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~jAdiabat1c chsnge of state in dlssoclating gases
n,and the method of sound dispersion for the study
' of very rapld homogeneous gas reactions (1).:«

by Gerard Damk%hler

Rapld homogeneous gas reactlons such as. we flnd 1n

Lombustlon presont various specilal. problous, ‘Their solution 1mplies
_-on _one hand the development of new methods- of investigation and on'
the other the improvement of ‘existing ones., Adiabatic changes of .

‘molecular state are used’ in certain methods, They. can be large and

measured- in atmospheres; as earlier mentioned, or very small <of the~-

' order of 1 dyn/sq.cm., as - 1n tho case" of sound waves.‘;

The sound dlsper31on method for tha study of very rapld,—-f~§
homogenoous gas reactions, discovered by W. Nernst (2) over 30 yearsa

ago,, works as follows--—thc test gas, originally in a state ‘of . thermo=-

dynam;cloquilsbrium is subjocted to the repid adiabatic pressure.of
a sound wave;  then we observe -which frequoncies can be followed by
the chemical: reactlons continuously doveloping to maintain the thermo-

‘dynamic equilibrium.  As soon as the limit is reached, both-the sound -
- velocity" and the sound absorptlon vary w1th the: frequency 1n a speolal-

qu' RERE : S T R T
. v : ' 0 » N o ' s . N .\

In tho' adiabatlc cha nge of molecular state of en ideal gas  e1

;"tho pressure p and the: volume V are connected by thc.cquationﬁ“

N

..In non-dlssoclating gases the | exponent m is 1dentlcal w1th tho ratlo 8

= Cy/Cy of the thermal capacities: at constant pressuro, o7 volumo.

In dissociating gasos m is-smaller; = in thoir adiabatic expansion
,”cooling occurs, tho diSsocistion retrocedes, the recombination hest

""is liberated, {.0. tho ‘gas. has internal. sources of heat and its

"~ change approachos the 1so¢herm “for which- tho polytroplc exponent‘n o
: is equal to 1 in the formula pV ‘= const, . _ . :

Flrst we consider the dlfferentisl adiabatic changes & of

‘a given gas volume V, in which n-thormodynamically independent

‘The equllibfium e

ompirical molocular reaction equations can’ develop.
uld correspond:

states must be fully reoached at all moments, which

.to sufflclently low sound froquen01eS.« The followin relatlone must-

obtain . for such a change~ o R

Ll
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v(l) ThlS lecturc is taken from the more detailod study in the’ Zs f. _

'(z’)

“Eleoktrochem, und- angew. phys;kal. Chemle 48 (1942) 62 ~ 82
116, - 131. e I s A

e

See tho dlSSertqtlon of F. noutol (Nefnscschen:storétorium)w
Borlin 1910, - e TR
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Lemstion {07 Tep = F Mgz a0 (8]

'lth Reactlon equatlon f ¢;;;3

lm:xl *c "2(! X (o)

1Mass actlon laws~ s

” o oyt 41=, 6i’,'n‘K s s ()
.l nhe symbols are- » . e : A

'g,V f:volume of the glven gas mass.'

4

4.“_3

_absolute temperature
'total pressure '

gas consxant per mol. e

']lh&vn

”‘,energy of the glven gas mass.‘

L]
u

”é,enthalpy of. same

"thermal capaclty of same at- constant pressure.'ﬁ

"o
u'

.'Njf;.number of type 5 mdlé éonﬁained in V k:‘_iar

. N"'s"t N1 SEREI A

TP type j partlal pressure LT R o
'aW[' e heat of reactlon of" the lth gmp:.rical reactlon (W ) 0 with
e exothermic course of- reactlon from left to rlght) O,

1t

ifo*; equllibrlum constant of emplrical reactlon

,}x{ = chemical symbol of type j molecules | )

{r1/l' absolute value gg st01ch10metr1c fypo j coﬁceutratien'(firstv

a4 et 1n§ex) in the 1% peaction equation (6) (second index); -

Lo it goes from loft to rlght with Eucken's method of notation
EREERI § 1s' : 1 , : ,



v” )0 when molecule species 3 disappears
v1{ < o, ”_[',", SRl AL appears |
v11 ,0 e W ', ",“ o remains unchangod

S u]:'?f,jfx‘f
a0l e
¥ v:mdicates how meny. times the mth empirical roaction
et _"developed from 1eft to r:.ght. R , o

PR

: _we apply the 1dea1 gas law pV : 'E N.r— : and replaco
in aqua’cio 5 and 8 the temporature variation 6 T by the volume R

yvariation é ¥ and finally oliminate quantitilos &Ny ordzy obtain

“ the final equation for the differential adiabatic exponents of o R

dissociatmg gas mixture L , T _ R —

e

e An

~-& p’- jvﬂ“- x.'. . An Bni ‘Man...B \ : ] (9)
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The aborev ations Ag ’ B ms C, in tho two. determinants of equation 9
can be 1mm§qiatoly expressed, once the equilibrium composition of the -

gas and the heat of roactions of theo empirical -molecular rezctions s
~are known., . The first line of cach determinant corresponds to the
~fairst law. (owquation 5), tho n further lines cover the n thermodynamicolly
. independent roactions".‘"‘“If‘"b‘Eﬁa are. absent, the numerator determinant
in equation 9 disappears qnd mn becomos -)( as lS the case/ for a non~-
-dissociating gase i , .
' .| The follow:mg oquations applv' to tho adiabaulc changes :m an
oven, infimitely wide sound Wave.» > o L R
Consorv*t’cion of masoes‘ dN -_- - i (14):.
¢ . . dt’ Lo . [
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~Tho new factors on. the tlme coordlnate 3 are the space ooordlnate X
“(direction of propagation of the sound wave), the--linear flow veloclty
~w.and the density. ¢ . Periodic. positive and negative variations. of —
—all factors we produced in-the sound wave, 1l.e. Wo. can consider the,e
same as real parts of complex perlodlc functlons- . _ ‘
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Its argument

. SR _ gx . ht‘k\f;;:T - ___'-'yx ,f._,};w,; ";1:.5 (21)
L l\\f . - . i . ‘ . B L '._:-,__. S
contalns beside the time space coordinates t° and x also the o 'ﬂf

factors-
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‘s ound frequoncy

f

sound veloclty  e;f-' , -5;";.55!,-_ . f'f" }Q*f_

a

.yg_ dagplng constant of the sound amplltude pcr cm. of

S pa he : IR SN ) )

From the frequency dependence of a and x, Iﬂ{!f~f
N .

F LI iy A

;:i:ﬁﬂﬁ. er'f (22) ,nnd ;;I;: ‘Re fgfl ' m"ff”i(25l¢
wo want to ascertain whether tho chemlcal reaction volocit 08 can
" follow the sound frequency in question. We cow51der the 1 emplrlcal

molocular rcactlon and 1ndlcate by.,_ . }"}: RERE : e

‘H q\its frequency from loft to rlght per unit of tlme and
R volumo at! any momcnt- ; : SR .

S
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;}its frequency from rivht to left per unlt of time and
oy volume at any moment‘ fvf‘ L _ o ,

Py

- . the state of equlllbrium {in. this. case ‘the: state in: the
- medium at rest zmean ‘value of the states 1n the sound
;.fleld) where U( Utb‘ Ut ;

*ﬁits frequency from to rlght and from right to left in

. How of\en per unlt of time—in’ the given gas volume V the 1th
reactlon occurs from left to pnght is expressed by.‘ S ey L

() |

Its Teft hand Side appeared bofere in the ImitTal equatio

14 15 and 18-. woe want to refer its right hand side to the: conversion
frequency Ut in the state of equllibrium. We apply Taylor's 1aws-' '

In __g_lt._‘aant o rainu»; oy =
R (1:+ N B Y SR - (25)
Ny ~
- L ; - ; i T BN
1n 0 :3“5‘"5 §7 4 % Dl gcy =
tn (1 . T, - ) U -Uy o (28)
"" .U{) Sy Ilrs ; ].’,,: S  :‘

In order that the mass actlon lew be fulfllled 1n the point of
equ111br1um proper for roacblon : R

vll‘ Xl + Vzl ‘Xg PR “7lv5} ‘XS + VGI'XS e ¥ W{.rr‘ (é:z‘;ﬁ~~~

' the reactlon velocitles U, and ﬁ' 1n its v1cln1ty must depend on
concentrations. c1 as—followss ~

« X S —J‘ ‘ e o 4 - ” o ' ,“:
S T w el 1c2|"21 l . F(r, 31) FR R )
v-«-ﬂ L e
‘ '-klcsfv5!‘csl"6tl ‘v'."’F(T c.~,) I “(29)
F(T cs) can be any arbltrary functlon of T and cg f Weveapress_ﬂ :
the témperature functlon of the veloclty constan 8 kt and & kl by:‘
Ink L‘fwyw“v l w‘—f' o S
3 h ap (50) anki al - ‘(31)”‘

éT RT? R ¥ T 'ﬁ-'r‘é

, N ‘ .
where qy and qL are the actlvaulon heats OL the 1th forward and
reverse reac?ion, from 25 and 51 we have .

AR Uz - Ul = qL - QLaT o 1 Ll se)

1.e. by means of 32 and 24 wo ean express dZm in eqhations 14 15 and 18
. o - dt v

»
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by the forward or reverse reactlon veloclty Um 1n he poinpﬁof
equlllbrlum and by the differanco of actlvatlon he

can agaln bo expressed by the heat of reagtion Wﬁ.‘ The originally_ﬂmy
-arbitrary ‘function F(T,c:) in (28) and (29) disappears, and our.
further: result is. thus 1gdependent of any: spec1a1 hvpothesa.s on the
klnetlcs of ‘bhe reactions in’ questlon (l). e e

For a sound veloclty'a‘ ’;‘.ﬁror the _ampl:.tude damp:mg cons‘ca-nt' y
per unltaof longth and - for. tho: Tamplitude. damping constant 'y per wave'
1ength ¥, the: Tinal formulae for the evaluation of sound dlspersion

. moauuremen’cs are" I, R ORI S e e R

()
(34)

L

(uI < .moan gramolecular we 1gbt of os). The reai " adn.abatic exponent" \
-*"'and the real "angl;e of phase cp (2) rosult from' SR e

e _Al (Bll + s‘? 11) B"3_2 «7 e :,Byiri'*
b2 B2l o (Bgz +1 @zg) Bop - o
- A anl an’_ Ll '(Bﬁn ¢ ;qnn) 1 (36)
oopev L Al Ag : .x-f.'A'n‘w . .:.a ‘
e ,’vcl (Bl; ¢ 1‘( 11_L312 | Bln
" ,',02 Bgl - (Bzz - :4’22) Bgn

SRy . "Cn Bnl an-- (Bnn & )
With“abbreviagigﬁg. iy A}; s
e | w’ |

(3'7)

Ay= va.. x - 1)

.»j : ﬁMinfvp.:p~ “;. ’““'Q 4;~;.;;.1«“B / ‘

RT . N‘l
SRR S e L el B S

L

me S%@eﬁgﬁﬁ;&“ to the hlthorto ox1st1ng ovaluatlons of sound dlsperslon
? stein, Srbzungsbern.cht d.-4kad,d,Wiss,zu Berlin 1920 380

t0.385; H.O." I\.neser “Ann. d.trhys. A1 (1951) ‘761.: T

) Which. mdlcatos by how much the - pressure ampI‘itude » advances the
S volume or thc densa,ty amplltude AV or .5@ in tho soung wavé. o
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The sound dlspersion method works as. follows : v t
:temperature ‘and pressure: ‘conditions’ ‘the frequency_function of .the -
sound velocity a (or of the amplitude ‘damping constant ¥) is flrst of
all determined. experimentally,  Then correspondlng eurves. are o
calculatod theoretically w1th.equat10ns 33 to040,. assuming certaln
numerical values for.the reaction. velocity Uy in 40, - The theoretical
“curves are. compared With the. experlmental ones.-fThe most corract i
-values- of U; are given: by that thooretical curve: ‘whieh coincides f} T
“throughout’ with thg experimental. ‘oné. —The- -method "is” univoeal, «provzded
‘only one dissociation equilibrium moves in. the sound waves In the~ L
“case of several: dlssociatlon equllibria ----- -the result must be reached
with" certain methods of succe351vo approx:matlon whlch we - ccannot - .
ilscuss here..». 1n f. R e R ,_4__*n*;: ,f-.v

R The sound dispersion method glves fundgmentelly only the i
~forward and reverse velogities of the overall reactions ‘in-the - ..
equilibrium,  The velocitles s of the- elementary roactions, stllI’more
anterestang for klnetics questlons ust be derived secundarlye '

R In order to ‘sce tho Shape of the expected sound dlsporsion

, curve, two cases of ‘high temperaturemdlssoclatlon ara. aoproximately

- ostimated, ‘1,0, that of oxygen and that of carbon dioxido. For[»;;p_
~deta113~end especlally as rcgardc tho “chemical reactlon voloeities

: used see the compIetc report (I) -"f? :

NN

Kt 2 .600° K and 1 atm. in the case of oxygen dlssociatlon
;only ono equlllbrlum must be con31dered -

o 2o 4 o

Part1Q1 pressures obtalned ‘are 902 0 976 and p° = 0 024 e

athe Sound dispersion’ curves are .roproduced 1n Fig. 1la to lc. The
adiabatic exponen§ m, the. sound velocity a and the ‘amplitude: damping
constant y per unit of. longth show.a turning point in the. eritical -
frequency region, in. which the reaction velocity no. longer keaps pace
- with-the sound frequency. Both the: angle of phase ¥ end ‘the amplitude .
damping constant yi referred ‘to . the wavo 1ength 1 reach a maximum
ythere. Tho “Yoft hand-ordinate in Fig, la gives the adiabatic exponcnt-_
whlch in case -of complete equlllbrlum is mpipn/= 1. 187. If the L

.dlssoclation can no ‘longo’r follow. the sound frcqucncy ~exygen behaves ,
as a’ non-dlssoclatlng gas, 1.0e Mpoo = A= op/cv SRR i;%. Although only:
" Ba 47 O‘atoﬁé arc present in tho gas, at any complete oquilibrium. the "
'difference is K - 04087, qmounting to about 75 of the W value. '
The angle of phase Q’Z between pressure and volume ampla.tude fige-le)
;-is always bery small and.reachcs its max:mum 0, 055° aaz radlans in the ’

3 dzsperslon region. D : : e , & ,

.' ' . Two equlllbrla must be con81dered 1n the dlSSOOlathH of o
“jcarbon d10x1de i.o.. , st

: LT 2 coz 4......"""? 2 GO & Oy . Q .  o '-(.42-)"

The dnfferences between the adlabatlc exooncnt m and tho mol heat Q;H
ratio Y are- reproduced in Fig. 2 Tor 2, 000 to 3,200° .Hore—toe tho
véadlabatlc expononts m aro smallor than the va es.. The m3 values'A:

-~

RN N E— ;  ”ﬂ._' S e e e
.(1) e LY o v . B |ﬁ N
| ‘gié f.lgiektrochem. u.‘angcw. physokalo Chemle 48 (1942) 62 - 68



‘uCalqulatdd;negleCtlng;the”secondidiSSQc;ation:équilibrium{(43);d;frera
_only-slightly from the correct m values, i.es &he -oxygon dissoclation -
T p1ays1aﬁsechdafy par%—asﬁcqmpape&gwith,the;002_dissociatiOn-proparsff
. This is alsogmanifest'injthe,soundﬂdispgrsiOn curves ‘of Fig. 3a to°5d.
"They(apply{tO'z;GOOOKTandﬁlfatm;igandfthe partial pressures are .

Dony = 047516, Boo = 0:1628, Poy'= 0:0780 end bq = 000679 atm.

o ;c;»guTwo'different”reabtionﬁvegqcitieslefwereﬁtentatively_gﬁ';7_,
assumed for the fxrstgdissbciatiOﬁ’reabt;gnF(éz).T;The’cOggespond'ng
v,EEFVes{are’markedulrapd{II;ngnly?in_gurve;II;of,Fig;Sa'doéé‘agwéak 7
»'point}oﬁ;inflexionﬁappearfatﬁabbutﬁlq 1Hertz;Ecorresponding;tq;the.;;
" oxygen dissociation {4@);ﬂf0thcrwise¥ﬁhe“cﬁfVe’shapéSVare determined -
_merely by COp dissociation (42)., Remarkably the.pegks ‘of y?curves
-~ in Fig;be_havejthe{samé’height};“In~Fig@HScanWeVQr'the:tbp limit -
':‘values,of,theyamplitudeqdamping;cantants,yfreferred.tojljgm. mount =
jlwith‘the‘fre_uencicswof‘tho dispersion{région,prbper,“i;e./the~higher'
the velocity of reaction (42)1-.Fig;j3df5hdwsythejamount"ofﬂsoundyéfvf

. enorgy passing through a 5 or 10 em. GOy .layer at 246000 K due to
~‘dissociation sound diSpersiOngL,Itgis_cieangthatfin”curve,II"no v’
- meagurement would be possible above 109 Hertz.: S

" . Wo have seen hbﬁ-phe fofwdr&féndirdvér$97€eloQitiés‘pf the
‘reactions at the equilibrium pqintfcangbe~detorminedjfrom‘spundfj i
- dispersion moasurements, The method 1s based on the assumption that

tho sound dispersipn,obaprvedfis.onlY'duefto;tho;diSSDéiagion‘reactions

and not to any othor interferoncos; suchas: Ly sound—di Hon-due =

 y’o:imper£ect ad justment of the yibrationalkdegregs*bfvfreadbmv 1)g o
» sound dispersion‘duejtb_thevierVOrsible‘processea'of fraiction and.

" no first seems unlikely, &spocially in high temperature -
~tests, on threo independent grounds: . T LT T e -

a)'-AcdordingetOjtosbswbnyuekenﬂandfco;wonkéxs*(S)itha;adjust- i
‘ mont time clearly decroases as the temperaturc ascends, in-
" ‘tho case . of a maladjustmontlof,thﬂhvibrational.degroe;ofN %'
" freodom; this applies, at least to the temperdature range up-.
$0.4009C covergd. so far. 'A‘bbld;oxtrapolation'to-2.600° K -

~ glves about 102 Hertz for tho region of-the vibration sound -
- ‘diapersion, The sound absorption therc -is howeveor, too high -
. to.allow measurements, . - VT e
b)) According to Eucken tho ad justment time of -the vibrational
. ~——.degree. of freedom:canxbegdonsidorably;§h0rtened,;by-adding _
. .. to the gas in .question. elements which -can produce quasi-. -
oA compounds  with the»moléCules;'”Such_clomcnts”aro however -
" automatically produced at high tenperaturcs by the atoms; .
. @.g.-0.atoms could produces . oo o a I

0§ Op—w 0. 0zOuasic0z— T (48)”
T LT e R G T
.0 & No=3 0, N2 =Quasi-N20 o 4B)l
D f;(46)’ .

0,4 6070, CO - Quasi-00p

o H.O,i§pescr,;Ann; d;‘Phys.:ll‘(lgﬁl),751;3§ 
o () I o R e e SR T s
G Kircphoff,qugg,:Ann,“d,‘Ehys. 134 (1868) 177 - 193,

~

» )JSee Yarious works in the Zs. f. physikal, Chemie B .
S since 1934.. B U o

PN
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,*c)i‘At hL h temperatures the: dissociation energy necessary forﬂ_
" ‘s reaction stage 18 30° to. 50 timés the energy quaptum '
[ frequired for.the v1brational excitatlon (1),? with. the
~“result. that the. first process will in all probabillty ‘be -
"H;slower ‘than the second. ~The region of: vibrational" dispersion;
"o would thus correspond to—hlgher frequencies than the region %
~‘of 'dissociation disper81on. ﬁf;ml.h S S #

4;*;vThe;§eeendipossible intenference duo o friction and heatu
conduct1v1.y hould be thoroughly- disecussed,: but we .cannot. do ‘it now.
We .want to 1nv'st1gate ‘instoad to ‘what extent ‘this type ‘of sound

~»d1spersion can restrict the frequency range aoces31ble to measurement.’

R On ‘a. real sound wave the transport of impulse (friction) end
,rheat occurs mainly ‘in two diroctions, “1.8, along and across the. ‘sound
ffpropagatlon dlrection.' The lattor applies naturally only to laterallyﬂ
“Jimited sound wave, which can no longer be ‘strictly troated as.a: S
-~ linear problem; ~but a real sound wave -has always a: 1lateral boundary,,a
~ Qoo 8 pspe wall,.  The Jirreversible . transport processos -produce: s
~ damping.  Wo' can divide this into longitudinal and transverse. damping.
- Fig, 4, curves: IIT and IV, show the frequency. and. tho amplitude S
-damping. constant y. obtalnod “from Kirchhoff's law, Curves I and IT -
.serve as a compatison and represent the above estimated cases of: cO
dissociotion dispersmon ‘gt .2,600° K and 1 atm, It is- oasy to see" tﬁat
at high- temperaturos all damping constants together could not: exceed
“the value y = O.1s So far the sound of a given and adJustable
“froquency can only be - produced outside the high temperature. test

" chamber proper. - The sound must thorefore bo transmitted by a pipe
“which in order to conservo ‘the temperature must not be.too: wido and not
“shortor than 10° cm.,.Then the proportion of- the sound energy passing -

' through must be'-‘,r - : : S = _ . o
b 2 . p~"’23f-1'9>.o.,1s R s T -‘_((47»)"

Jl ;~," {., i ;thTWTﬁ]‘fﬁ}}“fa.Q"

whioh agaln implies that y must be less than'O 1, Accordlng to Fig.4
withf = 10° Hortz. for g pipe 6 mie - e tho transversc damping
constant is y1y = 0,055¢ If wo add & longitudinal damping constant
and the reoaction kinetics damplng, in case I of COo: dissociation we .
approach closely the just permissible total valuo y = 0,13 in case:
II of COp dissociation this would be oxcceded by far, . The estimate"
can naturally be made otherwise, but.the result. 1is the-samot’ the top
1imit of the frequency range accessible. to experiments at high e
temperatures should be abou 105 Hertz.~x . i ua.;

‘The bottom limit is determlned by the wave length Which 1s
‘1nversely proportional to tho: sound frequency; in fact any sound.
velocity measurement beocomes: 2 sort-.of resonance ‘moasurement, in which,/;
" the dimensions of the apparatus must be in a certain proportion to the - -
sound wavelength. . Howevor the- appargtus cannot be enlarged. ad 1ib, .
In the high tomporature region ak 102 Hortz the wavelength is about ——.
80 cm, At - this'frequoncy, measurement is: possible only if we use a
method in which tho dimensions of the resonance chamber are much = "7
smallor than tho- Wavelength. It is thereforo 1mp0831b1e to ‘'work w1th
‘a stationary wave in a pipe closed at both ends, as 80 far oustomary
in sound dispersion tosts, Helmholtz's resonator seoms_ to answer
.the purpose, thoughsits suitability. to-sound dispersion measuremcnts
w111 have to—be chocged oxperimentally-, Presumably Helmholtz's

e

{;—*,.‘ R

(1) In contrast to this at room tempe“éture where the firstavailable
'=2=gound- disporsion—for the dissociatlon of N204 ‘tekes place the
rotlo Dissociation energy Vibratlonal energy is 14 : 2. L

-?-‘ 9 '- '



‘resonator Will allow measurements down to a few hundred hertz.[i

\‘.

Qulte roughly, the equatlon,-ﬁ,‘E ‘;2..‘,

SRS S o fAea (48)

\g,v i I .'.‘,_

;conneots the turnlng p01nt frequency f' of the sound dispersion
“region and.the adjustment time chm the- chemical reaction; the: sound _
;dlspersion methed -coudd- therefore presumably be. applied in the high -~
tomperature’ reglon to- study dissociation ‘reactions of between. 2,107°

Cand 1, 10~% sec, These are roactlon veIetltles such as’ occur 1n flamo
_and detonatlon fronts.k;{’ o , o IR S
;;_" Naturally it must be stressed that the experimental develop-
mont of ‘the sound disporsion method for ‘the high temperaturo range
,w111 stzll present ‘many difficult problems,. They must” however -be" g Tie
approached as so-far tho only: method’that gives us’ reaction- klnetics
data is . tho spectroscqpic onc, which is>only, applicable.af. the. ot
“molocules in question havo a° conveniont absorptlon and emission =
' ‘spoetrum,  Another rcactlon kinotlcs test method ~for high tomperatures B
‘would be very welcome, and tho sound dlspersion method soems to be
the most suibable. _,;;_ R EL S e : X

: Summq;z.

“1}fTA general expr0331on for the differentiql adlahatlc exponent
Comoe {61?)1n dissocleting gasos_1is, obtalned for. any type
1'and number of dlssoclatlon reactuons. : ' :

,'Qa»uData on the klnetlcs of dlssoclatlon reectlons cqn be obt21ned
S from sound dlsper31on measurements.\“. R

B At hlgh temperutures the cxperlmentally accessible frequency
© - range for the sougd dispersion method mlght strotch.from a
- fow. hundred to 10° Hertz, thus eovermng reactlons of between '
- 2,107 and_1103sec.,_ L

: Fig.'l‘a\to.l c - Estlmated sound dlsper51on in pure 02 at 2 600 K
IR . and 1 atm,  Total pressurc based only on dissoc-'
- iation Og 2 2 0, Fig. la frequoncy .in terms of -
adisbatic exponcnt m and sound velocity as Fig.‘lb
-frequoncy function of amplitudo damping constant Y
por cm.  Fig. 1.¢3 frequency. function of tho angle
: . - .of phasea: ?’and of damping oonstant yl roferred to
hL'v: R ‘wavelength a.- , , e

PR

_equilibrium: x g Cp/Cyzratio of mol heats,. m = exponent in

. tho adiabatic me = const. taking into account the~two.- ,
equlllbria 2002{; 2C0. ¢ 0o as well as 02(320 m' = adieba’c/lc :
exponent eon81der1ng only the first equllibrium. 3“-~;*—1 '

v;Fig. 2 - leferential adlabgtlc exponents in pure 002 for. completo‘

Fln. Sa to 33 - Estlmatod ‘soind - dlsper31on~mn~co at 2,600° K and 1
o atm, totql pressure based on ﬁﬁe dissoclﬂtions L i
. 200y @— 2C0g % .0g.and O 4__230. Fig.8as’ frequency in’
~ forms:of m and sound ve%oclty a, Fig, 3b: the angle
of phase ¥ and the damping constant reforrod: to the
waveleneth 1 Fig, 3c: The damping: constant 'y per
Chle. Fig..Sd Fractlon of sound 1ntensity Penmeatlng :



;;;Amplitude damping const 2
'~ dissociation -(pure. roactlon.klnetics sound. dlspersion)
Co W IIL pure longltudlnal damplng. IV,

iqzn the smooth pipe.v;w‘

ant y' I and II. ,Cases of CO

_pura -transverse, damplng

’;v;i_-





