VNIEF-LANL SUBCONTRACT (4756M0014-9Y)

Condensed Argon Isentropic Compression

With Ultrahigh Magnetic Field Pressure: Resulfs of the Experiment

Post-shot Report

*Joa1ay) AousSe Aue 10 JUSLIUISAOL) SRS PRI
o) Jo asOU) 109]JoI IO dje)s AJLIBSSI00U JOU Op UILISY passaidxe sioyine jo suoiuido pue
SMOIA 9Y], 'Joaroy) AousFe Aue IO JUSWIUISAON) $IIBIS PaNuU() 2y} AQ FuiIOAB] 10 ‘UOT)epuswr
-w0991 “yuawasIopud s31 Ajdurr JO 9)nINSU0O AJIIBSS300U 10U S0P ISIMISYIO IO ‘IaInjoBjnuew
“JIewopel) ‘oureu dper) £q 901A19s 10 ‘s59001d ‘ponpoid [edIswiod d1j19ads Aue 03 UIGIOY U
-19Joy "sIy3u paumo ApdrBald 9FULIJUL JOU PINOM SN SH JeY) SJUSSAIdRl 10 ‘pasolosip ssavoxd
1o ‘jonpoid ‘snjeredde ‘uonjewrsojur Aue Jo ssaujnjasn Io ‘ssauvidjduioo ‘Aoeinooe syl Ioj AMiq
-isuodsal Jo Aiqer] Jeds] Aue sownsse Jo ‘parjdurr Jo ssaidxs ‘Ayuerrem Aue soyew ‘saokojdwra
1193 Jo Aue Iou ‘Jooroy) KousFe Aue IOU JUSWIUIGAOL) SIS PAU[) oY) JOYJON "JUSWIUISA0D)
$91e1G pAYun) 9y} Jo Aoudde ue Aq palosuods yIom Jo junoode ue se paredord sem jzodor smyl

JANIVIOSIA
0
hry
5
N
>
3 =
o £ <
> L > n
m.m.mv.m
> « X ¥ g ¥
o225 5 ¢
x o0 O c
> a O
Q2% wa
(2T Z 0O i
| 2
g 8
c .
3 o
[
o £
a a
hy -
o TV *+ =
2 $£3 S
c .= <t
2 £5 %
e >y @ “ £
© 9 g U 5 % 2 i
] 2 2 wn m
Fr..mr.tl.onl.l.m
w o v 2 § § € =
mban.l.la
n O 0 LV U o
> 4 4a v o wn on -
)
m
ah

#
%
H

nil 184
ivlisw

£y
o

}

Dl




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




Table 1. Argon Experiment Shot Map

Condenser bank parameters: C=9000 pF, U=19 kV

Triggered facility Delay Process
Condenser bank 10 MC-1 generator powering
BY-19-1 (X-unit 1) 115 Protective detonator
BY-19-3 (X-unit 2) 60 MC-1 HE charge firing
Fiducial 1 . 87 Synchronization
Fiducial 2 103 Synchronization
"Release” 100+4,5 X-ray pulse friggering
BIF (Current source) ~ 76 Current pulse in Mn gauge
Delay Osc. # Sweeping Divider “Probe Signal
us us
102 1...2 4 1:1 ¥ X-ray pulse
1 3...6 100 1:10 dHgy /dt | Initial field Hy and Tg - process
(digital) dHgz/dlt onset, probes 1, 2
86 7.8 25 1 Vo1 | Manganine probe 1
100 9 8 1:4 Ynt Manganine probe 1
100 10 8 1:1 VY Mni Manganine probe 1
86 11,12 25 1:1 Y M2 Manganine probe 2 .
100 13 8 1:4 Y mn2 Manganine probe 2
100 14 ; 8 1:1 Y Mn2 Manganine probe 2

2. Experimental Results

The first result of the experiment done is the successful operation of all devices involved in
it and obtaining of all measuring probes signals. Figure 1 gives the X-ray images of the experiment.
They are, primarily, the soft X-ray pictures of the compression fube - empty and filled with frozen
argon. These pictures show distinctly the light and heavy parts of the compression tube: in the
upper picture of an empty tube one can see a ceramic tube - the manganine probes support that
are not seen in the heavy part background. In the next picture of the compression tube filled with

rather dense argon, pg = 1.63 g/cm?, the ceramic tube can not be seen, and any disturbances in
the uniformity of the filling are not seen, so one can consider that the frozen sample is uniform -
without voids and bubbles.

in the same figure, the preliminary and test images of the compression tube are placed.
There, a lower copper end of the compression tube is seen, and the length of the compression :
tube both parts in the picture is sufficiently long to make measurements.




Fig. 2. Oscillograms of experiment signals.

a) calibration of the measuring cables electrical length. Time marks 0.5 ps
b) X-ray pulse. Time marks 0.5 us, :

c) manganine probes signals. Time marks 2 ps.

Figure 3 shows the resultant processed oscillograms which depict the order and the results
of calculation of time intervals - pulse delay time in the cables for each recorded signal, A;, the

starting moment for MC-1 liner implosion, Ag, and the isenfropic compression process onset in the
time scale of the experiment, Ty, the X-ray exposure, synchronization of thé manganine probes
signals with the time scale for the compression process and fhelr amplitude scaling done with a
calibration curve from Ref. [2]2:

p=356.2 48 + 42.7(48) teur,

where, for the simplicity sake, resistance values, R, are replaced for the respective voltages found
from the oscillograms.




Apn 1= Ar7 us

Aing2= .186 us

8 = td3yus

3= 149 ps

c)
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2 Mbar

d)

Fig. 3. Processed Oscillograms of induction, Manganine, and X-réy Probes Siénals.
a) cable length calibration: b) compression onset; c)X-ray exposure; d) piesoresistive technique

signals




Compression process onset Tg

883072 s

Exposure moment Ty 1759:8% s
Reference aluminum cylinder Compression 2.2 I:i
Pressure’ 3':3 Mbar
Reference aluminum layer in the ligh.f part of the tube Compression 2. 21-%
Pressure’ 3':2 Mbar
Reference aluminum in the heavy part of the tube Compression 2.24 :3
Pressure’ 31':1: Mbar
Argon in the light palff of the tube Compression 53:%2
Pressure™ 64:"__; Mbar
Argon in the heavy part of the tube Compression 572 :%
Presure”™ 61:3 Mbar

*) The aluminum pressure ([Mbar]) was calculated with the formula’ :

Py (p) = 0.3505y {exp[8.5876(1 - y~1)] - y2} -
6.3613 - 10 y5(0.4525 + y~3575) exp[1.0143(1 - y=3575)]




gauges. From the cited manganine probes signals it is seen that the pressure in the vicinity of the
probe location grows to ~ 1 Mbar, then approximately for a microsecond - till the maximum
pressure - in the argon (or in the manganine, it is also new and interesting enough) something is
happening. It seems as if the argon pressure remains constant or wave-like varying about this
magnitude, then grows by jump as the oscillograms of the divided signals show, to >6 Mbar, but
the probe indications after a probe resistance jump are highly doubtful.

It seems that one must consider to be a reliably stated fact of argon state change near 1
Mbar pressure (the similar piezoresistive probe signals were obtained in the previous shot also).
And the expected probe closure due to argon transition in conducting state is not seen on the
oscillograms. It seems that this change in argon state (or manganine, we repeat) at 1 Mbar does
not allow to use manganine in detecting the change in the argon conductivity. So one must use
other techniques, ex., used in the solid hydrogen properties investigation the method of direct
registration of conductivity arising in compressed materials® . To be more convinced in the revealed
change of the argon properties at 1 Mbar one must also get a manganine gauge signal in the
region of light part of the tube, i.e. conduct the shot with the light and heavy parts of the
compression tube changed in location.

Speaking of the future experiments we propose one more change in the compression tube
design, namely to prolong the tube sections of different mass. By the estimates, the sound velocity
in the solid argon at megabar pressures is 10 km/s and higher, i.e. the velocity of pressure
equalization (or substance flow from the high pressure area in the heavy tube section into the light
one) is rather high. The pressure pulse (see the signals of the manganine gauges) lasts nearly 3 ps,

consequently, the picture sections where the sample compression is measured, must be 2 60 mm
apart. This also means that it will be, probably, necessary not to use the cylinder of the reference
substance, leaving the reference substance only in the compression tube layer, and leaving the
possibility of the reduction of the experimental program by 2 times employing the compression
tube made of two parts of different masses. And at last, speaking of the future experiments we
would like to remind of the necessity of developing of isentropic device X-ray image continuous
recording for, at least, a microsecond.

CONCLUSION

The experiment on solid argon isentropic compression with MC-1 generator ultrahigh
magnetic field pressure which was scheduled in VNIEF-LANL subcontract, has initiated the
condensed argon study at megabar pressures. The experiment has recorded the predicted argon
compression by more than 5 times that, by the existing concepts, corresponds to 6 Mbar pressure.
Thus, the main goals of the experiment were achieved: demonstration of the method’s possibilities
and statement of the subsequent study. The isentropic compression device capabilities were
shown, the basic characteristics of the isentropic compression and an initial parameters of the
experimental facilities and techniques were defined, new information on the changed argon
properties at 1 Mbar was obtained. .
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