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Use of the One-Dimensional T-Burner to Study
Oscillatory Combustion

M D Horron*
U S Naval Ordnance Test Station, China Lake, Calif

This paper desciibes a simple buiner used for the study of oscillatory combustion and the
1esults obtained therefrom. The burner, commonly called the T-burner, consists of side-
vented cylindrical steel chamber in the ends of which propellant disks are burned  If the pro-
pellant combustion spontaneously generates pressure oscillations, use is made of the over-all
one-dimensional acoustic behavior in the system to characterize the transient combustion
of the propellant The important variables used in the chaiacterization are the growthate
of the oscillations and their decay rate following ithe consumption of the piopellant A
description is given of the several types of investigations in which the T-buine: is the primary
research tool These investigations concern the response function of the combustion zone,
the effect of normal presswe perturbations upon the average burning rate of the propellant,
the participation of the propellant in the acoustic motion of the system, the mechanism by
which aluminum supiesses oscillatory combustion, and the influence of propellant com-
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position upon the i1esponse function of 1the combustion zone

are given in some detail

Nomenclature

speed of sound in the combustion gas
frequency of the oscillations
length of the gas column in the T-burner
number of particles per unit volume of combustion gas
with diameter D
amplitude of the pressure oscillations
amplitude of the pressure oscillations at an arbitrary zero
time
mean chamber pressure
burning rate of the propellant
radius of the particle in the combustion gas
time
speed with which the gas leaves the combustion zone
real part of the specific acoustic admittance of the com-
bustion zone
(2nfR2/2y)1/2
oy exponential constant that describes the growth of the
oscillations
aq = exponential constant that describes the decay of the
oscillations
= reduction in «, which is caused by the presence of alumi-
num or alumina in the propellant
ratio of the heat capacities of the combustion gas
amplitude of the fractional mass flow rate perturbation
of the mass leaving the combustion zone
= amplitude of the fractional pressure perturbation which
causes u
amplitude of the fractional density perturbation accom-
panying e
density of the combustion gas
density of the propellant
density of the particles in the combustion gas
kinematic viscosity of the combustion gas
8/ pp
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Introduction

N the development of early rocket motots, the low-fre-
quency 1esponse instrumentation used with test firings
often showed that the mean pressure deviated from design
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The latter two desciiptions

conditions Many of the deviations were explained in terms
of inhibitor failure, cracked grains, voids in the grain, and
other mechanical malfunctions However, there remained
a significant number of erratic tests for which there was no
obvious explanation Subsequent use of high-frequency
response instrumentation showed that during these pressure
deviations the gas in the combustion chamber was oscillating,
and the fluctuating mean (or average) pressure was a product
of these gas oscillations

The process in which the combustion generated these os-
cillations (usually acoustic) became known as oscillatory
combustion When they were observed, attempts were
made to suppress the oscillations by various methods such
as the use of mechanical baffles or the inclusion of powdered
aluminum in the propellant If the suppressive agents did
not work and the motor could not be redesigned so that the
phenomenon was not encountered, the problem was simply
“lived with” or the propellant abandoned

Because of the many variables encountered, early investi-
gatots who attempted to study oscillatory combustion
found it oveily difficult to correlate the data from motor
firings Some of these variables were the grain and motor
geometries, the conditioning temperatures, the operating
pressures, the grain composition, and the oscillatory fre-
quencies encountered To control these variables, the
investigators turned to the use of special burners specifically
designed for the study of oscillatory combustion

Perhaps the most successful of such burners is the one
devised by Price which has come to be known as the “T”-
burner ' This burner is essentially a heavy-walled eylindri-
cal chamber that is vented through a hole midway between
the ends As used by Piice, the propellant grain employed
in the burner was a thin-walled cylindiical shell The com-
bustion gas was discharged through a drilled hole in the side
of the grain which was aligned with the hole in the chamber
wall

The center vent in the system provides a minimum acous-
tic damping for the first longitudinal mode because this
location is at a pressuie node Furthermore, the geometry
is 1easonably simple, and the exposed end of the chambe
provides a ready location for placing a pressure transducer
intended to sense the longitudinal oscillations The use of
the cylindrical shell grain 1etains an element of reality in the
burner because the combustion gas flows paiallel to the pro-
pellant surface just as it does in a conventional rocket motor
However, this parallel flow is also disadvantageous in that
the combustion process may differ from the one-dimensional
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models adopted for most theories Accordingly, the expetri-
mental results from the system are not strictly 1elated to
contemporary theories A great deal of practical informa-
tion was derived from the use of the eylindrical T-butner 2%
The majority of this infoimation was of qualitative nature,
and the propellants were classified on a relative scale by
comparison of the amplitude of the oscillations they genei-
ated This paper describes a simplified version of the
pioneer T-burner and its applications

One-Dimensional T-Burner

Following the development of the original T-buiner, un-
successful attempts were made to develop a one-dimensional
T-burner ! Later, more intensive efforts proved the utility of
a similar system ¢ Figure la illustrates the buine: that is
composed of a thick-walled cylindrical steel body and heavy
steel endplates The burner is labeled “one-dimensional” be-
cause the longitudinal acoustic waves in the chambe1 impinge
perpendicularly upon the combusting surface of the end-burn-
ing propellant billets located in the ends of the chamber
Also, the mean gas velocity and the acoustic velocity aie
parallel in the vicinity of the propellant surface Obviously,
this one-dimensionality disintegrates as the combustion gas
neats the gas vent where it must turn the coiner to escape
from the combustion chamber

The usefulness of this burher is much enhanced because
the fluid dynamic behavior of the combustion gas is laigely
one-dimensional (especially near the combustion zone)
This utility is, of course, due to the fact that the expetimental
data obtained from the system can be compared to theo:eti-
cal predictions However, since this T-burner is one-dimen-
sional, whereas most operational rocket motors ale not, 1e-
sults fiom the T-burner can not be indiscriminately applied
to rocket-motor situations Application of the T-buiner
data to a rocket motor must be preceded by the evaluation
of the erosive effects present in most rocket motois but
absent in this T-burner

Several variations of this one-dimensional T-buiner have
shown themselves to be useful 1esearch tools?™® A single
propellant grain may be used in one end of the chamber, o1
grains may be used in each end of the chamber These
versions are called, respectively, the single-end and double-
end T-burners Although it has thus far received limited
attention, the burner vaiiety shown in Fig 1b seems to offer
considerable potential because the gas flow in the buiner
is of a less complex pattern than that of other T-buiners
This burner generates oscillations of closed-open type longi-
tudinal mode The double-end T-burner system is most
unstable, the closed-open type of burner less unstable, and
the single-end T-burner least unstable

Interesting technique innovations have been made by
various investigators; Ryan et al? replace the endplate
with a hydraulic ram that can maintain the combusting
surface at a specified or programmed location  Strittmater
et al 8 use a system that minimizes the temperature gradient
created by the pocket of stagnant gas in the nonflow end of
the single-end T-burner These investigators place a pei-
forated propellant grain near the gas port in the butner and
use a surge tank for controlling the pressure in the buiner
Lhe “hold-off”” grain acts as a baffle to damp acoustic motion
until the grain is consumed halfway through the firing Duw-
ing this stable period, thermal convection fills the nonflow
end with hot gas so that, when oscillations begin to grow, the
chamber is filled with a gas that is approximately isotheimal

Applications of the T-Burner

Thus far, the one-dimensional T-burner has proved to be
a useful research tool, which can be applied to several types
of investigations It may be used to study the dynamic
behavior of a propellant that, being part of a complex acoustic
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Fig 1 Schematic illustrations of two varieties of the T-
burner

system, paiticipates in the acoustic motion that exists during
oscillatorly combustion? Thus, oscillatory combustion is
used just to produce oscillations in the medium to be studied.
Also, one may determine the relative stability of different
propellants by simply compaiing either the severity ot the
growth rate of the oscillations generated by their combustion
in the T-burner The T-burner has found extensive use in
that data obtained from it may be used to calculate the
acoustic admittance o1 1esponse function of the propellant
combustion zone 8 10 1

In one case, the T-burner was used to investigate the
mechanism by which powdered aluminum inhibits oscillatory
combustion 2 Although the technique was dependent upon
determining the acoustic admittance of the combustion
zone, the major variable under investigation was the acoustic
damping of particles in the combustion gas Eisel™® used
the 1-buiner to measure the change in the buining 1ate of
the propellant which was caused by the presence of the
pressute oscillations

Calculation

So that the 1esults may be better undeistood, a biief
tieatment of computational methods is of value Figuie 2,
which is an example of a test record from a double-end T-
buiner mounted on a surge tank, shows that after ignition the
early growth of the pressure oscillations is approximately ex-
ponential with time Because a linear mathematical tieat-
ment of the phenomena would predict such an exponential
growth, the conclusion is made that, so long as the growth is
observed to be exponential, a linear theoretical treatment may
be valid

During the eatly gtowth of the oscillations, the inciease in
the amplitude of the oscillations is described by the equation

P = Poe™! M

Following the buinout of the propellant, the oscillations
decay approximately according to the equation

Pm = Doe* 2

if the combustor is mounted on a sutge tank so that the pies-
sure remains constant Note that «g is negative It may
be shown?® that, if the mean flow field in the combustion
chamber is neglected and the damping assumed constant
with time, the real part of the acoustic admittance can be
expressed in terms of the exponential growth and decay
constants of the oscillations So expressed, the real part



1114 M

ln ps  1In pg
16f
a—
n Py
oF
8|
| & L. 1 1 1 L s 1 1 5
0 12 16 20 24 28
time (sec)

Fig 2 Typical test record and its analysis
of the admittance is

Y = = (L/20c*) (a; — o) 3
for propellant in the double-end T-burner Such an ad-
mittance is useful because, were it entirely correct, it could
be used as a boundary condition for solving the acoustic
problem of a given combustion chamber

™ The equation

Y = =(V/P)[(u/e) — (a/¢)] 4

may be used to relate the 1eal part of the admittance and the
real part of the response function of the combustion zone !4
The response function is a more fundamental variable than
the admittance in that it is a property only of the combustion
process Combining (3) and (4), the approximation 2Lf =
¢ and the expression Vp = rp;, one finds that

(£-%) -2 ()
€ €/  depgr f

The expression [(u/€) — (¢/€)] has been defined as the reduced
specific acoustic admittance

It has been found! that there is considerable error involved
in omitting mean flow considerations in the derivation of (5)
For the double-end T-burner in question and small values of
the admittance, a more exact (but still approximate) equation

is
a, — Qg o 1
-= 2 + -
( f ) € Y
The value of o/e may be calculated, but the caleulation is not

easy and, for the sake of convenience, the approximation is
made that ¢/e¢ = 1/v Use of this approximation yields

(3)

no P
€ 4cpsr

(6)
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the equation

[ P &g — Qg
€ 4dcpsr < I ) @

which desciibes the real part of the response function in terms
of a few paiameters that may be easily determined by the
use of a T-burner The experimental evaluation of Eq (7)
provides a means of quantitatively studying oscillatory com-
bustion Such an evaluation is of great theoretical interest
and especially so because the results of the Hart-MeClure
theory'¢ are couched in terms of the response function

However, the development engineer is concerned not par-
ticularly with the value of the response function Rather,
he is concerned with the value of the growth rate constant
for the propellant in a specific motor and desires that it be
zeto or negative That is, it is desirable that oscillations
do not grow spontaneously in the motor

For the sake of illustration, assume that the motor to be
used is a double-end T-burner [as is this burner to which
Eq (7) applies] The rearrangement of Eq (7) gives

a; = (p/e)(depsf/P) + aq 8)

If each significant variable in this equation is allowed to
change while the others remain constant, it may be seen that
increasing the burning rate, frequency, or response function
destabilizes the system, whereas increasing the pressure or
damping stabilizes the system Even when the pres-
sure is seen to have its usual effect on the burning rate, in-
creasing the pressure stabilizes the system Usually, by the
time oscillatory combustion is encountered in a development
program, the propellant (therefore u/e), the chamber pres-
sure, and the propellant burning rate have been fixed The
only method left for stabilizing the motor is to increase the
damping, which usually can be done by the use of baffles
and the attendant weight penalty

For optimum motor design, it is desirable that w/e could
be measured experimentally, «; measured or calculated
theoretically, and then a stable system designed It is
encouraging that at least an approximate u/e measurement
can now be made

Unfortunately, the response function measurements made
by the use of a T-buiner and Eq (7) are subject to some
uncertainty  First, the assumption is made that the decay
constant is a measure of the damping that exists during
the combustion of the propellant The magnitude of this
error is unknown, although theoretical considerations?
suggest that it may be fairly large  On the bright side, there
is some experimental evidence that it may be possible to
minimize this error 18

Second, there is an error that seems to be inherent in the
technique As Fig 2 shows, there is some uncertainty in
the experimental value of ag because the decay of the oscilla-
tions is not a true exponential Since the value of the re-
sponse function is determined by the sum a, — a@g4, uncertain-
ties in the value of oy are significant only when o is not much
greater than — oz For unaluminized propellants tested at
low pressures, this condition prevails at low frequencies, or
at high frequencies if the value of the response function is
small  There is now some evidence that the smaller absolute
value of the decay constant is the correct one, and it is sug-

Table 1 Propellant compositions

Burning
Propellant Micropul- rate at
designa- ‘As received”’ verized 200 psig, c, p
tion Binder Binder, % NH.CIO,, % NH,CIO, in /sec in /sec Ib/in 3
A21 Polybutyl-acrylic-acid 20 40 40 0 192 35,600 0 059
copolymer
(terpolymer)
A-22 Polysulfide (LP-3) 20 40 40 0 291 36,900 0 063
A-25 Polyurethane (estane) 20 40 40 0 192 37,700 0 060
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Table 2 Propellant compositions
Polybutyl- 80-1 15 Burning
Propellant acrylic- ammonium ammonium Copper ) rate at
designa~ acid perchlo- perchlo- chromite LiF 290 psig, G P
tion copolymer rate, % rate, % added, % added, % in /sec in /sec Ib/in?
A-13 24 76 0 0 0 0 164 35 000 0 057
A-14 24 0 76 0 0 0 33 37,200 0 057
A-15 24 76 0 1 0 0 26 37,000 0 057
A-16 24 0 76 1 0 0 55 37,000 0 057
A-17 24 76 0 0 1 0 134 34,200 0 057
A-18 24 0 76 0 1 0 195 35 800 0 057

gested that this value be used in calculating response func-
tions 8

Results

The experimental results obtained by several investiga-
tors® 10 1! show a rather general tentative agreement with
the Hart-McClure theory except at low piessures and fre-
quencies where there seems to be some disagreement 'The
agreement consists of the fact that, within the experimental
uncertainty, the experimental and theoretical response func-
tion-frequency curves are the same general shape Because
the requisite parameters have not yet been experimentally
evaluated, a rigorous comparison can not be made

Several investigations have been made by the use of the
L-burner to explore the effect of propellant composition
upon oscillatory combustion The growth and decay rate
constants were determined, and then either Eq (5) or (7)
was used to characterize the severity of the oscillatory com-
bustion It has been learned that there is no major differ-
ence between the double-base and composite propellants
tested, except that perhaps the instability characteristics of
the double-base propellants are somewhat larger 1 13

A careful study was made to determine the contribution
of the binder to the instability characteristics of a composite
propellant ¥ This was done by testing thiee composite pro-
pellants (see Table 1 for compositions) in the T-burner
Each contained 809, ammonium perchlorate and no burning-
rate catalysts, but one employed a polyurethane binder, one
polysulfide binder, and one a polybutyl-acrylic-acid binder
As Fig 3 shows, the oscillatory properties of the propellants
did not differ greatly —The differences thought to be outside
the experimental uncertainty are those at high frequencies
(above 4000 cps) where the polysulfide acid propellant is most
unstable and those over the midfrequency range (1000-3000
cps) where the polybutyl acrylic acid propellant is least stable,
the polysulfide more stable, and the polyurethane most stable

In the same study, several variations of a polybutyl-
acrylic-acid propellant were tested The compositional

ar
A 21  Polybutyl acrylic acid
~——— A 22 Polysulfide
3r -——— A 25 Polyurethane
ol
€
ol
I-—
o 1000 2000 3000 4000 5000

f (cps)

Fig 3 Effect of binder composition upon the oscillatory
combustion of a propellant Response functions cal-
culated by use of average value of decay constant

variables were ammonium perchlorate particle size and the
content of copper chromite or lithium fluoride as burning
1ate modifiers Table 2 shows the propellant compositions,
and Fig 4 shows the complex results The propellant con-
taining fine oxidizer but no burning-rate modifier was much
more unstable than the equivalent propellant containing
coarse oxidizer Copper chromite, a burning-rate catalyst,
was stabilizing at low frequencies and destabilizing at high
frequencies On the other hand, lithium fluoride, which was
a burning-rate depressant, was destabilizing at low frequen-
cies and stabilizing at high frequencies It is interesting to
note that considerable order is introduced into the data
shown in Fig 4 if the response function is plotted against
f/r? as suggested by the Hart-McClure theory

In general, the results suggest that there can be no simple
instability classification of propellants by type or burning
rate Different practical propellants differ greatly in their
compositions and especially in their minor constituents
Since the oscillatory behavior of a propellant may be very
sensitive to the presence of an ingredient, it seems that each
propellant must be tested and evaluated independently

It was learned!® that the average burning rate of a pro-
pellant was deecreased by normal pressure perturbations
The decrease in burning rate is a complex function of oscillat-
ing pressute amplitude, mean pressure, frequency, and pro
pellant composition However, the pressure oscillations
always decreased the burning rate, and the decrease was
greater for larger amplitudes of the oscillations

Another comparative type study was made in an effort to
understand the mechanism by which powdered aluminum in
a propellant will suppress combustion instability 1* In that
study, the oscillatory behavior of a reference propellant (809,
NHCI0,-20% polybutyl-acrylic acid) was compared to that
of propellants which differed only in that they contained
small amounts of powdered aluminum or alumina The
compositions are listed in Table 3

5p m=——=e— A I3 (coarse oxidizer)
: ————— A (4 (fine oxidizer)
: A-15 {coarse oxidizer
af: 8 copper chromite)
|~: --- ——- A |6 (fine oxidizer &
: copper chromite)
_‘\'.' A 17 {coarse oxidizer
\‘.\ & lithium fluoride)
N, T~ — A8 (fine oxidizer &
\Q lithium fluoride)

1 1 1 J
o] 2000 4000 6000 80‘00 10000
f (cps)

Fig 4 Effect of burning-rate modifiers upon the oscilla-
tory combustion of a propellant Response function
calculated by use of average value of decay constant
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Fig 5 Experimentally observed damping compared to
the calculated value for propellant A-2 containing 1%
5-¢ Al Experimental damping obtained by noting
difference in g1owth rate of oscillations produced by non-
aluminized A-1 and this propellant

By the use of Eq (7), along with the growth and decay
constants of the oscillations, the reponse functions of the pro-
pellant combustion zones were determined Within the
eirors of the method, it was concluded that the aluminum
did not alter the 1esponse function of the combustion That
is, the response of the combustion zone to a pressure per-
turbation was unchanged by the presence of aluminum in the
propellant  Also, it was concluded that the aluminum pro-
duced condensed phase combustion products that inhibited
oscillatory gas motion by viscous damping This damping
is, of course, due to the energy dissipated through viscous
losses as the vibrating gas moves relative to the particles
The magnitude of the damping was determined experi-
mentally by subtracting the growth rate constant of the
unaluminized propellant from that of the aluminized pro-
pellant  An estimate of the theoretical damping was com-
pared to the experimental values, and the values were ap-
proximately the same It was only possible to estimate the
theoretical damping value because a precise calculation re-
quired knowledge of the particle sizes of the combustion
products which were not known at that time

So that the damping might be more accurately estimated,
the combustion products from the propellants used in the
forementioned study were collected and analyzed This was
done by burning a 1-in -0 d , 0 2-in -thick propellant sample
in a system such as that shown in Fig 1b  The length of the
burner was 6 in, and the pressure in the system was 200
psig, the same pressure that was used for making the oscilla-

200r ——— Calculated
—-—=  Experimental

3

6
(cps)

f x IO

Fig 6 The same as Fig 5, except that the aluminized
propellant A-7 contained 19 25-p Al
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Fig 7 The same as Fig 5, except that the aluminized pro-~
pellant A-10 contained 0 49, 200-A Al

tory tests Following the fiing, the combustion products
were allowed to settle upon a glass plate, which was placed
in the bottom of the piessure surge tank After two days,
the tank was depiessurized, and the sample seraped from the
glass plate The particle size distribution of each sample
was then determined by the use of electron or optical micro-
graphs and the equivalent cirele technique 2 Table 3 lists
the compositions of the propellants whose combustion prod-
ucts were tested in this manner

In Ref 12 it was concluded that the aluminum powder did
not change the response function of the combustion zone
Then, based upon the work of Epstein and Carhart,** the
equation

— Qg = 2D37rnDRV(1 + Z) X

I: 1624 0
16Z% + 72027 + 81621 + 2Z + 275 ¥

was derived This equation describes the reduction in the
growth rate of the oscillations (—a,) which is caused by the
presence of condensed phase particles in the gas  Since the
majority of the aluminum (or AlLO;) exists as a liquid in the
combustion gas, there must exist a suppressive action de-
seribed by Eq (9) The only question is whether or not
this effect is the predominant one

This question was answered by comparing the experimental
results with the calculated values of Eq (9) The experi-
mental results consisted of the difference between the growth
rate constants of the oscillations generated by the unalumi-
nized propellants The difference represents the value of
the damping only if, as was concluded, the response funetion
is unchanged by the aluminum Of course, the comparisons
were made at constant frequency and pressure The theo-
retical damping value was calculated from the measured
particle size distribution (shown in Table 4) and Eq (9)
Figures 5-9 show the observed diminution in the growth rate
constant compared to the diminution that eould be expected
from viscous losses

200r
—— Galculated
ol ——-— Experimental
120+

(sec-')

dg

f x 10

Fig 8 TIhesame as Fig 5, except that the piopellant A-11
contained 19 3-x ALO;
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Table 3 Propellant compositions

Propellant designation Binder Oxidizer Burning-rate modifier Additive
A-1 20% polybutyl- 409, as received 29, copper chromite
acrylic acid 409, micropulverized NH,C10,
A-2 209, polybu.tyl- 409, as received 29, copper chromite 19 5-u
acrylic acid 409%, micropulverized NH,ClO, Al added
A7 20% polybutyl- 409, as received 29, copper chromite 1% 20-p
acrylic acid 409, micropulverized NH,CIO, Al added
A-10 209, polybutyl- 409, as received 29, copper chromite 049, 200 A
acrylic acid 409% micropulverized NH,ClO, Aladded
All 209, polybutyl 409, as received 29, copper chromite 19, 2-u
acrylic acid 409, micropulverized NH,CiO, ALO,
added
A-14 249, polybutyl- 769 15-u NH,C10,
acrylic acid
A-20 249, polybutyl- 76% 15-u NH,ClO, 19 20-u
acrylic acid Aladded

In all cases the theoietical damping seems to be greater
than the observed values From this it is concluded that,
at least in these cases, the viscous damping mechanism is
predominantly responsible for the effectiveness of the alumi-
num powder in 1educing the severity of oscillatory
combustion

There are seveial possible explanations for the fact that
the theoretical viscous damping, which is not the sole source
of damping, should be gieater than the total observed by ex-
perimentation One reason is that the particle size dis-
tribution is certainly not constant through the combustion
chamber  Accordingly, the measured distribution is not an
accurate representation of the distribution in the combustion
chamber but only an estimate Secondly, the measured
particle size is not overly pirecise in the important size range
Although about 800 paiticles were sized for each sample,
only a few large paiticles produced significant damping
In most cases only 6 measured particles were responsible
for at least 959, of the calculated damping Finally, if the
estimated gas viscosity were wrong, so would be the caleulated
dissipation

It was originally feared that the condensed phase com-
bustion products of the copper chromite in the propellant
would confuse the analysis of the collected particles How-
ever, the copper chiomite particles were cubic crystallites
whereas the alumina particles were spherical, and there
seemed to be no interaction between the two Therefore,

little difficulty was encountered in determining particle
sizes because the copper-chromite could be visually identified
and ignored

The information in Table 4 can also be interpreted in
terms of aluminum combustion However, such is not the
purpose of this paper

The experimental results may be related to a hypothetical
development program Suppose that a company has an
excellent propellant that they wish to use for a high burning-
rate application Probably an additive would be used to
increase the burning rate, but, as Fig 4 shows, the additive
may greatly change the oscillatory burning characteristics
of the propellant A previous history of stability would
provide no assurance that the modified propellant would be
stable

Also, suppose the company had been using aluminum in
their propellant but now wished to substitute another metal
The effectiveness of particles in damping acoustic motion is
critically dependant upon particle size If the different
metal produced combustion products of a different size, it is
easily possible that instability might result from the change

Conclusion

At this time it 1s possible to use the T-burner for studying
the interaction between normal pressure perturbations and a
solid propellant combustion zone Also, the system is suit-

Table 4 Particle sizes

Parent
propellant: A1 A-7 A 10 A-11 A 20

Total Total Total Total Total
Particle Greater volume Greater volume Greater  volume Greater volume Greater  volume
diameter, u than 9% below, 9% than, 9% below, 9% than, % below, % than, 9% below, % than, 9 below, %
0 05 and less 72 0 0 00 81 6 0 00 49 0 0 00 90 9 0 00 87 6 0 00
00501 54 9 0 01 68 6 0 03 26 9 08 69 8 0 002 74 5 0 002
0102 30 2 0 04 37 8 0 07 16 9 19 39 4 0 01 35 9 0 01
0203 15 2 03 17 4 13 89 59 16 5 02 16 3 02
0304 6 3 12 91 51 43 20 7 90 (U 79 06
0405 29 26 48 9 2 17 29 2 61 13 50 10
0506 19 38 34 13 9 03 57 2 48 17 32 15
0607 16 43 24 16 7 03 85 6 35 51 23 19
0708 13 46 16 20 1 00 85 6 24 10 7 20 22
0809 13 50 13 23 9 00 100 0 21 17 6 12 23
09-10 10 50 08 25 7 16 17 9 09 29
1020 06 60 03 310 11 18 6 06 32
2030 04 111 00 52 0 08 21 4 03 43
3040 01 20 5 00 100 0 03 27 8 03 96
40-50 00 72 4 00 62 9 02 96
5060 00 100 0 00 100 O 01 251
6 0-7 0 0 00 53 3
7080 0 00 100 00
8090
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Fig 9 Experimentally observed damping compared to cal-

culated value for propellant A-20 containing 1% 25-u Al

Experimental damping obtained by noting the difference

in growth rate of oscillations produced by A-14 and this
propellant

able for studying acoustic damping in either the combustion
gas or the propellant The results from such studies are of
considerable theoretical and practical utility

However, before this knowledge can be more than qualita-
tively applied to a specific rocket motor, more information
isrequired The damping in the T-burner needs to be better
understood  Also, the erosivity effect of a gas flow parallel
to the burning surface must be understood and evaluated
Finally, the acoustic damping in the specific motor must
be determined Then, the summation of the gains and
losses will permit the rocket designer to calculate the stability
of a motor Although the ability to obtain these required
pieces of information is still lacking, the progress made to
date is encouraging, and, perhaps, the desired goal is not
far away
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