B e I e I A i A

¥, x

.,
et

AC-A195 514

-
Ao

L4

: e,

i - : . 2
: i

TR
i

' SIMULATOR DIAGNOSTICS OF THE EARLY R
 PHASE IGNITION PHENOMENAIN A
10 “MM TANK GU | CH#

A,

Iy
A>
£ L3

;
3

R e )
A2
SR

LANG MAN CHANG -
JOSEPH J1. ROCCEIO

MARCH 1988

AFPROVED FOR * 7 IBLIC RELEASE; DISTRIBUTION UNLIMITED.

U.S. ARMY LABORATORY COMMAND

SAU. SVIC ?ESEARCH LABORATORY
A%EQQEEN PRQVIWG GROUND, M‘ARY&AND




N D]
[

W s ms AFrd e mmam cemewmds  eoabe s LA &g Ty ot et e, = - teay
- pestroy this report when it is no lohwe: adad. 0 NT

copies of this repcit may e obtained from the National Tehnicel
1

I “ser 3.8, Deswrtment of Comeroe, Springfield, VA 22.6l.

Tre findings of this rroort are not to be constried as an official Department
~ of the Amy pesition, unless so designatad by other autharized documents.

o

or memifacturers' names in this reporr does not con-

B - ™~




UNCLASSIFIED
SECURTTY CLASSITICATION OF THIS PAGE
Form Approved
orm
REPNRT DOCUMENTATION PAGE OMB No. 0704-0188
1a. REFORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
o

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE
e O S R

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPOF.T NUMBER(S)
PRL-TR-2890
T et e e~ e e v S

6a. NAME OF PERFORMING ORGANIZATION = 6b. OFFICE SYMBOL 7a. NxME OF MONITORING ORGANIZATION

US Army (4 opph‘cablo)_

Ballistic Research Laboratory SLCBR-1B

6¢c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

Aberdeen Proving Ground

Marylznd 21005-5066
... -

8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION (If applicable)

m’*‘ e T~ —

8¢c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT WORK UNI
SLEMENT NO. NO. IACCESSION NO.
1L162618AH '

11. TITLE (Include Security Clanlﬁution)
Simulator Diagnostics of the Early Phase Ignition Phenomena in a 105-mm Tank Gun ‘Chamber

12. PERSONAL AUTHOR(S)
Lang-Mann Chang. and Joseph J, Rocchio

e e Y+~ Y T
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [1S. PAGE COUNT
Technical Report rroM__3/85 10 12/85 1988 March 56 -

16. SUPPLEMENTARY NOTATION ]
Presented in part at the 8th International Symposium on Bsllistics

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Gun Simulator, Ignition Studies, Ballistic Diagnostics,
21 02 ( Pressure Data, Flamespreading, LOVA Propellant, Primer
19 01
. ABSTRACT (Continue on reverse if necessary and identify by block number) v

The early phase ignition phenomena: dp a 105-mm Tank gun chamber were investigated via
diagnostics in a simulator. The study‘included the functioning of the ignition system,
permeability of propellant bed to igniter™ gases, propellant bed compaction pressure wave
formation, and flamespreading. Also examined yere effects »f the primer body configuration
on ignition. The transitions found in the pr;§§u(e rise and the flamespreading have been
correlated with the flow change of the hot gases tﬁroggh the vent holes of the primer,
Effects of high flow resistance in the propellant bed of small grains were ‘seen in the
recorded data. Compaction of the propellant bed could start in the very early stage of the
ignition process. The addition of a vented tip to the M83 standard primer improved the
uniformity of pressure distribution and flamespreading along the chamber length. The
results obtained can serve as guidance for the development and kassessment of new primers and
interior ballistic cycle of the gun syst:em.( )(-‘17;‘,{% ,7“

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
&I uncLassIFIEDUNLIMITED [ SAME AS RPT.  [J pTic useERs | Unclassifi
228, NAME CF PESPONSIBLE INDIVIDUAL "~ ]22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
Lang-Mann Chang (301) 278-6107 SLCBR-IB-P
e S S R
DD Form 1472, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE




TABLE OF CONTENTS

Page

LIST OF FEGURES..eeosueeeeaesssoseessesssssesssessssessssassssssssansnnsasesd
LIST OF TABLES..evussuscssenscrnsnnsenssssensssrnssnsernssnsssnsrnsensennsss]
I. INTRODUCTION.eusssssenernssonnrnsssenesnssnsnenssnsnernsnsansnsenenssd
II. EXPERIMENTAL APPARATUS AND PROCEDURE.......rcuescesonsncnsoncnssnnsss
III. RESULTS AND DISCUSSION..eeoeeneseneescsancasasocsncesssncssacesansessl?
A. Primer Ignition in the Open Air..........;........................13

1. Pressurel.l.naooii..loni.ol..ll.-l.i.ol!'.Ql.‘..lccll..i.-...oola

A2. Flme Developmnt....l..ll'.’.'.l.l.....'l..'..l...l"ll...l.ll14

B. Primer Ignition in an Empty Chﬂmbeto--..---o-..o--uo..------o...-.15

1. Pressure..l.....'l.....lQIl...l..l......l..l.....)'....l...l‘l.ls

2| Flmespreadins....li..'l.....i.I.....Q...l.!...l.i.'..l..I.“..Ilg

C. Primer Ignitioa in Chambers Packed With Inert Propellant..........2l

1. Press“fe..........'...'IQl....l........l....,’.ll.l....Qll.l....21

2 L] Ptopellant Bed Hotionf ERE B BN BE B BN BN B BE BE BN B BN BE BN BN BN BN NN R BE BN AR BN BN BN BN BN BE BN B BE AR BE B BE BE 2R IR AN 26
3. Flame Pulsationl.ll...'l.'lll...l.l'.l.'I..I....I...'..........zs
4, Flame Intensity in the Propellant Bed..vccceessosncsnscsscsceas9

D- ROundﬂ “ith Live Charges...l.l..'o..'l.l!'.llo..tOO;....ll.lonn.u.30

1. Propellants: M30 vs. Nitramine Composites.....cceveecccacesssse30

2. RDX Particle Sizes Used: Unimodal (A2-102) vs. Bimodal

: (A1-103)-...........--.................-.-.........-...........34

3. Primer Body Configurations: M83/Standard vs. M83/E-Tip
and M83/Standard vs. MB3/EEF...cveeessccnorsoscercnscssnscsnceseld

a. M83/st8ndard v8. H83/E-Tip.!..l'.'lOQl.t....Q.Il...l.'.....t34
b. M83/standard V8. M83,EEF--oco-o--oooo.to-nnono--ucooacsooo'036

4. Igniter Haterials....l.lll..lll'Il.......-.l'I.....‘I‘..'..I..l41
a. M83/Standard Primer: Benite ve. Mix 6828...cc0vvvceacccncnsddl]
b. M83/EEFF Primer: Benite vs. Mixes 6828, 6779, M9+5%AL,
and 6856...'.'.........‘...'.'..I.l..l..l.l...'...l.......‘l42
5. Proje‘:tile Diaplacement....l....II...ll...l..‘.'ll....l..ll....44
E. Correlations of Results from Tests With the Empty Chamber,

Inert Propellant Packed Charbers, and Live ChargeB...ccocesceaeeesdd

Iv. SUMY AND CONCLUSIONSOO....l.'...l.....'..0.'ll.‘..l..ll'...l..l.l.47

l

or

-—___iirﬁ—-
a

¢ W

v

Y Codes
and/or
lal

% L
d
o



TABLE OF CONTENTS (continued)

ACKNO"LEME“TS..Q.......l‘.0....I'......l...Il....‘l.l'.ll.l..'......‘s
REFERmcEs..'ll.ll!.ulll..!lol'.o0..OIl.000!00Olo0.'.0..00!!...0.'.0.49

DISTRIBUTION LIST..Q...lll'l'lll..l..l.l.......Q..OI.Q....I...CQ.....SI




Figure

1

o

10
11
12
13
14
15

16

17

18

20

21

LIST OF FIGURES
Page
Cross-Sectional View of 105-mm Gun Simulater..c:escesesccscesssrenasssll

Propellant Packed Simulator Chamber....scesevecctscsssrsacssssansssssll

kperiment‘l ArranamentcﬂI'I.l....'.'..~..I......'....l.......l'l...'ll

Primer Body Configuration®..cescsccscrscssscsscsscssnsscavsrenssossesseld

Pressures Recorded in sn M83/Standard/Benite Primer Ignited in the

open Air.-lti.l....'.....'l.C.‘.l..I."..l.ll....l...................14

End View of the Flame Developmeht Around an M83/Standard/Benite
Primer Isnitedinthe open Ai-t‘ .‘.........‘..'......"....-.‘ ...I....16

Pressures in an Empty Chamber...cecceoceressssessccssssscniscscrsaensly
FlameSpreiding‘in an Empty Chamber...cccceeseeseccctesscsesssscsnseasl
Pressures in an Imert PrOpellant.Packed Chamber (Large Grains).......22
Pressures in an Inert Propellaﬂ; Packed Chember (Small Grains).......22
Typical Breech Pressure Recorded in a Gun Firing Test................24
Breech P;ebsur&s in Empty and Inert Propellant Packed Chambers.......26
Projectile Ptessu:ei in Empty end Inert Propellant Packed Chambers...27
Inert Propellant Bed Compaction and MotioD..icevsssessscssssacsaresasll

Flame Observed Along an Inert Propellant Packed Chamber
(Latge Grains)..-..iiit'.lI'.I.QIICIICCII...I........""l.....ll.l...ze

FINEIntensity DistributionnoolOtlolcictll'-.lllc.!.lcl!.i.!!l-tt'-.29

Pressures for M30 Propellant and LOVA Propellants (Lots 1289BL,
A1_103, Az-lol’ and Az—loz)ti..‘ 0\.0l!-.......l"llll.l'...ll..lll'.ltsz

Burning Rates of LOVA Propellants (Lots 1289BL and Al-103)
From Closed Bomb MeasurementsB....oceeesccectsscssssssssssnssscsnsesaeldld

Pressures for A2-101 Propellant Using M83 Primers With
and Withoutavented Tip."l......ll'.l.ll'.ld.llll.lll....ll..ll..l'35

Pressure Difference Between Breech and Projectile for A2-101
Propellant Using M83 Primers With and Without a Vented Tipieceeese...36

Comparison of Flamespreading in Chambers with A2-101 Propellant
Using M82 Primers With and Without a Vented Tipiecoceeesocesencareneedd?



22

24
25

26

27

28
29

30

TABLE OF FIGURES (CONTINUED)
Flame Front Travel iu Chambers With A2-101 Propellant Using
MB3 Primers With and Without a Vented Tip (Based on the
Photogrlphic Data in Fisure 22)-........n-..u...........-..........38
Pressures in Chambers Using M83/Standard and MB3/REF Primers.........39
Flamespreading in Chambers Uiing M83/Standard and M83/ERF Primers....40
Flame Front Travel in Chambers Using MB3/Standard/Benite,
M83/Standard/6828, and M83/EEF/Benite Primers (Basad on the
Phothrlphic Dat. in Fiaure 25)...-0......0!...l..‘t..t....l.l.l.....‘l

Pressures in Chambers Using Primers With Benite and Mix 6828.........42

Comparison of Flamespreading in Chambers Using M83/Standard/Benite
and H83/standard/6828 Primer'..l..‘...- “ﬂill.l.l0'.'...!.....0‘....'“

. Presgures in Chambers Reculting From Varicus Igniter Materials.......k4

Typical Projectile Displacement.c.vececsecscecnsnserassnssscasssceeechS

Projectile Displacement and Chamber Volume Increase vs. Cadeecoaneesddb

B MR VR MR MR AT bk 2 IR MR BRY A T AT TR AT A M RUATTOM LM 2R AL b AL RUATRAC M P TR U RS



Table

TABLE OF TABLES
Paje
Composition of Candidate Igniter Materisls...ecssesesessesecsssnanees30
Time Data Measured From Figure 17.ccieerecessccsscccsssctcnsnsssnsnessdl

Interior Ballistic Performance of LOVA Propellants (Lots 1289BL
‘nd Al-loa) rro‘ G“D Firina T.'t'.....l..l‘....!...O!“.l.l‘.....!.!.31

Burning Rates of LOVA Propellants (Lots 1289BL and Al-103)
From Strand Burner MeasurementB..c.:sisssssssscssesnsscssssescssanssoseldl

Time Data Measured From Fig\\te! 23’ 26. and 2B icecctnncnansscnnsases3b

(2T




ki

- ————— —y{:“-‘u !‘_W&‘w

1. INTRODUCTION

Developments of new shaped charge (HEAT) and kinetic energy (KE)
projectiles and advanced propelling charges for tank cannon ammunition have
created a need for detailed diagnostics of the processes occurring during the
early phase of the interior ballistic cycle. These processes include
ignition, flamespreading, formation of pressure waves, and propellant bed
motion and compaction. The introduction of KB or -HEAT projectiles which have
a complex rear section extending into the gun chamber has limited the length
of the ignition system while concurrently impeding the flame spreading
process. When this is coupled with the difficult to ignite low vulnerability
(LOVA) propellants, the igniter-propellant bed-projactile interface system
becomes critical to the optimum performance of the .cartridge. To provide an
adequate understanding of these processes, experimental studies have become
necessary. ' ’

The present study was conducted in support of the development of the
ignition system and propelling charges for the MA56A2 HEAT cartridge.
Although nitramine composite propellants (CAB/NC/RDX) had been designated for
the cartridge, there wvere a variety of parameters directly affecting the
ballistic performance which remained to be characterized. These parameters
included the grain design, RDX particle size, primer body configuration, and
igniter material. Gun firing tests would provide data to show the ballistic
performance of candidate primers or charge designs, but not the detailed
understanding of the phenomena occurring in the early phase of the interior
ballistic cycle. In fact, this detailed information is the key basis on which
advances in the right direction can be made to improve the ballistic
performance. To fulfill such a need, the present work was conducted with
emphasis on the functioning of the igniter, pressure wave formation, flame-
spireading, and propellant bed motion. .

Tha ma jor epparatue for ths aperiiontcl study-vas a 10>-mm tank gun
zimulator, Bigh-speed camorgs, X-ray head, and pressure gages were the
ingiruueatation used in Lae gitiq; program. for recording ‘data.

17. EXPERIMENTAL APPARATUS AND PROCEDURE

Figure 1 preseots a crcss-seciiunal view bf the major components of the
gun simulator. The chamber of che simulator, which closely resembles the
geometry and'dinencionq cf the gun chamber, was made of a transparent cast
acrylic tube with inside and outside diameters of 127 wm and 152 mm,
respectively. It offers excellent transparency for the recording of the
events occurring inside, see Figure 2. The chamber can withstand dynamic
pressures in excess of 21 MPa (3000 psi) before rupture. Three quartz
pressure gages (PCB Model 113A23) were installed, two (P) and P,) at the
brezch and one (P,) in the projectile tail, as indicated in the figure, for
monitoring the chamber pressure. The forward end of the simulator, in which
an M489 projectile (ar inert training round which has the same rear
configuration as the M456AZ HEAT round) was loaded, was cut from an actual gun
tube. The unit was mounted on the existing fixture originally designed for
the 155-mm gun simulator.

Figure 3 illustrates the experimental arrangement for the present study.
In addition to the three pressure gages, the recording system includes two
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TRANSPARENT CHAMBER (ACRYLIC TuBE,
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Figure 1. Cross-Sectional View of the 105~mm Gun Simulator
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Figure 2. Propellant Packed Simulator Chamber
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Figure 3. Experimental Arrangement
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Bycam 40 16-um, high-speed cameras, one X-ray head, and one linear position
gage. Camera A and Camera B, located 90° apart, allow simultaneous recording
of the flamespreading along the chamber length from two differsut angles. The
camera speed was set at a framing rete of 5000 pictures per second. ‘he flash
X-ray technique has been found usoful for measuring the movement of the solid
phase during gun simulator firingl.l The X-tay head wvar proeitioned on one
gide of the chamber and a cassette containing a Kodak Xk-5 film on the
oppusite side to record the propellant bad motion and compaction. The linear
position gage was firmly attached to the projectile nose for recording the
projectile aotion as & functicn of time. The entire fire control, data
acquisition, and data reluction were performed by using the Ballistic Data
Acquisition System (BALDAS) et cthe BREL.

The experimental study wees conducted in the following sequente:

(1) Friwer ignition in the open air - to observe the unperturbed functioming
of the M83 standard primer.

(2) Primer ignition in an ewpty chamber (i.e., no propellant packad in the
chamber) loaded with Lhe M489 projectile - to investigate the venting of

ignition gases from the primer and the subsequent flamespreading inside the
chamber.

(3) Primer ignition in chambers packed with inert propellant graiuns - to
observe the early development of flamespreading in the packed bed, propellent
bed motion and compaction, and pressure gradient along the chamber length. In
other words, the tests were to examine the functioning of the primer in the
packed bed as well as the permeability of the propellant bed to igniter gases.

(4) Tests with live propelling charges - to provide insights intc the early
phase ignition phenomena in the interior baliistic cycle, especially the
formation of prassure waves and flamespreading.

In the ronnds with ine:t and live propellante the chambers were fully
packed to min:.mize the presence of ullage in the chamber. The packing
procedure consisted of sllowing the propellant grains to freely fall into the
chamber which was standing vertically.

III. RESULTS AND DISCUSSION

Prior to firiug live charges, we conductad a series of experiments,
including the ignition of a primer in the open air and in the chamber of the
gun simulator packed with and without inert propellants. In the iounde of
live charges, a variasty of granular propellants, primer Pody coufiguvations,
and igniter materials were tested.

-———

l Thomas C. Minor, "Characterization of Ignition Systems for Bagged Artillery
Charges," ARBRL-TR-02377, USA ARRADCOM, Ballistic Research Laboratory,
Aberdeen Proving Ground, MD, Oct 1981.



A. Primer Ignitiop in the Open Air

! In this test series, three M83 standard primers (Lot LS20U-70) which
contained benite strands, \ i‘hout a vented tip, were ignited. As shown in
Figure 4, the primer has 24 vent holes in the body. Two pressure gages were
installed to monitor the pressure rise inside the primer tube, one near the

- booster end and the other near the forward end. For the recording of the
event two l6~mm high-speed cameras were used, ome for the side view and the
other for the end view of the primer. '

o 313 mm—————-f

17 mm DIA

—
A
1

'/zl. HOLES »
4,064 mm DIA

M&3/STANDARD
313 n ——————= 328 mm —————
! .
24 HOLES, 39 HOLES
\ 4.064 mm DIA 3.175 mm DIA A
) .
| : . ‘Al.s° ] . /‘45°
ety s
4 | + — 1
- & HOLES (4.064 mn 4 HOLES (3.175 mm
DIA) IN VENTED TIP DIA) IN VENTED TIP
” w8:/E-TIP M83/EEF

Figure 4. Primer Body Configurations




1. Pressure

Figure 5 presents a set of typical pressure-time data recorded. The
pressure rise near the forward end lagged 0.606 ms. Using this time interval,
the average speed of the first pressure wave traveling to the forward end was
calculated to be approximately 314 m/8 which is close to the sound speed at
one atmosphere. The two pressure curves crossed over each other for several
times as the ignition process procceded. This is believed to be due to the
wave reflections at the two ends of the primer tube,

60
| PRIMER: M83/STANDARD/BENITE
50~
EAR BOOSTER
- rew sosren
A NEAR TUBE END
g 30
w
z
@ 20—
& PRESSURE DIFFERENCE
o
10-
0.606 ms‘T
0 v \"r\l\ll' (VAT L 2 b ik b -t mp-
-10 T T T— 7 T ~T T ~1
0 2 L 6 8 10 12 14 16
' TIME (ms).

Figure 5. Pressure Recorded in an M83/Standard/Benite
' Primer Ignited in the Open Air

2, Flame Development

From the photographic data, the first venting of igniter gases observed
located differently from one primer to another, in the range from one quarter
to three qua-ters the primer tube length from the base, . It is possible that
the non-uniform lacquer coating in the individual vent holes was responsible
for the variavion. The time that the first venting appeared also varied, from




2.4 ms to 10 ms, or even longer, after application of the firing voltage. The
venting then-quickly spread over the entire length of the tube and a luminous
flame was subsequently developed. The gases first vented were likely the hot
gases produced by the black powder from the booster pellet rather than by the
ignition of the benite strands contained in the tube.

Figure 6, printed from the high~speed film, shows an end view of the
flame development around the primer. As seen in the figure, during the early
development the venting was not symmetrical around the circumference of the
primer tube in most of the tests. ~ This was probably caused by a non-uniform
lacquer coating ahd an uneven blockage of the vent holes by the benite strands
inside the primer tube. Pulses of intense flame traveling away the vent holes
were often seen. This may have been a result of the h:.ghly transient flow
phenomenon 6f: the vent;ng, the non-un‘.form:.ty of fuel content in the gas
stream, Or a. endden massive breakup of benite particles in the gas stream.
The h1ghest £flame intensity was observed normally between 1 and 2 ms after the
first appearance of the vented gases. The venting was sustained for more than
70 ms. : : o : ‘ :

B. Primer Ignu.mn in an Emptx Chamheg

The exper:unents 1uth empty chambers vere delxgned to examine the
functioning of the primer, namely the flamespreading, in a confined space and
to determine the pressure rise in the chamber. These data would be used as a
baseline for comparisons with the data obtained subsequently from rounds
packed with inert and live propellants. Three test firings were conducted
using the M83 standard primer without a vented tip. Data recorded include
pressures at the breech and at the projectile near the obturator as well as
the flamesp‘relding. The results obta:.ned from these tounds were fairly
reproducible. - - : :

1. Pressuré‘ '

Figure 7 presents the pressures recorded at the breech and at the
projectile, &s indicated in Figure 1. The times in the figure are the times
after the firing voltage was applied to the primer. The pressure started to
rise at 4 ms and reached its maximum value, 2.6 MPa, at approximately 50 ms.
There was an oscillation in a fairly regular pattern along each of the three
curves from the beginning of the pressure rise. The time period between two
adjacent spikes in  the early segment of the curves is measured to be
approximately 1,46 ms, which is close to the time (estimated to be 1.51 ms)
for a sound wave.to travel from one end of the chamber to the other at room
temperature. The oscxllanon, thus, was caused by the wave reflection between
the two ends of the chamber. Since the gas temperature in the chamber
continued to rise and the sound speed increases with the temperature, the
frequency of the.oscilliations along the curves thus increased as time
advanced,

We note that there is a tramsition in the pressure curves at approximate-
ly 0.8 MPa at which the rate of the pressure rise changed considerably, Such
a transition is very obvious in the case in which the chamber was packed with
an inert propellant. This phenomenon will be discussed in detail in the
following section (Section C).

15
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Figure 6. End View of the Flam2 Development Around an M83/
Standard/Benite Primer Ignited in the Open Air
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Figure 6. End View of the Flame Development Around an M83/
Standard/Benite Primer Ignited in the Open Air
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Figure 6. End View of the Flame Development Around am M83/
Standard/Benite Primer Ignited in the Open Air
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Figure 7. Pressures in an Empty Chamber

2. Flamespreading

The upper part of Figure 8 presents four frames printed from the high-
speed film, showing the flame development at four given times after
application of the firing voltage. The lower part of the figure is a
schematic showing the sequence of flamespreading observed in the high-speed
films. The first sign of gas vented from the primer was seen between the
midpoint and the forward end of the primer tube at 3.5 ms. The flame then
spread quickly along the tube. Jet streams developed and impinged on the
chamber wall, The flame intensity reached its maximum at 4.6 ms and after
that the flame started to break up into two parts, one in the breech end and
the other in the projectile end. Apparently, by that time the fuel (benite)
stream from the primer started fading. The jet streams carried a great amount
of benite particles to the end zones of the chamber. As a result, the burning
there was sustained much longer than the rest of the chamber. There is other
evidence that the jet streams were carrying beunite particles as we fourd that
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the chamber wall surface on which the jets directly impinged were very rough
after firing. In a partially filled gun chamber, the igniter materaial
particles transported by the gas stream may quickly reach far regions via
ullage above the propellant bad. The resulting flamespreading then should be
different from the case in which the chamber has no ullage. The impacts of
the presence of ullaga and its configuration in the chamber on the 1gn§_kon
process of propellant have been extonsively discussed in several reports.

C. Primer Iznition in Chambers Packed With Inert Propellants

The purpose of these tests was to characterize the propellant bed and to
determine the functioning of the primer. 8pecifically, we examined the
permeability of the propellant bed to the flow of igniter gases, the early
motion of propellant grains, and the interaction between the propellant bed
and the projectile.

In the present study two sizes of cylindrical grains of inert propellant
vere tested, 12,7 mm x 28.6 mm (diameter by length) and 5.56 mm x 6.35 um.
The large difference in grain sizes was chosen to provide a better indication
of the grain size effect on. bed permeability to igniter gases. Both
propellants had seven perforatxons in each grain, but were made of different
rigid plastics. The small grains were coated with graphite and thus their
surfaces were more smooth. The primers used for the tests were also the M83
standard configuration loaded with benite. "

1. Bzessure

Figures 9 and 10 depict the pressures recorded in the chamber packed with
the large graxns and the small grains, respectively. The maximum breech
pressures in both cases were on the order of 1.4 MPa which arrived 40 ms after
application of the firing voltage, The breech pressures became level for a
while after they had reached 0.8 MPa. Apparently, a transition occurred

zthnmls C. Minor, "Multidimensional Influences on Ignition, Flamespread and
Pressurization in Artillery Propellant Charges," 20th JANNAF Combustion
Meeting, CPIA Publication 383, Vol. I, pp. 403-414, Oct 1983,

SL.H. Chang and J.J. Rocchio, "Pressure-Flamespread Correlations in the
Diagnostics of a Tank Gun Simulator," 1985 JANNAF Propulsion Meeting, CPlA
Publication 425, Vol. III, pp. 501-516, Apr 1985,

4L.M. Chang, K.P. Resnik, and J.J. Rocchio, "Ignition Studies for Charge

Development for an Advanced 105-mm Kinetic Energy Cartridge," 23rd JANNAF
Combustion Meeting, CPIA Publication 457, Vol. II, pp. 307-317, Oct 19Y86.
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Figure 9. Pressures in an Inert Propellant
Packed Chamber (Large Grains)
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Packed Chamber (Small Grains)
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there ss observed in the empty chamber mentioned in the previous section. The
ton,er transition period appearing in the inert propellant packed chambers may
be attributed to the effect of the heat transfer from the hot igniter gases to
the inert propellant grains.

This transition is believad “o have been associated with the flow change
through the vent holes of the primer from choked to unchoked., Frou gas
~ dynamics theory, when the pressure difference across the vent holes increases
to a certain value, the gas speed through the holes reaches the limit of sound
speed, After that, though the pressure difference may coantinuously increase,
- the gas speed stays at that limit, This phenomenon is called choking. The
flow will return to an unchoked condition when the pressure difference becomes
small enough.’ In the present case, the chamber pressure, denoted by P,
initially equals atmospheric pressure. Assuming that the ratio of specitic
heats of the vented gases is k = 1.2, then the ratio of P, to the pressure
inside the primer tube, denoted by P o) can be calculated from the folliowing
equation

P r
-2 [1 o+ M2(k-1)/2]7R/ -1
PO

Substituting the Mach number M = 1 into the equntxon, the value of P at whach
choking occurs is 0,078 MPa (11.34 psig). Measurements of the preo.ure inside
the M83 standard primer ignited in the open air, as the one depicted in Figure
5, show that the pressure P, can immediately exceed 0.078 MPa and reach its
peak value (typically, 40 MPa) within 1.5 to 3 wms after ignition. Thus
choking occurs almost immediatazly following the start of the ignition of the
material inside the primer. Along the pressure curve in Figure 9, the choked
flcw started very early and returned to an unchoked flow after the tramsition.
Eventually, the flow speed through the vent holes gradually decreased to zero
as the pressures ingside and outside the primer tube approached each other.

The hole dismeter is a key parameter governing the duration of the choked
flow and accordingly should have a potential role in affecting the early
ignition of propellant. A reductionm in the hole dismeter will prolong the
choked flow period during which igniter gases vent at the highest rate;
provided the type of charge, charge weight, and charge geometry in the primer
remain the same., Figure 1] presents a typical result of breech pressure
recorded in a gun firing test, showing that the breech pressure rose from 0 to
2 MPa within 1.5 ms. The propellant should have been ignited at 2 MPa since
this pressure far exceeded the pressure level 1.4 MPa, shown in Figures 9 and
10, that ignition of a primer in inert propellant packed chambers was able to
attain. A comparison of these two figures with Figure l]l reveals that the
ignition of live propellant started around or shortly after the transition.
Therefore, a longer choked flow period will achieve more effective ignition of
live propellant. However, there is a limit in the reduction of hole diameter
without suffering too great a reduction in gas mass flow rate to the
propellant bed.

-

We also see that the pressure rise at the projectile afterbody lagged and
was lower than the breech pressure, showing the influence of the flow
resistance through the propellant bed. Direct comparisons between the breech
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Figure 11. Typical Breech Pressure Recorded in a Gun Firing Test

pressures and between the projectile pressures for the above three chamber
conditions are given in Figures 12 and 13, respectively. It is interesting to
note that the pressure is higher in the empty chamber, rather than in the
inert propellant packed chamber which has a smaller gas volume. This can be
reasoned as a result of the heat transfer from the hot igniter gases to the

grains. A quick estimate for the heat loss to the inert grains can be made as
follows.

We assume that the volume occupied by the igniter gases is a thermal
equilibrium system and the walls along the boundary of the system are
adiabatic. We further assume that the following equation of state applies.

pvV = CWRT (1)
vhere p = pressure W = weight of gases
V = volume R = gas constant
C = compressibility factor T = temperature
24

PR




Using Equation (1), we can write
PeVq - CoWRo Ty

PiVi  CiVTy

for the systems of the empty chamber and the system of the inert propallan*
packed chasber. The subscripte @« and i refer to the empty chamber and the
inert propellant packed chamber, respactively. Neasuring from Figure 12, Pe *
2.63 MPa and p; = 1.35 MPa after stabilization of the systems, i.e, at 50 2s.
Then p, = 1.948 p;. The gas vglnno of the empty chamber loaded with an M4YY
projactilc is V. = 0,006145 (375 ind). Assuming that the porosity of the
inert propellant bed is 0.4, then V, = 0.4 Ve+ The compressibility constants
C, and C; are app:ou-ltely one andiaro nauucd to be equal. Using the Blake
code, the molecular weights, M, sre calculated to be 32 g/g-wmole for the empty
chamber and 32.2 g/mole-g for the inert propellant packed chambaer,
respectively. Then R, = 0.2598 joule/gK (48.25 ft~1b/1bR) and R; = 0.2582
joule/gK (47.95 £e-1b/1bK).  After “substitution imto Equation (2), we obtain

(2)

T
-2 .. _ (3)
T3

The gas temperature in the empty chamber can be calculated from the equation
PeVe

TQ - e ( l‘)
wR,

In the equation, the weight of the igniter gases W is 32.7 grams (0.072 pound)
whick is the weight of the berite strands loaded, assuming that there is no
condensed phase in the systems. It is furthcr assumed that the weight and the
energy released from the M83 primer headstock is negligibly small,
Substituting into Bquation (4) gives

T, = 1980 K (3564 B)
and from Equation (3), we have
T; = 409 KX (737 R)

For the heat loss calculation, we use the equation

Q; WwWC,,(T; - T,)
_& - vi ) § a (5)
Qe "CVQ(TQ

where Q;, Q, = heat cortents in the empty chsmber and the inert propellant
packed chamber, respectively,

cvi'cve = constant volume specific heat for the two systems, assumed
to be the same. 1

T, = initial temperature (ambient temperature), 294 K.
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Substitucing the values of Ty, T,, and T, iato Equation (3) gives

Q
o= & 0.060
Qe
Thie result shows that only 6.8 percent of heat remainad in the igniter gases
in the inert propellant bed. In cther words, spproximately 93 percent of the .

heat realeased from the M83 primer had transferred to the inert graims up to
the time that the chamber pressure bdecame stabiliszed (esay, 350 ms after
application of the firing voltage). .

Pigures 12 and 13 aleo present an evidence of the strong influence of
graip size on the pressure gradient along the chamber length. In Figure 12
the pressure curve for the small grains crosses over that for the large graius
after 25 ms. It is probably because the tctal energy released was different
from one primer to another or because a larger heat flux to the large grains
in the later period of the process.

2. Propellant Bed Motion

Two flash X-rays were taken for each round, »ue hefore the firaing and
the other after. An overlay of the two films from the flash X-rays will
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Figure 12, Breech Pressure in Empty and
Inert Propellant Packed Chambers
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Figure 13. Projectile Pressures in Empty and
Inert Propellant Packed Chambers

enable us to identify the movement of propellant grains. As seen on.the X-ray
films, Figure 14 shows the locations of four sample graine as well as the
projectile before and after the firing. We see that grains were displaced in
all directions toward the chamber walls. A small free spac: (ullage) which
originally appeared in the upper corner of the breech end, created durirg the
mounting of the chamber onto its fixture, no longer existed. The grains
behind the projectile fin and around the cone-shaped projectile afterbody
moved together with the projectile, i.e., no separation were obszived at their
interfaces. There was a few millimeters of projectile movewent. It is
unclear, however, whether such a movement resulted from the gas pressure or
from the force exerted by the solid grains or both.
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Figure 14, Inert Propellant Bed Compaction and Motion
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‘. ¥lame_ Pulsation

Fipnre 15 is a schematic of the appearunce of the flame along the wall of
the chamber packed with the large grains. There were two separate periods in
the cvent. In the first period, the first light spot surfacing from the
propellant bed near the midpoint of the primer section of the chamber was seen
at 4 ms after the firing voltage had been applied. Subsequently, more and
more light spots were seen until 5.2 ms. The light then started to diminish .
and the chamber turned completely dark by 12.5 ms. After & while, the flame
- reappeared -near the breech end. The flame, again in the form of spots,
quickly spread toward the front part of the chamber., The luminous area N
reached its maximum at 30 ms, spanning from the breech end to the projectile
fin. The second period of the event was sustained for more than 70 ms. The
short intermittent flame pulsation can be correlated with the tramsition
occurring in the breech pressure.

E;HE?EE%E?EEE&—? R T 4.0 ms La g -
ez M. doder 7 12 s
A ot o BB 5 7 55T ST 77
gzz,, D -= <
o= 00_@ “l r —:‘rq—‘ '
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7 v P ATCUIR I Sl AV PRI S Ll /

T AT TITL Y
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éﬁgﬁﬁi Bam LA 5.2 ms

INTENSE LIGHT
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Figure 15. Flame Observed Along an Inert Propellant
Packed Chamber (Large Grains)
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In the rounds packed with the small grains, the light spots were rare and
very dim. This provides a clear indication that a small grain propellant bed
offers lese permeability to igniter gases, i.e.,, confining the ignit<: gases
to a smaller ragionm.

4. Flame Intensity in the Propellant Bed

For the purpose of determining the local flame intensity (or energy
deposition distribution) in the propellant bed, a number of cotton cords (3 mm -
in diameter and 25 mm in length) were embedded in prescribed locations inside
the propellant bed, as depicted in Figure 16. The cords received various
degrees of burning during firing according to their individual locatioms..
After firing, an assembly of these cords on a plane in their original patterm

COTTON CORDS

-~CHARRED REGION .
/[-SLIGHTLY CHARRED REGION

’ o o o © ., o
o ™\ 16 452 Tg a0 © agh Tigt Vg
J ’S -] / o ) } - - | |
= g
rEsraesras 3 T {
- = phny l -, . - §
14 -

CONSTANT FLAME INTENSITY ENVELOPES -

Figure 16. Flame Intensity Distribution

displayed a clear zoning of flame intemsity in the propellant bed. The’
highest flame intensity resulting from the ignition of an M83 standard primer
was found around the primer in the section between 76 wm (3 inches) and 229 mm
(9 inches) from the breech end. This was in the midsection of the primer
tube. The cords located near the chamber wall in that section were slightly
burned. In the breech corners and in the region beyond 381 mm (15 inches),
there was no sign of burning on the cords. Such a flame inteasity
distribution zoning shown in the figure presents another direct indication of
the fact that the effectiveness of igniter gases was confined to a limited
volume around the primer.

The flame intehsity determined above is a result obtained at the end of
the iguition process. In the case that the intensity as a function of time is
needed (for instance, for the input of interior ballistics computer codes), it

will require other instrumentation such as thermocouples and light intensity
sensors,
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D. Rounds With Live Charges

The live charges tested were M30 and four different lots of a nitramine
composite propellant formvlation (CAB/NC/RDX), namely lots Al-103 (7P, bimodal
RDX), A2-102 (7P, unimodal RDX), A2-101 (19P, unimodal RDX), and 1289BL (7P,
bimodal RDX), where P denotes perforations, The primers ured had three
distinct body configurations. As shown in Figure 4, they aze M83/standard;
u83/n-'.l‘ip (adding a vented tip to the M83/standard priner. four 4.064 mn holes
in the tip); and M83/RBEF (13 rows of 3 holu, each row »ftset 6U° from the
adjacent row, 4 holes in the tip, 3.175 mm in hole diamecer). For comparing
with benite, four candidate igniter materials for the nitramine composite
propellants were tested: mixes 6828, 6779, M9+5ZAL, and 6856, The composition
of these materials is given in Table l. The new materials and primer body
designs were provided by the US Army Armament Research, Development, and
Engineering Center in New Jersey. The tests were performed for cupporting
the development of new ignition systems and propelling charges for the M456A2
HEAT round ,

Table 1. Composition of Candidate Igniter Materials

MIX NO. FORMULATION ' COMPOSITION (weight %)

6779 NC/NG/RCLO,/C/EC 55/35/8/1/1

6828 NC/NG/KCLO /C/EC 26/17/57/0/1

6856 NC/RNO ?c/s/zc 35/36/15/8/5/1

SISl e /EC 55/38/5/1.370.7
Benite NC/KNO4/8/C/EC . 39.8/44.08/6.27/9.35/0.5

~ The folloﬁing results are presented according to the type of propellant
tested, the RDX particle size used, the number of perforations in each grain,
the body configuration of primer, and finally the igniter material.

.1. Propellants: M30 vs, Nitrggingbggggg_m

The primerr used for all of these tests belonged to the M83/standard body
configuration using benite as igniter material, Figure 17 presents the
pressure data zecorded at the breech and the pro;ect:l.le for five ditferent
propellants. In the figure, denotes the instant at which the breech
pressure started rising, ty the mstant at which the breech pressure started
rapidly rising (whick was arbitrarily set at 2 MPa), t. the instant at which
the pressure reached 15 MPa (which was also arbitrarily set), and tq the
instant at which the chamber ruptured. The var:.ab:.hty int a’ tangxng from
4.2 to 12,3 ms, largely attributed to the variations of 1gn1t10n delay in the
primers used, Table 2 summarizes the time data directly measured from those
pressure curves. For convenience, we define the time period teb (= ty - ¢t )
as the ignition delay of propellant, tig:

Among the nitramine composite propellants only Lot 1289BL was comparable
to M30 in short ignition delay and quick pressure rise in the low pressure
region. The gun firing test data given in Table 3, furnished by Deas of BRL,
also have an indication that Lot 1289BL produced a higher breech pressure,

Pbt’ and & larger muzzle velocity, z» than Lot Al-103. From closed bomb
tests, however, the results given in F1gure 18 show that these two lots (both
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are bimodal mixes with the same nominal compositions) have no signiticant
difference in their burning rates from 27.6 MPa (4 kpsi) down to 13.8 MPa (2
kpsi). At further lower pressures over the range 1 - 4 MPa (0.15 - 0.6 kpsi),
Miller and HBolmes (both at BRL) uced a strand burner to measure the burning
rates of these two lots. Their results are listed in Table 4 which also show
no significant differences in the burning rates. An explanation of the
disparate bahavzor remains to be found. ' '

Table 2. Time Data Measured From Figure 17

Propellants Breech Pressure Proj. Pressure Proj. Disp.

t t t t : -

@ 35 @ah @ dHAH @
M30 - 266 2.1 4.8 3.3 37 170
Al-103 (7P) © 5.9 3.2 9.6 6.8 1.2 8. 16.8
A2-102 (7B) 8.9 3.4 12.0 8.1 8.5 13.0
A2-101 (19P) 7.0 4.0 11.5 7.6 1.6 9.0 21.9
1289BL (7P) 2.4 2.5 5.5 3. 0.6 41 - 93.7
vhere p=tp-t =t.-tp, and tog=ty—ty.

Primers 3aed Hg /standard benxte

Table 3. . Interior Ballistic Performance of LOVA Propellants
(Lots 1283BL and A1-103) From Gun Firing Tests

Lot Date Temp. Chnfge Projectile P Vo,
(©) (kg kg) D @D

1289BL 6 Jun 84 21 5.216 10.505 574 1199

Al1-103 5 Feb 84 20 5.715 10.120 385 1187

Al-103 6 Feb 84 20 5.715 10,092 350 1166

Table 4. Burning Rates of LOVA Propellants (Lots 1289BL
and Al-103) From Strand Burner Measurements

‘Lot Pressure = Burn Rates  Std. Dev.  No. of Grains
(MPa) (kpsi) (cm/s) (cm/s)

1239BL 1l 0.15 0.050 +/-0.004 (8%) 4

" 2 0.30 0.082 +/-0.005 (6%) 4

" 4 0.60 0.156 +/-0.011 (7%) 4
A1-103 1 0.5  0.050  +/-0.003 (6%) 4

" 2 0.30 . 0.081 +/-0.005 (6Z) 4

" 4 0'60 0.152 +/—0-00‘6 (3:) 4
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The breech pressure started to rise as soon as the igniter gases started
venting. For Lots Al and A2 nitramine composite propellants, the pressure
then stayed almost level for a whiie before rising again as shown in the three
sets of data in the lower part of Figure 17. During this period the pressure
recorded is of the same magnitude as the pressure in the inert propellant
packed chamber shown in Figure 12, Therefore, the early pressurization of the
chamber before the second rise solely resulted from the ignition of the
primer. We csn explain that during this period the live propellant close to
the primer was being heated up and then ignited. The combustion products from
the propellant in this region subsequently ignited the rest of the propellant
in the chamber. ' :

The long ignition delays for Al and A2 propellants evidence that they are
difficult to ignite., This poor igmitability coupled with the complex fin
assembly of the HEAT (or KE) round intruding into the gun chamber creates a
strong need to optimize the ignition system in order to achieve effective
ignition of the nitramine composite propellants.
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Figure 18, Burning Rates of LOVA Propellant (Lots 1289BL
and Al-103) from Closed Bomb Measurements
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Note that the peak values of the pressure curves shown in Figure 17
occurred immediately after the rupture of the chamber. They may vary from
round to round in accordance-with the material strength of the individual
chamber wall and the pressurization rate in the chamber.

2. jses Used: Unimodal (A2- Bimodel (A1-103)

Two variations of the nitramine composite formulation were studied. The -
difference in these materials was the RDX particle sise used. The unimodal
bad all 5-micron weight-mean diameter RDX while the bimodal had S-micron and
15-micron weight-mean diameter RDX in a 4:1 ratio. The unimodal propellant -
exhibited an overall lower burning rate and a lower pressure exponent than the
bimodal formulation in closed bomb firings. A postfiring examination of
samples from the simulator tests showed that only a thin film on the grain
surface had burned off at the time that the chamber ruptured. It is thus more
appropriate to choose propellants in close grain sizes for comparison since
the grain size may present a strong effect on the early pressure rise. For
this reason, we chose the bimodal propellant Al-103 to compare with the
unimodal propellant A2-102. Both had about the same grain size and had the
same number of perforatiors in each grain. - The data in Table 2 show
explicitly that the bimodal pPropellant Al-103 ruulted m a uhorter ignition
delay and a quicker pressure rise at low prenure.

3. Frimer Body C igu ons: e M -
MB3/REF '

These three versions of the M83 primer have the same tube dimensions, but
‘ifferent numbers of vent holes, diameters, and arrays of the holes, see
Figure 4. In the following we first .compare the M83/standard with the M83/E~
Tip and then with the M83/EEF.

1, MB3/Standard vs., MB3/E-Tip

The H83/E-T1p primer has 4 holes directed forward at 452 from the primer
axxs in the vented tip. - These holes were des1gned to provide flow paths for
igniter gases to quickly reach a larger region of the chamber so that more
pr pellant can be ignited directly by igniter gases., This will reduce
localxzatlon of pressure near the breech end. As expected, the pressure
"ference between the breech and the projectile shown in Figures 19 and 20
has been greatly reduced. However, we also note in Figure 19 that the vented
tip has resulted in a longer time delay t;, from the initial rise to the rapid
rise of the chamber pressure. This is atgrxbuted to the addition of the vent
holes in the tip which has increased the total vent area and thus shortened
the duration of ‘the high-flow-rate choked flow.

Figure 21 presents a comparison of the flamespreading observed in the
high-speed film. The times listed beside the pictures are the times after
application of the firing voltage and the times in the parentheses refer to
the times before the chamber rupture occurred. The frame on the top in each
column shows the flame first seen on the film and the framz at the bottom
shows the rupturing of the chamber. An elapse of 4.6 ms from the top to the
bottom frame using the M83/E-Tip primer can be compared with 2.5 ms for using
the M83/standard pnmer. However, the flame coverage along the chamber i
length was larger using the M83/E-Tip primer as compared in Figure 22. The ‘
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flamespreading is consistent with the above pressure data showiug that the

M83/E-Tip primer has achieved a more uniform pressure distribution in the
chamber. -
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Figure 19. Pressures for A2-101 Propellant Using
M83 Primers With and Without a Vented Tip

35




M&3/E-TIP-

PRESSURE DIFFERENCE
&

2 % 6 8 10 12 1% 16 18. 20 22 @u

TIME (ms)

Figure 20. Pressure Difference Between Breech and
Projectile for A2-101 Propellant Using
M83 Primers With and Without a Vented Tip

b. M83/Stendaxd vs, M83/EEF

As shown in Figure 4, the M83/BEF primer has 43 3.175~mm vent holes

compared with 28 4.06A-mr vent holes in the M83 standard primer. Due to lack
of supply of Al and A2 propellants, lot 1289BL was used as the test propellant
for evaluation of these two types of primers. Figure 23 presents two sets of
pressure-time curves, one resulted from the M83 standard primer and the other
from the M83/EEF primer. The figure revesls that an adoption of the M83/ERF
primer has achieved a significant reduction in ignition delay. Table 5
provides a numerical comparison of their ignition delays (t,), ™ 1.88 ms
compared with 2.36 ms and ty . = 1.71 ms compared with 2.49 ms). A short
ignition delay is desired since the inconsistency of ballistic performance is

Table 5. Time Data Measured From Figures 23, 26, and 28

Primers ' Breech Pressure Projectile pressure Proj
--- Disp
~t.b t

t t t P t t t P
@2 @5 @ @Y @H @ 3 @ A o

8t/6828 0.51 1.25 0.74 1.67 22.11 0.89 1.00 0.11 1.03 30.56 19.2

St/Benite 2.36 4.85 2.49 5.50 24,00 3,06 3.70 0.64 4.08 22,43 93.7
EEF/Benite 1.88 3.59 1.71 3.59 14,90 1.88 2.43 0.55 2.63 20.26 39.0
EEF/6828 0.35 1.01 0.66 1.31 23.50 0.27 0.32 0.05 0.44 22.24 16.0
EEF/6779 0.54 1,55 1.01 2.07 21.20 0.70 0.85 0.05 0.90 20.00 18.0
EEF/M9+5ZAL 0.66 1.62 1.08 2,16 22.75 0.44 0.38 0.14 0.67 25.65 26.0
EEF/6856 0.99 2.32 1.33 2.51 21.46 1,22 1.45 0.23 1.52 17.69 26.0

vhere top=ty-t,, t, "t .~t,, tp.=t.-tp, tgq=tq-t,, end
Prax™ p%elaure.at vhich the cRambér guptaged. opellant: Lot 1289BL,
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often associated with a lonmg ignition delay. There is also a slight
improvement in the pressure difference between the breech and the projectile
end as compared in the lower part of Figure 23.

A very large projectile displacement (93.7 mm, see Table 5) was measured
in the round fired with the M83 standard primer. This may have resulted from
a longer duration of pressure acting on the projectile and thus beang
accelerated for a long period.

M83/ STANDARD 83(E TIP

BREECH END- FWD END
15.8 ms (2.5) “183!!15(45)

FLAME

16.5'ms (1 8) | | m 20.5 ms (2.3)
16.9 ms (1'_4) .f".’ m 21.0 ms (1.8)

i

17.4 ms (0.9) E::! L ] ms (0.9)
17.9 ms (0.4) [ ] 22.3 ms (0.5)
18.1 ms (0.2) | 3 [ j 22.6 ms (0.2)
18.3 ms (0.0) —_‘ - 22.8 ms (0.0)

NOTE: THE TIMES INDICATED REFER TO THE TIMES AFTER APPLICATION OF
FIRING VOLTAGE AND THE VALUES IN ( ) REFER TO THE TIMES
BEFORE CHAMBER RUPTURE

Figure 21. Comparison of Flamespreading in Chambers
With A2-101 Using M83 Primers With and
Without a Vented Tip
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Figure 24 provides a comparison of flamespreading for the rounds fired
using the two types of primers. The traces of their flame fronts along the
chanber length as a function of time shortly before tke rupture of the chambder

ave plotted in Figure 23. The average flame speed can de determined by

examining the time needed for the flame front to travel a given distance, say
the last 100 mm to the forwvard end of the chamber. The figure indicates that
the £flame needed 0.75 ms for the MB83/EXF primer compared with 1 ms for the

M83 /STANDARD

11.8 ms (1.8)

BREECH END-

12.3 ms (1.3)

13.3 ms (0.3)

13.5 ms (6.0)

9.7 ms (2.0)

FORWARD END

10.7 ms (1.0)

11.2 ms (0.5)

11.5 ms (0.2)

11.7 ms (0.0)

NOTE: THE TIMES INDICATED REFER TO THE TIMES AFTER APPLICATION OF
FIRING VOLTAGE AND THE VALUES IN ¢ ) REFER TO THE TIMES

BEFORE CHAMBER RUPTURE

Figure 24. Flamespreading in Chambers Using
M83/Standard and MB3/EEF Primers
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.Figure 25. Flame Front Travel in Chambers Using
- © -MB3/Standard/Benite, M83/Standard/6828,
and M83/EEF/Benite Primers (Based on the
‘Photographic Data in Figure 24)

standard configuration to fravel that distance. This indicates that the EEF
configuration has significantly improved the flamespreading along the chamber,
which is in consistent with the short ignition delay discussed above. The

maximum flame speed along the chamber length near the chamber end was in
excess of 130 m/s.

4, Igniter Materials:

Several new igniter materials were investigated. These materials, with
respect to benite, produced hotter particles, higher flame temperature, higher
oxidizer content or more gaseous products. Lot 1289BL was designated as the
test propellant for all of the investigations. Results obtained are presented
in two groups in accordance with the type of primer used.

a. M83/Standard Primer: Benite vs. Mix 6828

Figure 26 presents the pressure~time data for the rounds fired with
benite and mix 6828. The ignition delay of the round with oxygen-rich mix
6828 was substantially shorter than that with benite. However, the figure
shows an adverse pressure gradient near the projectile tail (i.e., the
projectile pressure overshot the breech pressure) when mix 6828 was used. It
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Figure 26. Pressures in Chambers Using Primers
With Benite and Mix 6828

seems to be caused by vigorous ignition of propellant around the primer, which
- then generated a strong pressure wave, followed by flamespreading, traveling
to the projectile end. Coupled with a gradual contraction of the flow path
toward the forward end of the chamber gnd the wave reflection at the end, the
pressure wave was then intensified and projectile base pressure became higher
than the breech pressure. Another possibility is grain fracture occurring at
the projectile base caused by a high pressurization rate in the primer
section. This would increase grain burning surfaces and thus the pressure.

The flamespreading in the rounds using benite and mix 6828 is presented
in Figure 27. In fact, the high-speed film clearly shows that the flame was
more intense and its traveling speed along the chamber length was faster in
the round using the oxygen-rich mix 6828, A comparison of their flame speeds
is given in Figure 25. Again let us examine the time needed for the flame to
travel the last 100 mm to the forward end of the chamber. The figure shows
that it needed 0.33 ms for the round with mix 6828 compared with 1 ms wath
benite. The fast flamespreading correlates well with the short ignition delay
indicated in the pressure data in Figure 26.

b. MB83/EEF Primer: Benite vs. Mixss 6828, 6779, M9+5%AL, and 6856

Figure 28 displays a series of pressure data resulting from the various
igniter materials. Lot 1289BL propellant and primers ia the EEF configuration
were used for the tests, All of these new materials exhibited a great
reduction in ignition delay with respect to benite. Based on the measured
data listed in Table 5, the following order can be established in accordance
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IGNITER MATERIAL: BENITE IGNITER MATERIAL: MIX 6828

' 10.8 ms (é.a) c - 5.2ms (1.9)

FORWARD END

BREECH END»> FLAME

1.8 ms (1.8) . . 5.9 ms (1.1)

2.3ms (1.3) ‘ - 6.3 ms (0.7) |

13.3'ms (0.3)

13.5 ms (0.0) 7.0 ms (0.0)

NOTE: THE TIMES INDICATED REFER TO THE TIMES AFTER APPLICATION OF
' FIRING VOLTAGE AND THE VALUES IN ( ) REFER TO THE TIMES
BEFORE CHAMBER RUPTURE

Figdte 27. Comparison of Flamespreading in Charbers

Using MB3/Standard/Benite and M83/8tandard/
6828 Primers
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Figure 28. Pressures in Chambers Resulting
From Various Igniter Materials

vith':hexﬁuickness with which the propellant was ignitéd_in terws of fast
pressure vise: mix 6828 > (mix 6779 and mix M9+5%AL) > mix 6856 > benite.
The pggpsutg.pgcfiles for mix 6779 and mix M9+5ZAL were very similar.

The figure also shows that all of the new igniter materials resulted in

aa undesirable adverse pressure gradient near the forward end of the chamber.
Clearly, fusther efforts are needed to formulate better materials which can
r~duce the ignition delay and also can improve the uniformity of the chamber
pressure without causing an adverse pressure gradient.

5. Projectile Displacement

Figure 29 presents a typical projectile displacement which was recorded
in the round fired with M30 propellant, corresponding to the pressure curves
given in the upper left corner of Figure 17. The projectile started to move
at 5.8 ms gt vhich time the breech pressure had just reached 1.5 MPe and the
pressure gage in the forward end had not respondel yet. The projecctile

. continued to move for some distance after the rupture of the chamber due to

the initial force.
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Figure 29. Typical Projectile Displacement
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As we examine the data listed in Table 5, there exists a correlation
between the projectile displacement and the time value t 4 (=t - t,, see
Figure 17 for the notatioms). As shown in Figure 38 the projectile
displacement and thus the chamber volume increased with the increasing t.,.
This means that 8 slower pressure rise (i.e, a longer ignition delay) resulted
in a larger projectile displacement before the chamber ruptured at which the
breech pressure was around 20 MPa. The larger projectile displacement may
have resulted from a longer duration of acceleration for the projectile.

E. Correlations of Results from Tests With the Empty Chamber, Inert
Propellant Packed Chambers, and Live Charges

The transition in the pressure and flame spreading recorded in the empty
and inert propellant packed chambers led to the awareness of a flow change
through the primer holes, from choked to unchoked flow. The duration of the
choked flow, during which the igniter gases vented at the highest rate, is
believed to have a very significant effect on the ignition of propellant.
This can be understood from a comparison between Figures 11 and 12. The
comparison indicates that the ignition of live propellant started around or
shortly after the transition. Thus, the output of a primer during the choked
flow is very important., A long period of choked flow should provide more
effective ignition of propellant. With the same kind of igniter material,
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charge weight, and charge geometry, the duration of the choked flow is
controlled by the total vent area of the primer; the nnaller the total vent
area, the longer the duration.
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Figure 30. Projei:tile l_)ispiacement and Chamber Volunme .-Inb.tuue .

Results obtained from the tests with inert propellant show that there was

a large pressure gradient in the propellant bed, especially in the case of
small grains, see Figure 10, and the flamespreading was confined to a small
region around the primer, see Figures 15 and 16. This suggests that in a live
" propellant bed only a limited volume of propellant close to the primer was
directly ignited by the igniter gases; the combustion products of propellant
in this region then ignited the rest of propellant. Thus, the number as well
as the array of the vent holes becomes important to ignition. Coupled with
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the discussion in the preceding paragraph. igniter body designs with more
small holes but swaller totsl vent area and with a vented tip would allow the
igniter gases to reach more pmopellant grains imitially and would certainly
achieve more effective ignition. However, there is a limit in the reduction
of the total vent area without sufferxng too great a reduction in the gaseous
mass flov rate to the propellant bed. Two new body designs with these
considerations, namely the M83/E-Tip and the M83/EEF, have been tested and
evidence of - inptoved uniformity in the chamber. precsure and flame spreading
can be seen in Figures 20 through 26.

* IV. SUMMARY AND CONCLUSIONS

This study has- ptovxded~1ns1ghts into the’ enrly ‘phase ignition phenomena
occurring in the 105-mm tank gun chamber. - The phenomena are found t¢ be a
scrong function of many variables. These include the primer body design,
.composition of ‘ighiter material, formulation of propellant, and conf1guratxon
of propelling charge. 'Bdsed on:the ‘pressure,’ photographic, and radxogtnph1d
data obtained, the following important conclusions are presented. They can
serve as guidance for the development of the advanced charges as well as for
the improvement of the modeling of the interior ballistics for the tank gun
system.

The test thh ignition of an H83 primer in thé empty simulator chamber
shows that there was a significant amount of particles carried in the Jet
 streams from the vent holes. These -fuel particles sustained burning in
stagnation regions for more than 10 ms. The chamber pressure exhibited
apparent fluctuations aé a result of the wave reflections at the two ends of -
the chamber. :
t
There was a transition in the pressure rise in the inert propellant
packed chamber in which an M83 primer was ignited. The tramsition is believed
to be associated with the flow change from choked to unchoked flow through
the vent holes of the primer. During the choked flow period the igniter gases
vent at their maximum rate and thus a long duration of choked flow should
help achieve effective ignition of nitramine composite propellants.

The result of the flame intensity measurement in the inert propellant bed
indicates that che effect1veness of igniter gases was confined to regions
close to the primer.

Propellant bed compaction could occur as early as the breech pressure

reached 1.4 MPa. No separation was observed at the interface between the
propellant bed and the cone-shaped projectile afterbody.

A comparison of the pressure data recorded in the empty chamber and the
inert packed propellant chamber indicates that there was significant heat
transfer from igniter gases to propellant grains following the venting
process. The heat transfer could exceed 90 percent of the total heat released
from the primer when the chamber pressure reached stabilization, say 50 ms_
after application of the firing voltage.

The data from the firings of live charges suggest that a primer with more
holes in a small dismeter and with a vented tip can achieve more effective

1
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holes in a small diameter and with a vented tip can achieve more effective
ignition of nitramine composite prop.llants. However, there is & limit in the
reduction of the total vent area without suffering too great a reduction in
the gaseous mass flow rate to the propellant bed.

A correlation of the pressure data obtained in the simulator tests (empty
chamber, inert charges, and live charges) shows that only s limited amount of

the primer efflux actually went toward propellant ignition in the rounds fired .

at ambient temperature.:

The nitramine conpoiite propellants tested, with the exception of Lot
1289BL, experienced a longer ignition delay and exhibited a slower initial
pressure rise than M30 propellant.

The -traveling speed of the flame front in a live ehafge could well exceed
100 m/s as it approached the forward end of the simulator chamber.

All of the oxygen-rich igniter materials tested resulted in much quicker
ignition of the nitramine composite propellant than benite did. However,
these materials induced an undesirable early occurrence of an adverse pressure
gradient near the forward end of the simulator chamber. -
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