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A method for the determination of burning rates of propellants whose form function is unknown is introduced. 
The method consists of burning in the closed vessel, a known charge weight of the test propellant alongwith 
a known weight of a very fast propellant and recording the pressure-time curve. The fast propellant generates a 
known pressure which remains nearly constant during the burning of the test propellant whose web size is the 
only quantity required for the evaluation of its rate of burning. The test propellant burns at near constant 
pressure conditions just as in the strand burner technique. This method can be applied to any unknown pro- 
pellant of any shape whose web size can be measuredUand very large webs also can be used. In addition, the 
measurement of the records and the computation are very simple. 

N O T A T I O N S  

A m  Reciprocal of the vivacity of the fast propellant 

CI Charge weight of the fast propellant 

Do Distance burnt of the test propellant at time To 

Web size of the fast propellant Dl 

Da Web size of the test propellant 
$3 

FI Force constant of the fast propellant 

fix Fractions of webs Dl and D2 respectively, burnt at any time t 
f a l  

fz o Fraction'of web D2 of the test propellant burnt at time' to 

P Pressure 

Pressure at t o  

Pressure at t , 
Mean pressure at which the test propellant burns 

Rate of burning of the fast propellant 3 

Rate of burning of the test propellant 

Time at which the fast propellant is burnt out 

Time at which the test propeUant is burnt out 

Volume of tb closed vessel 
* 

Rate of burning co-efficient of the fast propellant 

Rate of burning co-efficient of the test propellant 

71 Covolume of the.fast propell~nt 
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The rates of burning of propellants at different pressures are experimentally measured by the closed 
vessel technique,l,2&3 in the pressure region of 73.6 MPa-294.2 MPa (750 kgJcm2-3000 kglcmz), 
and by the strand burner technique 4 5  & 6 for pressures upto 19.6 MPa (200 kglcm2). Mic~o rocket 
techniques? can a s o  be used for the lower pressure region. An extension of the closed vessel techniques 
for measuring the rates of burning in <he intermediate pressure region of 9.8 MPa-78.5 MPa (100 kg11 
cm2-800 kg/cm2) was introduced in ERDL (Explosives Research & Development Laboratory, Pune) 
in 1975. 

The ERDL method requires certain precautions for getting the correct results. 

(i) The proljellant should be extruded in cord form preferably of web approximately 2.5 mm. 

(if) The lengthldiameter ratio to be equal to or greater than 50. 

(iii) If the above two are not possible, then the form function of the propellant grains must be 
accurately known, the accuracy of which greatly controls the accuracy of the calculated rates 
of burning. 

It happens often that propellants, particularly for rockets, seat ejection cartridges, gas generators, 
etc. come in large, complex shaped grains. They may be of foreign origin, their method of manufacture 
may be unknown and it may not be possible to extrude the cord form grains required by the experiment. 
Their form function during burning may not follow theory, e.g. the case of 7-holed mutlitubular grains. 
In addition, it may hot be possible to carry out their ignition and recording properly in the normal CV 
technique. To cope up with situations like these, the following method d using the closed vessel for burn- 
ing the test propellant at near constant pressure conditions (instead of the pressure change from 0-Pmax 
in the normal CV) has been developed at ERDL. 

M A T E R I A L S  A N D  M E T H O D  

The method consists of the burning of a known charge weight of the test propellant in pieces of large 
web size alongwith a known weight of a standard propellant whose burning is very fast compared to the 
test propellant. The pressure vs. time curve is recorded upto a little distance after the maximum pressure 
in the cooling region, which shows a typical record as depicted in Fig. 1. 

Both propellants are ignited together and start burning simultaneously at 0 time. The fast propellant 
is completely burnt out at time to, when the test propellant is burnt through only a very small distance and 
under favourable conditions its contribution to pressure is negligible and Po represents mainly the pressure 
generated by the fast propellant. During this period and further also, there is continuous heat loss to the 
walls of the vessel which results in a rate of fall of pressure which can be calculated by Vittal methods. 
After to upto t,, the test propellant continues to burn to completion. If the ratio of the charge weights of 
the two propellants are adjusted properly, the rate of rise of pressure due to the burning of the test pro- 
pellant nearly compensates the rate of fall of pressure due to the heat loss and the pressure remains nearly 
constant from to to t ,  at Po- P,. Thus the test propellant burns at near constant pressure conditions as ' 

in the strand burner and in an atmosphere of propellant gases as in the normal closed vessel. 

If the web size is known D2, then the measurement of the time of burning (t,-to) enables the rate 
of burning to be calculated as D2/(t,-do) at a mean pressure F i n  the region Pa--P,. A small correction 
has to be applied for the distance Do burnt during the first interval fromQO to t,. 

, 
. Fig. 1-Presswe-time record in CV of double propellant burning. 

I 
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Assuming as a first approximation, the burning of the propellants to be represented by -. - , 

(SufEx 1 denoting the parameters of the first propellant and suffix 2 those of the test propellant) 
- - A  - 

i 
/ - 

from (1) dfi = - -. - .  
. . A t t = O ,  f = O a n d a t  t = t o ,  y = 1  and P'=& 

Therefore 

and 

- 

i.e. -- (4) 
- ' O  

\-y 

b (the vivacity) is dependent oqly on the composition and the web of ibc propellant and $herefore 
Dl 
A* can be conveniently found by carrying out a blank CV firing with the fast propellant alone and measuring 
the area under the P-t curve upto the maximum pressure of a blank firing record. - 
. From (I), (2) and (4) 

At t = 0, fi = 0 and also f2 = 0, From (S), by integration, 

. Denoting the, web fraction burnt at t=to a s h o  andfi being equal to 1 at that time . - .  

(7) 

i.e., the distance burnt at t = t ,  

f Do = Da f20 = A m  pa (8) 

, Applying this correction Do to the web, the rate of burning of the test propellant is 

Where is the mean pressure in the, interval to to t, 
I 

A m r 2  A.B = 2 , from (8) Do = 7 
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This correction has been arrived at, using the linear law, for which it is accurate. If the propellants 
obey theindex law, then the required integrations have to be carried out numerically, and the procedure 
is difficult and tedius. In such cases, the differences introduced into the correction term Am/P can be re- 
duced to negligible quantities by careful selection of the fast propellant such that its vivacity is very high 
compared to the vivacity of the test propellant and its pressure index is near to unity. 

The charge weight of the fast propellant required to produce the pressure Po, at which the rate of 
burning is calculated, is found by 

The charge weight of the test propelldnt is found by carrying out a few test firings and the charge . 

weight which gives a near horizontal ourve from to to t ,  is the correct charge vight. Usually, it will 
be a small fraction of the charge weight of the fast propellant. In practice, for convenience in measure- 
ment, a slightly rising curve from t ,  to t ,  is preferred and the mean value P is found out by a number 
of pressure measurements in the inte~val to-tm. By this technique one CV firing gives one value of the 
rate of burning at one pressure. The firings are ca~ried out at a number of different charge weights of 
the fast propellant to get a number of rate of burning values at different pressures. 

 he results of the technique, as applied to an experimental M7 type of propellant, two indigenous 
rocket propellants, A and B and an impo~ted rocket propellant are given in Fig. 2 and 3. Their compo- 

- I  I I I I I I -  

7 9 11 13 15 17 19 2 1  23 25 
PRESSURE ( MPa) 

Fig. 2 - ~ 7  propellant; (1)-28.g°C, = 2.17 + 0.224P; Fig. 3-Rates of burning of three typical rocket propellants 
(2) 26'7"C, r - 1.85 + 0-265P. (U Indigenous rocket propellant B; 26.7"C, r - 1.05 

1-0' 141 P ;  (2) Imported rocket propellant : 26.7"C; 
r=Oe 94-tO.109 P; (3) Indigenous rocket propellant A; 

, 26.7"C, r = 2.13 + 0.0275P. 
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Ingradients 
Indigenous Indigenous Imported 

M7 rocket rocket rocket 
propellant propellant propellant 

A R 

Nitrocellulose 54.60 54.20 49.50 60.63 

Nitrogen in NC 
. . 13.15 12.20 12.20 11.93 

Nitroglycerine 35.50 36.70 41 .50 
- - . - - - _  I 

27.26 

Carbamite 0.90 5.50 4.60 - - ,. -- .  - -  
Methyl ceitralite - - , - -. - 1.30 

DNT - - 5.00 - 
DBP - - 3.60 - - 
Dimethylol nikoethane dinitrate - - - 8.76 
Carbolac - - - 0'. 70 0.50 - 
Carbon black 1.20 - - -. 
Candellilla wax - - 0.075 - 
Calcium carbonate - - - 1.84 
K. cryolite - - 2.25 - 
K. sulphate - - - 0.21 
K, perchlorate - 

2.89 * - - i '. 
Lead salt - 4.10 ~ - - 

- 
sitions are given in Table 1. A high vivacity, porous propellant in ballistite composition, was ism3 in all 
cases as the fast propellant and the charge weights of ballistite vs. the mean pressure of the experiments 
are given in Fig. 4. These are given only to illustrate the type of results which can be obtained by this tech- 
nique and not as a study of the performance of the propellants which require Purthes extensive firings. 
Fmther work is in progress for the application of the method of different propellants and comparison of. 
the results with the results of aormal CV firings wherever possibb. 

0 f I I I 

0 10 2 0 3 0 4'0 
CHARGE WEIGHT ( g )  

Fig. &Ballistic prossure% ' 
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As seen by the Eqn. (9), only the web size of the test propellant need be known. If the propellant is 
in the form of a very large rocket propellant grain, a small piece can be cut out from it, the smallest di- 
mension of the piece pan be measured as the web and the rate of burning can be evaluated. No inhibition 
of the propellant grain is necessary (as in strand burner) but already inhibited rocket propellant grain 
can also be evaluated by this method without removing the inhibition taking care only to measure the 
correct distance through which the grain will burn (as the web). The measurement oP the P-t records is 
very simple and involves only two quantities, is., tm-to and F .  The arithmetical work involved is negli- 
gible. 

- - 
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