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Introduction 

I n  some experiments on the  t h e w  decomposition of propane i n  a flow system a t  
temperatures between 1100°K and l400"K, t h e  usual d i f f i c u l t y  was experienced in  evaluat- 
ing t h e  ro le  of surface reactions i n  the chain decomposition. To try t o  avoid this 
difficulty, fur ther  experiments were performed using a small diameter, l o r p r e s s u r e  
shock tube with helium a s  t h e  dr iver  gas, and emploSing the reflected shock wave tech- 
nique t o  heat a propane-argon mixture t o  calculated temperatures i n  t h e  range 1800°K to 
2260OK. A study of the products and the dependence of extent of decomposition on cal- 
culated temperature behind t h e  reflected shock wave revealed strong evidence of no- 
idea l  behavior, undoubtedly related t o  Duff's [11 observations of t h e  marked effects  
on the  main stream of boundary layer  development behind the incident shock wave. 
ment of t h e  distance between contact surface and incident shock confirmed the conclusions 
drawn from the  chemical evidence: that i n  narrow lowpressure shock tubes t h e  loss of gas 
from the  hot flow region behind t h e  incident shock t o  t h e  boundary layer i s  appreciable, 
and only part of the  reactant gas i s  heated t o  high temperature by the  reflected shock 
wave. 

Experhental  

5Ieasure- 

The goal was t o  study t h e  decomposition of C13-labelled propane; since only a 
smal l  am0w.t was available, a smal l  (25 mm i.d.) lowpressure shock tube was employed. 
Reaction temperatures in  the neighborhood of 2000°K were obtained behind the reflected 
shock wave. The low-pressure section, 120 cm long, w s  of standard-wall pSrex tbbing 
selected f o r  l lnifomity of bore. Diaphragm 
(one-mil cellophane) were pmctured by a solenoid-driven needle. 

The brass dr iver  section was 61 cm long. 

Helium at  an initial pressure of 1.3 atm was used as the dr iver  gas i n  all experi- 
ments. I n i t i a l  pressures of the reactant gas 
mix tu re  i n  the  low-pressure section ranged from 3.3 t o  7.5 mm 'dg depending on the de- 
s i red shock strength. 
(%theson research grade) and 10.0 mole per cent propane. 
confirmed the  absence of s ignif icant  impurities i n  these gases. 
reactants and products was adequate t o  avoid introduction of impurities exceeding one 
mole per cent of the ini t ia l  propane i n  any given experiment. 

Incident shock wave speeds were determined from oscillograms which displayed 
timing marks a t  10 ~.r sec in te rva ls  together with signals from three shock wave detectors 
located 75, 95, and n5 an from t h e  diaphragm. 
oxide res i s tors  Nhich have been described elsewhere [2]. 

The ambient temperature was 300 It 2°K. 

This mixture contained i n  all cases 9.0 mole per cent argon 

Vacuum handling of 
Gas chromatographic analyses 

The detectors were thin-film nickel 

These measurements indicated that shock wave attenuation was negligible, l e s s  than 
It appeared t h a t  small  discrepancies (7 or 8 per c a t )  one per cent in 20 cm of travel.  
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betveen observed veloci t ies  and those calculated from t h e  init ial  pressures could be 
adequately explained by assuming that s l igh t  f l o v  obstructions resulted from incom- 
p le te  d$aphrag removal. ;feasurements made with a detector  i n  t h e  end p la te  showed 
t h a t  t h s  high-temperature & f e l l  time a f t e r  t h e  shock was ref lected was onem sec or 
greater . 

Products were collected f o r  analysis by pumping the  en t i re  contents of the 
shock tube through two t raps  i n  ser ies ,  both cooled with l iqu id  nitrogen. The first, 
a &-loop renntrant tra?,  collected condensables; the second contained Linde Iblecular 
Sieve jA t o  re ta in  methane and argon. Condensables were determined quant i ta t ively by 
%as chromatography, using a t h e m 1  conductivity detector  calibrated s e p a r a t e b  f o r  
each prodact of interest .  

Calculations 

Using the  usual one-dimensional shock xave theory, conditions behind the incident 
and reflected shock imves were com?uted fron the observed incident shock mve speeds. 
Calculations were rrade assuming unreacted gas i n  in te rna l  thermal equilibrium a t  high 
temperature. 3nthalpy data for propane below 1500°K were taken from published tables  
c31, a d  values a t  higher temperatures were computed on t h e  bas i s  of Pitzer 's  vibra- 
t iona l  assismefit [&I and Pi tzer  and Gwinn*s treatment of hindered rotat ion C51. 

Since idea l  ons-dbensional shock tube behavior was not realized i n  these ex- 
?sri?%r.ts, these calculations should not be taken very seriously. 
f lscted shock te?;Deratures a re  presented here 00 t o  provide a rough indication of 
e:geri-?ental con+itions. 
rpflected shock temperatures i n  three eweriments a r e  l i s t e d  a t  the  top 

The calculated re- 

'3e observed incident shock wave speeds and the calculated 
of  the table. 

Ees-jlts of Three Zxperiments on Decomposition of 
Propane by the  Paflected Shock 2ave Technique 

?m 1 R u n  2 b 3  

Shock :ave s 9 e d  (incldent) 1.12 m/p sec 1.19 mm/p sec 1.31 mm/cr sec 
2a lcda ted  T behind ref lected 

shock 180O0K l96OoK 2 2 6 0 0 ~  
propane ( i r i t i a l )  0.581 C U ~  0 .a 0.255 
PrGpane ( f ina l )  -283 .204 .E7 
Fraction deconposed -513 507 .502 

Products - 3thane 
Zthylme 
Acetylene 
Propylens 

.029 

.019 
197 

.036 

.006 
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Results and Discussion 

Since incident shock wave attenuation vas negligible in  preliminary experiments, 

Referring t o  t h e  table,  one sees some appar- 
On the  one hand, the  conversion of propane i s  only 50 per  cent and 

serious departures from ont4jmensional f lox  were f i r s t  suspected vihen at temes were 
made t o  understand t h e  product analyses. 
ent discrepancies. 
is  virtually bdependent of incident shock speed and calculated reaction t a p e r a t w e  
i n  t h e  three experiments. 
increasing with increasing shock strength is f a i r l y  obvious from the trend in product 
dis t r ibut ion,  showing acetylene increasing a t  the  expense of other 2roducts as  calculat- 
ed temperature goes up. 

On the  other hand, that t h e  reaction temperature i s  actually 

It is d i f f i c u l t  t o  reconcile these observations and t o  e q l a i n  the  s u r p r i s i n g l j r  
low extent of decomposition i f  i d e a l  shock tube behavior i s  assumed. 

Considering first t h e  lcw conversion of propane t o  products: one can e s t a t e  
a minimum r a t e  of decozposition b3 assum2ng that propane disappears by first-order 
unimolecular dissociation 50 ethyl  and methyl radicals, :r'_th an activation e E e r g  of 
85 kcal  (rather a high estimate) and a frequency factor  of 2 x lo1? sec-l. 
l i f e  of  propane w:th these assunptions, leaving out a l l  consideration of chain reactions, 
rmuld be less than 10-4 sec a t  2000OK. 
action time a t  the high temperature (one m sec o r  greater)  mounts t o  a t  l eas t  ten :WL- 
l ives  even using th i s  unrea l i s t ica l ly  low e s t i m t e  of rate. 
inescapable tha t  o n l y  about half the  propane i s  heated t o  the calculated reaction 
t a p e r a t u r e .  

The 'A*- 

In our experinents, the  minimum available re- 

The conclusion i s  a h o s t  

Lf t h i s  i s  so, the  resu l t s  obtained can be vi,ewed as follows: It is as  i f  t h s  
reactant gas were divided i n t o  two parts,  one of which i s  restr ic ted t o  sufficient* 
low temperatures that l i t t l e  pyrolysis occurs, irhile the other i s  decomosed t o  h igh  
conversion. 
apparent pe r  cent conversion i s  detemined by vlalysis  of t h e  mixture. The measured 
extent of decoorposition v m d d  t h u s  be gnerned by t h e  original division of the sanple. 

The hiu portions are then nixed (by t h e  s a ~ l i n g  procedure) 2nd the  

A mechn i sn  t o  explain q-tatively these resu l t s  can be devised staA-ting f r o m  
hff's observations [l]. 
wave by t h e  contact surface we inr'er that min strean-boundary layer interactions 
impose a severe l imitation on t h e  quantity of gas tha t  can exist i n  t h e  intervening 
hot flow region. 
encroachment of the Zorner on t h e  l a t t e r ;  i n  addition there i s  an actual  flow tommrd 
the  xal l  of gas i n  t h e  main stream. 'ine reactant gas thus tends t o  concentrate near 
the m l l  where sone o f  it i s  bg-passed by t h e  central  core of cold dr iver  gas before 
the  ref lected shock wave arrives.  

From E s  report of the close pursuit  of the incident shock 

The influence of the boundary layer on the rain stream is not skiply 

In o u r  experiments, reaction occurs only behind the  ref lected shock; hence only 
t h a t  portion of reactant gas that remains i n  the hot flow region u n t i l  it i s  traversed 
b3 the ref lected shock w i l l  undergo decomposition a t  a r a t e  character is t ic  of the  cal- 
culated ref lected shock temperature. 
behLnd the  incident shock may undergo L i t t l e  o r  no decomposition on passage of the re- 
f lected shock wave. 

That trhich has been l o s t  t o  the bour~dary layer 

In order t o  estimate i n  another way t h e  impomance of such effects  i n  the 
present exqeriments, sone addi t ional  runs were =de, with conditions a s  in  Fun 2 of  the 
table ,  but with the th i rd  detector  (115 cm stat ion)  mounted i n  midstreaic GO pernir. 
measurement of the time between arrival of the incident shock and the contacr; surface 
at this station. 
never exceeded one-half the  value riven by one-dimensional theory. 
a significant fraction of the  reactant gas had been l o s t  from the hot flow region. 

The resu l t s  varied from run to.=,  but the  observed time in te rva l  
It m s  evident that 
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L.1 another q e r i m e n t  gas was sampled from near t h e  center of t h e  end plate ,  
A where by the  above mechanism t h e  apparent conversion of propane should be high. 

small s q l e  bulb with stopcock was attached t o  the  end plate;  n i t h  t h e  stopcock 
open the diaphragm was burst, and then t h e  stopcock vas closed. "he condensable 
part of the  sanple recovered fmm the bulb contained 27 mole per cent propane; tha t  
from the  res t  of t h e  shock tube contained 63 mole per cent unreacted propane. 
mrked loss of gas from t h e  hot -flow region was indicated. 

Conclusions 

Again, 

'Ihis investigation presents ra ther  extreme examples of d i f f i c u l t i e s  which a re  
introduced by boundary layer  effects. 
idrich one must go, e i ther  by employing a tube of la rger  diameter or by working at 
higher pressure, in order t o  reduce below a tolerable  linit t h e  loss of reactant gas 
from the hot flax region. The obvidus des i rab i l i ty  of avoiding m c a l  s imilar i ty  
with these eqeriments  indicates t h a t  an anmer cannot be obtained by simple dimen- 
sional analysis. 

It is d i f f i c u l t  t o  estimate t h e  extent t o  

Hoxever, t h e  very fac t  t h a t  extreme cases a r e  presented should give some in- 
sight in to  the direct ion i n  which interpretat ion of e.xperiments can e r r  when boundarg 
layer e f fec ts  a re  ignored. 
indication of l o x  octivation energy for decomposition could r e s u l t  i f  an unsuspected 
fract ion (not too strongly dependent on shock strength) of t h e  reactant gas were l o s t  
from the  hot flow region. 

For example, it i s  not difficult  t o  see how an i l lusory  

The observed var ia t ions f r o m  run t o  run of the  duration of hot flow can intro- 
duce other experimental complications as well. 
i n  part  from the Yinite but i l l-defined ra te  of diaphragm rupture. 

These var ia t ions presumablg resu l t  

In conclusion, it i s  important t o  emphasize tha t  none of the  e f fec ts  reported 
here vmuld have been suspected on the bas i s  of the  shock wave Yelocity measurements, 
:.,.hich gave no c lear  indication of incident shock attenuation or unusual disagreement 
betxeen calculated and observed incident shock velocit ies.  

z i t e r i o n  f o r  appraising the importance of departures from unifom flo:r i n  the hot 
gas -hen srall, 1o:i-pressure shock tubes a r e  enployed. 
ss?scial ly  i f  act ivat ion energies are  t o  be derived from the  data,  independent measure- 
m n % s  should probably be nade t o  determine whether loss  of reactant gas t o  t h e  boundary 
layer is si,mificarlt. 

Xch.owled,gnent 

From t h e  available evidence 
- ..- '3 mst conclude that shock -wive velocity measurements do not prow-de a re l iab le  

Even with la rger  tubes, 

':e are  indebted t o  R. Gilbert Ihufman f o r  his help with analyses of products 
a d  caFbra t ion  of the  gas chromatography system. 
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