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Smit [or calling their attention to the problem measurement  of iemperature  by  reversal of the 
discussed above and to Mr P. J. Th. Zeegers /or chromium resonance triplet at 4 254, 4 274 and 
his valuable discussions. 4289A,  against a background source using a 

double beam system. In  the earlier work the 
C. TH. J. ALKEMADE excitation was at temperatures of 5 003 ° to 

Tj .  HOLLANDER ]0000° t{  behind the reflected shock, while in 
P. J.  KALFF the later work measurements  were made behind 

Physics Laboratory o/ the  State the incident shock in the temperature range 
University of Utrecht, 2 000 ° to 3 000°K. 

Bijlhouwerstraat 6, ]7he work reported below is of measurements  
Utrecht, Holland made behind the reflected shock in a chemical 

(Received January 1965) shock tube in which mixtures of methane and 
argon were driven by  hydrogen and nitrogen. 
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Table I, where it will be observed that there is 
no detectable effect of the chromium hexa- 

Temperature  Measurement in a Chemical  Shock carbonyl  on the reaction. 
Tube Us ing  Chromium Hexacarbonyl  

In  previous work '~ good agreement was 
THE use of chromium hexacarbonyl  in a shock obtained between temperatures measured in 
tube for the excitation of chromium lines, has mixtures of shock-heated methane and argon by  
been described by  G. CHARATIS and T . D .  the sodium-line and C,., (5 165A) reversal 
WILKERSON 1 . Later work by A. G. GAYDON methods. The present measurements  have been 
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Table 1. Ef fec t  o] c h r o m i u m  hexacarbony l  on the decomposi t ion  o] m e t h a n e  

Inc iden t  % CH4 
Reac t i on  %Cr (CO)6 shock ve loc i ty  % CH4 conver ted  to 

condi t ions  added  
(ft / sec) decomposed  C2H2 

25 lb / i n  2 abs. init ial  react ion partial  N one  4 480 93 58 
pressure o I CH~. Measured tern- 0.01 9:t 58 
perature 2 2 5 0 ° K .  Reac t ion  t ime 0.06 4 430 91 59 
1 msec.  Dr iv ing  pressure 250 0'065 4 480 95 60 
l b / i n  ~ abs. 0.07 4 440 95 56 

0"075 4 440 94 57 
0.08 4 480 93 59 

14 lb ~in 2 abs. init ial  react ion partial  None  4 550 96 63 
pressure of CH4. Measured tern- 0.02 4 550 97 60 
perature  2 2 5 0 ° K .  Reac t ion  t ime 
1 reset.  Dr iv ing  pressure 130 
lb / in"- abs. 

Driving gas: 95% H 2, 5% N 2. Driven gas: 90% At, 
10% CH 4. Pressure rat io:  162. 

compared  with those obta ined  b y  C: reversal  b y  
s imultaneous observat ion of the C._, and 

Cr chromium reversal  t empera tures  using photo-  
mult ipl iers  of equal  sensit ivity tha t  received 
radiat ion from the appropr ia te  par t  of the 
spectrum. Typica l  oscilloscope records are 

C2 shown in F i g u r e  I (a), (b) and (c). These and 
other exper iments  i l lustrate the fact that  the 

(a) values of tempera ture  deduced are independent  
t i , i J , J , of the concentrat ion of chromium hexacarbony] .  

I t  is also seen that  when tempera tu re  is measured 
b y  reversal of the chromium triplet,  but  at a 

Cr sett ing for matching  for C._,, the backing  lamp 
tempera ture  is s l ightly too low. This deviat ion 
is less than  50 ° , which is the normal  accuracy  
of a single measurement .  Because the emissivi ty c2 

~. of the tungsten f i lament varies with wavelength,  
E / rb) there is a difference in t empera tu re  of 30 ° (as 

calculated from Wien ' s  law) between that  in the / 
, , , i I , i' A 5 165A region and that  in the 4 270A region. 

An a l ternat ive  method of expressing the tem- 
Cr pera ture  difference was to compare  the difference 

in t ime between the crossing by  the two 
records of their  respective matching  lines. 

- " -  The t ime lag of the chromium record behind 
C2 that  of C., was consistent at  0.1 msec in the 

por t ion of the record represent ing the cooling 
(c) period.  This t ime lag arose from the tempera-  

i t , i a , a I ture differential  between the two records. The 
0 0.4 0.a 1'2 1.6 cooling rate is between 2 and 5 x 10 ,~ °K/sec ,  

Time,  m sec thus represent ing a t empera ture  difference be- 
Figure 1. Oscilloscope records showing  s imul taneous  
C2 and Cr temperature measuremen t s .  Pressur*: tween 20 '  and 50 °. This var ia t ion  results from 
behind reflected shock 250 Ib / in  2 abs. Back ing  lamp whether  the cooling is b y  the main  rarefact ion 
temperature:  in Cr region, 2 3 2 0 ° K ,  in Co. region or b y  interact ion at the interface.  This difference 
2 2 9 0 ° K .  Chromium hexacarbony l  concentration." 

(a) 0.07, (b) 0.01, (c) 0.005 per cent  is i l lustrated in F i g u r e  I (a) and  (b). Thus  a 
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comparison may  be made by  taking a specific initiate harmful  pressure oscillations in rocket 
example as follows: motors. The problem is complex. Probably  

Temperature during cooling measured by  C 2 more than one initiating mechanism exists 3. 
reversal: 2 290°K Once these oscillations are started, mechanisms 
Temperature at the same instant by  chromium are known whereby oscillations are amplified 
triplet reversal: 2 290°+  X +  I" and maintained 4. In view of Tobey ' s  finding 2 
where X is 30 ° (as by  Wien 's  law) and that instability was not triggered when helium 
1" is 20 ° to 50 ° (as described above),  was injected into an experimental me thane-  
F rom the foregoing it will be seen that  the oxygen rocket motor, we wish to call attention 

temperature of a reacting mixture of methane to related observations made at the Bureau of 
and argon, as measured by  the reversal of the Mines'L 
chromium triplet, is higher than that measured Studies of burning velocities of gases at 
by  C., reversal. The magnitude of this difference elevated pressures were made in a spherical 
is between 30 ° and 80 °, the temperature meas- vessel. Pressure oscillations appeared when 
ured by  the reversal of the chromium triplet there were appreciable partial pressures of 
being the greater. The existence of this oxygen, nitrogen or carbon monoxide in the 
temperature difference has been established in burnt  gases; helium, hydrogen,  carbon dioxide 
the investigations carried out, and it is indepen.- and water showed little if any tendency to 
dent of the experimental error which affects a induce pressure oscillations. Initial pressures 
single value by  + 5 0  ° . The main factors were between 1 and 21 atm; fuels used were 
determining the magnitude of the experimental ethylene, hydrogen and carbon monoxide. The 
error were the calibration of the backing lamp, oscillation frequencies were usually between 800 
the precision of the ammeter  3 readings, and the and 2 500 c /s ,  which is in the range of 'high 
reflection and transmission effects a t t h e  windows frequency'  instability in rocket motors% The 
and optics. All these were, however, common to amplitudes of the oscillations were usually within 
both determinations. 30 per cent of the pressure at the end of com- 

The authors thank the Directors o] Vickers bustion. Pressure oscillations were attributed 
Research Limited for permission to publish this" to the delay in the partition of energy released 
communication, by combustion into the molecular modes of 

G. M. KIMBER* vibration, particularly of certain diatomic mole- 
D. H. NAPIER," cules in the burnt  gases ~. Similar pressure 

Vickers Research Ltd, oscillations were observed earlier at ordinary 
Sunninghill, Ascot, Berks. initial pressures and explained on the same 

(Received January 1965) basisL We propose that  pressure oscillations in 
rockets can be initiated by this delay. 

*Present address. B.C.U.R.A., Leatherhead, Surrey. 
tPresent address: D'eoartment of Chemical Engineering and 
Chemical Technology, Imperial College of  Science and Technology, J .  GRUMER 
Prince Consort Road, London, S.W.7. 
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