

N R R R N
2.0 |

J.56 0.58 0.60 0,452 0.64 .56 0.68
1/7.10° [%K]

Fig. 12. Arrhenius Plot of the Initial First-Order Rate Constants

in the ¥Pyrolysis of N2O.
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is ctrictly rozuliled in this temperature range by bimolecular

.

cetivaetion, viz. it is close to its low-pressure limit. The
activation energy of 60 kcal/mole is still comparatively high as

conpared to the literature value

L33

o

h range down to 50 kcal/mole.

.
Vi

This is contradictory to thic predictionz of unimolecular rate

theory, which requires a fzli-off of the activation energy as

the low-pressure limit is approached (ref. 33). Implications
of the dissociation of ¥

320 via forbicéden triplet states, however,

account. for the exceptionul behzavior of this compound and have been
discussed in the literature (ref. 18, 2C).

Extension of these experiments To hirsaer btemperatures might

furtier confirm these data. issessmont of the sigrificeance of

various secondary reactione will dbe possible, when we know to

s
th

vhat desree e lieat of the

reaction:

N

-0
5 AX

O—~>N2

+ 1/2 0, - 19.46 kcal/hole (300 °X) is compen-

+h

Pl

ted by

ca the endothernic choracter of the competing deconposition
mode
N,0—1/2 B, + O AE® = & 2.12 keal/mole (300 °K).

effect of thermal self-accel

le]
-

ration might possibly even

outweigh the catelytic acceleration of the reaction by intermediate

prcducts .nder the present experimental conditions.
d) Spectroscopic Ohservebi:.. in *aiussion

w o~
Ne o

Other rkx has irdficeted & Trpiccl cheniluminescence assigned to

reaction (5') of nitric oxide wi.” owygen atoms (ref. 21,34).

The ~_cx is reported to aprear as 2 continuous spectrum extending
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com about 45C0 to 65C0C 8. Several experiments were nade to ob-

i,

serve the magnitude of this chemiluminescence and its dependence
upon time and temperciure during the decomposition of N20 behind
reflected shock waves. Zven thouzh this phenomenon has been ob-
served before during the deconmposition of N20, it was not certain

S all, whether it would also appear with an evcess of Ar, be-

[&]

cause ciced gases were chown to reduce the glow intensity
appreciably (ref. 21).

A 2 mm wide section of the window at the lower erd of the
shock tube was imaged onto a RCA 931 A photomultiplier, the
light passing on its way through SCHOTT interference filters
(cype A1, Kmax 5620 R, max. trensmission 64 %, spectral half-
width 200 ﬁ, and anothexr one with kmax.= 4090 3, max. trans-
nission 51 %). With the 4050 2 filter, scarcely any vertical
daflection of the oscilloscope trace was recorded. With the

20 § filter, however, oscillograms of the kird reproduced in

ig. 7c and 8c were obtained. The shock speeds, concentrations

vy

end partial dersities of Nao in fig.7¢ and 8c correspond close-
ly to the values given in the legends of fig., 7a, b and 8a, b,
respe. The emission signals ore composed of two parts: a larger
stage which commences with the arrival of the reflected shock

and the half-period of which (2C0 and 60 msec, resp.) coincides
/k ’

eoproximately with the helf-lives of N,0 (220 and 40 mwsec,resp.);
2 J8¢€¢s

3 moreover, there is a more pexrsisting out lower lminescence
& which fades uniformly sauxe BOOflsec after the passage of the re-
v N - s .
b flccted shock, probably explainable by cooling effects. The rise
" !
"
g tine of the former signal is strongly dependent on temperature.
b - 0. . . s s
. At 1780 K (fig. 70), it takes some 100/&360 to attain its full
J
N
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height; at 2080 °X (fig. 8c), the rise time amounts only to
QO/usec (time resolution in these experiments approximately
4/ssec). Wave length dependence and simultaneity of this glow
with the reaction-are strong evidence for its being cauced

by radiative recombination of LNO + O-?NOZ-» N02 + hv. Con-
sequenrtly, the emission intensity should be ziven by

I-= ké(NO) (0), and it might be used to trace the change in the
product of the coacentrations [NO)and [O). Under the present

conditions, however, ample self-absorption seems to take place

Lo Y Laliis TPl P oo b ' 2l T aiC ol e e o gt ] ol b N e D L i e Ay

4

becouse the megnitudes of .the emission signals are determined

-

neither by the initial ﬁao concentration nor by the reaction rate.

Sp—"
e i

gl

P

Thece cursory emission cstvudies are relevaat to this investigation

i

™

ol the k20 decompositicn in so far as the observed risdé time to

it
trne peak intensities indicates that there is a slow buiid-up of g
the NC &nd O concentraticnse, followed by a decrecse in either g
orne of thenm or both. Ilience there is a reaction period during ;

-

which oxygen atoms probeably excced by far their cquilibrium
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Purther work to investigute the pyrolysis of the oxidizer Néo

at high temperatures is in process.

e P et S B

D. ©he Thermal Bacomnosnition of Evdrozine in Melium
vetween 1400 °K zrd 1550 Ok

. n.
A T

te
I, PRCBLEM by
?

4

investigations of the therual decomposition of hydrezine behind %}
o

shock waves, using Ar as . carrier as, have indiceted that the f‘
(s

. . . AN . bl
decomposition vrocecs is roverned Uy a non-branching chain &~
rechanicn et partinl dersivie: of hydrazine of 20.1¢78 mole/'cm5 >
|8

S

S s Iy Ovv g "~.
andé in the temperature ronge from 1100 to 1400 °K (ref. & and 7). B
i
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Dependence of the half-lives upon temperature, concentration and
pressure could satisfactorily be accounted for by a set of four
reasonable rate constantes for the elementary reactions, the
rate determining steps being the chain initiation:

. 14 -60 000/RT -1
\2P4 — 2 NHé klﬁiqo e sec
and a propagation reaction

=12 000/RT ;3 /01e-sec

- 13
hAg
R, + N2P — ’\TH3 + N2 {3 k2~’10 .€
The temperature dependence of kl and ke given above allows

extrapolation to & region between 1400 %% and 1500 %K. Vihen

-8

= 20.10 mole/cmav on may calculate on the basis of an

¥s
approximate relationship between half-life and these rate con~
stants (ref. 7) that the apparent energy of activation obtained
from half-life measurements and the activation energy of the
unimoliecular initiation step :should not differ by more than 5 %

in trhe temperature region above 1400 k.

II. PROVIZIONS FOR EXTENRDING INVESTIGATICNS ‘PO SHCRTER REACTICN TIMES
Frevious measurements of hydrazine decomposition in Ar were confined
for reaction times longer thaa ca. 15/Asec. Close to the shock front
absorption signals were strongly distorted by schlieren-effects.

The rise time of the signals upon shock passage amounted to as

much as S}Lsec. To account for these effects, some correction proce-
dure has already been given (ref. 6). But the corrections were
sometimes of the magnitude of the measured quantity itself. Hence,
ro reliable kinetic informition could be expected about hydrazine

at temperaztures higher then 14CC °K, where the half-life of the

decomposition lies around 15/psec.

The relizbility of thece measurcments can not ve improved unless
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one is able to reduce the extent of the schlieren-effect and

to account properly for the shock-front curvature. This can

[0)

largely be achieved by using le es a carrier gas. For the same
oressure gradient:s, the schlieren-~cffect in He is about eight
times smaller than in Ar (refractive index of He n -1+O.36'10'4,

of irn = 1+2.81-1O-4; cf. e.g. rer. 41).

In the absence of schliercn-effects, the rise time of the ab-
sorption signals upon shock passace derends upon shock speed
and chock-frent curvature (defined as the distance along the
center line from the shock front to the plane formed by the
intsrsection of the shock front and the shock-cube walls).
Since the gases behind rerlectsd shecks are guiescent, a faster

wice time of the absorption signal also entails an improverent

in time resolution. The rise time was determined to only a small

LA R et Eracst st Foclraaiay canay B3 JRGEL ot S A i R e e e et S 2l s au B A AR S it ahC e

extent by the effective width of the UV beam, which was 0.5 mm E

in trhese experiments (for its experimerntal determination see %

ref. 61). Hence, the attainable time resolution would have been §

l‘ﬁsec with Ar as carrier s2s and O, 35/#sec with He (the average E
reflected shock speeds were 470 m/sec and 1400 m/sec, resp.; i

the electrical time constant of the récordiag unit was chosen ﬁ

as ca. O.S/Lsec). é

N

The oscilloscope recordes in Fig. 13 show passage of the incident %

and of the rerlected shock in Ar (fig. 13%a, K = 2.46, U, =7% m/sec, %

C.30 % Ny, Tg = 1500 °k, T4 /o= 4 psec; for denotration and experi-

mental details see ref. 6 and 7) ond in He (fig. 13b, M = 2.46, b

u, =2 453 m/sec, 0,49 % Neﬁu, fs = 1500 °K, Th/E = S/xsec). %

A strong schlieren spike vnrecedes the absorption increase across ;j

the incident shock in Ar., In the case of lle, the schlieren effect %
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Pt
n

nepgligivle as compared Vo the size of the abcorption signal.

In fig. 13a the rise vime of zbsorpiion ncross the reflected shock
front iS'S/Lsec, in fig, 13b it amounts only to 5/usec. This

slow rise time mignt be caused by the tilting of the shock surface
relative to the UV beem or by shock-front curvature. Tilting would
have manifested itself by random scattering of the experimental

rise times. Since the experimental points show comparitively little
fluctuatvion, shock curvature is more likely the rnroper explanation.
The sghock-iront curvature, as defined above, would smount to

2.4 mm for Ar and 4.2 mm for'ille. As in LIK and FYFE'S findings for

5]

hock-froant curvatures of incident shock waves, 1t does not seem

to depend noticeaoly upon the shock speed (ref. 42 and 43).

Thus, the advantage of ucing lle as & carrier gas is that the
range of experiments can be extended to faster reaction rates.
‘Aosence of disturbing schiicren erfects makes it possible to
account for the displacement in tine scale by the shock--front
curvature when the reaction periods are comparatvlie in length with

the rise time of the absorption signal.

For vhe purpose of this evaluation, a simplified model of the

roflected shock surface has ‘beenu ussumed (a more rigorous treab-

ment ¢of the curvavure of the acident shock w

-

<

as given i ref. 43),
Cooling which regults rrom the rorzayioz of z2n eventually turbulent
boundary layer in the wake of the incident shock before it inter-

acted with the rerlected wuve, ag viell as bifurcation patterns and

&4

3
aul

W

(o]

chlicren erfects were ignored (cf. ref. 7). Whis was justified
in the cuse of ile. The bulging back of the reflected shock surface
gpproximated by «n isosceles trisngle, its height being

ccuated with the experimentel- shieck curvature of 4.2 mm, viz. 5/usec
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in time scale (fig. 14). For the sake of simplicity, the concen~
tration of hydrazine i: assumed to decrease linearly with time

from the start of +he reaction to its half-period (viz. no in=-

duction period):

/95w - f;'5 t
1/2
(¢ = instantaneous value of the partial density of N,H,,
5 = initial value behind reflected shock; reaction time ¢

znd nalf-life Z1/2 both in/usec).
A ',' ] /

Sy |_L1lises of eqqual hrdrazine
pronagation of > ncent ion
. ;———-——-)‘ - fx = 52 mm Sl ’cgt‘ock-gic&nz curvature of
reflected Shock SRR AU .
A2 mn

Pig. 14
The¢ relative density of hydrazine elong the path of the

UV beam is then

/95 =1 - 22— [ o4 50 %]

! 1/2
3 t is the time counted from the cenver of the shock front or in
A
b the oscilloscope records from She point of maximum absorption;

{
5 x is the distance from the wall (because of symmetry, this is
3
ﬁ taken only %o the meddle of the tubdc). Then the apparent degree
X . . . v . . .
9 of reaction is obtained by irnvegration and normalization
! with half of the optical path enath (16 mm):
3
N 16

. % 1 ~ C.5 .

' 1~ S ! Qp 4x = 24— 1.
:r‘. = Te 5 §/ Vg @ ?._1 (t + 1.5)
4 /2
X It is obvious that the point o¢f maximum absorption, where
(v t = 0, does not any longer refiect the absorption of hydrazine
&
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prior to the reaction, as it did in the studies made in the tempera-

ture range from 1100 %k %o 1300 °%.

Then the induction period of the reaction was ‘appreciably longer
than the rise time of the absorption across the reflected shock.
Now even at t = O, the apparent degree of reaction appears to

e §=28.8 % for T, , = 2.6 psec and §= 7.5 % for T, 5 = 10 ssec.
The initial absorption behind the reflected shock cannot any
longer serve as the basis for kinetic evaluation of the oscillograms.
Instead of this, the exact concentration of hydrazine was derived
from the step in the absorption trace, where the incident shock
passed by, utilizing the known shock parameters for incident and
reflected waves. e theorctical absorption behind the reflected
wave prior to reaction could be computed then by extrapolating the
curve for the temperature dependence of extinction coefficients to

values beyond 1350 °k (fig. 15).

In practically all experiments with He as carrier gas, the
difference between theoretical and measured extinction at the ab-
sorption maximum was egual to the apparent degree of reaction 3 N
evaluated by means of the above expression at t = O. This shows
that the simplified nmodel of the shock surface was a good
approximation for the reduction cof the present data. The quantity
used to characterize the decomposition rate of hydrazine was the

half-life za/g- The apparent half-life T}/a‘ was the time inter-

vg} between the absorption maximum (t = O0) and the point where the

measured absorption amounted to the apparent degree of reaction

- g e e

§ = 1/2. From the expression given above, one derives then the
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relation between'tq/e and '51/2 :

Tijo = G/ + 1.5 pisec.

Hence, the displacement caused by the shock-front curvature
corresponds to approximately half of the time interval necessary

for the absorption signal to rise to its maxinmum value. The

absorption at the point where 3: 1/2 wes obtained by back-
calculation from the meassured abscrption behind the incident shock,
using the known shock parameters and the extrapolated curve of the

temperature dependence of the extinction coefficients.

Contrary to conditions at temperatures below 13C0 OK, the absorption
of ammonia appearing as a decomposition product of hydrazine could
not be disresmarded ia these experiments. Assuming the stoicﬁiometry
of the reacticn {0 bve N2}%3~—>NH3+1/2N2 + 1/2 H, and using the

known extination coefficients of NH5 (ref. 7, 15), it was found that,
as ha'l of the hydrazine had decomposed, the extinction of I\?H3
amounted to approximately 10 % of the extinction of hydrazine. This

v

was accounted for in the present evaluation.

Parameters of the ircident and rafleccted shock waves were cdculated
as outlined in ref. 7. for lie and %r contcining 0.2, 0.3 and

C.5 % NEH . The anzeleration of the reflected shock wave by the
heat evolved during the reaction, was accounted for by assuming

%

ne ¢

1

se of stationary reactive flow, this having been shovn to

(4]

be ad £ tke reaction goes to completion within less than

1§

quat

(¢
r

BO/Asec (rer. 7). Moreover, the correction for non-isothermal
character ATe was added to the computed shock-front temperature.

st o= 2.5, ATe was 1.50, 2.50 and %.7 oc for carrier gases
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conteining 0.2 %, 0.3 % and 0.5 % '>H,, respectively (also
Zor the case of stationary rcactive flow, ATe depends somewhat

upon the flow velocity of the gas).

In evaluating the extinction coefficients behind the incident shock,

the initial absorption of hydrazine was always considered.

III. RESULTS

A new shock tube having the same dimensions as the one described
previously was used. The aluminum walls, however, had not been
eloxized. Thus, it was necessary to check whether this in any way
promoted the heterogeneous decomposition of hydrazine under the
present conditionc. The extinction coefficients measured benrind the
incident shock and reproduced in fig. 15 demonstrate that.this was
not the case. Nonetheless, in order to obtain this result, the
shock tube had to be flushed with the reactant gases under the
.nitial pressure of an experiment for the same lenght of time as

in previous experiments. Under these circumstances, hydrazine seems
to be adsorbed by untreated, aluminum to approximately the same
éegree as by eloxized aluminum. The extinction coefficients

measured in He up to tenmperatures of 830 °k confirm those obtained

previously with Ar as a carrier gas.

i The half-lives of the reactions in He and in Ar are the same
(fig. 16). Thus, within the accuracy of these experiments, the
decay of hydrazine above 3% atm. seems to be independent of the
nature of the inert gas and of the total pressure. Due to the
greater difficulties in the rcduction of data at faster reaction

rates, the scattering of the points is more pronounced than in
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the experiments reported previously. At temperatures sbove

400 °K, no systematic relationship between half-lives and the
partial density of hydrazine is detectable. The straight line
in. fig. 16 corresponds to an zpparent energy of activation of
40 kcal/mole and was extended to temperatures of 1550 °x from
voints obtained previously in the interval from 110C OK to

1400 °X, The half-lives of the decomposition rates which are
supposedly governed to a larger extent by the unimolecular
reection exhibit an activation energy which does not seem to ve
different from thzt in the temperature range where the chain re-

action has an appreciable share in the overall reaction rate.

1V, DISCUSSION

Despite the strong scattering, the points in fig. 16 clearly
indicate that the apparent activation energy characterizing the
decomposition of hydrazine above 14CO %k is not appreciably
different from 40 kcal/mole. This result is surprising in that
it has been shown that the chain reaction does not contridute
much to the overall decomposition at these partial densities of
hydrazine. Hence, this energy of activation will largely be
ascribed to the unimolecular fission of the N-N bond. If E=60
kcal/mole is assumed to be the correct value for the critical
energy of the N-N bond fission (rei. 44), then a decrement of
about 20 kcal/mole would not agree with predictions of current
theories dealing with unimolecular reactions.

SLATER'S vheory (ref. 33) aliows for a difference tzTv.2en measured

activation energy and critvical tond energy at low pre.sures
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¢f as nuch es

AE = B ks (8) < 17 ¥cal/mole at 1450 %K,

vhere n denotes the nunber of eifective modes of vibration

(in hydrazine n = 12) and An(e) a factor which depends upon

-~

fotal precsure znd varies between O {at the high prezsure limit)

P 2 T e Lt D

and 1 (a2t the low pressure limit). &, the parameter proportional

7

ct

0 pressure, is

W 5 (n-1)/2
6= --.--2_.f .
v oA RT

where ® represents the collision frequency, ¥V a mean vibrational

frequency aend fq a factor which, wher n = 12, is about 7 (ref.33).

-

B T P o= s e S LU PR

Tor the conditions of the present experiments, one calculates

ber)
.

7ith © = 60 kcal/mole and 7T

)

i

1450 °K 6 = 105, whence follows

CeE s Se e

Aq ()~ 0.2 (ref. 33, p. 185) and AE ~ 3.5 kcal/mole. Thus, the

cpvarsat energy of activation should be fairly close to the
high pressure value.  In fact, the experimental result that the
reacvion is independent of pressure and tha¢ there are no inert

gas errcets would contradict the usual expectations for the be-

:
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,
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J
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K3
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i
;
X
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i
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naviour of a unimolecular reaction at its low pressure limit.

SLATER'S theory does not expiain the discrepancy of 20 kcal/mocle.

KASSEL'S model allows for a larger difference between apparent

=

activation energy ané criticel energy at low pressures g

o

AE = n kT &, (¥) <34 keal/mole. o

L

But even this interpretation is suitable only if the reaction o

=

] condivions are ..uch that « definite decline of the first-order .
? rate constant with pressure vakes place. %
h’.‘

i....
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It is curious that the bond dissociation energy given by

-

SZUARC (ref. 44) was obiained as the activation energy of the

bond fission reactvion at precsures .around 10 mm, which is

M

lower by a factor of 4.1077 than the pressures pravailing in
the present experiments. Thus, despite the higher temperature,
these present siack tube investipations should have furnished
an apparent energy of activation closer to the high-pressure

value than CZVARC'S data.

The unexpected result that the activation erersy does not

chdrnoe appreciadbly with temperature hes to be examined more

¢

lonely. To obtain more conridance in these shock-tube data,
it is. necersaxy %o reduce the extent of deviations from ideal
sheck behaviour. This might be achieved by using a shock tube

.

oI a larger diemeter.

L. Descrivncion of a ot . hock Tude

T. I=wxCUUCYION
~sucies ol the pyrolysis of .uycruzine, amionia znd nitrous oxide
{cf. sections C and D) in & sguare chock tubdbe, 3.2 cm on the

by

inside, had revealed certei.. liwivations in doth the range of ex-

u

results., Due

e

porinental possibilitacs and tre reliabvility of she
1

To the relatively tlhack soundary Lerer, apprecisolc desviations

(el

PRl

from iceal shock vehavior .vpr:oan:d, such as attenucstion of the

ey
P

iy

2]

o

O

(&)

)

”

&)

veed, cooling erfects to .n exvent which could not be

1
"

PRI

ignored as well as & deix.ite curvature in tne shociz surface.

-

Even trough the deviations from idecl oehavior of the reflected

PR
P e S T U
PR g8

et A R A

A 7

sacck, when interacting viti. na «ttenuated gas flow dbehind the

I
.
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g, A e Skt

incié.at vave, and also the cooling effects could be accounted

for semiquantitatively, the shock-front curvature involved a loss
‘time resolution and prevented .the spectrophotometric registration
of the concentration just behind the shock front at fast reaction
ratves. The optical path lensth of 3.2cm imposed a lower limit upon
the concentrations of hydrazine, thece being high enough then to

~
Q r

e

vroduce naterial changes in the ¢k conditions due to the heat
evolved and the increase in the number of particles during the
reaction. It was necessary to apply corrections and the evaluation
of the data was not without complications. Besides that, one

cannot rule out that certain uncontrolled factors complicate the
hydrodynanmics of gas flowing through a pipe of square cross~cection.
In view of this, it seems odbligatory tvo show that previous results

were independent of the peculiarities of the technigque.

So, a new shock tube was constructed which allows measurements for
which these disturbing effects are greatly reduced, In particular,
it was necessary to choose a larger cross-section for the tube.
II. CALCULATION OF THE SHOCK~TUBLE DIiEKSIONS

It appears that a round aluminum shock tube with 10 cm internal
diameter provides a consicderadble inprovement and comparatively

clean-cut flow conditions. The dimensions of the high and low
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pressure parts were desipgned according to empirical rules kﬁ-
. e R . Ky
concerning the path length for stabilization of a shock wave Y
~ - i N 5 . . . . 2y

(ref. 45, 46) and accordinr to the desired ovservation time of i
the reactions after snock ».flecction. ior the most part, experi- g
A
. . A " . X S A
rénts with large excess of . are wvianned and the tube dimensions N
LY oA
3 ’ . L) \-“\.
were calculated for this purpose. ur.c prospective Mach number LR
e
53 e
RN
,\_'x'\
s
Ly
I T S N S R O N N S U BN RN S O L X IRY CRP R IR L S I O L N T Yok >
R CA D T T N Sy R G A Al o U o S A S S A ﬂ\%\\\‘\r\ b
S T S R O e S N O T T

p———— P —



ar--"-—-\

7000 L
tgullﬁo psec

cl(Ar, 1057 %K) = 9.99 mz/usec

N ]
ub-O 40 ma/psec

\L---_-.
caoo b +c(nr, 625 °K) = 0.88 mm/nsec
LRIV -
vy -0 64 mm/g
5000 -
AT T A

el4r, 279> °K)

/\0 ¢8 um/usec
7\

b- 0.60 nm/psec

wre(liz, 265 %K) = 1.66 =m/psec

M o= 3,79 {dashed lines) in Ar.
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range is 2.2. <l < 3.7, corrcaponding to initial shock speids
through Ar of 0.7 mm//psec <uy < 1.2 mm//xsec. In the lower
Mach nunbver range, the: observation time nsar the reflecting
viate is limited by the arrival of the expansion waves from the
hizh pressure part. In the hither range of lach numbers it is the

interaction of reflected chock and contact zsurface (since in

-

ceneral, the acoustic impedances of driver and test =z3zs are rot
natched), which sets an end to well-cefined reaction conditicns
ncar the observation window (fiz. 17). Because of cooling effects,

it is not meanin to permit resction veriods muca longer than

about 1 msec benind reflected shock waves.

Fig. 17 shows the wave dizgranm for the described shock tube,
consisting of a high-pressure section of 2.80 m lensth and a
4,20 n long low-pressurce .art. Conditions for initial iiach

aumoers i = 2.18 andé i

3,75 with initial speeds u; =

0.7 mm/ jrsec and 1.2 mm// sec, resp., have been illustrated. A

[ 0]

hock attenuation of 2 %/m has bheen assumed. Then for the above

®

xXar

v3

les the effective llach numbers (ref. 7) near the observation
windew are 2.0 ard 3.44, resp., on the basis of which the reflected
shock speceds were calculated. Because the exact computetion of the
valocity scross the expansion fan (the corresponding flow con-
iitions are not skowa in figz. 17) is laborious, we took the speed
of the first exvansion signal from the point of reflection at the
end of the driver zection to the interaction with the contack
surface as being uvnifovnly the ma ximum speed, which is the sum of
the sound velocity througpl exnancan nhydrogen ¢ (HZ, 263 °K) and

the flow velocity w. In the 1est sIfect, this gives a lower limit

for the iength of the useful obdbservation period behiné the
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reflected chock. Beyond the contact curface, the first expansion
signzl travels at the sound sveed of the Ar gas, which is heated
by -l:ock compression, suvperimposed to the flow velocity w.

Varicus investigaticns by other werkers (ref. 47, 438) have indi-

:ted that the contact surface, deupite deceleration of the

(]
e

b=

shock front, moves at an 2lmost conobtant cpeed which is determined

expansion signal finally

ct

by the initial shock velccity. The firs
enters the quiescent Fas behiné the reflected shock end changes
the conditions at the ocbasrvation windows.

In the case of faster sheck waves, it is not the expansion fan bvut
the wave produczd by rerfraction of the reflected shicck at the

s

interface which disturbves the ovrervetion. The chock tute was

dirensioned so that an obhcarvation time of at least 41 msec is

poscible throughout the projected range of Liach numbers..

It wus calculated (ref. 497 that the aluminunm tube with a wall
thickress of 10 mm would withstund 170 atm. under static conditions.
Becouse of shocx stress, it s cuitable to admit shock waves which
produce only half of this value, viz. 55 atm. behind the reflected
shock. Steel flanges were screwed cato the eluminum pipe. ‘fhe

Tlazage thicknesses and ser.w threuls were designed to conform with
these strecc requircenonts. The muin

of thisg sitren th lie in the instability of tre building.

Zrevious exerinente had shown thet the bzohavior of untreated
sluninum is not any diffcrent trnee %that of eloxized sluminum in

oatact with hydrczine an fur ve eutulytic decompc..ision or ad-

—a

[¢]

sorption is concerncd (sce p.47). lence, this tube a5 not been

ubject vo an elowization procase.

4]
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III. ACCECSCRIES

Two asmaciel valves were constructed which permit an adequate
rate for pumping and gas intsve, resp. and which, at the same
time, close tightly to withsiand the precsures behind the shock
wvavesS o Another reguirement was that they would consist -of inert
materials, such as aluminum and P :flon in order to preclude any
catalytic coffect -upon the hetesroroneous decomposition of

hydrazine.

Pig. 20 shows the pumping valve. Its internal diameter when opened
iz not less than 18 mm so that the tute can be evacuated rapidly.
Wnon clocad, the plunger is flush with the internel walls of th

siingk ube. The seul is provided Yy a Teflon U~ring and proved

- B <
~

ct
o
o
o
o
(o4

fliciently vacuum tich

ct

.ny leeck possibtilities from the
atmocphere have been excluded by using tombac bellows to connect

the screw haandle with the plunger.

Use of tombac Dellows is not permiccible for connecting the movable
arts of tre inlet valve with the outride, since N2}E4 rzact

2 2 40 13 )’ o
spontansously with copper alloys. A Yofidon diophrapm fu

[0}
o

3
(O]

L)

ils the

}-J
(0]

same purpose and was €hovn o be hormesicelly scaleld when fixed

1
in the way illustrated in fip. 21. 111 metal partsc waich come into
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contact with hydrazine arc made ¢f aluminum. L

. s . X . . . By

. A sole.~id-operated needle was instelled in the axis of the tube nis

3 L%

'§ - S . ~ N - . ;’-1 .

. so that the (..phragm could de ruptured by remote control (fig.19). ey

3 i

; The needle which is 4 mm in diametcr, consists of a froat sectin X

. nzde of sn upmaznetic mebtul ruch a4s brass and a rear sectlon made =T

| s

‘ of iron. &m elnciric masnet of ebout 85CC coilz surrounds the {3

4 S

Fz e : o > *.'q'k.‘

frond section. Upcn applicustion of a d. c¢. pulse of about 1 amp. e

) S

1 the iron secilion of the needle is pulled into the mu~snet and the ;_

- L‘\

:;.:L'.
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IV, DROCPECLIVE BYXPERINENTS

~ince devietions from ideazl shock behavior incrcase viith de~
craaring £hock tube Giameter «né decreasing initial pressure of
ti:r test mas, the sdvantaze of thie new tube is clearly that it

is nossible to extend experimonts to lower reaction pressures,
Passibvly P5 < 1 atm. This ri;ht ;;ive inciceations concerning

the sliape of the unimolecuvliur fellil-off in the decomposition ‘of
hydrazine, ammonia and nitrous oxide. Tre relatively smell
shock-front curvature allows tetter time resolution and gives the

r1

R

er

]

opportunity to observe the cecline of concentration at un e
stazse of the resction. iorcover, the loager geometric path length
of the UV beanm makes it poaiusivle to investigate lower concen-

trutions of light cbrording reaciunt pecies in ar, i.e. conditions

unéer which the reactins oysstnam is very close to isotrermal, At

- - o o, - - Y e Y S e =¥ >
tre sawe Jime, it is expected that combination with flash

1y

spactLoscopy, waich allows scunning of the whole spectrum within

o Azac, might yield furvrer inormation about the intermediates
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