




















TABLE I 

IMPORTANT PARAMETERS REQUIRED FOR STABILITY DETERMINATION* 

Quantity Mechanism Function of 

Admittance of burning Amplification or attenuation at Frequency, pressure , pro-
layer the burning surface pellant temperature, 

erosive velocity 

Gas-phase damping length Amplification or attenuation in 
Propellan t composition , 

or attenuation coefficient the gas phase 
curing time, method 
of cure, etc. 

Frequency , pressure, pro-
Solid-phase viscoelastic Contributes to d etermining pellant temperature 

constants mode frequencies and to at-
tenuation in the solid phase 

Nozzle admittance Contributes to determining Frequency , mode, m ean flow distribution, nozzle 
mode frequencies and to gain size and shape, sound velocity in gas, and the 
or loss at the nozzle plane sound field itse lf 

• Ot her parameters as well , such as t hose describing wall losses , resonant rod losses, inputs due to aerodynamic screaming, etc., may oc­
casionally be important. 

(of order vi c), may correctly be regarded as linear. 
Because of this, it is permissible to ignore the per­
turbing effect of erosion on the normal mode and 
to evaluate the net flux of acoustic power by essen­
tially the same procedure that was applicable to 
the infinitesimal amplitude case. Focusing our 
attention on the burning surface response to 
erosion by ignoring other gains and losses, we 
calculate the behavior shown in Fig. 12.11 This 
figure shows, for example, that if the pressure 
response of the burning surface were given by 
il/ f. - 1/'1' = - 0.15 and if the imagiIiary part 
of the erosion constant were -1.8/ c, then the 
surface would amplify and the motor could be­
come unstable if the quantity 'I'M p/rrQ < Y2, 
i.e., if it were subjected to a disturbance having a 
maximum fractional pressure amplitude Q > 
2'YM p/rr, where M p is the port Mach number. 
For M p = . 0.025, 'I' r'-I 1.2, we would expect 
instability if the disturbance pressure amplitude 
were greater than 2 % . of the steady-state pressure. 
Perturbations of this order of magnitude may 
sometimes be encountered in practice, and there 
is some qualitative experimental support for the 
pertinence of these calculations. Quite obviously, 
however, there are still too many unresolved 
pieces of the complete stability problem to permit 
really quantitative calculations to be made. 

Resume 

I t will be apparent from the preceding de­
scription that theoretical studies have met with 
an encouraging degree of success in discerning and 
illuminating critical features of rocket motor in­
s·tability. Concurrently, experimental studies have 
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progressed in elegance and in their pertinence to 
the basic description of instability. The scope of 
the problem is becoming fairly well described, 
but it is by no means solved. There are many 
critical unknowns and a spectrum of associated 
aspects which have not been studied under con­
ditions such as exist in rocket motors. 

Some of the factors which are clearly impor­
tant are collected for review in Table I. Their 
relevance to the field of acoustics is quite evident, 
and they may provide problems of considerable 
challenge. 

There are other factors which are perhaps of 
less immediate importance, but which in any 
case provide puzzling acoustic problems. For 
example, there is the problem of the accurate de­
termination of acoustic modes, taking into account 
realistic mean flows and the entropy waves. The 
theoretical study of finite amplitude effects in 
rocket motors is still virtually untouched. In this 
connection, it has been reported that steel rods 
have "burned" away at the rate of 1.0 in. per sec 
in the high-amplitude acoustic environment, but 
the mechanism is not yet understood. It might 
even be useful merely to clarify quantitatively how 
it is that virtually monochromatic acoustic fields 
with fluctuating pressure amplitudes of the order 
of 50 psi sometimes exist when in more reasonable 
environments such waves quickly degenerate as 
wave form distortion arid harmonic generation 
set in. 

Hopefully, in addition to presenting a picture 
of the progress in our understanding of acoustic 
instability in solid propellant rockets, we have also 
conveyed the impression that here is a new and 
important field open to acousticians. 
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