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EXAMINATION TO MAKE THE TWO-STAGE SUPERCRITICAL
FLUID GUN

Abstract

Serious threat to spacecraft is the hypervelocity impact of space debris in
recent years. Hypervelocity impact test in order to develop the spacecraft protection
against the space debris impacts have been performed using the various projectile
accelerating devices.Research centres around the world base their leadership
in the field of hypervelocity impact experiments on the well-established
technology of explosively-driven two-stage tapered, heavy-piston light-gas
gun.These machines accelerate projectiles to

more than 8km/s with relatively easy shot operations.Although the use of
these traditional facilities is recognised as being the test means of
conducting hypervelocity impact test programs, the use of such guns is
limited to one-shot-only operations because a finite time is required for
recovery and the preparation of the following shot.

The supercritical fluid gun was developed as the hypervelocity impact test
device in this laboratory.A supercritical fluid is a substance above its critical
temperature and pressure.In the supercritical state, the distinction between the liquid and
gas phases has disappeared and physicochemical properties of a fluid can be controlled
easily by changing pressure and temperature.An expansion shock can occur, when fluid
goes from the supercritical state to the gas state. The expansion shock would be capable
of accelerating a projectile to hypervelocity.Carbon dioxide with a low critical
temperature and pressure is used for the operation fluid. Itscritical temperature
and pressure are low.

This study presents examined to make the two-stage supercritical fluid gun referring
to the two-stage light gas gun.The effects of pressure vessel volume launch tube
diameter and operating fluid on the projectile velocity of the supercritical fluid gun was
investigated.As a result, the indicator to two-stage supercritical fluid gun was
able to be obtained
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Fig.1-1 Powder gun.
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Fig.1-3 Rail gun.



Theliner largely deforms by the pressure of explosive.
Jet and dag start to move.

Inhibitor removes needlesstraveling jets and dag.

Fig.1-4 Shaped charge.

Tablel-1 Specification of guns.

Projectile
Name Cost
Vel ocity [km/s] Mass[g]
Powder gun 01 30 10° 107 Low
Two stage light gas gun 1 10 10? 10° Middle
Rail gun 2 10 10°° 10%° High
Shaped charge 8 12 10™° 10 Middle
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1.Gas cylinder 2.High pressure pump 3.Pressure vessel
4.Pressure gauge 5.High pressure coupling 6.Launch tube
7.Valve 8.Test chamber 9.Cushioning material
10.Heater 11.Thermo couple 12.Thermometer
13.Heating tank 14.Electrovalve 15.Ribbon heater

Fig.1-5 The schematic drawing of Supercritical fluid gun.

Fig.1-6 Overview of Supercritical fluid gun.



Fig.1-7 Pressure vessel 0.58.

Fig.1-8 Launch tube.

Fig.1-9 High pressure coupling.



Fig.1-11 Connection between launch tube and test
chamber.

Fig.1-12 Rupture disk.
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Fig.1-13 Pressure-temperature diagram of a pure component.

Tablel-2 Critical point of various pure fluid

Pure fluid Critical temperature[ ] | Critical pressure [MPa]
Ammonia 132.5 11.3
Carbon dioxide 311 7.38
Ethane 321 4.8
Ethylene 9.2 5.0
Helium -267.9 0.2
Hydrogen -240 1.3
Nitrogen -146.9 3.39
Oxygen -118.5 5.0
Propane 96.7 4.2
Water 372.2 21.8
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Fig.1-14 Image of launched projectile.
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Table2-1 Table2-2

Table2-1 Experimental condition.

Pressure vessel Volume 0.5€
Launch tube Length 4m Diameter 10mm
Test chamber Low vacuum(1Torr)
Operating fluid CO; 120
Projectile Mass Table2-2 | Material PE | Diameter 9.7mm

Table2-2 Projectile mass condition.

Num. | Material | Mass | Contact length with launch tube | Shape
PE 3.00g 44mm Cylinder
PE 1.50g 22mm Cylinder
PE 0.50g 7.3mm Cylinder
Tablel Table2-3
Fig.2-2

14




Table2-3 Condition contact length of projectile and launch tube.

Num. | Material | Mass | Contact length with launch tube | Shape
PEEK | 3.00g 35mm Cylinder
PEEK | 3.00g 22mm Fig.2-1
Projectile diameterg 9.5mm
11 | 11
@ a0
L=
Fig.2-1 No. projectile.
2.2.3.
Fig.2-3 2 5MPa 150m/s

100m/s
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Fig.2-2 Effect of projectile length on projectile velocity.
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Fig.2-3 Effect of projectile material on projectile velocity.
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Table2-4 Projectile material condition.

Num. | Material | Mass | Contact length with launch tube | Shape Density
PEEK | 3.00g 35mm Cylinder | 1320kg/ms3
PTFE | 3.00g 22mm Cylinder | 2100kg/ms3

PE 3.00g 44mm Cylinder | 960kg/ms3

Projectile diameterg 9.5mm

2.33.
Fig.2-4
Fig.2-4 PE
PTFE
PTFE

PE

[19]
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Table2-5

Table2-5 Experimental condition in launch tubeg 16.57mm.

Pressure vessel Volume 0.58
Launch tube Length 2m Diameter 16.57mm
Test chamber Low vacuum(1Torr)
Operating fluid CO; 120
Projectile Mass 3.0g Material PE Diameter Table2-6

Table2-6 Projectile condition in launch tubeg 16.57mm.

Num. | Projectile diameter | Space with launch tube | Length | Mass
— 15.8mm 0.77mm | 15.8mm | 3.0g
16.1mm 0.47mm | 15.4mm | 3.0g

— 16.3mm 0.27mm | 15.0mm | 3.0g
16.5mm 0.07mm | 14.8mm | 3.0g

Projectile shape:Cylinder

21
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®10mm 0.3mm @®16.57mm
0.3mm

Fig.2-5 ®16.1mm  @16.5mm

Table2-1 Table2-6
Table2-7

Table2-7 An increase in back sectional area by change on diameter of projectile.

Num. Diameter Back sectional area Increase rate of area
9.7mm 73.9mm?2 100%
16.1mm 203.6mm?2 277%
16.5mm 213.8mm?2 289%
2.89
2.4.3.
Fig.2-6 2.5MPa
¢ 16.57mm 2.5MPa
¢ 10mm
¢ 10mm
0.5¢
Poisson [20]
PV* = const
P Vv K

I:>1V1K =PV, "

Fig.2-7 2-8 V:
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Fig.2-7 An increase in launch tube ¢ 10mm in volume.

K0 S [ |

Fig.2-8 An increase in launch tube ¢ 16.57mm in volume.

Fig.2-7 2-8 ¢ 10mm ¢ 16.57mm
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(Pback - Pfront )A
m

V( ) V1
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Fig.2-5 Projectile diameter in launch tube @ 16.57mm.
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Fig.2-6 Effect of back sectional area on projectile velocity.
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m
80°
Table2-8 Fig.2-9
Table2-8 Experimental condition in launch tubeg 16.57mm.
Pressure vessel Volume 0.58
Launch tube Length 2m Diameter 16.57mm
Test chamber Low vacuum(1Torr)
Operating fluid CO; 120
Projectile Mass 3.0g Material PE Diameter 16.2mm
0 16 Zmm m
|
a0

Fig.2-9 Back conic projectile.
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2.5.3.
Fig.2-10

Table2-9

Fig.2-12

Fig.2-11

Table2-9 Experimental condition in launch tubeg 16.57mm.

Pressure vessel

Volume 0.52

Launch tube Length 2m Diameter 16.57mm
Test chamber Low vacuum(1Torr)
Operating fluid CO; 120

Projectile Mass 3.0g Material PE Diameter Fig.2-11

Fig.2-12

27

Fig.2-11 Projectile expand back end.
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Table3-1 Fig.3-1
Fig.3-1 0.5¢
30MPa 10MPa 1/3
6 3.0
Fig.3-2

Table3-1 Numerical initial condition on difference pressure vessel.

Num. | Pressure | Temperature | Pressure vessel | Launch  tube | Launch tube
diameter length
30MPa 120 0.5¢ 10mm 4m
30MPa 120 3.08 10mm 4m
(0.5¢ ) (3.0e )
4m 30MPa 25MPa
30MPa 10MPa
3.0

31




Rupture pressure[MPa]
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Fig.3-1 Pressure and temperature in pressure vessel 0.5l
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Fig.3-2 Effect of prssure vessel volume on pressure in launch tube.
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Table3-2 Experimental condition.

Pressure vessel

Volume 0.5€ or 3.0¢

Launch tube Length 4m Diameter 10mm
Test chamber Low vacuum(1Torr)
Operating fluid CO; 120
Projectile Mass 0.5g i Material PE | Diameter 9.7mm | Shape Cylinder

Fig.3-3 3.0f pressure vessel.
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Fig.3-4 Effect of pressure vessel volume on projectile velocity.

36

35



4.1
3
24
4.2
24
3
3.0
¢ 10mm ¢ 22.1mm
@ 22.1mm ¢ 10mm Fig.4-1 @ 22.1mm
Table4-1 Table4-2
Fig.4-1 @ 21.9mm
¢ 22.1mm

AHENA L
,I\ [ gha1 ‘

Fig.4-1 Overview of launch tube 22.1mm and 10mm.
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Table4-1 Experimental condition in launch tubeg 22.1mm.

Pressure vessel Volume 3.08
Launch tube Length 4m Diameter 22.1mm
Test chamber Low vacuum(1Torr)
Operating fluid CO; 120
Projectile Mass 5.2g | Material PE | Diameter Table4-2 | Shape Cylinder

Table4-2 Projectile condition in launch tube@ 22.1mm.

Projectile diameter | Space with launch tube | Length | Mass
21.5mm 0.6mm | 16.0mm | 5.2¢g
22.7mm 0.4mm | 15.9mm | .5.2¢g
22.9mm 0.2mm | 15.7mm | 5.2g
22.1mm 0.0mm | 15.6mm | 5.2g
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Fig.4-1 Projectile diameter on launchtube ¢ 22.1mm.
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4.3
3.3

Table4-3
Fig.4-2

J‘ (Pback - I:)front )A
m

u= dt

Fig.4-3

Table4-3 Numerical initial condition on difference launch tube diameter.

Num. | Pressure | Temperature | Pressure Launch tube | Launch tube
vessel diameter length
30MPa 120 3.08 10mm am
30MPa 120 3.08 22.1mm 4m
22.1mm 10mm
22.1mm ¢ 22.1mm
6
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Rupture pressure of diaphram[MPa]
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Fig.4-2 Effect of launch tube diameter on pressure in launch tube.
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4.4
3.0

1.8g

0.5g

¢ 10mm  22.1mm
Table4-4

Table4-5 Fig.4-4

Table4-4 An increase in back sectional area by change on diameter of projectile.

Diameter Back sectional area Increase rate of area
9.7mm 73.9mm?2 100%
21.9mm 376.7mm?2 510%

Table4-5 Experimental condition in launch tubeg 22.1mm.

Pressure vessel

Volume 3.0

Launch tube Length 4m Diameter 22.1mm
Test chamber Low vacuum(1Torr)
Operating fluid CO; 120
Projectile Mass 1.8g | Material PE | Diameter Table4-5 | Shape Cylinder
5 (1)
2.2 1.3 10mm
22.1mm
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Fig.4-4 Effect of launch tube diameter on projectile velocity.
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5.1
5.2
0.0899kg/m3
0.1785kg/m3
5.3
3.0 Fig.5-1
Table5-1 Fig.5-2
Table5-1 Experimental condition in difference fluid.
Pressure vessel Volume 3.08
Launch tube Length 4m Diameter 10mm
Test chamber Low vacuum(1Torr)
Operating fluid C0,:120 or He: Room temperature
Projectile Mass 0.5g | Material PE i Diameter 9.7mm | Shape Cylinder
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20MPa
30MPa
30MPa 55

20MPa

1.Air compressor 2. Nitrogen gas cylinder 3. Boosting transformer
4. Helium gas cylinder 5.Pressure vessel 3.0€ 6. High pressure coupling
7.Rupture disk 8.Projectile 9. Launch tube 10. Test chamber

Fig.5-1 The schematic drawing of Helium gas gun.
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Fig.5-2 Effect of operation fluid on projectile velocity.
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54

30MPa
Table5-1
30MPa 50MPa
3.0¢
0.1¢ Fig.5-3 0.1¢
Fig.5-1 3.0¢ 0.1¢
5.4
Fig.5-4
Fig.5-4 2
2.5
Fig.5-5 0.1¢
120MPa
113MPa  2500m/s 141MPa  2464m/s
30MPa 3.0¢ 0.1¢
Tables-2
[17] 0.1
0.5 0.1

Table5-2 Relationship between volume, pressure and projectile velocity.

Volume(®) Pressure(MPa) Projectile velocity(m/s)
3.0 30.3 1881
0.1 30.4 1707
0.1 113 2500
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Projectile

Pressure vessel 0.18

Fig.5-3 Overview of pressure vessel 0.1€.

Wire

PC oscilloscope

Fig.5-4 Wire cut system of velocity measurement.

49




Projectile velocity[m/s]

3000

2500

2000

1500

1000

500

®¢

L I

PN 2
o
Launch tube @ 10mmx 4m ® He Pressure vessel 0.1?
II:lruoinecl_tlge Cylinder, 0.5g, PE & He Pressure vessel 3.0?
20 40 60 100 120 140

Rupture pressure of diaphram[MPa]

Fig.5-5 Effect of high pressure He and pressure vessel on projectile velocity.
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4.3
U= J‘ (Pback - I:)front )A dt
m
_ A
2 1(V1+AX)K
K
400K
5MPa 1.391 30MPa 2.138
300K
1IMPa 1.665 30MPa 1.627 1.667121]
Table5-3
120 30
Table5-3 Numerical initial condition on difference fluid.

Num. | Operating Pressure | Temperature | Pressure Launch tube | Launch
fluid vessel diameter tube length
CO:2 30MPa 120 3.08 10mm am
He 30MPa 30 3.08 10mm am

Fig.5-6 Fig.5-7
Fig.5-6 0.5€ 10.0MPa
13.3MPa 3.0
23.7MPa 25.4MPa
6
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Rupture pressure[MPa]
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a AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA‘
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Fig.5-6 Effect of operation fluid on pressure in launch tube
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dx
—=U
dt
a

x:judt:jatdt:zt2

_ (Pback - I:)front )A
m

4m t

a m
P
6.3
3 45
Table6-1 [22] [21]
15 25MPa
4m
5 10 30MPa
Table6-1 Numetical pressure and temperature on launch tube 4m. -
Num. PDessure [Temperature [Terminal [Terminal Density
pgPal (K] pressure[MPa] [temperature[K] [ kg/ms3]
Pressurevessel0.5¢ |30 400 2600 229 4489
L aereefa e 08008 (50 400 3.5 259 16810
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Launch tubeg 10mm (10 8.5 376 150
Operating fluidCO2 |15 12.2 359 283
Projectile mass0.5g 20 15.4 341 543
or 1.89 25 19.4 344 640
30 23.7 350 683
Pressurevessel3.0€ 5 400 2.8 339 48
Launch tubegp 22.1mm {10 4.7 282 874
Operating fluidCO2 |15 5.5 220 1177
Projectilel1.8g 20 - - -
25 0.4 227 1160
30 11.6 235 1137
Pressurevessel3.0€ 5 300 4.2 280 7
Launch tubep 10mm [10 8.5 280 13
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Fig.6-1 Numerical effect of pressure vessel on projectile velocity.

59

35



3000
A Launch tube@ 22.1mm(Experiment) Pressure vessel 3.0l
¢ Launch tube@ 10mm (Experiment) || Projectile 1.8g
2500 | | ¢ Launch tubeg 22.1mm(Numeral) Fluid CO2 &
O Launch tube@ 10mm (Numeral) S
@ 2000
E
>
= &
S & O
© 1500 | ]
- O
g < n
@ 1000 |
A A
] A A A‘
L 4
500 | *
L 4
0 |
0 5 10 15 20 25 30

Rupture pressure of diaphram[MPa]

Fig.6-2 Numerical Effect of back sectional area on projectile velocity.
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Fig.6-3 Numerical effect of fluid on projectile velocity.
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Fig.6-5 Numerical effect of fluid density on projectile velocity at He.
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