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TEE DETONATION PRESSURES IN EXFLOSIVES
AS MEASURED BY TRAMGMITTED SEOCKS IN WATER

by:
WILLLAM C. HOLION

Approved: . 8, J, Jacobs
Chiel, Detonation Division

ABSTRACT: A method 1s described for observing the first tweaty-five
millimeters of travel of the undervater shock wave propegated at the end
of small cylindrical exsiosive charges. A suitsble theory is developed
to allov a simple camputation of the explosive detonatiom pressure fraa
these observations, The feasibility of mapping the pressure contcur of
the explosive by this method is considsred. \
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m.a work described herein was conducted in the Detonation Di-ision
under projlect No. NOL-B2c-1-1-55. It is part of an ‘nvestigation vhich
is ihtended to study detonation properties by quantitative observ:tiwups
of t nndervater shock wave produaced by the detonati{on of explos:ves.
‘hile constder~l velid and Iinfornative, the results sre not conriferad

a hasis for action.

JORN T, HAY# 3D
rfaclain, WKW
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THE DETONATION PRESSURES IN EXPLOSIVES
A5 MEASURED BY TRANSMITTED SHOCKS IN Wil'eR

INTRODUCTION

The determination of pressures in a detonating explosive w.ien the
pressure disccntinuity ie as hiigh as 300 kilchare and the treon: ent Linme
on the order of several microseconds is best attempied by the reasure-
ment of some veriable of the system other than the pregsure. ‘.o approx-
imate methods of this type baged on chock velocities in metals rnd
Tavlor's expanding case thaory ore descrived in reference (5). 4 ~igor-

~ ous method for which the density of the product geees ls deterr’nec has

teen degcribed in reference (6).

The velocity and reate of decay of s shock wave propegated ‘nto vater
at the end of a two inch diameter by four inch length plane weve inftiated
explosive charge has been observed using a rotating mirror camsra shadod-
graph technique. The photographic records obtaived are read o & =icro-
conparator as displacement versus time curves, and a quadratic guetion
fitted by the method of least squares. The velocity of the wa ar shock
ie obtained as a function of time or distance from the first 4. . ferential .
From the measurement of the initial velocity of the water shock, an exiru-
polation to the higher shock pressure dats presented by Snay and Rogenbaw
in MAVORD 2383, reference (1), is possidle. This informetion pluz hydro-
d; namic theory permits a calculation of detonation pressures and values
of the sdiabatic expoment, 1f the relationsh ip between detcnation velocily
and explosive loading density is known. ‘

Approximate detonation pressures nay also be calcu.saited from the
condition of impedance mirmatch, reference (3). Pressures calculated by
thic method are in good agreement with those obtained Ly the vreceeding
method, It would appeay therefore that +thz water shock is a "gocd”
reflextion of the pressure profile in the detcoating explosive.

By a method of obtaining tangents at random points of the photo-
graphic record, a direct plot of the undervater shock velocity versus
distance into the water is available. A linear equation is £ bed Ly
the mathod of lsast squares to the data of logyn Shock Veloci:i, versus
distance into the vater over the renge, 2.5 mi ters to 16.7 milli-
meters. This equation 1s extrspolated to zero dlstance to cbtain the
initial underwater shock velocity. Detonation pressures may thcn be
calculated by the preceeding methods. '
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IYDHODYN/AMIC PRCBLEM

The extrapolaticn of “he duta presented in NAVORD 2383 in refer-
exc2 (1) entitled "Shock Wave Parameters in Fresh Water for Pressures
i 10 95 Kilobars"”, hins been made in the form:

B

t P
S
&

- . ’/ / ) -— s , — y
1) oy Pz p (D) = 30675287 L
/8 Ow
Tnis permits a daterminution of tue pressure and particle velocity immed-
t{at2l. tehind the water shock front. The form of the extrapolation has

seen cLogen 88 a 2tralght line fun~tion, see Figure IX.

Tae following notions of the hydrodynamic problem of the explosive
&7 the explosive-water interface permit the levelopment of & sinmpie hydrou-
3dyneai~ theory suitable for the calculation of the approximate detonation
pressure, reference (3), from the measurement of the initial undervater
s~ock veiocity, 8 knowledge of the detomation velocicy versus loading :
depaitv curves, and ihe data of Snay and Rosenbaum for water. The funéa-
mental hydrodymamic equations relating front velocity, D, acd material
valocity, y, to the dstopation pressure, P, and dansity,(o, are:

(2) Dg - ue _ {Oo
5, T @

(3) _
fa = DeUe €
vhare the sudecript "e" refers to reacted exploeive and the subscript

“o" refers t0 wareacted explosive. At the detonatiou front, the Chapman-
Jougquat condition epplies. ‘

() c, = D, —v,

e

woen the Astosistion reaches a boundary, e.5., vater, an expansion occurs
1a the ghases, and the veter is assumed to be compressed in a square ctep
shcck. The gas expansion satisfies the non-steady state one dimensional
conditions treated by Riamann. If ¢ 1s the particle velocity of the
gasns eftar am lgentropic expansiost 0 the pressure equal to that trans-
mitted irnto the watir, then: o :

’ - :
¢ -y, = —fﬁ"’lf
mmm&,c,unwwrd,obytb_mum,
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X
(1) P- A, F

vhere "A" and "kappa”, the expomenl are constant st 0 vfut
*he explosive-water interiace, W cguals ' . o e

with appropriats guhatitutiona, we may v ve vy pelnctor.
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In cxpression (8) U, , i,, B, anc (4 are nown sc ..
r<ned. This value when wsed in (., gives tne levtor .t
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A second approach to the aution ¢oF Lae oo o | canlic LToblae G loe
explosive~vater interface 43 possibla if the mome:n .o eguat’ ™t "7 z4Yimsg
shock waves {8 considered.

(3) P:—: Du()

It ray he assumed 2§ was previously dome that the vater ia compresssd in
a sqQuarae cfep sheek, and the Chapman-Jouguet cendition sppliss to thw
explosioa products. The problem wesolves iteel? to one of solving the
boundayy conditions for a square atep shock incldent om toe boundary
retwean twod media, exch of vhich may have a 2ifferent shock impedatice,
reference (3). The dstonation prossure is ‘nen sxpreosed i the rels-
ticng:

2 F -
to) f, = f. {:(ngw+{‘:1)cj/afw D..

viere the subscripts "e" and "w" refar reapectivaly to oxrlosive and
water. ‘Thieg relatlon i3 realizad to be only zn approximation as the weve
reflected fiom the interfaces {s & rarefaction, wiersas to ewform with
thaory it Should be a weak shock, This approximetior appears at £1rst e
be intolerable. The results obtained with tuie expression however, are iz
good ugreemunt vith those obtained from the preceeding method,

EXPRRGEET A TECHNIQME

The £ivst one inch of trawel of the shock wave propagsted iste
tiiled vater at the end of o plane-wavs initiated explesive zharge
baen observed for TNT/.1, end RDX/il charges with the parcentage of
atnum by ¥sight ranging from 0% .o 607 4n 10% incremencs. This hag “aep
accorgplished tlprough the use of a rotating mirru~ camers emplo-ing =
shadov-graph tachnique, Tha explosive cherges w.th the cxcepzion o
TP/l were mads of four atacked two inchas dlameter ¥y ope incr height
pressed ;allets. The TRT/AL chargg@‘%ara esst eylinders tvwo incres ir

el (':"‘3:_‘
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Atameter by fouzr inches teighy., Thiw e *ipe

of & Jarcules Cpeztal dstoretor, a twd "o

of the pantolita-haratol t e, a to*:r 1 |

one inch in helgtt, and t'e v X .06 ve =1 "

lover face of each charre ..o axanine: {» =

© ing, and only charges w.t  ULlef « vl

were used, Racsuse te .large vas tu e s

matel; five mimites before ooty derornited,

vere previously tested tor w.ter e o oclon,

water absordbed in this len *7 of * me w0 negli Lnl-.

T

The positicn of *is vplosive c.arge and €1t ta. ¢ Lonwr'e
{nside the bomboroof a-~ ‘:own in Fi_uwe I. Wooden eqar o 7Y
by 7" sevve as container:s for the 1lstilled wate~ in hich te ¢
detonated. The two orpos:t~ larger sides are made of & goow _r
vindow glass tc allow an :rdis*orte view o7 Lre tveni. .a the ootsll
of *.e rear glass wull is mounted an 11" tTocal lengt! lens which for -ec
the light from the shadcw-rran Jight source on ~.: “ronv lene of
tating mirror carera, The lighl source, lens, and acquarium are
along the optical axis «f the rotating mirror cacers, wii tn.s M™m~ica’
axis perpendicular to the pglasa surfaces of the acquar!.m. Mo Lipgnt
gource is an expleding tungsten wire one mil in 1" ameter, © rewce?
throgh & capilliar; tute 3" in length by one mallimazter incile 1lC
This wire is pulsed with B000 volis approximately 15 mlicre e~ nds e
the detonation front reaches <tne lcver end of the explcaive ¢rai-,
capililaxry tube of the light source 1is pluced parallel %o 216 Tower
face of the axplosive charge, ..e., in the norizon®ei plunc ., wit.
canter on “he optical axie of the syster. Uitk the lig~l scw~2 in
position thers is effectively in the verticel slane, 2 roiu~ sowrce of
light which is focused on the front lens of the rotetiny rirrer cacrs.
This errangenent svoidsg distortion due to parallsax refleciions from the
front swisce of the under-water shock wave., The explosive chzrge is
imrersed in the £illed aquariwn to a depth of 2.25 inches. In *thi: posi-
tion the lover surface of the charge 1o horizontal, end 0,5 inches thove
the optical axis of the combined camera-light source system. Furibe more,
the charge is positicned so that its extended exis intercepts ithe opticzal
axis of the aystaw. The rotating mirror camera is then criticall; focused
on the exteadled axnis of the explosive charge.
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To fncresmge the image resoiution, the usuel one and a half inch th
plexiglass viewing wivdow in the bombproof vwall has besn replaced with
geries of ore inch thick steel plates in which 0.3 ineh width slois hav
bzen cut (see Figure 1), These plates exre positioned with air gaps 4n
betwesn to reluge the blast effect at the camers to such & degree thet
only & 0,25 imch thick plexiglass olab is necessary immediately in from:
of tha oblective luns of the capevs to stop matarisl from the explesion
froem etriking the oblzchive lens., The 0.25 ineh plexigless window in
this poeiticn dozy not introduce & Ggbgotible Aistortics of the imge.
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The rotat'ng TLITOr tluern
the eqpluding wice light source
the postitiun of Lie alrcur u-a

JErcribed velow,

and mguo-iated controls four msuorn 10zl
su! time of detuoation Of tae Clar e o 2"
The sl A gy, e

pleture 1s taksan op 3. @m. ftlm ot A 20wn LoAge veloril, o « )
mown reductico in wagntif{tout!-u, W these photo xeps ofF v v . ue ..

{s an erample, verticsal displeerany a the filo corresponcn v 1. c&r

digplacement along a .arruvw lin  *hrough the extended axis f Y LA'de
&% seen by the camera. YHo-izontal clsplacemen. on tie- L L. ooroe HGE
o time. The f£ilm druwa (3 vo poesivioned {n relation to the ; - Siea

ror that the reagnificati.n is coustant over the lengtl uf “h» iru sea
‘n making the records. Pricrs to eac shol the megniricazlon v o -ars’
by photographing e pre:ision scw:e w.ich 18 pluced in the o'~ ..: .“ore
the caenter of the charge wutl. be. Photographs are s8lso -aken «f o =
image of the vertical slit .u *re 2{'r. drur to dotermine fts + 1 “rc-
the ver.icel. Thesde pi.tures are ma.# &t two positions .a the ° - 4.z
since the gs.meiry of the cwuwra reqiirer ths 4mage of tue &.4° . ~rale-
1*s tilt as it is swept down the length of ths filn drum by che ~satin,
airror. A "slit tilt' cive tica is therefore aprli %o the oo ition L
the smear photogreph. The g=2ometry o the cAmera 8130 reguire . st L«
izage velocity alimg the filn dru- for & give: plrror rciation © .cew be =
function of the distance ¢? thv image from @& known pouiiion of ~» £41n
drum. This tlae calibration has hean o™:atued £or 8 wirror row.. o 8ye=s
of €00 rps. Iha method .onsisted of photograshing Light puluc . . - tted 7%
8 high speed light riiser, reference (b), while ccoxrately noti . tne p s
tion of 4he f.lp un the filn drum. 3Succeeding films are then ;.. itlo xd

to within 3.1 am. of “he calibration filn., The rotat.oral spee - ¢ ‘“us
alirror durivg any 2xperinen wi‘h the cemera ¢ detarminad in “ x 7 ir 3=
ing munnes, Tining signa.a gensrated at each revoiution of the o i< ° are
impreez~”. on the y-axis o an oscilloxreph scrsea. 4 tine wave I« im-
presr~. on the x-axis froa.a 100 cycle per second <uning 2ous. The intwr-
ep’. accurecy of thc fork is 0.01 cycle per 100 cycles. Tha r iz speed
“7a be determined in multiples of 10C rewvoluticns per sscond. 'he 2441-
tional errors involved are fimcticns of =mirror speed and ooérator zesk-
n’qure. If the operaior allmwed the oec’ a pattern 40 &rift o

cycle in ten seconds, at & mirror speed of 690 rps, he would ralmm an ~rror
of 0.026. The density variatica wiihin a ningle aluminised che "ge is
estizated to be 0.3%. The overnll estimato cf the precision -~ 1he ve'nsa
itiss measured is about 0.5%. o

»

The relative humidity and tespersture of the f£ila chazber c- she
rotating mirror camera are maintained at fairly comstant Yalun: . ite
films are daveloped immediaicly after exposing for eight minutez =

D
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Fodas £-11 leveloper at 68%, and fixed for fifteen minutes in a~ .1 Yy
at AROF.  fter washing and drying the f{lma ere stored between .eevy
steet: of lass, The nmeasureable filrm lengthn-ise shrineage i . 's pro -
ex. 1s neplipgitin,

The ; ctograpaic records are read on & Qaertner micro-comparutor
Yo ttain lisnlacemant versus time curves. Referring to Figwre II, the
tiae 03 13 ulicned parallel to the horizontal movemsnt of the niero-
cor:arater. Vortical measurements (displacemsnt) are made using equal
{Lierements of the horizontul movement (tima). Both “he horizontal and
ver ‘4l moverents of the micro-comparatc are accurate 10 0,001 millil-
aeer . To obtalin a velocity versus distance ewrve, tangsnts to the
woee ot Llent 1fiable points on the curve Qre msasursd on the micro-
~orsarator, wilch is accurate to 0.019 of aaguley meas.ure. Points along
© r vve zre ‘dentified by placing £ ruled grid vith one millimater
12 ing letween parallel lines over the rscord on the tabls of the cou-
ras. . Thwe .ntersection of the ruled lines with ths curve ident!fy
» . n'nts 4t yhich the tangent is to be meagured. Ths dirtance of each
fro. the lover fece of the charge 1s oMaldnsd By aligning the liae
tee P4owe I1) with the horizeutal sovemant of the carpsrator, anl
mefsrenents to the point with the wericsl movemant. Iha field
- nd mggnification of tha comparstiny &0 gdjusted such thet whan
entire field of view for fifting ¢he tangeni at e given point,

(]

g
)

0 \”’
LTI

L4

.

Il 4 XY
<

s e

N

”

< o)

r2iling edge of this Tie0ld of view forms the conter of the foliowing
¢ view when fitting tho tengwat to the cwrwse &t the ad)acent point.

T1e angle betveen the slits, linws martwd CF end another not shiowm
ena .iw line parked 4B iz Figwe 1T 4is ssacursd. Ths chonge in sttt ti.t
hetyeen the two positions of the plotogrophed elits (s determived, and
the rate of chauge comprted assuwing it to bs limsar. . "slit ¢11t"7 cor-
restion is thereby applied to the macsured points and tangents along e
shoo frort cume,  The mognification 15 msaswred from the fil- av’ wre
Tz e velocity deterwined Xrom the mtwm position of the image on t.e
£ilr eyl The aversgs neghificstion of 2hs serios is approximatel, 1.A7,
il e aversge lmage velocity f¢ epprotimately 1.31 may/miccoreconi.

PAPER BRXTEAL Bas OIS

The explosive coapositions that have been lavestigated in the -~ o.
ceeiing manuer sre THR/al, TETE/al, and BIXSAL. The THT/AL chares ware
Tive! for caparative purposes and %o develop the experimamtael *ec-icue
vagvived to abtaln the Gisplacement versus time curvesd. Since savaral
exper wratal wdificuiions have teun nede both during and after “hese
ehar-es were fired, 4t is £2lt that the w2sults oMetned are net 20 -oli-
able s *he later work dope or RDX/il 204 HETR/al. « mrzmory o0 ¢ -
exyleciw narametars obwained for T/.D 4s pressznted in Table I, The
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initiel underveter vhiock ve.ocity wac ohtained by upaljzing thy =~

to obtain a displaceneni versus tire carve to whic, wes firter o ¢ -
ratic squation by the maihod of least squares. The fars® Miferen in.

at tine zerc producen the initial underwater Lhock velociiy. Prer e
celeuiations ave boen made boil from the theory previously preses #¢ abs
Tran the conditions of impedance mismatch.

A sumery of the explosive perasmeters obtained for THETE/.: &nd
ROX/Al 1s prezented in Table II and Teble III respectively. The initial
undervater shock velocities for these compcesitions were ottained s fol-
lows. Referring to Figwe III, which shows the analysis of ROX/.) (60/27
the logarithm of 4he shock velocity calenimted from readings of the shxk
veloaity st arbitrary distances from the lower surface of the clharge on
the photographic record by the method of tongents to the curve, & plotted
as & fmetion of the distence from the lower surfece of the .harge for &1
the charges of thip composition that vere fired. The vector mear of eact
set of joints {ses small box of Vagurs III) -8 taken to cbtain the brokec
line curve. The err.s fotroduced in this culeculation ic negligiRl: aince
the maximm angle between any two rev dats curves at any cpe point iz lssc
than 5%, A straight line §s than fitted by the method of least aguares to
the broken line curve., This calculation is carried out from 2 millimetersz
digtance to 16 millimeters distance (see large box of Figwre III; aad
extrapolated to zsro diatemce. This is justifled since considersble
spread is introdured into the 2ats near both ends of ths photegraphic
record. Figures IV and V presant the Least square curve obtained for very-
ing compositions of FUK/AL and TNETB/AL respectively. Fresswe alcula-
tions have teen made both £rom the theory previously presented and from tne
copditions of impedance mismatch.

CORCLISICHS

The initial wdsrvater pressurs, the detometion pressure, and "keppa”
values for ROX/AL snd THRTB/AL compositicns are plotted as a function of
the percent slumimua im Figures VI, VII, and VIII, respectively. The dats
for the 60/40 BDX/SRT cczposition is possitly incorrect i that the ind.
tial wrdorvatsr shoek veloeity resulting from this composition is alightly
higher than that from T0/30 RDX/nl. OCaitting this value it is seer that
the detomation pressuwre decressss as ths peresit alunimum is increased
from 104 %o within the expirinental error. The slops of 4-e detona-
tion pressura v8 P AL cuws f£6r “he TNETB/AL compositioms is less staep
than ¢hat of the AL mistuyes, If the data for 6C/BQ ROX/A. is disre-
garded, ths magnituds of “hapgpa” increases with aluminwz addi.ion tc
THETB, but rires to a moxiowr et approximetely 30% aluminua for BDX and
then falls. Referrieg o the 2urves of the logyy Snock Velocit, &8s 2
funeticn of tiw dintante duto the water the lover suwrface of the
charge, the explozive conposition of RDX/AL which is most effe-iive in
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maintaining a Ligh wndervata: velonit - (s thot otteined wit: tre u . ton
of 30% aluminum. In aliminized THUTS aimilar results aps htalre. =

408 Al.

The exnerirental technique emplo,=d for the observat! .u of 'sizem.cer
shock waven a3 o runction of time affordc &n excellant met: i for .o =&l-
ping of tihe preaswre contour of sn explosive. The time recoliustion .. the
rotating mirrcry camera uscd in these experiments was not s fficlent”
accurate to observe small regilons of the shock velocity versus time . .rve.
The bLast fit to the experimsntal data obtained was therefore the s %t
1ine used. There are indications however, that though a corstant sto's
valoelcy may exist. over the first fev millimeters of shock travel a ¢ ar
fall in the chock velocity follows. .t the present time, & farter =-tat-
ing mirsor camera is unier eonstruction. When completed i+~ vi.. per..t
this event to ba olserved in greater detail.
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