ADA104064

DTG FLE(CORY

AP-E4/3067X

LEVEL 7

AD

TECHNICAL REPORT ARBRL-TR-02339 "

RELATIVE EROSIVITY OF NITRAMINE,
TRIPLE-BASE, AND DOUBLE-BASE PROPELLANTS

R. P. Kaste DTIC
|. C. Stobie ELECTE
J. R Wa.rd SEP 10 1981
B. D. Bensinger

July 1981

US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND

BALLISTIC RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND

Approved for public release; distribution unlimited.

81 8 27 023




Do not return it to the originator.

Destroy this report when it is no longer needed. ,
Secondary distribution of this report by originating- i
or sponsoring actiyity is prohibited.

Additional copies of this report may be obtained .
from the National Technical Information Service,

U.S. Department of Commerce, Springfield, Virginia

22161, !

The findings in this report are not to be construed as
an official Department of the Army position, unless
so designated by other authorized documents.

The ude o) trade names or manufacturers' namen in this port
dowy not oonstitute indorgement of any commercial product.




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BEF o COMPL o Tng FORM

1. REPORYT NUMBER |2. GOVT ACCESSION NO.| 3. RECIPIENT’S CATALOG NUMBER

TECHNICAL REPORT ARBRL-TR-02339 '7467225/2765}2(

4. TITLE (and Subtitle) . 8. TYPE OF REPORT & PERIOD COVERED

RELATIVE EROSIVITY OF NITRAMINE, TRIPLE-BASE, AND

DOUBLE-BASE PROPELLANTS BRL Technical Report

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

R.P. Kaste B.D. Bensinger

I.C. Stobie

J.R. Ward

9'U & ?FK';‘?I{;G Fxﬁ&'&’éﬁ{' search go?)%!vsélopment Command R A MR Ui T NUMBERS |

U.S. Army Ballistic Research Laboratory

ATTN: DRDAR-BLI

Aberdeen Proving Ground, MD 1L161102AH43

11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U.S. Army Armament Research & Development Command JULY 198

U.S. Army Ballistic Research Laboratory 1981

ATTN: DRDAR-BL 13. NUMBER OF PAGES

; 21005 42

4. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 1S. SECURITY CLASS. (of thle report)

UNCLASSIFIED
1Sa. DECL ASS|FICATION/ DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, {f different from Report)

18. SUPPLEMENTARY NOTES

Presented at 1981 JANNAF Propulsion Meeting

19. KEY WORDS (Continue on reverae side If necessary and Identity by block number)

Gun barrel wear Nitramine propellant
Vented chamber Heat transfer
Propellant erosivity
Nordheim
20. ABPSTRACLT (Continue en reverss sbids ff and identify by blvock number) (

jlc
A series of nitramine, triple-base, and double-%asg propellants in lots
with flame temperatures of 2,700, 3,000 and 3,300K were tested for relative
erosivity in vented chambers at BRL, Princeton University and the Large Cali-
ber Weapons Systems Laboratory (LCWSL).

During initial testing, the BRL results suggested that the nitramine pro-
pellants were no mc-e erosive then their double- or triple-base counterparts.

pD ’:::"” 1473 E0moN OF Y MOV 68 i3 OBSOLETE UNCLASSIFIED

l SECURITY CLASSIFICATION OF TNIS PAGE (Wiven Date Entered)

- i RN NE—— - e

I T e LT Rt g




UNCLASSIFIED
SECUNITY CLASSIFICATION OF THIS PAGK(When Date Bnitered)

20. ABSTRACT (Continued)

The Princeton experiments concluded the opposite. The LCWSL results suggested
the 2,700K nitramine was more erosive than other 2,700K propellants, but the
higher-flame temperature nitramines scemed no more erosive.

One weakness in the BRL tests was the small mass losses measured with the
2,700K propellants which could have masked differences among these propellants.
To rectify this, the erosivity of the nine propellants was measured with a
smaller diameter nozzle to increase mass loss per round. The results with the
smaller diameter nozzle confirmed that the nitramines were no more erosive
than the other propellants with the same flame temperatures.

| ‘ 2 UNCLASSIFIED

X SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




II’
III,

Iv.

iianswilll-SNSN

LIST OF ILLUSTRATIONS
LIST OF TABLES , . ,
INTRODUCTION , . , .,
EXPERIMENTAL . , . .
RESULTS . . , . . . .,
CONCLUSIONS . , . . .
REFERENCES , . , . ,
APPENDIX . , . . , .

DISTRIBUTION: LIST , .

TABLE

« e 9
s s 0
L ] .
¢ o 0

3 . .
3 . .
L 4

[ . .

OF CONTENTS

s . * e @ ¢ . . .
e e e ¢ o e e e+ e
* o e e+ o . * . .
. ¢ o e . . . .
L I I I Y . ¢ s e
* e . .
. . .
L I I N )
« o s 0 . . . . .

. .
« e
.
.
.

.

Acceasion Fer

Distrivuticg/

i Availabilitv Codes
‘Avall ¢ 4/or
Spezill

i
'I
|
I

A

e - ﬁ
RO o N
DyLy T i
U 1
N S jal
- 4 M ]
i
| e e eead)
!
i
Py,

- - e ———

11

11

26

27

29

39




T e

A-1

A-3

A-4

A-5

A-6

A-7

A-8

A-9

Propellant
Propellant
Propellant
Propellant
Propellant
Propellant
Propellant,

Propellant

Propellant

TB-1 .

DB-1

NA-1 .,

NA-2
DB-2
TB-2
NA-3
DB-3

TB-3

LIST OF ILLUSTRATIONS

Page

. 30

- 31

. 32

. 33

- 34

- 35

. 36

- 37

. 38




10,

11.

LIST OF TABLES

Page

Composition and Grain Dimensions of the Nitramine Propellants . 12

Composition and Grain Dimensions of the Triple-Base
Propellants . . . . . ¢« v 4 v s v ¢ v v s e 0 v s e e e e

Composition and Grain Dimensions of the Double-Base
Propellants . . . . . & v 4 v v o v 4 v s v 4 0 s e e s

Thermochemical Properties of Propellant and Combustion
GASES v v ¢ v ¢ ¢ 4 4 e e s e e s e e e e s e s e e e e e

Summary of Mass Losses for NA-1, TB-1, and DB-1 Propellants .
Summary of Mass Losses for NA-2, TB-2, and DB-2 Propellants .

Summary of Mass Losses for NA-3, TBR-3, and DB-3 Propellants .

Mean Mass Loss/Shot from 12,4 mm Diameter Nozzle . . . . .

Comparison of Earlier Results with Mass Losses from 12,7 mm
Diameter Nozzle . . . . ¢ « v & ¢ v v o v o o v o oy 0 4

Internal Energy of Propellant Gases in Vented Chamber
EXperiments . ¢« & ¢« ¢ 4 0 4 0 v e v e s g e e s s e s e e

Heat Input and Bore Surface Temperature for Different
Pressure-Time Curves with Equivalent Charge Mass . . . . .

- 13

« .+ 14

« « 15

16

17

- 18

. .19

. .20

« . 24

!
i
1
i
]
i

R P

i




!IIll-.llllllllllllll.llllllllllI-I---.--I--I---'

I. INTRODUCTION

Gun propellants with nitramines, RDX or HMX, have higher impetus for
a given flame temperature than single-, double-, or triple-base propellants.
Nitramine propecllants have been advocated because they would cause less
barrel wear for the same velocity. Such advocacy stems from the assumption
that nitramine propellants are no more erosive then conventional propel-
lants. This was challenged by some workers during World War II,l'° although
Hobstetter? claimed that erroneous thermochemical calculations of the
nitramine propellant's flame temperatures clouded their results. The con-
tention that nitramine propellants were more erosive, however, has per-
sisted>-7 ever since.

Continued interest in nitramines for high-velocity application and new

ZN.H. Smith, "Pre-engraved Projectiles,'" NDRC Armor and Ordnance Report ;
No. A-448, December 1345.

2N.H. Smith, "The Caliber 0.50 Erosion Testing Gun,'" NDRC Armor and

Ordnance Report No. A-450, January 1946, ; {

3N.H. Smith, "Comparison of the Erosiveness of Propellant Powders," NDRC

Armor and Ordnance Report No. A-4561, October 1945.

4 .
“J.N. Hobstetter, "ipplication of Heat Transfer Theor; to Metallographic
‘ Evidences of Gun Erosion,"” NDRC Armor and Ordnance Report No. 4-452,
! December 1945,

Interservice Technical Meeting on Gun Tube Erosion and Control, Water-

\ ®p.d. Taylor, "Gun Erosion and Methods of Control," Proceedings of
} vliet Arsenal, February 1970.

r v
' GE.F. Boggs, B.A. Helman, and R.P. Bauman, "High-Force, Low Flame

Temperature, Nitramine-Filled Propellants,"” Proceedings of the Inter- .
national Symposium on Gun Propellants, Picatinny Arsenal, October 1973.

7I. Ahmad, "The Problem of Gun Barrel Erosion, An Overview," Proceedings ‘
of the Tri-Service Gun Tube Wear and Erosion Symposium, Picatinny ié
) Arsenal, March 1977. ;
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interest in using nitramines as low-vulnerability propell.'fmt:ss_10 prompted
reexamination of the erosivity of nitramine compositions. BRL workers meas-
ured erosivity of nitramine propellants prepared by the LCWSL. 11,12 The
nitramine propellants were found no more erosive than conventional propel-
lants with equivalent flame temperatures. Princeton University found RDX-
propellants to be more erosive.l3

To try to resolve the continuing controversy over erosivity of nitra-
mine propellants, Geene of BRL used interior ballistic and thermochemical
codes to devise a series of nitramine, double-base, and triple-base propel-
lants each with flame temperatures of 2,700, 3,000 and 3,300K. Experiments
conducted at BRL concluded that there was no difference in wear among pro-
pellants with the same flame temperature.14 Experiments at LCWSL and

8J.J. Rocchio, H.J. Reeves, and I.W. May, "Low-Vulnerability Ammunitions
Concept Development,' Proceedings of the 1976 JANNAF Propulsion Meeting,
CPIA Publication 280, February 1977.

9maﬁm@wawﬁw.wm,Um@wpmuwﬁwofmwmm&m@t
Binder Formulations Being Evaluated for Low-Vulnerability Propellants,"
Proceedings of the 15th JANNAF Combustion Meeting, CPIA Publication No.
297, February 1979.

10, H. vreatt and S.E. Mitchell, "Navy LOVA Propellant Development,'
Proceedings of the 16th JANNAF Combustion Meeting, CPIA Publication 308,
December 1979.

HR.W. Geene, J.R. Ward, T.L. Brosseau, A. Niiler, R. Berkmire, and

J.J. Roechio, "Erosivity of a Nitramine Propellant," BRL Technical
Report No. 02094, August 1978. (AD #4060590)

12J.R. Ward and R.W. Geene, "Erosivity of a Nitramine Propellant with

Flame Temperature of M30 Propellant,"” BRL Memorandum Report MR-2926,
June 1979. (AD #4074346)

13 4. Caveny, A. Gany, S.0. Morris, M. Summerfield, and J.W. Johnson,

"Effect of Propellant Type on Steel Erosion,' Proceedings of the 1878
JANNAF Propulsion Meeting, CPIA Publication 293, February 1978.

;. R, Ward, R.W. Geene, A. Nitler, A. Rye, and B.B. Grossman, "Blow-out

Gun Erosivity Experiments with Double-Base, Triple-Base, and Nitramine
Propellants,” Proceedings of the 1980 JANNAF Propulsion Meeting, CPIA
Publication 315, March 1980.

10
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Princeton University reached different conclusions.15 The Princeton work-

ers found the nitramines more erosive in every instance, while the LCWSL
experimenters found only the 2,700K nitramine propellant more erosive than
its 2,700K counterparts. In the meantime, Vassallo and coworkers at Calspan
reported that a nitramine propellant was more erosive than a triple-base
propellant with like flame temperature.l6

One problem with the BRL results was that small mass losses recorded
for the 2,700K propellants may have masked differences among the three pro-
pellants. In order to resolve the nitramine propellant controversy, the BRL
wear measurements were repeated with a smaller-diameter nozzle to increase
the mass loss per shot.

II. EXPERIMENTAL

Propellant ingredients, thermochemical properties, and combustion-gas
compositions for a 0.2 g/cm3 loading density are listed in Tables 1-4.

A description of the blowout gun and the experimental procedure is
available in earlier reports.ll:12’14 The only change is that the nozzle
diameter is 12.4 mm vs the 17.3 mm in the earlier test.l4 The charge masses
were adjusted to give closed-bomb peak-pressures of 303 MPa, well above the
rupture pressure of the two 1.6 mm-thick steel shear disks,

I1I. RESULTS

The mass losses recorded for each shot with each of the nine propel-
ants tested are summarized in Tables 5-7. A sample pressure-time curve
for each propellant is provided in the Appendix.

Table 8 summarizes the mean mass loss/shot and the sample standard
deviation for each propellant. Table 9 compares the latest results with
those recorded in Reference 14 with the larger diameter nozzle.

The smaller diameter nozzle produces larger mass losses per shot as
anticipated. In particular, the mass loss/shot for the 2,700K flame temper-
ature propellants exceeds the mass loss/shot for the 3,300K propellants with
the large-diameter nozzle. The results confirm earlier findings that nitra-
mine propellants have similar erosivity as the double-base and triple-base
propellants with equivalent flame temperatures.

15A.J. Bracuti, L. Bottei, J.A. Lannon, and L.H. Caveny, "Evaluation of

Propellant Erosivity with Vented Erosion Apparatus,' Proceedings of the
1980 JANNAF Propulsion Meeting, CPIA Publication 315, March 1980.

p. 4. Vassallo, "Thermal and Erosion Phenomenonolgy in Medium-Caliber Anti-

Armor Automatic Cannon (MC-AAAC),'" Proceedings of the 1980 JANNAF Pro-
pulsion Meeting, CPIA Publication 315, March 1980.

11




TABLE 1. COMPOSITION AND GRAIN DIMENSIONS OF THE NITRAMINE PROPELLANTS

; Composition NA-1 NA-2 NA-3

? Nitrocellulose 30.0% 30.0% 30.0%

E (% Nitrogen) (12.6) (12.6) (12.6)
Nitroglycerin 15.6 18.3 21.1
RDX 41.5 41.5 41.5
Ethyl Centralite 1.5 1.5 1.5

§ Dioctylphthalate 11.2 8.5 5.7
Residual Alcohol 0.2 0.2 0.2

,§ Dimensions

3 Length, mm 7.26 9.09 10.9
Quter Diameter, mm 1.78 2,21 2.67
Inner Diameter, mm 0.66 0.84 0.99
Web, mm 0.56 0.69 0.84
Heat of Explosion, J/g 3454 3869 4308




? TABLE 2. COMPOSITION AND GRAIN DIMENSIONS
3 OF THE TRIPLE-BASE PROPELLANTS
Composition TB-1 TB-2 TB-3
i Nitrocellulose 27.4% 27.4% 27.4%
' (% Nitrogen) (12.6) (12.6) (12.6)
Nitroglycerin 11.0 22.0 33.0
Nitroguanidine 59.6 48.6 37.6
B Ethyl Centralite 1.5 1.5 1.5
Sodium Cryolite 0.3 0.3 0.3
i Residual Alcohol 0.2 0.2 0.2
Dimensions
Length, mm 7.06 9.80 11.58
Outer Diameter, mm 1.68 2.11 2.49
Inner Diameter, mm 0.71 0.84 1.02
Web, mm 0.41 0.64 0.74 ‘

Heat of Explosion, J/g 3622 3906 4375




g |

TABLE 3. COMPOSITION AND GRAIN DIMENSIONS
OF THE DOUBLE-BASE PROPELLANTS

Composition _ DB-1 __DbB-2 __DB-3
Nitrocellulose 66.6% 69.8% 73.2%
(% Nitrogen) (13.25) (13.25) (13.25)
Nitroglycerin 20,0 20.0 20,0
Barium Nitrate 1.4 1.4 1.4
Potassium Nitrate 0.7 0.7 0.7
Ethyl Centralite 11.1 7.9 4,8
Residual Alcohol 0.2 0.2 0.2
Dimensions

Length, mm 7.82 9.68 11.91
Outer Diameter, mm 1.98 2,41 2.97
Inner Diameter, mm 0.84 1.04 1.27
Web, mm 0.57 0.69 0.85
Heat of Explosion, J/g 3417 3793 4229

14
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Since this conclusion contradicts other experiments 13 with the same
propellants, it seems worthwhile to speculate about how to convert wear
from vented-chamber experiments to large-caliber guns.

One needs, first of all, to define "inherent" erosivity. The inter-
pretation adopted here is how will gun barrel wear vary when a conventional
propellant is replaced with a nitramine p.opellant such that the interior
ballistics are unchanged through adjustment of charge mass, web, or burning
rate. Experience dictates that wear is reduced whenever the flame tempera-
ture is reduced. Thus, the assertion that nitramine propellants are "in-
herently" more erosive than conventional propellants implies an important
gap exists in our understanding of gun barrel wear.

In BRL experiments the charge masses are adjusted to the same closed
chamber peak pressure which is twenty percent larger than the shear disks'
rupture pressure. The resulting flow through the nozzle is independent of
propellant web and burning rate. The experiment deviates from a gun in that
there is no projectile accelerated. The only potential contribution from
the projectile is friction which should be inconsequential compared to the
wear from convective heat transfer. This latter conclusion is buttressed
by experiments in which plastic rotating bands replaced metal bands without
changing wear.*’»

Some further justification for matching chamber pressure to test propel-
lant erosivity comes from Nordheim'sl9 analysis of flow through vents.

Nordheim devised the following expression relating chamber pressure vs

time where the subscript, o, represents conditions at propellant burnout
with no heat loss to the walls,

P = P [Leks(y-1)B(Lebno )] 2/ (1) (1)

17M.C. Shamblen, "Overview of Erosion in U.S. Naval Guns," Procezdings of

the Tri-Service Gun Tube Wear and Erosion Symposium, Picatinny Arsenal,
March 1977.

18R. Berkmire and A. Niiler, '"Radioactive Tracers in Ercsion Wear Measure-

ments, " Proceedings of the Tri-Service Gun Tube Wear and Erosion Sympo-
siwn, Dicatiny Arsenal, March 1977.

19L.W. Nordheim, H. Soodak, and G. Nordheim, '"Thermal Effects of Pro-
pellant Gases in Erosion Vente and Gune," NDRC Armor and Ordnance Report
No. 4-262, March 1944.

21
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where P = chamber pressure at time, t,
vy = ratio of specific heats,
n = co-volume, and

0,B,b = expressions defined in Eqs. (2) - (5}.

The quantity, o is defined as

o =p/(1-np) , (2)
: where p = density of gas.

B is defined as

CI+1) %
3 ] _ A 2 v+l
; B =W %Py GoD) ’ (3)

where A = cross-sectional area at nozzle throat, and

M = propellant mass.

The expression for b is

3+
1- (ksy-1Bt) " G

b= -1+ O [2ug(ye1)e] L(y-1)Bt ’ @

(3-v)

where the only undefined quantity, e, is given by

1
Coms B
2 ) v-1

1
e = 2|1 - 2G5 (5)

The pressure in the vent is related to the chamber pressure as follows:

1
p.=(_2_)Y1

TS} * P+ (1 +eyno) , (6)

where p* = pressure at nozzle throat,
22
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The propellant's burning time to peak pressure should be matched as closely
as possible to avoid different heat losses to the wall. For the nine pro-
pellants tested here, the heat loss was the same, as evidenced by the
closed bomb results in Reference 13 where the ratio of the experimental

peak pressure to the theoretical peak pressure was the same for all the pro-
pellants,

Nordheim also developed a scheme to compute convective heat transfer
from propellant gases using Reynold's analogy between momentum transfer and
heat transfer. The heat transfer coefficient

h=%2xCpU |, (7) i
p i
i
}
where h = heat transfer coefficient, €
A = friction factor, f
4
Cp = specific heat at constant pressures, }
= gas density, and
U = gas velocity.

The heat transfer to the wall is then

q = h(T,-T) (8)
where q = heat transfer,

Tg = gas temperature, and

TS = surface temperature of wall.

Eqs. (7) and (8) suggest one can predict what the relative erosivity should
be comparing the internal energy of the combustion gases. Table 10 com-
putes the internal energy per milliliter for the nine propellants with
thermochemical data from Table 4. Table 10 shows the internal energy is
the same within a few percent for each set of propellants with a given
flame temperature implying that the wear should be the same within the
experimental error of the vented chamber experiments.

Further justification for taking care to match pressure-time curves to
infer erosivity is given in another calculation by Nordheim in which he com-
puted heat transfer and peak bore surface temperature for a 37mm gun with
constant propellant mass and peak pressure but with various projectile
masses. Table 11 summarizes the calculations showing that the lightest
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projectile produces the highest peak temperature and, presumably, the
highest wear, since the action time decreases. (ne set of workers compen-
sates for differences in propellant burning rates by comparing wear of pro-
pellants with equivalent pressure-time integrals.l3 Nordheim's calcula-
tions suggest that pressure-time curves with equal integrals will produce
higher fluxes and higher bore surface temperatures as the action time
decreases (peak pressure increases).

IV. CONCLUSIONS

1. Mass losses measured with the smaller diameter nozzle confirm earlier
BRL results that nitramine propellants are no more erosive than double-
base or triple-base propellants with comparable flame temperatures.

2. Contradictions among BRL, Princeton University, and the LCWSL about the
relative erosivity of nitramine propellants seem to reflect differences in
analysing wear in the vented chambers. The BRL procedure is based on the
presumption that pressure-time curves must be matched in order to assess
relative erosivity.
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