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SUMMARY

The burning characteristics of M-1,
M-2, M-6, M-10, M-15, M-17, T-28, T-34,
and T-36 propellants were determined in
a closed bomb between -52°C and +21°C.
Burning rates for most of these propel-
lants either decreased 1% to 2% per
10°C decrease in temperature or remained
essentially constant throughout the tem-
perature range. The apparent burning rate
of che M-17 propellant, however, in-
creased abruptly at -21°C. The maximum
pressure developed by these propellants
at -52°C averaged 7% less than the pres-
sure developed at ambient temperature.
Equations for the pressure-burning rate
relationship as well as temperature co-

efficients of burning rate were calculated.

The effect of loading density on the maxi-

mum pressure is shown to be highly sig-
nificant, and its effect on burning rate

is also discussed.
CONCLUSIONS

L. With the exception of the M-17 pro-
pellant, all standard propellants tested
undergo small changes in burning rate

at reduced temperatures.

2. Single-base propellant compositions
are less temperature dependent than
double-base compositions.

3. The maximum pressure of the pro-
pellants decreases approximately 7%
between 21°C and -52°C.

4. Burning rates obtained from closed

bomb data are not absolute because of

the effect of heat loss and the undefined
geometric state during the burning proc-
ess. However, these values reflect similar
conditions in the gun.

5. The ratio of propellant weight to
bomb volume (loading density) has a
marked effect on maximum pressure
developed per gram, and on burning rate.

RECOMMENDATIONS

L. A study of unstable burning should
be made. This should include the effects
of temperature and pressure on the sur-
face area of propellants. A study of the
properties of propellant ingredients over
a complete temperature range should also
be included.

2. The reasons for the highly signifi-
cant increases in pressures per gram of
propellant which accompanied increases
in loading density should also be in-
vestigated. This investigation should
include a study of variations of the heat
reaction with loading density and an in-
vestigation of the products of reaction.
Results of such a study may prove appli-
cable to rocket propellants for ascertain-
ing optimum pressure conditions of
operation.

3. If more exact burning rates are re-
quired, it is recommended that corrections
for heat loss be made by firing a given
propellant having different web sizes
(burning time) and correlating the re-
sults with strand burner data.

4. Firings at 0.2 A should be made
down to -52°C for all propellants.




S. The use of the closed bomb for pro-
pellant acceptance should be investigated.
The initial step should be a compilation
of data on all previous closed bomb work
with the standard propeliants.

INTRODUCTION

This is the third in a series of reports
on the closed bomb evaluation of standard
propellants at low temperatures. In the
two previous reports (Refs 1 and ) the
burning characteristics of M-2, M-6, M-9,
M-15, and M-17 propellants were investi-
gated between ambient temperature and
-52°C at 0.1 g/cc loading density. In
this report, additional results are given
for some of these propellants as well as
other standard propellants to 0.2 g/cc
loading density. This was made possible
during the second year of the present
study when teflon-bonded silicon rubber
capabdle of withstanding pressures of
40,000 psi at -52°C was made available.
Time did not allow, however, the cCeter-
mination of burning characteristics of
all propellants at 0.2 g/cc loading den-
sity and -52°C. It is therefore recom-
mended that this be done in order to
obtain results up to the actual operating
pressure of the propellant in the weapon.

Burning rate data programimed on a
digital computer* are presented. The

*The method used in calculating the burning
rate by digital computer will be published in the
near future in another report,

burning rate can be expressed as a
function of pressure by the equation

t = BP®

and, where applicable, as a function of
temperature and pressure by the e juation

-Kg AT

r=BP e “s

Constants for these equations are listed
in Table 2 (p 9).

The original objective of this study
was to obtain more extensive information
on the burning characteristics of standard
propellants at low temperatures. This in-
formation could then be used to charac-
terize and evaluate other propellants of
the same class. Although propellants of
the same composition should exhibit
e jual burning rates, the experimental
determination of these burning rates in
the closed bomb shows a dependency on
geometry. The geometry of the grain
affects the burning time, which in turn
results in a difference in the juantity
of pressure lost to the bomb walls in the
form of heat. Because no correction for
heat loss is made in the calculation of
burning rate, a value somewhat different
from the absolute one is obtained. The
rates obtained from the closed bomb,
however, are not to be considered in-
valid because of this deficiency. The
fact is that they become more useful since
this condition more closely reflects the
actual conditions in the gun. The infor-
mation obtained in this study can, there-
fore, be useful in ascertaining the in-
terior ballistics of these propellants
in a gun at temperatures to -52°C.




RESULTS

The compositions of the standard pro-
pellants tested are given in Table 1 (p
8). A summary of the burning rate
ejuation constants and temperature co-
efficients of the propellants is shown in
Table 2. The temperature cocfticients
(Kg) are applicable from 21°C to -52°C,
except where otherwise noted. Table 3
(p 10) shows the effect of loading density
on maximum pressure and burning time.
The effect of temperature on maximum
pressure 1s shown in Table { (p 11).
Table S (p 12) shows the cffect of geom-
etry on the burning rates and the maxi-
mum pressures of several classes of pro-
pellant. The burning rates of the standard
propellants at various pressures and
temperatures are listed in Tables 6 to 34
(pp 13 to 41). The burning rate data in
these tables and the relattonships of
loading density, pressure, and burning
time are shown in Figures I through S9

(pp 42 through 100).
DISCUSSION
Effect of Temperature on Burning Rate

It is difficult to assess the effect of
temperature per se on the burning rate of
a propellant. This is particularly true
at low temperatures where propellant
ingredients may undergo phvsical tran-
sitions, and where mechanical separation
of the ingredients may occur. These
transitions induce changes in the surface
area of the propellant which have signi-
ficant and unpredictable effects on the

apparent burning rate of the propellant.

(The term "‘apparent’’ burning rate is
used because in closed bomb work the
calculation of the burning rate is de-
pendent on the original geometry of the
propellant. Although the burning rate
may be constant, a breakdown in the
geometry of the propellant may cause
apparent increases in burning rate.) It is
therefore necessary, in any discussion
of burning rate vs temperature, to con-
sider the physical state of the propellant.

An examination of the figures in which
the relationship between burning rate
and temperature is shown indicates that,
with the exception of the M-17 composi-
tion, the differences from expected be-
havior are not highly significant. The
M-17, a triple-base propellant, is highly
temperature dependent (Fig 41, p 82).

Past experience with M-17 propellant
has shown that at a given low tempera-
ture, =52°C, the rate of pressure buildup
as the pressure rises (i.e., dp/dt vs p)
increases significantly. This sudden
change of pressure with time has in some
instances caused explosions in the barrel
of the gun. Although this degree of burn-
ing has not been detected in the M-17
reported 1n this study, a definite reversal
in burning rate at -21°C is noted at all

pressures.

This trend is not evident, however, for
two other triple-base propellants which
were tested, M-15 and T-34. The dif-
ference in burning behavior between the
two sets of propellants cannot at present
be attributed to any single factor. There
are, however, two apparent differences




between the two sets of propellants, in
grain dimensions and in flame tempera-
tures. The web of the M-15 and T-34
propellants is much smaller than that of
the M-17, .055 inch vs .0784 inch. The
larger granulation is more susceptible
to fissuring. The flame temperature of
the M-17 is approximately SO0°K higher.
This may cause a greater temperature
shock during burning and induce grain
fissuring.

It is interesting to note the behavior
of the T-36 propellant, which is a sub-
stitute for the M-17. Although this pro-
pellant follows the same general pattern
as the M-17, the increase in burning rate
between -20°C and -52"C 1s approxi-
mately 40% less than that of the \-17
(Fig57,p 98,. More data should be ob-
tained on the T-36 propellant.

It is felt thae all factors responsible
for the increase in buraiag rate tend to
produce an increase in surface area, with
a subsequent apparent rise in burning
rate. It is therefore recommended that a
detailed study of the surface character-
istics be made. This should include
porosity and surface area measurements
using a variety of technijues. The effect
of extremely low temperatures on burning
rate and surface area should also be
studied. A study of this type would in-
crease our understanding of the effects
of temperature shock on the burning
surface. This would help explain un-
stable burning at low temperatures.

An estimate of the temperature de-
pendency of the burning rate is usually

obtained by calculating a Ky factor for
the propellant,

where

\e o1, -1, (in./sec)

r burning rate at ambient tempera-

ture and at pressure P (in./sec)

r burning rate at temperature t

and pressure P (in./sec)

\T - T, - T, (difierence between
ambient and conditioning tem-

perature of the propellant in "C).

The average Ky for a given propellant
1s calculated from K values determined
at various pressure levels between

2,000 and 10,000 psi.

The Ky factors listed in Table 2 are
calculated only where the rate of burning
can be expressed by

r = Bpo

and where there is a linear relctionship
between rate and temperature. For this
reason, Kg factors could not be cal-
culated for the triple-base propellants
and for some single- and double-base

propellants. It must be noted that K




factors cannot necessartly be calculated
for all propellants of a given class.

In a previous study (Ref 1), Kg factors
of 0.002 were obtained for the double-
base propellants M-2 and M-9. Ky (.ctors
for the single-base propellants reported
in this study range from 0.0012 to 0.0016
(M-1, M-6, M-10). Although not all single-
and double-base propellants can be char-
acterized by the above factors, the general
tendency is for the burning rate of the

Jouble-base propellant to be more tem-

perature dependent.

The temperature dependency of burning
rate can best be explained by the ¢ juation

of Crow and Grinshaw (Ret 3)

x'rn
[ -T

where

r burning rate (in. sec)
¢' constant

p pressure (psi

n pressure exponent
T'- surface temperature

T. init1al temperature ( C)

It is evident from this e juation that a
high surface temperature causes r to
become less temperature dependent.
(This 1s also shown in the Arrhenius
rate e juation.) The surface temperature
of the single base propeilant must of

necessity be higher than that of a

double-base propellant. This can probably
be explained as follows:

The first phase of propellant de-
composition takes place at the surface
where the propellant is broken down to
volatile fragments, i.e., R'ONO, =
R'O » NO,. The surface temperature
can, therefore, be assumed to be the tem-
perature of volatilization and initial de-
composition. Vacuum stability tests, as
well as other stability tests, show that
nitroglycerin, a major constituent of
double-base propellant, decomposes at
a lower temperature and at a faster rate
than nitrocellulose (Ref 4). Experience
at Picatinny also shows that double-base
propellants decompose more readily than
stngle-base propellants. This indicates
that the 1nitial decomposition or volatil-
1zation temperature of a double-base pro-
pellant 1s more readily realized than that
f a single-base propellant. In addition,
nitroglyeerin has a much lower vapor-
ization temperature than nitroccllulose.
This [ow-teniperature physical transition
from liuid to vapor with the concurrent
absorption of heat should significantly
reduce the surtace temperature of pro-
pellants containing nitroglycerin.

According to this reasoning, the heat
evolved on combustion brings the surface
of the propellant to a relatively stable
temperature. The higher flame tempera-
ture and greater heat evolved by propel-
lants containing nitroglycerin increases
the temperature of the surface at a rapid
rate to the relatively low transition and
decomposition temperature of the nitro-

glvcerin and causes an increase in the
rate of decomposition (burning rate).




A discussion of the effect of minor
constituents on the surface temperature of
a propellant would become extremely com-
plicated. As is pointed out in Reference
3, some ingredients, such as dinitro-
toluene, which decomposes at a higher
temperature than any of the major in-
gredients, cause a higher surface tem-
perature. The M-1 and M-6 propellants,
therefore, with a 107% concentration of
dinitrotoluene, have a lower burning
rate coefficient (Kp) than the double-
base propellants (Table 2).

Effect of Temperature on Maximum Pressure

The effect of temperature on maximum
pressure is shown in Table 4 (p 11). The
average percent reduction between
-52°C and 21°C ac 0.1\ 1s 6.7°%, and a
0.2\, 5.8%. Assuming ideal gas behavior,
the closed bomb force or pressure as a
function of temperature can be expressed
by the law PV = \n RT. If the reactions
at -52°C and 21°C are assumed to be
similar, maximum reduction of approxi-
mately 3% in PV can be anticipated in
the flame temperature range 2500°K to
3500°K for a 70 to 80°C difference in

initial temperature conditions.

That the observed data are not juan-
titative, however, is evident in Table 4.
The difference in maximum pressure of
the M-G propellant at 0.1\ varies between
1.7% and 17.1°.

Pressure-Burning Rate Relationship

~The equation r = BP" is generally
used in relating pressure and burning

rate of gun propellants. This equation is,
therefore, calculated for all propellants
where log p vs log r is linear. Equation
constants 1re listed in Table 2. It should
be noted that although the equation can
be applied to all types of propellants
(M-1, M-2, etc), it cannot be calculated
in all cases. For example, of the three
M-1 propellants tested, only the single-
perforated sample conformed to the
equation (Fig 1, p 42). The apparent
burning rates of the two multiperforated
lots change abruptly at 6000 psi (Figs

<, 6, and 7, pp 46, 47, and 48).

Table 5 (p 12) shows the effect of
heat loss on burning rate and maximum
pressure. It is seen that in all cases
propellan:s with smaller web (less burn-
ing time and therefore less heat loss)
have higher maximum pressures. Burning
rates are in general also higher for the
smaller web propellants. The effect of
the heat loss is to detract from the rate
ot pressure buildup (do/dt), thus de-
creasing the burning rate. It should be
noted that, in addition to the heat loss
attributed to burning time, a correction
must also be made for the expansion of
the bomb and for the ratio of the surface
area of the bomb to its capacity. If heat
loss corrections are made to zero burning
time, i.e., zero web, the burning rate of
a given chemical composition as well as
the maximum pressure would become in-
dependent of geometry.

An examination of the constants B and
n for the various propellants shows that,
in all cases where the burning rate can
n .
be expressed asr = BP" neither B nor




n is constant over the temperature range
in which measurements were made. (For
M-1 propellant, see Table 7 (p 14); for
M-2 propellant, Table 11 (p 18); for M-6,
Table 15 (p 22); for M-10, Table 19 (p
20); for M-17, Table 25 (p 32); and for
T-36, Table 34 (p 41)). This shows that
propellant burning is contingent not only
on pressure and temperature, but on other
factors as well. A correction for heat
losses in the bomb may, however, signifi-
cantly reduce the variation in each of the
constants. A comparison of burning rates
obtained from the strand burner with those
obtained from the closed bomb may prove
helpful in solving this type of problem.

Effect of Loading Density (\) on Propel-

lant Burning

The loading density has a double
effect on the burning characteristics of
a propellant. An increase in \ reduces
the reaction time (thereby reducing heat
loss) and also causes a change in the
reaction (due to differences in concen-
tration and composition of products)
The latter causes a pronounced chapge
in maximum pressure developed by the
propellant. Table 3 (p 10) shows the
pressure prr gram developed at 0.0.4 3\
and 0.2\. It 1s noted that at the 0.2%
the pressure developed per gram is in
some cases 70% higher that that at
0.04\. The reason for this large differ-
ence could be determined by analyzing
the gases evolved and by measuring the
heat output at the different loading den-
sities. The loading density effect
warrants further study because 1t can
show the optimum operating conditions

of a propellant. This may prove useful
not only for gun propellants, but for
rocket propellants as well. In addition
it may also indicate the pressures at
which radical changes in burning rate
occur.

EXPERIMENTAL

The burning characteristics at low
temperature were determined in a closed
bomb housed in a low temperature box.
The detailed procedure and e quipment
are described in other reports (Rets |
and 2).

REFERENCES

1. J. Harris and L. Shulman, Burning
Characteristics of Standard Propellants
betueen 21°C and -51°C, Picatinny
Arsenal Technical Report 2558, Nov
1958

2. M. Weinstein and A. Pallingston,
Preliminary Study of M-2 and M-9 Pro-
pellants betueen 137°F and —65°F,
Picatinny Arsenal Technical Report
2240, june 1958

3. Lewis, Pease, and Taylor, Editors,
Combustion Processes — Vol 1]
(1956), Princeton University Press,
Princeton, N. J., 1956

4, O. E. Sheffield, Properties of Explo-
sives of Military Interest, Picatinny
Arsenal Technical Report 1740, Rev.
1, April 1958 (Original report by W.

R. Tomlinson)

5. F. R. W. Hunt, Editor, Internal
Ballistics, Philosophical Library Inc.,
N. Y., 1951




0¥0¢

€LY

¥8°1Z
09°z1)
€16

9l

809

00°0
0£’0

0°61
©zn
0°0C

reEl

‘PPPP® 3ZB[D,,

"P3PPV.
180¢ L10€ y6Se 000¢ 0482 61¢€¢ L1¥T AL ‘N, ‘dwas
swe(j d1I10Yyd0S]
0£°0 00°0 00°0 (9(1] 0¢$°0 0L°0 0$°0 (lenpisal) 131e
0zt 0¢’0 0¢°0 1 06°0 (1194 L0 (renp1sar)
[oyoote [y
0¢°0 0¢°0 31110417
€0 eel°0 eel°0 €0 anydern
09 Sl 09 09°0 31Tenuad [4yag -
surweldusydiponiN-z
«0°1 «0°'1 sutweduaydig
0°¢ 0°¢ sweeyiydilanqr(g
(IN0) 001 3U3N[030IITUI(]
LS Fas 1S surpruendoniN
0°1 QlgjIns wnisselod
0oL°0 01 SL°0 31eJIIU WNISSEIO0 ]
L0 o041 Sleniu wnueg
00°Sz 198 b 0°61 0$°61 unias £ doniN
(Sr°en) Sremn C1°¢en (Sr-en) (S1°¢D) (SZ°¢1) (S1°¢1) (uadonN %)
ST°L9 0°ZZ 0°0¢ 0786 0L SyoLL 0°$8 asomadonIN
8Z1 LIW SIW OLwW 9w [4,] LW tupjjedoiy

sjuoj|3dosd piopuois jo uoljisodwor)

L 3718vl




21eJ Jurumq jo 3u3151§§30> amiesadwa; - qy,.

35 /2 A31suap Furipeoy Vs

0 25970 29L°S 9¢-1L 2800¢ 1dx3

Zo 619°0 €18y ve-1 L09 SI NOS

zo 0$9°0 £9¢°¢ ve-L ¥09 SI NNS

0 ¥39°0 009°¢ ve-L £EEST AV d

0 2¢9°0 9$6°9 LT vIL8¢ AVY

z0 $L9°0 801°¢ ST-N zz¥8¢ avy

£€2100°0 1o $69°0 v00't 01-W (810¢ vd

(1 324) <ozoo-o 1'o 0$8°0 871 N 910£9 ddH

o ZoL°0 68672 9-N L999 A0l

8$100°0 1o - - DEN IZIGT AvVd

(D08~ 021 D,12) 61100°0 z'0 ¥L9°0 92176 94N 66.8 ANI
(1 324) <0zZoo'o 1°0 0Z8°0 18471 N Y219 4vd

1o $SL0 43 484 TN 16881 DdH

(D0%-©1D,12) $9100°0 1o 01.70 13 2 84 1N Y129 vd
s Oy oV u -0l x 8 uoijisodwon tupo|jadosy

(DolZ ° udg = 4) sjuoysuod uoiyonba 3401 bujuing

Z378vl




194
A

199

141

81

+08
1 74

1¢

S1

43
6

19
91

-
1281
3
€1

9%
8

spuodIS I
‘ainssaiy xopw

o3 aw )

09
086

1334
0¢6

09
000'?

0y
066
o1y
ot6
[0) ¥4
066
SOL
0001
1S:18
068

S¢9
006
orY
068
00L
S¥o'i
orw
006

1sd

‘woi9 sad

dinssaiy

001°¢
00..'S¢
00Z'y
009 '9¢
006Gt
00$°6¢
006t
0068 ¢
oos‘'t
000°.¢
0ov'¢
001 °6¢
0ll'y
0010t
009"t
000° 5%
000'¢
006°¢¢

008t
000°'S¢
008°¢
0011t

00" t
001'9¢

1sd
‘danss3ugy

wnwixow

88°L
ot o¢
88°L
oY °6¢
rﬂwtr
0% °6¢
fats BN
0%°6¢
88°L
ot"6¢
88"
0t°6¢
S0°'S
00°0%:
88°L
0t°6¢
88"
Ot "6e
S8
0% "0t
SK°.
0% °6¢
SO'S
000t
6 ‘ajdwog
40 41yBrap

[RILLIAY

NN

LRILLAN

nny

LRILAN

nniN

UT:.._,/,

LRI

gy

RTRTN

RN

apdurg

CO-bULOthn&

jo 3d4L )

9¢-1L

ye-L

8Z-L

LT1-WN

ST-IN

OT-IN

OT-IN

DEN

9-IN

T-i

uoljrsodwo)

qwoq pasoyd 33-/4| © Ul J,|Z 4o siup}jadoid jo $314511330r10Yd buiung awog

€ 379vl

D800¢ 1dxy

¢eesz dvd

0Ly09 Avd

y148¢ AvY

Z¥8t AvY

929%¢ AvVY

(810¢ Vd

L999 A0l

66L8 ANI

12161 Avd

16881 OdH

VIZO vd

107

10



<SS 0L$'9¢  00L°8¢€ 0¥80°0 9¢-1 D800¢ dx3g

L'8 006°€E  OST'L€E 8620°0 ye-1 £eesT dvd
1°¢ 000'¥¢  001°S¢ 08€0°0 ye-1 ¥09 NNS
9 00$'9¢  006°8¢ ¥8.0°0 LT-WN y1/8¢ AVY
68 00L°¢€E 000°L¢ 0$S0°0 ST-W ZZy8¢ Avyd
9°01 ovL1E  00S°SE 16¥0°0 9N 66L8 ANI
06 098°1¢  000°S¢ 62Z0°0 9N L999 MOl
vZ'o
6'8 0SL P 00Z°'91 - 8Z-1L 0L¥09 avyd
b6 001°¥I  09S°SI 00%v0°0 O1-NW LSZ0€ Vd
0°0 (1} 4 209 BEN174 29 C€€0°0 O1-WN 979¢¢ AvyH =)
69 008‘¥1  006°SI 6L10°0 o1 L810¢ Vd
174 ¢ 00V IT  0SL €l 92L0°0 9N G8LGE V1
L1 009°'¢1 o¥8 ¢l v.S0°0 9-W 8.¢1Z-Avd
¢ 08L°C1 00Z°¢1 86%0°0 9-N 12161 dvd _
001 00Z°21 09¢°¢1 16¥0°0 9-N 66,8 ANI
vL 0zZZ'vi 0se‘SI 6Z20°0 9-W £999 A0l |
06 001°ST  06$'91 86$0°0 Z-W 16881 DdH
0°0 0ZS €1 00S$ €1 Yeeo0 o 1-W y¥¥09 Aavy
€L OST €T OGI‘¥I 0.2°0 I-WN Y129 vd
Vio
D,TS— ° D,12Z 2:Z5~ o P ¥4 Uy ‘qep uotiisodwo) tuojjadouiy
.Oﬂ.su.o c‘.Uu.& _uﬂ ..u)!ﬂ.-u E:E_lﬂx

aimssaud wnwixow uo ainjosradway §° 233

7y 3718vli




096°S1
00991
00081

00Z‘V1
0$8°¢€1

00Z°L1
008°01

$8¢ Y1
o6y €l
00¥'¥1

1sd
‘sinsseoay

194

9

L°91

sw
‘d Xow oy

swy ) Bujyusing

293/ uy

‘1sd 000°0t
210 Buiuing

1S9
91

<0°1
So°'1

9w

TN
8670
00°1
06°0

LW

>8s / u)

‘1sd 000°S

sjoy Buiuing

S 378Vl

18°0
88°0
88°0

079°0
L8S°0

80°1
88°0

osy o
0,870
(029 20)

23s / uy

‘13d 00S§°C

210y Buiusng

N
NN
a13urg

NN
NN

21duis
ninN

RIS
BN
a1durg

uol -U;O‘Lon

DolZ PUD V"0 40 $3135119350104d Buluing uo qam jo §d>ay3

00¥0°0
$€€0°0

6L10°0

86¥0°0
¥.S0°0

8¥€¢0°0
865$0°0

6¥20°0
y¢€0°0
0,20°0

Tul ‘qap

LSZ0¢
979°s¢
L81°0¢

121°61
BLE1T

yZ1‘o
16881

209°9¢
yyy09
y12‘o

ajdwog

12




TABLE 6

PA-6214 (M-1) single perforated for 37 mm gun
(Length - 0.2765 in., diameter - 0.0731 in., web 0.0270 in.)

Temperature,

°c

21

=20

40

Pressure,

psi

2,520
4,330
6,150
7,960
9,780
11,600

2,520
4,330
6,150
7,960
9,7
11,600

2,460
4,220
5,990
7,750
9,510
11,270

2,630
4,500
6,490
8,420
10,350

2,580
4,450
6,330
8,200
10,080

13

Burning Rate,
in./sec

0.450
0.826
1.030
1.267
1.44
1.650

0.410
0.778
0.978
1.196
1,376
1.528

0.350
0.766
0.966
1.178
1.344
1.481

0.422
0.802
1.003
1.210
1.353

0.456
0.851
1.062
1.254
1.392




TABLE 7

PA.6214 (M-1) single perforated for 37 mm gun*
(Length - 0.2765 in.. diameter - 0.0731 in., web - 0.0270 in.)

Temperoture, Pressure, Burning Rote,**

°c psi in./sec
21 2,500 0.554
4,300 0.814

6,000 1,032

8,000 1.265

10,100 1.493

0 2,500 0.53:
4,300 0.773

6,000 0.974

8,000 1.188

10,100 1.397

=20 2,500 0.539
4,300 0.778

6,000 0.976

8,000 1.187

10,100 1.390

—40 2,500 0.539
4,300 0.769

6,000 0.957

8,000 1.156

10,100 1.347

=52 2,500 0.584
4,300 0.8i5

6,000 1.0G0

8,000 1. 194

10,100 1,378

Burning Rate Constants

21 Bx10”* 2.143
n 0.710

0 Bx107* 2.345

n 0.693

=20 B x107* 2.655
n 0.679

=40 B x 107 3.180
n 0.656

=52 B x 107 4.790
n 0.615

*KB = 0.00165 (21 to ~40°C only).
**Calculated from least square equation r = BP1,

14




TABLE 8

RAD-60444 (M-1) multiperforated for 155 mm gun
(Length - 0.4033 in., diometer - 0.1763 in., web - 0.0334 in.)

Temperature,

°c

21

=20

-40

Pressure,

psi

2,460
4,220
5,990
7,750
9,510

2,500
4,290
6,090
7,880
9,680

2,500
4,290
6,090
7,880
9,680

2,500
5,000
7,500
10,000
12,500

2,500
5,000
7,500
10,000
12,500

15

Burning Rate,
in./sec

0.368
0.865
1.161
1.212
1.280

0.315
0.833
1157
1.311
1.265

0.290
0.805
1. 144
1.263
1.182

0.274
0.734
1.074
1.257
1.206

0.287
0.756
1.070
1.217
1.164




TABLE 9

PAB-36602 (M-1) multiperforated for 105 mm gun
(Length - 0.3393 in., diometer - 0.1383 in., web - 0.0249 in.)

Temperature, Pressure, Burning Rate,

°c psi in./sec
21 2,330 0.399
3,970 0.781

5,600 1.057

7,240 1.235

8,870 1.258

0 2,330 0.268
3,970 0.721

5,600 1.021

7,240 1.226

8,870 1.224

=20 2,435 0.305
4,170 0.870

5,910 1.161

7,640 1.281

40 2,440 0.265
4,170 0.760

5,910 1.076

7,640 1.183

=52 2,330 0.284
3,970 0.780

3,900 1.103

7,240 1.100

8,870 1.135
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TABLE 10

HPC.18891 (M-2) multiperforated .or 76 mm gun
(Length - 0.8718 in., diameter - 0.4320 in., web . 0.0598 in.)

Temperature, Pressure, Burning Rote,
°c psi in./sec
21 2,900 0.901
5,100 1.528
7,300 2,012
9,500 2.435
11,500 2.861
0 2,900 0.928
5,000 1.553
7,200 2.008
9,300 2.440
11,500 2.759
-20 2,800 0.986
4,900 1.558
7,000 2.017
9,000 2.430
11,000 2.704
—~40 2,800 0.825
4,900 1.446
7,000 1,922
9,000 2.335
11,100 2.611
=52 2,900 1.051
5,000 1.584
7,200 2.004
9,300 2.254
11,500 2.514

17




TABLE 11

HPC.18891 (M.2) multiperforated
(Length . 0.8718 in., diameter - 0.4320 in., web - 0.0598 in,)

Temperature, Pressure, Burning Rate,*

°c psi in./sec
21 3,000 1.026
5,000 1.509

7,000 1.945

9,000 2.352

11,000 2.736

0 3,000 1.087
5,000 1.557

7,000 1.973

9,000 2.355

11,000 2.712

=20 3,000 1125
5,000 1.587

7,000 1.990

9,000 v 2357

11,000 2.697

~40 3,000 1.025
5,000 1.523

7,000 1.904

9,000 2.287

11,000 2.649

=52 3,000 1.213
5,000 1.6o?

7,000 1.934

9,000 2.220

11,000 2.478

Burning Rate Constants

B x 10~* n
21 2.432 0.755
0 3.874 0.704
-20 5.142 0.673
-40 2.943 0.731
=52 14,840 0.550

*Calculated from least square equation r = Bp”

18




TABLE 12

PAE-21378 (M-6) multiperforated
(Length - 1.0224 in., diameter - 0.3237 in., web - 0.0574 in.)

Temperature, Pressure, Burning Rote,
°¢ psi in/sec
21 2,500 0.587
4,200 0.903
6,000 1.180
7,800 1.446
9,500 1.559
11,300 1.657
0 2,500 0.579
4,300 0.928
6,100 1.239
7,900 1.459
9,700 1.515
11,500 1.566
-20 2,500 0.543
4,300 0.913
6,100 1.234
7,900 1.430
9,700 1.445
-40 2,500 0.481
4,200 0.805
6,000 1.135
7,700 1.401
9,400 1.467
-52 2,500 0.506
4,200 0.859
6,000 1.189
7,700 1.395
9,400 1.408

19




TABLE 13

PAE-19121 (M-6) multiperforated for 90 mm gun*
(Length - 0.6213 in., diameter - 0.2866 in., web - 0.0498 in.)

Temperoture, Pressure, Burning Raote,

°c psi in./sec
21 2,500 0.620
4,400 0.947

6,200 1.182

8,000 1.373

9,800 1.500

0 2,500 0.611
4,400 0.958

6,200 1.201

8,000 1.340

9,800 1.402

=20 2,500 0.564
4,300 0.893

6,100 1.129

7,900 1.279

9,700 1.370

-40 2,500 0.496
4,400 0.824

6,200 1.087

8,000 1.241

9,800 1.295

-52 2,500 0.539
4,300 0.879

6,100 114

7,900 1.216

9,700 1.287

.KB =0.00158 or 1.6% decrease in burning rate per 10°C decrease in temperature,




TABLE 14

IND-8799 (M-6) multiperforated for 90 mm AA gun
(Length - 0.6626 in., diometer - 0.2779 in., web - 0.0491 in.)

Temperoture, Pressure, Burning Rote,
°c psi in./sec
21 4,900 1.536
9,000 2.486
13,200 3.165
17,400 3.708
21,500 4.208
0 4,700 1.476
8,800 2.407
12,800 3.144
16,800 3.654
20,900 3.997
20 4,600 1,295
8,500 2.189
12,400 | 2.887
16,400 3.339
20,300 3.811
~10 4,700 1.388
8,800 2.290
12,800 2.942
16,800 3.373
20,900 3.650
=52 4,600 1.300
8,500 2.100
12,400 2.910
16,400 3.340
20,300 3.610

21




TABLE 15

IND-8799 (M-6) multiperforated for 90 mm AA gun*
(Length - 0.6626 in., diometer - 0.2779 in., web - 0.0491 in.)

Temperoturs,

°c

21

=20

—40
=52

Pressure,

psi

5,000
9,000
13,000
17,000
21,000

5,000
9,000
13,000
17,000
21,000
5,000
9,000
13,000
17,000
21,000

5,000
9,000
13,000
17,000
21,000

5,000
9,000
13,000
17,000
21,000
Burning Rate Constants
B x 107
5.176
4.757
2.944
5.399
3.457

Burning Rote,**

in./sec

1.611
2.397
3.008
3.675
4.239

1.585
2.367
3.041
3.652
4.218

1.437
2.187
2.855
3.471
4.045

1.504
2.219
2.829
3.378
3.664
1.42%
2 159
2.801
3.385
3.931

n

0.674
0.682
0.726
0.661
0.707

*Kg = 0—_001-185 0—:1.2.;9 (;:c;ase in buming. rate per 10°C decrease in temperature,

** Calculated from least square equation r = BP".
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TABLE 16

I0W-6667 (M-6) multiperforated for 37 mm gun
(Length - 0.3258 in., diometer - 01307 in., web . 0.0229 in.)

Temperature, Pressure, Burning Rate,

°c psi in./sec
21 4,900 1.152
9,000 1.779
13,200 2.368
17,400 2.867
22,000 3.213
0 4,700 1.201
8,800 1.896
12,800 2.475
16,900 2.906
20,900 3.186
=20 4,600 0.962
8,500 1.754
12,400 2.334

16,400 2.740 .
20,300 2.979
~40 4,700 1.037
8,800 1. 754
12,800 2.363
16,800 2.795
20,900 3.051
=52 4,800 1.168
8,900 1.883
13,000 2.526
17,000 2.906
21,200 3.164
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TABLE 17

IOW-6667 (M-6) multiperforated for 37 mm gun
(Length - 0,3258 in., diameter - 0.1307 in., web - 00229 in.)

Temperature, Pressure,
°c psi

21 5,000
9,000

13,000

17,000

21,000

Burning Rate Canstants

B ~10”°
21 2.989

*Calculated from least square equation r = BP",

24

Burning Rote,*
in./sec

1.181
1.784
2,310
2.788
3.234

0.702




TABLE 18

PA-30187 (M-10) single perforated for 57 mm gun
(Length - 0.1351 in., diameter - 0.0492 in., web - 0.0179 in.)

Temperature, Pressure, Burning Rate,
°¢ psi in./sec
21 2,800 0.971

4,900 1.482

7,000 1.834

9,000 2.241

11,100 2.618

13,200 2.944

0 2,900 0.850
5,000 1.454

7,200 1.799

9,300 2.174

11,560 2.492

=20 2,800 0.892
4,900 1.438

7,100 1.775

9,200 2.136

11,300 2.454

—40 2,800 0.841
4,900 1.389

7,000 1.704

9,000 2.076

11,100 2.404

=52 2,900 0.914
5,000 1.414

7,200 1.780

9,300 2,134

11,500 2.422

25




TABLE 19

PA-30187 (M-10) single perforated for 57 mm gun
(Length - 0.1351 in., diometer - 0.0492 in., web - 0.0179 in.)

Temperature, Pressure, Burning Raote,*
°¢ psi in./sec
21 3,000 1.045
5,000 1.49
7,000 1.883
9,000 2.242
11,000 ) 2.578
0 3,000 1.037
5,000 1.446
7,000 1.799
9,000 2.119
11,000 2414
-20 3,000 1.038
5,000 1.443
7,000 1.792
9,000 2.106
11,000 2.397
~40 3,000 0.987
5,060 1.393
7,000 1.748
9,000 2.071
11,000 2.372
=52 3,000 1.017
5,000 1.416
7,000 1.762
9,000 2.073
11,000 2.361

Burning Rote Constants

B x 10~ n
21 4.004 0.695
0 5.699 0.650
=20 5.984 0.644
—40 4.437 0.675
=52 5.679 0.648

*Calculated from least square equation r = BPn,

26




TABLE 20

RAD-35626 (M-10) multipertorated for 105 mm ritle
(Length - 0.4443 in., diameter - 0.1992 in., web - 0.0335 in.)

Temperatwe, Pressure, Burning Rote,
°c psi in./sec
21 2,800 0.940

4,900 1.376

7,000 1.820

9,000 2.069

11,100 2.183

0 2,700 0.874
4,700 1.337

6,700 1.720

8,700 1.960

10,700 2,038

-20 2,700 0.910
4,700 1.442

6,700 1.810

8,700 1.927

10,700 1.952

—40. 2,900 0.910
5,000 1.442

7,200 1.810

9,300 1.927

11,500 1,952

-52 2,800 0.789
4,700 1.295

6,800 1.702

8,800 1.868

10,800 1.910

27




TABLE 21

PAE-30257 (M-10) multiperforated for 106 mm rifle
(Length - 0.4681 in., Jiameter - 0.224) in., web - 0.0400 in.)

Temperature,

°c

21

-20

—40

Pressure,

psi

2,500
4,300
6,200
8,000
9,800
11,600

2,500
4,300
6,200
8,000
9,800
11,600

2,500
4,200
6,000
7,800
9,500
11,300

2,600
4,600
6,500
8,400
10,400

2,600
4,500
6,300
8,200
10,100

28

Burning Rate,

in./sec

0.811
1.216
1.610
1.925
2.127
2.201

0.741
1.158
1,543
1.829
2.018
2.106

0.691
1.120
1.532
1.807
2.002
2.082

0.760
1,207
1.5¢1
1.839
1.940

0.751
1.343
1.750
1.997
2.068




TABLE 22

RAD-38422 (M-15) multiperforated for 90 mm gun
(Length - 0.6747 in., diameter - 0.2959 in., web - 0,0550 in.)

Temperature,

°c

21

-40

Pressure,

psi

5,400
10,000
14,600
19,300
24,000

5,500
10,300
15,000
20,000
24,700

5,500
10,300
15,000
20,000
24,700

5,400
10,000
14,600
19,300
24,000

5,300
9,900
14,400
19,000
23,600

29

Burning Rate,
in./sec

1.325
2.076
2.683
3.179
3.670

1.362
2.111
2.660
3.124
3.530

1.325
2.036
2.530
2,901
3.2601

1.494
2.161
2.588
2.912
3.218

1.333
2.142
2.604
2.827
3.051




TABLE 23

RAD-38422 (M-15) multiperforated for 90 mm gun
(Length - 0.6747 in., diometer - 0.2959 in., web - 0.0550 in.)

Temperature, Pressure, Burning Rote,*
°¢ psi in,/sec
21 5,300 1.339
10,000 2.051
14,600 2.655
19,300 3.197
24,000 3.698

Burning Rote Constonts

Bx107? n

21 4.108 0.675

*Calculated from least square equation r = BP",

30




TABLE 24

RAD-38714 (M-17) multiperforated for 90 mm gun
(Length - 1,1437 in., diameter - 0.4733 in., web - 0.0784 in.)

Temperature, Puuu.u, Burning Rote,
°c psi in./sec
21 5,600 1.643
10,600 2.379
15,500 3.093
20,400 3.716
25,400 4.243
30,300 4.0682
0 5,400 1.415
10,100 2.169
14,800 2.815
19,500 3.428
24,200 3.992
29,000 4.364
=20 5,600 1.352
10,400 2.021
15,300 2.639
20,100 3.160
25,000 3.677
30,000 4.010
-~40 5,500 1.471
10,300 2.165
15,000 2.784
19,800 3.301
24,600 3.731
-52 5,400 1.571
10,100 2.368
14,800 2.994
19,500 3.463
24,200 3.779

31




TABLE 25

RAD-38714 (M-17) multiperforated for 90 mm gun
(Length - 1.1437 in., diometer - 0.4733 in., web - 0.0784 in.)

Temperoture, Pressure, Burning Rate,*
°c psi in./sec
21 5,000 1.514
9,000 2.195
13,000 2.769
17,000 3.281
21,000 3.750
25,000 4.188
0 5,000 1.342
9,000 2.004
13,000 2.576
17,000 3.093
21,000 3.572
25,000 4.023
-20 5,000 1,260
9,000 1.853
13,000 2.360
17,000 2.815
21,000 3.234
25,000 3.625
-40 5,000 1.394
9,000 2.008
13,000 2.523
17,000 2.980
21,000 3.39
25,000 3.779
=52 5,000 1.530
9,000 2.169
13,000 2.698
17,000 3.164
21,000 3.587
25,000 3.977

Burning Rate Constants

Bx10~? n
21 6.956 0.632
0 4.029 0.682
-20 4.678 0.657
—40 7.034 0.621
~52 9.712 0.594

n
*Calculated from least square equation r = BP ,
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TABLE 26

RAD-60470 (T-28) multiperforated for 106 mm rifle
(Length - 0.5144 in., diameter - 0.1500 in., web - 0.0380 in.)

Temperature, Pressure, Burning Rote,
°c psi in./sec
21 2,700 0.794
4,600 1.430
6,600 1.911
8,500 2.273
10,500 2.453
12,500 2.722
0 2,700 0.748
4,700 1.384
6,700 1.895
8,600 2.186
10,600 2.374
12,600 2.576
=21 2,700 0.800
4,600 1.406
6,500 1.895
8,500 2.184
10,400 2.304
12,300 2.373
—~{0 2,700 0.605
4,600 1.328
6,600 1.8595
8,600 2.162
10,500 2.204
12,500 2.318
=53 2,700 0.905
4,800 1.506
6,600 1.972
8,800 2.218
10,900 2.270
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TABLE 27

PAE-25333 (T-34) multiperforated for 90 mm gun
(Length - 0.3711 in., diometer - 0.1603 in., web - 0.0298 in.)

Temperature, Pressure, Burning Rate,
°c psi in./sec
21 5,100 0.883
9,400 1.296
13,800 1.648
18,200 2.005
22,600 2.296
0 5,100 1.320
9,400 1.628
13,800 1.836
18,200 2.138
22,000 2.390
=20 5,100 1.547
9,400 1.90%5
13,800 1.999
18,200 2.161
22,600 2.336
—40 5,100 1.260
9,400 2.033
13,200 2.192
18,200 2.167
22,600 2.221
=52 5,100 1.416
9,400 2.106
13,200 2,287
18,200 2.206
22,600 2.198

34




TABLE 28

PAE-25333 (T-34) multiperforated for 90 mm gun
(Length - 0.3711 in., diometer - 0.1603 in., web - 0.0298 in.)

Temperoture, Pressure,
°c psi

21 5,000
9,000

13,000

17,000

21,000

Burning Rote Constonts

B x107*

21 3.600

*Calculated from least square equation r Bp".

35

Burning Rote,*
in./sec

0.868
1.267
1.606
1.909
2.187

0.044




TABLE 29

SUN-I5-604 (T-34) multiperforated for 90 mm gun
(Length - 0.550 in., diameter - 0.24) in., web - 0.038 in.)

Temperoture, Pressure, Burning Rote,
°¢ psi 5 in./sec
21 5,300 0.945
10,000 1.401
14,600 1.807
19,300 2.211
24,000 2.487
0 5,500 1.046
10,300 1.396
15,000 1. 740
20,000 2.083
24,700 2.339
=20 5,500 1.021
10,300 1.410
15,000 1.695
20,000 1.958
24,700 2. 164
—40 5,300 1.252
10,000 1.639
14,600 1.898
19,300 2.026
24,000 2.123
=52 5,300 1.123
9,900 1.614
14,400 1.890
19,000 1.984
23,600 2.066
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TABLE 30

SUN-15-604 (T-34) multiperforated for 90 mm gun
(Length - 0,550 in., diometer - 0.24) in., web - 0,038 in.)

Tempaerature, Pressure, Burning Rate,*
°¢c psi in./sec
21 5,300 0.940
10,000 1.417
14,600 1.816
19,300 2.174
24,000 2.502

Burning Rate Constants
B8 x 107! n

21 3.563 0.650

*Calculated from least square equation t BP",




TABLE 31

SUN-15-607 (T-34) multiperforated for 90 mm gun
(Length - 0.554 in., diometer - 0.235 in. web - 0.038 in.)

Temperoture, Pressure, Burning Rate,
°c psi in./sec
21 5,300 0.993
10,000 1.390
14,600 1.813
19,300 2.191
24,000 2.493
0 ' 5,500 1.049
10,300 1.365
15,000 1.771
20,000 2.098
24,700 2.331
=20 5,500 1.031
10,300 1.389
15,000 1.685
20,000 1.978
24,700 2.183
—40 5,300 1.283
10,000 1.649
14,600 1.893
19,300 2.128
24,000 2.262
-52 5,300 1.113
9,900 1.599
14,400 1. 865
19,000 2.075
23,600 2.215

38




TABLE 32

SUN-15-607 (T-34) multiperforated for 90 mm gun
(Length - 0.554 in., diometer - 0.235 in., web - 0.038 in.)

Temperoture, Pressure,
°c psi

21 5,300
10,000
14,600
19,300
24,000
Burning Rote Constants

8 ~107

21 4.813

*Calculated from least square equation r = BP™,
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Burning Rote,*
in./sec

0.973
1.440
1.824
2.163
2.474

0.619




TABLE 33

Expt. 5008C (T-36) multiperforated for 90 mm gun
(Length . 1,023 in., diameter - 0.472 in., web - 0.084 in.)

Temperature, Pressure, Burning Rate,
°¢ psi in./sec
21 5,600 1.620
10,600 2.384
15,500 3.104
20,500 3.758
25,400 4.356
30,300 4,750
0 5,400 1.347
10,100 2.177
14,800 2.836
19,500 3,464
24,200 4.023
29,000 4.437
=20 5,600 1.249
10,400 2.031
15,300 2.664
20,100 3,221
25,000 3.709
. 29,800 4.040
40 5,500 1.301
10,300 2.076
15,000 2.711
19,800 3.259
24,600 3.749
=52 s,400 1.350
10,100 2.126
14,800 2.795
19,500 3.316
24,200 3.769
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TABLE 34

Expt. 5008C (T-36) multiperforated
(Length - 1,023 in., diameter - 0.472 in., web . 0.084 in.)

Temperoature, Pressure, Burning Rate,*
°¢C psi in./sec
21 5,000 1.487
9,000 2.181
13,000 2.772
17,0C0 3.302
21,000 3.790
25,000 4.247
0 5,000 1.291
9,030 1.968
13,000 2.561
17,000 3.105
21,000 3.612
25,000 4.090
-20 5,000 1.190
9,000 1.799
13,000 2.331
17,000 2.815
21,000 3.267
25,000 3.691
—~{0 5,000 1.236
9,000 1.868
13,000 2.420
17,000 2.922
21,000 3.393
25,000 3.834
=952 5,000 1.296
9,000 1.942
13,000 2.502
17,000 3.010
21,000 3.482
25,000 3.927

Burning Rate Caonstants

B x10”* n
21 5.762 0.652
0 2.876 0.717
-20 2.460 0.704
—40 3.102 0.703
-52 3.663 0.684

5 v . n
*Calculated from least square equation r = BP .
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