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ABSTRACT "

In order to assess the Ballistic performahce of a propellant it is
ilecessary to measure its following characteristics : '

(¢) Force constant, (b) vivacity, and (c) shape.

Tt is possible to determine (@) and (b) by the closed vessel techni-
que which enables ballistic performance of the propellant in the gun
to be estimated. It can be very usefully employed for quality control
of propellant manufacture. : .

Asmore and more exp:rience is gaine& in the closed vessel
technique these tests have several other possible practical applications
such as those ' :

(a) for inspection of propellants, (b) for assessment of quality,
- (e) to reduce proof in guns, and (d) to check ballistics of a lot
after long storage. _ \

Introduction

‘ Propellants form a group of explosives, whose speed of burning is governed

by external pressure on their surface. This governability by external pressure
allows their precise designing for each purpose. Propellants are made speci-
fically for each propulsion device. Depending on the  performance require-
ments, a wide range of shapes and sizes are current. They range from
the tiny flakes or granules used in sports weapons, which are only a few thou-
sandths of an inch thick, to the giant ‘grains’ many inches thick used in
rockets and power cartridges. The precisions of performance expected of each
also vary widely. But of all these, the propellants for guns form the most
precise class, even today. »

A good modern gun speeds its consecutive projectiles to an accuracy better
than 1in 1000. This accuracy is higher than that of the chemical analysis used
today to control the quality of propellant used in the gun. Chemical composi-
tion of the propellant decides the total amount of thermal energy released by
burning it. This thermal energy controls to a large extent the ballistics of the
projectile. This control of chemical compositon by analysis is the most precise
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control that the propellant manufacturer has on his product, today. In normal
gunfire, a variable fraction of the thermal energy released ranging about a
third is transformed into kinetic energy of the projectile, by the expanding
powder gases. The exact value of the above fraction, depends on the rapidity
of burning of the propellant in the gun. Unfortunately, this fraction is neitheras
precisely controllable nor as repeatable during propellant manufacture, as the
chemical composition. The rapidity of burning or vivacity of propellant, varies
from lot to lot of manufacture. In the gun, these variations in vivacity, produce
variations in velocity and even larger variations in pressure. If the vivacities
are controlled during manufacture, to the same extent as composition of pro-
‘pellant, very much higher precision in ballistics would be possible. The Ord-
nance Board in U. K. have expressed the opinion recently, that the accuracy
of modern gunfire is limited mainly by the precision of the propellant used in the
ammunition. They have stated that a closed vessel control of the vivacities
would reduce this limitation significantly. '

Chemical kinetics of propellant burning is, even today, an abstruse subject.
Fairly wide and often inexplicable changes in burning rates are known to occur
in the same process of manufacture. Sometimes, these are traceable to seem-
ingly trivial changes e.g. in sources of raw material, processing times or even
weather. Changes uptc twenty per cent in burning rate, have been noted at
TDE (ME), Kirkee, for similar propellants made at different times, Similar re-

sults have been recorded at ARDE, UK also. These variations are not expli-
cable by any of the current theories of burning rates. After decades of experience,

“with these inexplicable ballistic variations, the manufacturers and users of gun -
propellant have developed an attitude of extreme caution and conservatism
with regard to propellant manufacture. Consequently the propellant manufac-
ture is now an art—an art of meticulous repetition of all details of manufacture.
It is an open question, whether all the details of manufacture specified today,
are critical or even necessary for steady ballistics. Unfortunately so far, any
attempt to find this out, had to face the delays and expenditure of actual gun
trials—tens of thousands of rupees—as no simple test for performance was
known. True,even in Moissans’ time, closed vessel firings were tried out for fast
and economic assessment of propellant performance. But the poor repeatability
of propellant manufacture and the insufficient accuracy of closed vessel measure-
ments at that time, did not allow much progress. -Actual firing in the gun was
the only method of proving propellants sufficiently accurately.

Normally, gun proof is carried out at another establishment equipped for it,
often at considerable distance from propellant factory. Consequently, there is
considerable delay from the time of manufacture of propellant, to the time when
its ballistic data become available. This makes alterations to or experiments
with propellant manufacture very difficult, time-consuming and costly. If
* the processing time of propellant is small and gunproof is carried out at
the propellant factory, improvements in manufacture can be expected to be
‘rapid. This isactually the case, in the factories catering to small arms and sports

weapons. The progress in this field is indicated by the bewildering variety of
makes, shapes, types and compositions available in propellants for small arms,
inspite of the difficulties in manufacture due to the smaller propellant size and

difficulties in proof due to the faster gun action. On the other hand, it is common
practice, even today, for thousands of pounds of a well established type of gun
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propellant to be rejected, months after manufacture, because of unsuitable
ballistics obtained in gun proof. In such a case, the manufacture of propellant is
left helplessly guessing both the reasons for the failure and methods for its
cotrection. At the beginning of last war, these difficulties stood in the way of the
gigantic programmes of propellant production in USA. The manufacturers (in
patticular Du Pont) were perforce, led to develop the technique of the modern
labotatory assay of propellant ballistics by closed vessel. In essence, this US
closed vessel test, compared the test propellant against a standard propellant
for force and vivacity. As variations in force and vivacity (or quickness) are the
main characteristics that cause ballistic variations between lots of the same
propellant, it was soon proved and accepted that gunproof was redundant, if
variations in these relative values (called R.F.=Relative Force and R.Q. =
Relative Quickness) are within specified limits. ‘

The closed vessel is a laboratory apparatus. It is considerably more econo-
mical than the gun in material, man hours and space requirements. Housed in
the propellant factory, it can produce results much earlier than the gun. The
propellant manufacturer with his own closed vessel, is thus freed from the delays
and vagaries of the gun proof data obtained from another establishment. ‘Also,
because of its rapidity and all round economy, he can use his closed vessel, just
as assuredly as his micrometer gauge, to directly control the quality of his pro-
duct, and bring it within specification limits. Better still, he can use it with equal
ease, to develop new products or processes to suit even better specifications. All
this simplification and rationalisation is justifiable theoretically also, as the
propellant characteristics Force, Vivacity and Form Factor can be shown
to be the main variables that control propellant ballistics. The determination
and accurate comparison of these characteristics is the basis of the current
closed vessel technique of propellant assay.

*Closed Vessel Technique

The current design of closed vessel is shown in Fig. I. This is an accurately
dimensioned, quantitatively sealable, steel chamber, in which an aliquot sample
of the propellant is burnt under constant volume conditions. An accurate piezo-
electric gauge, a wide band DC amplifier, a cathode ray oscillograph and a suit-
able camera are used to record the pressure-time or other derivative curves. The
quantity of propellant exploded in the vessel each time-corresponds normally
to the effective density conditions in the gun, when the propellant charge in the
ammunition is just burnt. For modern guns, this is about 0-2 . The piezo-electric
gauge has good high frequency response and allows recording of the fastest
pressure changes ocourring in these explosions. Some typical pressure time
records are given in Fig. II. The dotted line is a time scale in milliseconds. The
dots are produced by flashes from a thyratron, controlled by a 1000 cycle tuning
. fork and recorded at the same time as the pressure signal. The horizontal cali-

bration lines are made immediately before the explosion by calculated poten-
tiometer controlled voltages. The explosion pressure rises approximately expo-
nentially at first and then fairly rapidly steadies upto a maximum, Cooling of the
‘gases by the chamber walls, causes a gradual fall afterwards. Small corrections
for this cooling are applied in practical measurements for getting the uncooled
maximum pressure. The wide differences in rapidity of burning between the -
-three propellants is evident, although these are far from the extremes of
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rapidity, normally met with in ammunition. The bottom-most curve is a corres:
ponding pressure-time record in a gun, with the time marks in ten thousandths
of a second and calibration steps for pressure. The maximum pressure in the gun
is more closely connected with the maximum rate of pressure rise in the closed
vessel than the maximum pressure itself. The rates of pressure rise—time records
in the closed vessel have much more detail and diagnostic value than pressure
time curves. ' :

, d ‘ .
Figs. IIT and IV give some typical —dlto —t closed vessel curves for some of

the various shapes of propellants in service- These curves are particularly useful
for finding ‘effective’ Form Factors for various propellant shapes. It would be
noted that all these curves show an almost exponential rise, a maximum of
varying sharpness and a return to base of varying steepness. Propellants with
higher form factors show blunter maxima and lower steepness of return to base.
For example, for a perfect tubular propellant, theory indicates, that the curve
would have an exponential rising part, as the pressure builds up in the closed
vessel, followed by a perpendicular fall to base as all the propellant is burnt out
‘simultaneously’. The steep fall would leave a sharp maximum on the record. As
seen in Fig. III, the practical tubes do not show this sharpness of peak and
steepness of fall. These departures from expectation vary with the composition
and quality of propellant. It can be shown, that grain to grain differences in size,
structure and uniformity of shape, all contribute to blunt the peak and reduce the
steepness of fall in these curves. Measured in terms of 6, the effective form factor,
these effects in tubes, range from 0-05 to 0-25 in different propellants. Most of
the values recorded range about §=0-20 and is probably an experimental
justification for the empirical value 6= 0-2 used in many ballistic computations,
instead of the geometric value 6 = 0. ‘

Similar increases in 0 are used by ballisticians for multitube propellant. A
value 6 = 0 instead of 6 = 0-2, along with an increased vivacity is in general
use. Experimental values of § for multitube range from 6=0-15 to 6=0-35. The
average ballistic effects of these are in approximate agreement with the results
of empirical values assumed by the ballisticians. For cord and slotted tube
propellants, the ballisticians use the geometric form factors. The arguments
about heterogenieties in tube and multitube and their effect on increasing 9 exist
for the cord and slotted tube also. In fact, experimental values for slotted tube
indicate values of 6=0-30, about 0-13 above the geometric value. These are
anomalies requiring investigation. The determination of effective ‘form factor’ is
a virgin field in experimental ballistics. It is of particular interest in assessing
effects of blending different lots and for uniformity checks inside single lots.

The %)— — t curves from closed vessel are of great use in measuring the
characteristics of small arms propellants. Some of these are given in Fig.V. Modern
small arms propellant manufacture is an art, not amenable to easy mathema- -
tical analysis. They are made to varying porosities, wide variety of grain shapes
and moderated to a designed non-homogeniety of composition in each grain.
Their closed vessel curves show in all cases, the usual exponential rise to a maxi-
mum. But the finish appears to be always a Gaussian Error curve. The latter is to
be expected from the wide grain to grain differences and the designed heteroge-
niety inside each grain. Thus, despite the extremely wide variety of shapes,



I o
- 3INIL

S

VOB FOR ASSESSMENT OF BALL

'3S1¥ 3UASSIUM 40 FLVY |

B

38NL Q31107

L3

. OLOSED VENSBL TE

INVTTEI0Ud ALTEOIE-NON-SSETHSV'IA SOONEDIANT “MOLOVA WHOL TVOLLOVE 54 DIELANOED

58



18%

- DEFENCE SOIENCE JOURNAL®

AT P
TRIT

'\ 3enL aiLiols

a33dS MOTS 'quod -

¢ Q@334S WNIG3N Q¥OD

N 39NLILANN
INVITEIO™d 40 ﬂmdmm d0 LOHAAH

3S1¥ 3YNSs3Iud Jo 3Iivy



-

CLOSAD VESSEL THOENIQUE FOR ASSESSMENT OF BALLISTIOS

A,
T

A
3N

(ARRE PN

H

e

¥3IAMOd NNO LOHS $,1380N

FLINOIN WIM “1°9°1

KMOBO& mm.u!_m $ ,3790N

N azﬁémomm SWEV TIVAS -

'3S1Y  3UNSS3Ud 0 lvy:



'DEFENCE SCIENCE JOURNAL - 189

structures and compositions available in small arms propellant, their statistical
distribution appears to control their burring characteristics and allows some
rationalisation of their measurement for ballistic assessment. The maxima in
these %-0 — ¢ curves show a close parallel with the ‘vivacity’ of gun propellants
and corresponding correlation with small arms ballistics. The mathematwal
development of this field is a very urorent problem.

Equations for Propslla.nt Burning in (Hosed vessel .

The basic equations used for analysing prepellant burning in closed vesses
have a close parallel to the basic equations of Internal Ballistics. It is this
similarity of equations that allows the considerably generalised ballistic assess-
ment from closed vessel data. The basic equations of closed vessel are the
followings:

(¢) Equation for Burning of the Pwopellcmt Grains

. D(lf—ﬁP .. . Q)

where D and f are the web size and its fraction burnt and P the ‘effective’

- linear burning rate of the propellant in the pressure range of interest. 1t is to be
noted that the P as above defined, does vary somewhat with the range of pres- -
sures used. This is the main reason for duplicating th> gun pressure conditions
in the closed vessel as stated previously.

(1) Form Function of Propellant Grains.
_ b =f(146—6f) e (@)
where ; is the fraction of charge burnt and 0 the ‘effective’ form factor.
The equa.’mon (2) ‘assumes ‘long’ grains and is not strictly applicable to
short 8.-A. propellants. This is one of the major difficulties in mathematical
 analysis of S.A. propellant ballistics.
(e3¢) Equatwn of state of powder gases
P[V——nc—l—(n—l)(l—-fb)c]-—nRT Co = FCb .3
where P is the pressure, V the volume and 7 the co-volume of powder gases,
R the gas constant, n the number of moles of gas produced. per unit mass of

burnt propellant. C is the mass, § the density, T, the flame temperature, F
the force constant and & the charge fraction burnt of the propellant.

When the propellant charge is fully burnt the maximum pressure Pp
is attained. Then,

Neglecting some correction terms, the above equations reduce essentially
- to

Force constant F = Py (—————'7) .. . o .. ()

and Vivacity "5?("&?‘ P)Pm( N ()]
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The pressure time records as in Fig. IT allow calculafion of B from (6)
if the absolute values of Pm and dk/df are known dg/df values involve
knowledge of effective form factor .

And, these are; as seen earlier, only approx1ma,tely known. However for
similar propellants at equal charges C, the

Pm of Test Propellé.nt

Relative Force = (7)
Py of Standard Propellant
( g 1 ) P of test propellant ‘
Relative Vivacity = dP 8
‘ = — )%= f standard propellant -
dt " p ) P °

accurately and independent of actual form function. This is the basis of the
current, procedure in UK and USA, to avoid the errors of absolute values in
vivacity. Practical ballisticians would® find in- this method, a close parallel
with their current method of converting ‘as fired, ballistics’ to ‘corrected ballis-
tics” by using the ‘as fired’ ballistics of the standard round as a reference point.
This would be clearer by a parallel discussion of the equation of Interna,l Ballis-
-ties of Guns .

Basic Equation of Internal Ballistics of Guns
In their simplest forms, these are
(¢). Equation of Bummq of Propellant Grains

Ddf SgP .. .. )
where D, f, B and P have the same meanmg as in the closed vessel
equation (1). A @
(m) Form Function of Propellant Grains
¢p=1f(14+60—06f).. e e (10)

This is also similar to (2), except for minor increases in 6 due to ‘erosive’
‘burning of -grains in high velocity guns. -

(49¢) The Equagion of State of Powder Gases

P(V—DbA)=nRTCé .. .. (1)

where b is a small correction term involving co-volume of powder gases and
" density of propellant, V—bA is the effective volume of powder gases behind the
shot, A the area of cross section of bore, and T the average temperature of
powder gases. Other terms have the same meaning as in (3) :

(iv) The Equation of Motion of Projectile

du dU
mE—mUEX—::PA .. .o .o (12)

where m is the éffective mass of projectile, U its velocity, X the effective
length of gas column and P the eﬂ’ect;we ‘pressure ‘behind shot and A the area
over which it is acting. :
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(v) The Equaiion of Energy.
Neglecting losses due to friction, heat conduction ete. this is

imU2=

FC¢ —PA(X—Db) 3 (19)
T g —1
where « is the ratio of specific heats.
~ These equations reduce to the usual forms _
. AD ‘
Velocity U = mp f=10U,f .. (14)
where Uy, is the velocity at ‘burnt’ point.
df
Pressure P = mU;? f Ix .. (15)
The usual central equation of ballistics becomes simply
(X —b) gz = e (10— — "5 .. (16)

Equations (14), (15) and (16) lead normally to a complete ballistic solution.

Examination of the above equations reveal two obvious, but important and
often disputed points:

(@) Two of the propellant characteristics, 8 the burning rate and D the
web size, enter these equations only as their ratio /D (called Vivacity). There-
fore, their individual values are immaterial for ballistics. It is possible to choose
a D for any practical value of : to get the required B/D. The older insistance of
‘correct size’ of propellant has to be modified now as ‘correct vivacity’. This is
important, because as already stated before, wide variations in B occur under
normal factory conditions, sometimes even without any obvious reason for it. -
Also, the measurements of ‘D’ for control, are extremely limited in accuracy,
as the grain shapes are rarely of the specified geometry or uniform; and even the -
- ‘voughness’ of surface of the propellant grains influence these measurements.

B/D Values from C.V. are more precise.

~ (b) The Force Constant T and charge C enter the equations only as their
product FC. It is clear, therefore, that for any practical F, a satisfactory C can
be got, limited only by the physical capacity of the gun chamber. - Specifically,
uo ballistic distinction exists within the above limits, between propellants of-
differing chemical composition or calorific value, if FC is kept constant.

 The equations (14), (15) and (16) also imply, that if two propellant charges

with equal FC, B/D and 6 are fired in any gun, the ballistics would be equal.
Fig. VII gives the g;ﬁ '—t curves for three such propellants. The close similarity
~ in the main shape of the curves is evident. This is the quantitative basis of the
" closed vessel technique today for ballistic assessment of similar propellants,
whether it i« for (a) quality control of production at the factory, (b) deterioration
due to storage at' reserve depots (c) matching of new indigenous propellants
with imported ones (d) investigating abnormal ballistics in accidents or (e)
evaluation of a new process or material for propellant manufacture in thé factory
for. a required improvement in performance, : : o
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The required values of F, B/D and 6 are determined easily by closed
vessel firings, But, as shown under equation (1), various limitations exist (due
mainly to our ignorance of the precise burning laws) in using these data for
absolute values. These limitations reduce the accuracy of absolute measure-
ments in closed vessel, today, to a few per cent. This is too low for most of the
important problems in service. Sirnilar uncertainties in absolute values exist, in
routine gunproof also. There, it is circumvented, by using the ballistic data for a
similarly fired standard round of ammunition, as reference values, and noting
only the comparative ballistics. A parallel technique in closed vessel improves the
accuracy of its measurements considerably. .In this method, only the small
differences in F, B/D and 6 between almost equivalent propellants are measured. -
These measurements are accurately and unambiguously carried out from
closed; vessel oscillograms. They are almost free from the limitations of the |
formula of (1) and (2). This method of differences, has a wide and important
field of application in service problems. The differences in ¥, /D- and 6 can
be computed by mongmial methods to corresponding differences in ballistics.
This indirect method has a higher precision than direct gun proof, as the closed
vessel data have a higher precision and short-time repeatability. The following
applications are chosen mainly to show the width of field open to this method
of relative ballistic assessment and its importance to current_ service problems.

Applidations
Propellant Production at Constant. Ballistic Level

‘ Of the fwo factors F and;8/D involved in this problem, chemical control
is sufficiently satisfactory for controlling F. Control of vivacity (8/D) at the
blending stage by judicious 'mixing of high and low vivacity pre-blends had,
been adopted in U.K. Relative measurements of pre-blend g/D’s by closed, vessel
is proposed for'this. Fig. VI gives the data for a number of lots of a new naval
propellant produced at CFA, watched and controlled by closed vessel. The
variations in ballistic level of current lots of the propellant, are too small and

difficult to detect by gunproof. This should be of interest to authorities mana-

facturing and inspecting propellants.

Ballisitc Life of Ammunition

Propellant deterioration in storage, is one of the main causes of limiting
the ballistic life of ammunition. Chemical stability of propellant, is often con-
fused. with its ballistic serviceability after ageing. The chemical stability can be
an indication of stable force constant (F). The vivacity (g/D) variations are not
indicated in chemical stability tests. Accelerated storage of the ammunition,
at  controlled warm conditions (about 50°C), is used for assessing chemically
stable life of propellants. Similar storage is used to assess also changes in  pro-
pellant ballistics, expected after long storage. The closed vessel is particularly
adopted for this work, as it has only to compare two samples of the same pro-
pellant, -one stored at 50°C and the other at normal magazine conditions. The
significant differences in vivacity, normally observed in such tests, are barely
two or three per cent. And these are observed in normal propellants,” after
months of accelerated storage. Normal gunproof -is not accurate enough to
measure this. Also, considerably more ammunition and space in the accelerated
storage huts,;would be required for the gunproof method. Closed Vessel is much
more economical in this, as often,-only a few ounces of propellant are:required .
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for the tests. This method of assessing ballistic life of propellant, is as useful
in purchases of new ammunition, as in agsessing the residual life of old ammuni-
tion in stock. In the former case, it gives a rapid assessment of the period for
which the propeilant in the ammunition can be d epended upon for performance.
In the latter case, the method gives 4 rapid, economical meéthod for assessing
the residual life, so that timely condemnation of old stocks and economic plan-
ning of new production can be arranged. This should be of immediate interest
to the authorities provisioning ammunition. '

Investigation into Abnormal Ballistics and Accidents with Ammunition

In problems connected with Abnormal Ballistics and Ammunition Acei-
dents, it considerably simplifies analysis, if the propellant behaviour is indepen-
dently checked up without the weapon. The closed vessel comparison of the .
suspected propellant with a satisfactory one, is an easy and precise method for
this check-up. In a particularly persistent series of sporadic ballistics, in some
anti-tank ammunition, the closed vessel method was found very successful.
Chemical analysis and stability of the propellant from various lots of this ammu-
nition had revealed no significant abnormality. Closed Vessel firings were then
carried out. They revealed wide variations in vivacity, upto fifteen per cent
between different lots. Examination revealed volatile matter variations up to one
per cent. Fig. VIII is a plot. of vivacity vs. volatile matter of various lots of
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propellant. As the correlation coeficient agreed with expected values, a con-
firmatory firing in the gun was arranged with two lots of ammunition, one with
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a low volatile matter content (dry) and the other with higher (i.e. normal). vola:
tile matter content. The former (Dry) lot gave as expected, dangerously high
ballistics. The latter (Normal ?) rounds gave widely erratic ballistics varying
with each round. One ounce of the charge was removed from each of these
rounds and the ballistics recorded, for each round separately, The charges
removed from each round were also separately tested for volatile matter con-
tent and vivacity. The results are plotted in Fig. IX. The close correlation bete_

ween the widely varying volatile matter content, muzzle velocity, pressure
and vivacity in these rounds from a single box of ammunition, tell their own
tale -very clearly. The round; have dried out to varying exteut in storage.
It was evident that none of the rounds in any of the lots could be relied on for
safe performance. This should be of interest to the authorities investigating
ammunition accidents. . ‘

- PROPELLANT FNH/DB EXTRACTED FROM 37 MM, AMMUNITION
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Igniter Regquirements in Ammunition Design

This is a little known, but important and difficult problem in these days
of cool propellants and subzero requirements. The normal criterion for igniter
sufficiency, is satisfactory firing performance under the required weather condi-
tions. With sufficient igniter, the firing interval and ballistics are normal and
steady. A parallel result is noticed in elosed vessel firings. With insufficient
ignition, the ignition delay is longer and variable. And the oscillograms vary
from round to round. In a particular instance, a U.K. propellant for a machine
gun. ammunition; - persistently gave inexplicably low ballistics compared to
one U.S.A. propellant. The force and vivacity of U.K. propellant were found
to be sufficiently higher than those of U.S.A. propellant, to give at least 10
per cent extra ballistics. A check up of igniter requirements of the propellants
(by closed vessel) revealed the higher igniter requirement of the U.K. propellant.
A changed igniter cap gave on trial, the expected higher ballistics with U. K.
propellant. This method is more economical and expeditious, particularly
for low temperabures, as closed vessel is more easily maintained at low tempera-
tures, than guns.

New Processes of Propellant Manufdctw@

New propellant processes take years to establish if gunproof is necessary
to follow every modification. This procedure is costly, as for each variant,
hundreds of pounds of propellant and thousands of rupees worth ammunition
components are used up, in addition to technical facilities at proof ranges. This
severely restricts the number of variables that can be followed up during
development and the times they can be tried for repeatability. The closed
vessel is ideal for this work. Its requirement of propellant is only a few pounds
and no auxiliary components are needed. With a closed vessel equipment instal-
led in the Factory a number of firings can be carried outin day and thus any
number of variables can be tried out as fast as the factory can make them.
In some trials recently, by using closed vessel technique, a very unorthodox
method of Ultra Rap:d Drying of Solvent T'ype Propellants in a single day was
proved feasible. The whole work took about a week. The results are given in
Oscillograms in Fig. X, Incidentally this process has made closed vessel checks
available, right at the cordite press. The vivacity figures for a day’s propellant
production would be available next day, if samples are processed by this Ultra
Rapid Drying method. Much more important applications to quick production
of propellant in emergencies, are also indicated by this process. This should
be of particular intefest to the authorities planning propellant production.

- Chemical Kinetics of Rzmning Propellant

C.V. Comparison of the burning characteristics of similar prepellants with
limited variants in compesition, has helped in some new fundamental vnder-
standing of the burning rate phenomena. Some oscillograms relating to these
are given in Fig. XI. It is observed, that coolants soluble in NC-NG-gel, like
earbamite and organic Esters, reduce the burning rate considerably. Sparingly
goluble coolants, like Mineral Jelly, affect it less. Inert solids, like cryolite and
inorganic sulphates, have little effect on the burning rate, but cool the final gases
and react with them, where possible. These data are of fundamental importance
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In designing ‘tailor-made’ propellants. As an instance, it is a common require-
ments for a propellant today that it should (1) give as cool gases as possible
to reduce gun flash and gun erosion (2) as good an ignitability as hot propellants
at even subzero temperatures and (3) have as stable a burning rate as possible
even at lower pressures. To the propellant designer today, these are contradictory -
material requirements. But they are feasible, if we knew more about burning
rate phenomena. - :

Indigenous Cool, Flashless ij;éllant Based on New Princig}lés “

Based on some of the above fundamental data an indigenous propellant
has been designed. It works on a new principle of kot flaime, but cool gases. It
has a base composition of nitrocellulose and nitroglycerine as in all hot double
base propellants. It has therefore a hot flame and is thus expected to have all its
advantages (e.g.) good ignition at low temperatures and stability of burning
at medium pressures. Its gases get cool by dilution with inert vapours, produced
from evaporation of an inert solid additive (cryolite) in the propellant. Thus,
the propellant has all the advantages of cool propellant (viz.,) flashlessness
and low gun erosion. This propellant awaits final gun trials. It features a
new dimension in propellants viz., after burning characteristics —In addition to
the features commonly controlled in propellants, the size, shape and composition
of the solid additives can be designed to influence this new after burning charac-
teristic of the propellant. This propellant with most of the advantages of both
- the hot and. cool propellants, is of immediate importance, as indigenous picrite ig

not available for manufacture of cool propellants in India. This should interest
the authorities planning future propellant production in the country. ‘

Discussion

Dr. Kartar Singh and Major Umapathiswaran took part in the diseussion,
The former wanted to know the effect of ageing on solventlesscordite. The
speaker replied that there was possibility of some strains inside such propellants
and he mentioned about the difference in rates of burning of a propellant in the
longitudinal and transverse directions. Dr. Kartar Singh said that in this
connection it was for consideration whether such behaviour was due to strains
in the propellant or due to orientation of molecules. Major Umapathiswaran
wanted to know the difference between the results obtained from closed vessel
data and actual gun firing. Shri B.B. Chaudhuri Supdt. TDE (Military Explo-
sives) replied that they tallied fairly closely but more data has to be obtained
on results of Closed Vessel and actual gun firings. Shri Chaudhiri emphasised
the importance of Closed Vessel technique in the assessment of internal ballistics
in development and indigenous manufacture of propellants. In this connection
he mentioned a number of propellants both small arms ammunition and gun
ammunition in the development of which Closed Vessel Technique had proved
extremely useful. : v

Shri Sivaramakrishnan in presenting his paper explained with the help of
slides the different types of pressure-time curves obtained on closed vessel with v
cord, tubular and multi-tubular propellants. He explained the usefulness of
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closed vessel data on determining propellant charge weight, burning characteris-
tics of new composition and how the latter has helped them in formulation of a
propellant composition for Naval 4-in Mk 16* gun. He stressed upon the
necessity for making increasing use of the Closed Vessel technique in study
of propellants not only for experimental work but also for control of produc-
tion. ' - :

CONCLUDING REMARKS BY THE CHAIRMAN

As the allotted time had expired, the Cha'rman declared the Seminar

closed and expressed his appreciation of the valuable contribution made by the

. speakers to ourknowledge of explosives and their properties. Dr. Kothari

thanked the Chairman for conducting the Seminar and in his concluding remarks

brought out the necessity for expansion of laboratories for research and develop-
ment work on explosives. ' ‘



