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A MEZTEOD YOR THE ODSERVATION OF THZ IOHIZATICN PRCYILR B23T1ND
- EXPTALSIVE PROUCUCED 3HOCKS IN A4

o

By:
Jacch Savitt

Approved by: W W 'S}»’Jj

Ruasell MeGill, Chief ] )
Explosives Properties Diviasicn

ABSTRACT: A method for the observation of the icalzation profile
behind explusive produced shocks in air is described. Preliminary
measpurenents of a qualitative nature of the shocks produced by the
detcuation of suall quantities of dexrinated lead azide are
presented and discussed. It i{s found that the region of maxixum

ionization for these shocks is at scme distance behind ths shock
front.

Explosives Research Department
U.3. NAVAL CRDNANCE LADORATORY
WHITE OAK, MARYLAND
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The physical properties of the disturbed rogion Limediately
behind explosive produced shocks in air have been found to be related
to the ability of the disturbance producing explosive to initiste other
explosives. It 1s the purpose of this report to present the results of
sooe prelininary tests which were designed to test tha feasibility of
observing the ionization profile immedistely behind the explosive
produced shock fronts. The method described looks promising and my
prave to be a useful research tool. The results sare preliminary in
character and are presented for information only. The author vishes to
acinowledge the general sdvise and encouragement of Mr. R.H. Stresau
and the help of Mr. C. Goode with the sclectronic design and construction.
This work vas done as part of the program under ask Assignment
NOL-B2c=-1-1-5%, Initiation and Detcnation of Explosives , and 13 &
continuation of the woerk reportz2 fn NavOrd Raports 2132 and 2283.

EDWARD L., WOODYARD
Captain, USN
Commaandar

E. ABLARD
y direction
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' INTRCDUCTION

In many types of explosive experiments, raforences (a) through

(c), the fonizution produced by the detonution of primary aad high
exploeives 13 used to start and stop elesctrical cirenits by shorting
ionization probeas. In thess systems, current flovs through the donized
region produced at and behind shock fronts in air., It i3, therefore, of
interest to obtain more datuailed information about the cemductivity of
the alr st the shock front and izmmdiataly behind 1t, Purthermore, it
is probabla that tha pressure and temperature prefiles snd distrituticas
in time and space of this air, which are directly reiated to the (hitia-
ting abllity of a detonating explosive, references (4) and (e), are also
closely related to the lonizaticn in the region Lehind the shosk. It hus
, been shown, reference (e), that some complicatsd integral of the foniza-
! tion behind the air ~hock produced by the detcnation of laad azide
l corrulates well with tha ability of the lead azide to initiats confined
} tetryl acxross an air gap. A method for tha obsarwation of the ioniza-

) : tion profile behind explosive produced shocks in eir {3 dascribed in
o this report and scme results which indicata that the nathod 1s feasidle
[ ore presentad,

EXPLHTMEIMTAL DETATLS
, - ¢ The [robe;

) ‘ The type of measuremant which we vish to make requires a prodbing
: . system vhich vill remain fixed in space and undanaged and which will
: detsct slectrically the fonization in the compressed air as the aixr passes
\ the prodbs. For this purpcee the following desimn, Figure 1, wns ussd,
Tvo brnss cylinders 1.000 inch in dlameter with nxially centered holas
} 0,150 inch in dinmeter vere plnced end to and as shovn and insulated
frem aach other with electrical tape 0,010 inch thick. A hole was cut
in tha tape slightly larger than i{n ths brass and pliced in iine with the
holes Zn the brass na shown, Brase screvs were fixed in the cylindars so
that alactrical contact to them cowld be ensily mads,

The Explosive Churge:

<. The explosive charge holder used in these experiments is fllustratsd
[ !n Pigure 2, Tventy-five miligrams of dextrinated lead axida were preass-
- el into the plug element under a pressurs of 4,000 psi, The plug
- erlement ‘'was then crimped into place in a brass cylinder with the diman-
siong ahcwn,

i The Firing Clrcult:

The firing circult consistad of & 45 volt battery and a 10 micro-
farad condensar connected in parallel to ench other and in seriss with

» 1

Y. V2 LYy S

L char en s o s rh St e o s vt e
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SALUMINUM
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FIG. 2 EXPLOSIVE CHARGE HOLDER
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' a avitch and the heating vire of the plug element.

The Completa Sveten:

b The corplete system is shown schematicslly in Mguwe 3. A simple

| condenser dischargs circuit vas arrangsd ao that a rwsistance, R, and

| an open gap, G, (cur probe) wvere in seriss with & condenser, C, charged

] to a voltage, V. The time RC was large encugh so that vhen the yap G

' vas shorted, FC vas wery long compared to the time during which we wish

' to ohserve the current flov in the circuit. In Figure 4 an cecilloscope

{ trnce of the voltage scross R during tha first 10 microseconds of currnt
x flov after shorting tha gap G is shown.

! Our cbeervation of the conductivity of ths carpressed alr at and
o hehind the ahook front vas made in the folloving mannar, ses Figuae 2.
The exploeive holder vas comnected to the firing clrcuit, The probde
@Ap vas placed at the digtance x from the explosive-iiy intsrface by
choosing a suitabls langth for tha "A" plece of the prode and placing <
the probe directly in contact with the explosive holder. The sxplosive
| \ holdar and the "B' place of probe vere insulated from each otner by
- elsotrical tape and wood as ghown In Pigurva 1 and 3. The "A" place of
] the prode and one 8ids of the condanser were counected to ground. The
; "B" plece of the prodbe vas connected to the high sids of the condanser
: through the rwaistance R ns shovn in Pigurs 3. The daflacting piates of
| a Twktronix oscilloscope Ho, S1TT vers conunected acrvas the resistacce
R so that the vaiiation of the veltage agroes R as a functica of tinme
: could be cbse.ved. Tha 10 microsecond sveep scals vag used and the
\ triggering circult arrunged w0 that the svdepy vould be atarted by the
: first appearance of & voltage across R so that ve would be sbls to obserw
| the voltaga variation across R during the first 10 microseconds of current
J flov through the probe circulé. The condenser C vau then charged to T0
volts and the switch placed in position (2) ss shown in Figwe 3.

i then the firing circult evitch was cloged, the heating elezant

' of the explosive holdsr initiated detonation in the lead azide. Whan

.| the detonaticn mhock reached the explosive-alr interface & shock wus

, formed in the cylindrical air tube, This air shock then propagatad

| dovn the tube tovard the probs with a pressure profile Iike that shown

: in Plgure 5. The pressure and the temperature mia a naximm at the

: . shock front and dscresse togethar behind the shock fromt. At the boucdary
! betveen the compreased air and the reaction products wvhich act as the

’ piston wvhich is driving the shock, the temperature takes a sudden drop
v but the pressure contimues its aradusl decrsaae, As thie dacaying shock

propag:tu dovn our cyundrical tube the prnuuren and tanpontml at

and behind the shock front decivssd sé WOTE and more alr ls plciaed up,

i compresged, and pusbad along by the reactiom produats,

It ia reasonable to expect also that tha conductivity of the air
| dacreanss in sowavhat the same manner as the pressure and temperature

L
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| 0 TIME (4 SEC) 10

FIG. 4 OSCILLOSCOPE TRACGE({A) OF VOLTAGE
VARIATION ACRQOSS R OF FIG.3 DURING FIRSY
I0 MICROSECONDS OF CURRENT FLOW AFTER
SHORTING GAP G. TRACE (B) IS BASE LINE DUE
TO RETRIGGERING
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a8 we move into the compressed gnaes behind tha shock front, We fing,
niaver, that this does rnot sppear to ba tha nuse,

RIZULTS

In Figure 6 treresults of mansurements of a qualitative nature cf the
sonddctivity produced by the-detonation of 25 rg of dextrinated lead
azilde for ¢he aystam of FPigure ] are shown. These are oscilloscope
traces cn the 10 micrcsscond seaep acals of the Tektronix Hodsl $17T,

Tho wertlcal deflactions are proportinnal to the voliage acroas the
resistance R, of Figurs 3 nad consmquently to the current throu,k:s R and
harce %0 the conductivity of thn elactrical path through toe Lonized gas
acroas the probde.

J¢ 14 vary clear that the maximm conluctivity 1s not at the ahock
front,

DISCUGSION CP RESULTS

The oscilloszcpe traces of Figure 6 may be interpreted as qualitative
grophical representations of the wariation of the conductivity of the
compreesed aiy at w4 omediately Lehind the shock front, When x = 3,500
inches, that im, vhen Che probe gap is 3,500 inches from the explosive~
nir Interfaca, the conductivity of Qe air at the probe takes a sulden
small Jump upoa the arrivul of the shock front. Then for adout tiree
nicroseconds the conductlivity increases as wa look into the compressed
grees Behind thias frent, Measuroments of the alr shock wvelocity at the
probe indicate tha. 1t is sbout 2800 meters/socond, According to scme
unpublishad calculetiors by S. O, Deed®, this tima 1is of the right crdar
of magnitude for the time for tha i{omization to resch a2quilidrium vhen
produced by a shock of tlile veloceity., whea the distance betveea the
explosive-air interface and the probve is reduced and consequently obser-
vations of highzr yeloclity shocke are made, the initial lonlszation upon
the first errival cf the alr ahock at the probe increases vith increasing
shock intenaity. Surthermere, the time to reach equilivrium was obserwid
to decrease vith incrmasing shock veloclty. All of this i3 consistent
with the theoretical speculations of W. Dorinz, refarence (f).

It appears then that the oethod describded can succeasfully detect
the conductivity of the ilonized gases at and lLmsediately behird explosive
produced alr ghocks. The effect of the prove gecmetry upon the system
has not yet been determined,

#¥.vel Crdnance Liboratory, Artoballlstic Research Dapartment,
Hyerballistica Division.
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