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Example for Vieille-oscillations in a closed vessel

WTD 91 January 2007
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Druck [bar]

TLP Typ

Lange

Temp.
Samplerate
Ladedichte
Bombenvolumen
File

15420
50 mm
-40°C
12 us
0,1 g/ml
700 ml
27779




Druckdifferenz [bar]

Dargestellter Bereich
bei einem Pmax der Messung von 2329 bar

TLP Typ
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Temp.
Samplerate
Ladedichte
Bombenvolumen
File

15420
50 mm
-40°C
2 us
0,2 g/ml
700 ml
7782b Kanal 2

200 bar - 768 bar




—

o
°
=k
o

Final report to ISL-VE05029-1

-

Strom PVDF [pA]
e
2
o

N o
i N
Druck Kistler [MPa]

Confirmation of the existence of pressure oscillations
when burning propellant grains

0,002 0004 0006 0,008 0,01
Zeit [s]




Priifpulver C/S 2100/1; 0.1 g/cm?3; -40°C DIEHL

1200

1000

a00 /

32 GO0
400
200
D d
0 0,01 0.0z 0,03 0,04 0,05 0,06 0,07 0,02
Zeit (5)
Confirmation of the existence of pressure oscillations N
when burning propellant grains 6
%= WTD 91 43RP NDIA Gun & Missile Systems Conference & Exhibition, New Orleans, April 2008

© 7




Abnormal (wavelike) erosions in the holes

The picture shows a sectional view of a triple-base 19-hole-propellant
grain after interrupted burning at - 46°C (- 51°F). The wavelike erosions
indicate the occurrence of standing waves in the holes.
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TLP Typ 15420

Lénge 50 mm

Temp. -40°C
Samplerate 2us
Ladedichte 0,1 g/ml
Bombenvolumen 700 ml

File 27779b Kanal 2

Intensitat

X=99,8 kHz
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2. Connections between pressure oscillations, accelerated
burning and temperature behaviour
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Abnormal (wavelike) erosions in the holes

The picture shows a sectional view of a triple-base 19-hole-propellant
grain after interrupted burning at - 46°C (- 51°F). The wavelike erosions
indicate the occurrence of standing waves in the holes.
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Abnormal (wavelike) erosions in the holes

Double-base 7-h6-l_e-propellant grain after interrupted burning at - 40°C (- 40°F).
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German Armored Howitzer 2000
PzH 2000 , Cal. 155 mm
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0,1 PP , .
R5730, Modification of the history of dynamic vivacity

as a function of propellant temperature and pressure oscillations |20
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3. Working hypothesis explaining the effect of accelerated
burning caused by pressure ocillations
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Abnormal (wavelike) erosions in the holes

The picture shows a sectional view of a triple-base 19-hole-propellant
grain after interrupted burning at - 46°C (- 51°F). The wavelike erosions
indicate the occurrence of standing waves in the holes.
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Wavelike erosion on the surface of a hole after
interrupted burning, T, peant = 20°C (= 68°F),
magnification: 200 times, sample 92/02
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Ultrasound generates cavitation bubbles in liquids

Surrounding liquid

Increasing static pressure
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Cavitation bubble imploding close
to a fixed surface generating a jet (4)
of the surrounding liquid.
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The foamy layer is stressed with intense pressure oscillations. The | .-
— layer is modified by pressure oscillations comparably like ultrasonic |
| waves impact a surface covered with a liquid. o
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Dependency of dynamic vivacity on temperature,
non-perforated propellant.

_ 27 o
g Probe 90/02 c
s Temperatur 63°C, 21°C, :40°C %
E N Ladedichte 0,20 [g/cm 7] 18 cﬁ
= 0,06 £l
0 N +63°C 2
= o
T =
< o
S =
()
—
c
>
©

0,031

0 - - , ' +-18
0 0,2 0,4 0,6 0,8 1

p/pmax

From +63 (+145°F) to —40°C (- 40°F) the vivacity of the non-perforated propellant
decreases with temperature. No noteworthy oscillations can be observed.
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Sample 91/02




Dependency of dynamic vivacity on temperature,
perforated propellant.
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Reversal of the temperature behaviour for the perforated propellant within
the temperature range from +63 (+145°F) to - 40°C (- 40°F). The vivacity of
the perforated propellant increases with temperature. The excessive
burning corresponds with the intensity of pressure oscillations.
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Expanded p/p,, - scale of the initial range of the dynamic vivacities with
graphic depiction of the related pressure oscillations at different temperatures
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At +63°C: only weak oscillations - regular behaviour of the dynamic vivacity

At —40°C: intense oscillations - significant increase of the dynamic vivacity
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Conclusions

® During combustion of perforated propellant grains in closed
vessels a special form of pressure oscillations is generated
Independent from the known Vieille-oscillations.

® These oscillations have been proven at several institutes
(WTD 91, ISL, Diehl).

® The oscillations often result in accelerated burning and modify
the surfaces of the perforations.

® Working hypothesis: The pressure oscillations modify the two
phases reaction zone and cause a reduced foam layer and an
Increased heat flux.
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Aim of the work

Presently ammunition with temperature independent
muzzle velocity Is under development.

This work 1s a foundation for understanding one of
the principle burning mechanism of propellants used
for this ammunition. Pressure oscillations in the holes
of perforated propellant grains are able to Increase
the burning rate at low temperatures (over)
compensating the reduced burning rate of the
energetic material at low temperatures.
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