
A major purpose 01 tne I ecnnl-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.



LOS Ammos Nmlmml Luwrmw IS oemmd Ivv ltu UnwwcmOVCmfqfg fw w .UnrmdSmna htwvmom d ~flw unb comma w- 7d05-ENG-W

LA-uR--89-434

DE89 007762

“:ITLE INITIATION AND DETONATION MEASUREMENTS ON LIQUID
NITRIC OXIDE

AuTHOR(S)
G. L. Schott
W. C. Davis
W. C. Chilea

SUBMlrTED TO Ninth Symposium (International) on Detonation
August 28 - September 1, 1989

“Ihm rcprrI wmfrrcpacd ■an ●-uwunl ofwurkspwmwaf hymr ngcncyoflhc IlnllcdSimim
(iovcrnmcnr Nel:hcr Ihc [Imld Slmcs(hwcrrrmcnl rn~ mry qcrk) Ihcrcrlf, mM ●ryt~flhclr

cmfrftryccm makes ●ny wmrmriy, cqwma In Impkf, or msunw wry Icpl Imhlhly ur rr~pmm.
hllliy fur IhC nctwracy, Lmq#CICnWS, m umfulrwud ●vy mbrmnlnrnl, nppImIuI, pduci.m

pmm LIIMIIMCI, m rcprcncnlrn Ihal IIS ux wrruhl mri mfrmp pnvmcly owned rlSh!s Itcfcr.

crkx hcrcm III ●ny 5puIhc wrrrnicrcid pdukl. primem. m UIvru by Irufc nmmc, Ircdcmark,

mmw[mlurer, w Mtcrwwc rh~ rnrl nmemmily cunslIlvrlr m mrpfy Ilh mvbrmncrrl, rcmwn-
rrmIAInm, (w fnvrnmg hy Ihc I hmml Sraics f iwcrnmcnt w ●ny cgcrwy Ihcvcd I“frc vmw~
and qwnnm~ of mrIfmrs es- hcrcm tfn m~ rmxuanly MSIC (w rclled IhrM III rhc
[ lmlmf Slmlc~ (irwernrmm Irf nny *wrKy IIKIu14

b)~~!a~os LosAlam..,Ne..ex8754~54~
Los Alarnos National Laboratory

II’!

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



Schott , Papar Nmber 42 1

INITIATION AND DETONATION MEASUREMENTS 0!$ LIQUID NITRIC OXIDE

Gany L. Schott, William C. Dsvin, and Willinm C. Chilm
Lm AlmYM Natiorml Laboratory

Lm Alnmos. NM 87545

.Memuremento cue reported on dcton~tions of homogeneous liquid nltr]c oxide
initidy at T = 119 K, PO = 1.28 g/crn3. Planenhock initiation in mirror-covered
wedg~ demo~tmt:d, detortiion in pdmcked ~aterial (superdetonation ) that

.upportd detormtion. ?he input shock ran a. 3 m at IYl = 38 + !).2 km/s. Be
crvertcmk the mmat-t rn ut hock. I*4 tmnmeme u-mg-ular-itiea continued in the un-

bind it the fluid had up = 0.89+007 km/a, p = 4.3+0.3 GPa, p = 1.(37+0.03 g/cm3,
nnd ~hc supmdetcmati~l~ had Dia s 6.9 km/s. In 356-rrun long graphitr tubes with
25,4-m inner diweter, rneanurc~ detonation velocitv is D = 5552 + 3 rn,s FaJl
ure dinmetcr in graphite IS below S mm }lR-sufiace” veicJc ItIes d 1 iuIIi 2-mm alu

minum pla[m Lmm.inatln~ thr cirtonat]on nxis were mvar 1.S kIII/s, al)prr>xmlatrly ti~

~iectronic s[rcak photography at d = 2(,6 mm ,n hrr+m r,
rrdicted for C’J flow at Dm = SWt uI/s, up = 134 lin]/s llnplngi Ilg on illunlInMII

5~35 * 40 Ii m t rrticlm!
l~tr-re(l ii sm(lotllly crmvcx

dctonntion front with al~~)rucnt Imghtnrss lcm}wrntuw of
m ●nd window rMYnchronous}v

lSTROD[:CT1OS”

Llquld rrllnc midc WIM~tildird M a prototylm
c,mdmmrwl-plmnr cxpldvc in a mrdtidinciplinary rrnrarcli

prugrom pumurd during Lhe 198Cb at IAM Almrrua Na

tmnal Lnborato~ Throrrticnl ●taruc/molfiulu trrat

,Ir.rntn of thin msmgctic, tm+rncnt subotancc mld tbr
l~rduc:o uf ]ts drmmpxition -t condcwrd-pb.aw drn-

mty art nimplcr and ror-rnpondingly mom zrmturr thau

~f cazbcm and/or bydrogrn =we incl’lded Expmirnrnts

Mth mtnc rmldc wrrc favored by uruiormly pw NO KM

fumlnhrri m n=+d from] th? Lhm~tory’s distillatirrn fn

cil]ty oprrmd for rnrichnwntl of tbr mtnblr Iwtiqm d
t)otl) () M)(I N

km nnd omuis acceleration of thin aluminum platrn ●t

LhrclIFrgcend. Finally, a single mennurcrnent by imagr-

intmwifir(l, chrrrt photography thtuugh a full -dinnwtrr
window on a dmrt rylindrr IS pr=ntd. This quantita-
tively drrncmntratrn the rot-mm dqw and optical bright-

nm of a detonation front in liquid nitricaide. Theiw

mcasurcmentn extend or ouperwde tk we have pub
l;rkd cwlicr ,1,3)4 The Lr.earl mcoprof the Labmatcn-y’s

PIW7UU mclu~d this work cnd Add stu& ~ ~.
tric rmid~, its constit~wnt clcrnrnt-, and othm uridaticm

ntatmr of nitrogrn umirr otatic mnd trticnt ccmditicmnof

high prrmurr u]cf/(m cncr~ Rrprc=ntstivr =count~ m
givetl irl llcfrrmlw~ 5 10

Tbr r-IInLOInIMy chrlllical form-lln of nitric oxidr. N(),

rqwrwnln tllr {Ilnt(mlw m(drculnr fmln of Its gM phw
IIrl(lcr Mll})lellt r(mri)tioll~. CryoKrnw rol][lcnmalinrl t{

whd or Iifluld IS nrc(ml~murd by rrvrrnible dimmizatmll

1[) nl(~lrrlllw Sjo, Tl)r *lll)mtmlrr nwltn AL 1[)0.5 K aml
I,oilm nl 121 4 Ii III ml]of Its Rlmlfl of ~lwgnll(ul. it.
rllrrKv of f(mlllnlll)li mlglllti(’nr]llv FFrrr(lw llln( of tl)r roII

~lllllrlkt I.1-lllrll!n, (), Iul,l N,. aml (If ally of lllr (Itllrl
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a(urcs n= 113 K, and U= one of the above chwmj~
formu-b when the molecular fmrn or the g~s state is

pertinent.

INITIATION OF DETONATION BY SHOCK

BACKGROUPJQ

Ed.ieri.nwtigationsl’l 1I12of mco.rrcnce of dctonw
tion in dense nitric otide demonatratcd its initiation in
liquid or mixed phasca by dmck.c from dotsor explosives

or m equivalent projectile. The rem.lts were convinci-
ng that. in its susceptibility to +tonation by accidental

shock. ccmdersscd nitric oxide under trchnologicnll! typ
ral conditions more clcdy resembles nitroglycerine thru]
it doe the Iesn ecnsitivc liquid high explonivcs. Howcvr=r.

the prcvioualy applied mcthodn did not examine the &-

ttiled shock proc~ leading to &tonation or subject
the explmive only to plane or divergent flcws, Abe, ench
investigation was done with nitric oxide thnt contained

riifferrnt, small ~rccntagrs of N02. NZO, and Nz a.-cu

mulated from gradual, spontanmmrs decompositiml of SO
kcpl n+ a rompcrasml gas

11)ordrr 10 gain more prcrlsc lnf(mnmlioll cm 1111

tliitmlofJrtonat](m in hqu]d n][nc t)xi[lc. we Ilnvr

rurrwd to mntrol tlw shork Krol]]r[rj. u ‘ ttw S() ]Jllrlr),

our prclirninmy cxperirnents used plww-wuvc rxph]-
sivr systenls M donors w)tl] ulif{~ml mrtal illtcrlrlc[lin~~,

members w tramrtit SUI(Inttcucsa~c sl)(wks nl srlcc~wl
strrngth. Mcm-rrmncut~ Iurlll{lrd [rsulsit tlmrs tllr(mgli

disk- shnprd wunpk at n sucrrwion of (Icpths nn[l FI{V
lrOopticnlly mtmsdlcd rnd.t~ll strrrdi [)lloto~nl~liy” IirIos\

a d.iam-tcr of a winduw-cnvcld disk AI] 1111.wlr-rrwflll nt

trmpt wns IIIadr to prrf{n-n~ l~ur -D[)]]l)lcr vcl{~ci[l]rtry III

tlIr irnimr( surface, vmviug, Lllrough tllc Iiq,lifl MN1 w]l)

rh- allow it. Thr invmtl~utiun wan rulmiunt( ,1 I,y two

KM gcrn shotm that yirhird rlcu ❑trmk-camrrn rrrords
of drlayrd detonation ovrrtnkln~ thr otrufy Input dim-k

In wrdgrs of I-mmqrrmmn liquid explrmivr, Thr forrg~)

Ing clrvrlopmentn =CC rcpnrtrd in detail,’ with mnldIrMIfi

(MI lhrir qlldihlivr frnllmm Hs-m wr rxtrnd tlw rnc

Ilm amount of thr wr[lgt, Cxlwnnwntm I)y (~um)titntilr

trratlncllt of thr wnvr vrh)r]tin an{! t)lr R})tjrke(l Rlatc
llnnl~lrr,l I]rl(w to tlw ~lct~]llnti(]ll

\f’A\’~ S~Q~Ij~CL

FiKllrr 1 riIm\Jnvr, n rw(,, (l ,,f I,nt, hi,,,,, ,,f ,let(,I,l,Il,,l,

111n Wr(lgr of ll(l\Il(l Illtrl( ,IT II\,. /\ ~,dl~ Hlllllllil il,ll):, l

frlml n Wr,t)llrl nil(l) ,11{)1nll,l n s(llr[I)iIll[ ,Iln$,lnll, ,,( !],,.
gllll ll~r~,rl nlc Rvll,llll,lf, ,,lw.,xl,rlf- f ‘I’ll,. <I,,,( ,!,llfiy,ll

Iml l~bll~Ilnll n ~t)ll\l.lllllblllll U’I,iiur TIlnl)f.tl v,)]lll]l,. ,If V.Y
I)l(mlt’r IIOIIIIIICII (I(,w[).trch,,, !I) n 111111(11II Intr Il l’Al\l/\
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window surface inclined to the wave 6-ont. This intu-kc

was illuminated by an explosively obockcd xenon lamp

and photog-raphal through the streak—cxncra At. The
initiating shrxk WM introdud at the & plane d &
liquid wedge by tmmxnimi on tkn a smooth cnp~ plate
whcxm oppmite face - otruck by a tr.mtchi,ag mppcr im-

pactor delivered 6UJI ttx gun muzzle.

Dynamic eventn ●t the mirrod inta-faa alk iti

reflection at each ~tion viewal by thealit,~
when the first disturkce arriva. Advancing wa~ in

the flow arc mcordccl aa continuous tracks with pmitive

slope, Early in thr meord of Fig. 1, where the exphmivc
is tIlinnest. the input shock mak~ FIsmooth, straight

track as It reachc~ tlm inclined mirror. Farther along.
deto[lrition makes a wcnnfl track. The input-shock track

terminates at a drpth of 3 mm, nnd thereafter the aim

glc track is formed by &tonation proceeding in a-iginal

erplcaivc. Before this transition point the dct.mmtion

track appears in tbc ~ctor to the left and identifi~ the

beginning of dctcmuion M a mpa.rate, f~t wave in the

comprmwd. moving material bcbind the input shock.

In this donlrL1l the P\fhl A sllhstratc of the mirror like.
vriw IS sllr~rkcd. rulri the rctlccting Ectrfm-c is rmsricntd
I() u decrcn.scd wedge mgie. l’~)c w[)nrntioll b.rLWRn ~.he

wnvrs ar)(l I)(,IWWU [I]r-il rcsllltillK trac. s r~l] dinr.inishrs

llnruly tu ~mo wlwn thr ill])~lt shock is nvrrtakrn .WI

l~rrw,ll]rally from tbr rrar Tttis event irr Poi]ltc(l tnlt irl

FIK, 1

Tlw w(lIIcIIr-r of wnves frsull(i hrrc duplicntm, B(
lrmqt qlm)ithLivrly, lhr initiation nm-harusm witnmwd rr

lwntrtlly III liquid nltronlrtl]nlw cu~d rrcoK1ti~l in nth,.r
lIt)[I]ogrlln)!l~ rxl~lt~lvc lllr(ll~, inclllrling sing]r Cryntd..

Ju)(l (Imll)ly-dlockril gases, Tilt I PMMA mhntrntr Sul>
1),)!Lillg t]lr [Iurn)rrd wr[igr I)ollndary hnn cnnblrd (nlr

(rclll)lqur LU rrcord the thrrr princlrnl WPW fronto and

thr trnnnvm-w structure hr~ul] ill thr carlimt dctormtion

n)oliol).”

Ill FiK I {Irlrmlilw A f)rrrlnr (leptlI of twcr-takr hy thrlr

Il)trrw(tl(lll mli(l illdlcntr ~rlnll)ly ronptn.nt vrh~itin cd

(110 illl]lll mlll~ck fl lml nll~l lnlrr of t}lrdrtmmtiol] Imqbn
xntlll~ tlm)ll~ll ~wiclnnl rxl)l(~lve Ii{ll]i(l, Fur t)llm (lr~~tll

ru]tl l])- I rhlc]tim t(} 1P- Illtrrl)lrle(l, tllr strrllRlll MI(I

11111.IIlnt ICItI f)f ll)r 1111)(11llI(II,k lIIllst I)r adrqllatc]y 11111

ft,l III (,.rl I IIr wr(lrr wr114 ,11 WIIIII+W t(.,,,,,,,~l, (),) ,)1, tllr

~lnllt flirt, 1,( ]lllolo~lnl)llr (l” 011 111P 111111(’hllol) fl(nll f-’lfl

(lint IIlr+l, I IIlr IIm nrr l],,.!, u,, 11111[(.(.(1 t,, m,l(l, r ,5 tl,,.

1,.lfvnllt Illnlt.1 IILI Colllllt Irll),.

1
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Thedcnsity dtheiaitia lnitncoxid cliqudi. sgm-
en~d bj ib bpemtu.m DMA from Fkfermnca 13-13

urr~tdM~T=ll(3sad]30 K~

Under md.ktivc hat H from gun mmpcmmts in both

uial cbrectiorm, the ouppcr structue of the gu gun tu-
ge attaitled M a.pprcoimtiy u.dcnm Lunpamture after

cmldm, A tba-mampk inmblindwdl natto tkC

Crplouivefllkd s’pa.cl Otsklly regista-ed lm.o * 0.3 K m

tmm cx~g 1~ o before 6.ring emch dot, Tbc cond]-

c]on In the n.itnc cmde hqtid WM Aa mcasrx-d by the

vn.por pr=~um recorded during filllng of the vrs)blr wcdgr

wiumti T1-uo lnd)cstcd n mxncwb~t Io=mr tcmpcratwc,

1176 K Tbc twragc of tbm te.mpcrmturm, 118.8 K, )s
Ld.~1 to dctrrrnicc p = 1.28 iO, IM-5 g/cm3 Grmwtationd

mra.tdicnt]cm u rched ~ to keep ncmurufauuty mtho

tbchcm3nta.l w5dge*lcnlaJthm theakUduteun-

-Jty of the I@.d dllmaty

Atatcdour tidcuAitkmih.at m@tin.Ou-

mce tbe initiation d ~ m mule & ● dupl.i~c

~rbent. The ~ to.rget md ixnput~ ~t.criti

-A,mdeubkdtbe pureurppcrtib

in the bck-fwni.ng @b wu diuncmd-tod machined

to6xlo-~nlm RXdmIen, ‘I’& impct *ty Ii-orn
llMg-un uurepeA&d bwithino.2%. Tbe &dIds

A &likr~tely d.i.kmtbti+a d nitrictide. Fig.

ure 1 is from the ah uitb the purest Iiqud.ed NO gas

w could manage: &cc of dctcctablc infrared abeorp

l)on Lhrough 10(Lrruo plLb at 85-kpa gm~ pIea~ de.

lcrrruncd the sum of ~ fr~tiooj of N20 ud X02 to

& below 10-4. Houwm, the liquckl stale ●ppcarcd

bluimb ud rml ad mkcrk as )f the nitric o.xidc =eKC

I I 1 1 1 1 I

o #“

5 Ft&krA+dw4mM= m#
t-
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uII rapure 16 Bmaw it - impr~tic~ to e]irrurmtc thC

tnntomuc constituents, we tinted thc~r poawblc influence

u~n lmtlatlon of detouatlori by lnc~:asmg thclr coilcen -

trations to a total m= fractionnear 1 A 10”3, mcnstu-ed

by rnfrared ana.lymci. ThIrn alteration of com~itlon w

not ~ough to percr-l)tib]y iollucncc lhc density, det~

nation velocity, or lmtial-h~!t Hugomot of the liqurd

e~laivc. Thc in~= m run to detonation that it pro

cfucccil from 3.0 mm to 34 mm, is small enough lhat thr

appM~t demit:zaticm is of uncertain sqpilcancc The

Importut indication is that impunti- thr; accumulate

in SO by its slow. spontanmm disproportionatlon do not

profoundy deer Lhe lnltl>tlon of cletonatlon of ILq l]qmd

f~jrm

(;M U.,11) htl(lt N,) (,/;() fi(il

l’llf,t,,[rnl,l) })K I 1((( I

i lllJftl]e ~[lT!l (k Ill ‘ \ ()(). , () )(1

\\’f.,l~r \ Ily 1, 1!11([, (1 ) ;“ 1) 1,1

‘(, , IL,, ) ,.1 i:, ‘) l{.

~, L:)l II ‘1(1 !,).
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k in the r, z

cminm (coa v.

pkt.tx by definition, and h~ dircctlou

0, &w), where w 1s the wedge angle.

S]),,t (;(;() <1,01 {;(; I

l(lrld l’1ll(.(1 l(lrril rlll(<l

IlllllltSIi(k

,1, , 11/,’

/ Iklll’,1

,,, , ,,,, [,,/)

11)1

lo) ~j(;!)~~ (1 [)) !)9!)!)6

100)” OF’) (()()) ()()tM

(; 15 ( r) 7)5) 5 82 ( r) 53)

01”;() (()()) ()()HI

) /[) :1 !)? :Iil

(111(’ 11(1,-,,

,; ‘ii { .( I

“ \ ,111,r81 \i[t ;,, ,, (.1,11,1 !, ,,,,,1)!)1 (1(1,1,,1 Ill ‘
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1~r(~Ject ile speed was duplicated. However in CA shot we
fi:Jtl i[’{/D) = 0.67 + .01

lrI the colurnna hemied “tilted,” we ramncile the.ae

results by ccmsi&ring &t the ti!,t compcment OD needed
t o adjust each detonation wave speed to an assumed
value of 5.55 km/tJ. The ~ect upon CD = ~1–a$–b~

of an unknown y-component, bD, is ignamd. Extending

the adjustment to the input shock is less ddnite, and
two naive eatimatea for al are evaluated. Taking al = a[,
gives values of Uf near 3.7 km/s from both shots. Con-

sidering the detonation as acceptor and input shock as

donor according to Eq. 3 diminishes the adjustment of
rach [”/ fr.rm its “ideal” value. and the msult)ng \-a!ut.>

are both near 3.S kn/s

HL’GOXIOT STATE AND SL’PERDETO N.~TION

[-1 = 3.8 k 0.? km/s is adopted to determine the

shocked state of nitric oxide fluid in whdj the superdet.

onat Ions occurred. With the symmetric approximation
fc>r the shock and releaw of pressure and particle veloc-
ity In copper. the following properties rue found from the
cc)nservatlorl equatiuns for the matchi)~g shock in the ex

!>losive prr-ssure pl = 4,3 + O,S GPu: particle velucity.

t~l = (),89 * 0.02 kI1/s; density, pl = 1 67 ~ ().03 g/cm] ,.

1 .30h po: specific internal ene-r~v, El = E. t 0.40 -i

(),02 k.J/g, EO for the ori~:-}stl liquefied nitric oxide l,,a~

the valu:, +2,6G + 0,01 kJ/g. relative to the elexncnts 0~

and .Y1 M ideal g-s at zero 1{8. From tht> averages of

the correspo])ding, angles of t 11(.tracks registered by thr

supmdt’torlatmns in Fig, 1 arid Rtfercmce 4 beforr they
{Jvc-rto{)k thr input sho~.ks, w{, find S+ = 45.5 km/s and

D;,nt = 6.0 km/s. This s\,l){,r(ictc)tlation velocity IS ir]
the frsuue of the compressed. rnovmg materra.1. III WI EII

has the VldUe 6,0 + 0.!) = 6.9 knl/s,

%:!. :::.%” are subject to large rmcertaimty from
tilt, and arr prvacrrtd primarily tu illustmtr tht= relntioll
SIU1)Sapplicable= in the cornprrrtsrd wt’tiRe c~nlfinrd by a
wind(>w with matching shock im[wdanre

TABLE 3. TEh4PER4TL!RE UNIFORMITY ALONG

GFLAPHITE-W.ALLE12 CHARGES OF LIQUID

NITRIC OXIDE.

Temperature (’C)

Station Distance fmsn
Number Bcxwter (mm) Shot F-5730 shot8-18’4

1 25,4 – 153.89 – 153,75
~ 76. ? – 154.11 -154.05
3 127.0 – 154.25 - 154.10
4 177S – 154.24 - 154.14

5 22s6 - lLA.16 – 154.05

6 279.4 – 154.07 – 154.06

7 330.? – 153.98 – 154.01

Graphite was chcnen as the confining material be-

cause it is available commercially in the form of tubes. it
has a relatively low shock impedance and offers minimal

confinement, and it WM thought that there would be no
rrgmn of subsonic flow in the graphite that might cause

a pert urbat lml where the wave in the cxpiosive intersects
the t utw wall. Later calculation have shown that the

Utlct’rtiuntles in the equations of state are large ( mmgh
tba! tlwrt, could be a small subsonic region,

The dettmation pressure is inferred from the rnca-
surcd fret- surface velocity of a 6061 dursd plate driven by

the swplus]ve at the end of its run through 355.6 mm of

mtnc ox]rk In the25 4-mm di.mmter tube. Tise velocity
was measured using the method described by Davis and

Craig 1T [t hw b~n shown by Davis and ~enablcle that

the mea-sum! frcw-surface velocity is a linear function of

(r/d)l 11. where r is the thic.knetw of the plate, an(i d is

the diwnetcr of the detonation tube, The data are plot

ted in Fig. 2, Thr= intercept with thr axis gives the de-
sirt.d value of t}w fm-surfacf velocity, which is then used

to find the particle vckxity in the dursd at the instant it

is contsictmi hy thr detonation wave.

Figure 3 IS a plrA in the preasuw particl~ \~,,}r-

lty plsurr of the Hugcmiot curve for durtd nnd the re.

fleet SXl h ,ck H ugoniot curvr for the exphive, Their

Illtrrscct.i{m sh(mld be a! the point mmmsred in the free
<Iwfncr vchwit v cx}wrrnlrnt, s if the rt=flsw-tcd sihock HIIK(T

III{)f Cllrvc is thr cwrwt {me. Within the accuracy of the
rx]wnlimrllt)l result, tt, c curvr 1s satisfactory,

Ail Illil)l)l t :Ult rrnw)l) f(ll l)erfOrrn,;lg these Ilwm<l]rr

Illf.llt ● wii.s t (I I I y t{) answer {Illeslimss rattml I)y N})crII

lfIf 1:11, t }I:\t rral tlt,lt)natl{)ils am weak detol)ntu)t~!. ,,,,1
( ‘})nl)rlinr] ,lf~llgllet fkt[n)mtlf)ris Nitm (JxIde iR the (IIIIY

~’1)11(11’llw.(1l~ll:Lw rrlnterrnl f(]r w}liril It iItL. I)WII lM)S.I
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FIG1.’RE ‘2. PLOT OF FREE-SURFACE J’ELOCIT}”
J’S PL.ATE THICKNESS FOR XITROMETHANE
FI{oil REFERENCE 1.S AND FOR THE ME.\-
SUREMENTS FR(~hl SHOT5 F-573(I AND 8-184 DE-
SCRIBED HERE. THE EXTRAPOLATION” T() ZER()
PL.4TE THICKNESS IS Mi4DE USING THE SAhlE
FRACTIONAL DECREMENT FOR EACH.
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FIGL’RE 3. hl.4TCHING OF NITRIC OXIDE DET-
ONATIOh’ PRODUCTS INTO THE DURAL PLATE,
PLOTTED IN THE PRESSURE VS PARTICLE VE-
LOCITY Pi,.4NE. THE VALUE OF PARTICLE VE-
LOCITY INFERRED FROM THE FREE-SURFACE
l’ELO~71T>” MEAS[TREhfENTS IS PLOTTED ON
THE PARTICLE VELOCITY AXIS, WITH ESTI
hlATED ERROR SPAN. THERE IS NO DISAGREE
NIENT WITH THE .4 SSUh4PTloN THAT THE DET()-
NATIOX IS A C.] DETONArION
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FIGURE 4. PLOT OF DETONATION VELOCITY
VS RECIPROCAL DIAMETER FOR NITRIC OXIDE
AT 119 Ii AND DENSITY 1.280 /cmJ THE L.ARGE
DECREMENT IS UNUSUAL FOi A LIQUID EXPLO-
SIVE.

cdncidea with the framing picture expoaurc discuaaed

below, and is taken aa the time origin. somewhat lata,
when the detonation reached thc window, it abmptly in-

tenai~ the’ othemriae slowly varying expaure on the

61m. The rcmlting arrival trackappeared earlieat at the

chmge mcis (t~~ = 0.24 ps) and formed a smooth, sym-

metric arc indk.sting that the detonation tint is likewise
curwd and at the walk lagged by 0.09 /M, or 0.5 mm

(* = 0.43 *). ~ kgukty indicative of

P roxirnity to the failure diameter ia abaent, and any be

ncaled Inanifatatima of mnbinar detommo“ flo ware

notreaolved byourektmnal y intenaaed photogr8-

Pb.

The singleframe picture, exposed for 30 na, showed

thefullcirdar areaofthe appmacbing &tonation when
ita front was still about 0.4 pa, or 2 mm, from reaching

the wind- eurface. It abowed a uniformly e-d disc

whose apparent bright- we matdted through the same

pbotogrsphic system by an incandeaumt tungsten-ribbon
lamp. The quivalent bhuk-body temperature of th~

tungsten source wan 1700*37 K, and expoaurwa at nearby

tcmperaturm indirxted the film coefllcient. I)enaitometry
of the streak photograph ahowcd that the brightnew of

FIGURE 5. ELECTRONIC STREAK PHOTOGRAPH
OF SELF-LIGHT FROM CONVEX FRONT OF LIQ-
UID NITRIC OXIDE DETONATION REACHING
FULL-DJAMETER PMMA WINDOW. BRIGHTNESS
TEMPERATURES AT ZERO RADIUS PLOTTED
ABOVE, TO SAME TIME AXIS.

the detonation incnaaed steadily, and understandably, M

the remaining depth of undisturbed, bluish-gray .$J102
liquid diminished. The abrupt increeae of brightnem
when the PMMA window was reached waa fokwed by

● steep, steady decmaae. The apparentbrightncm tezn-

peratuma dekrmkd from the axial cknait.ometric scan

arc plotted againat time ●t the top of Fig, 5.

All tbeaebtightneas temperature are far bdow the

c-J temperature d apptmxima tely 2600 K we expect~s

from the equation d stated products but detonating

N202 at liquid initialdensity. The simpkat interpreta-

tion, s@cient but mot unique, is that the reaction mne
and/air unreacted layer ia significantly opaque ud be

haven in the limit aa a black body near 1735 K. The ef-

fective emiaaivity of the &tonation product state at or

near C-J conditions remains unknown, aE does the com-

plex net efiect of encountering the PMMA bound.w-y.
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