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[Following is the translation of an articld A’/ i

by I. M. Voskoboinikcv and A, Ya. Apin en-
titled '"lIzmerenie temperatury detonatsionnogo
fronta varyvchatykh veshchestv" (English

version above) in Doklady Akademii Nauk USSR,
vol. 130, No. 4, 1960, Moscow, pages 804-806.]

Calculatica of the psrameters of the detonation wave
shows that the detonation temperature is the value most
sensitive to the form of equation of state of explosion

" products, and knowledge of it is necessary in the verifi-
cation of the latter, Up to the present time, however,
little work has been published on experimental determina-
tion of the detonation temperature. We undertook measuring
the temperature of the detonation front from the front in

. transparent and semi-transparent charges of liquid and
solid explosive substances by the electronic-optical method.

Measurement of the detonation remperature in transparent
liquid explosive substances

The luminescence of the detonation froni in a charge
of liquid explcsive substance placed in a Plexiglas flask
with a transparent hottom was recordad from the frontal
surface by means of a FEU-29 M photomultiplier whose cur-
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rent was registered on an uvscillograph with a single OK-17
M scanner, In the invesgtigation of luminescence of deto-
nation fronts in nitvomethane and methyl nitrate it was
found that thev have spectra {in the region of 400-600

m A ) similar to the swectia of black todies with a tem-
perature of 3700 and 45000 K respectavely and equal amission
coefficients, The latter permits us to suppose that the de~
tonation fromt shines like a black or gray body and that it
is possible therefore o measure the femneratures hy a
chromatic method consisting of comparison of the brightness

(in our case behind light-filters 35-5 and Z3-1).

In the experimeat measurement was made of the rela-
tionship

).xc' ‘ Lcr\r‘s‘
g e 3¢=ZS

where S, 1is the spactral seunsitivity of the photomulti-
plier, by the spectral brightness of the source, T gg.5
and T zg-1 the emissicn coefficients of the light-filters,
™1 and A, the limits of spectral sensitivity of the '
photomulitiplier, and the vcmperature was found according

to a graduated graph of the relaticnship of & ss-5 to

¥y zs-1
the reciprocal of the temperature of the source, cons-
tructed by caleulation for an absolutely black body., With
the aid of a standard source of light & preliminary calcu-
lation was made of the spectral seansitivity of the photo-
multiplier and the emission coefficient of the optical
system,
The maximum ervor in measucement of the relatiomship
'iss~{;_ of the detonation front of transparent Liguid
Z5+~1 .

explosive substances amcunted to 3%, which represents an
error in measurement cf temperature not greater than 150°
K. Table 1 shows us for che detonation front, the initial
density ¢, and the rates of detonation for & mmber of
liquid and solid explosive substances. The rates of
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A detonation D were detormined with an accirracy of up to
100/ sec elither bov the elactriczl contact or by the optical

-

nethoed, The aceuracy of woeziurenent 2I the devosation

G- temperature for so'ld enplnsive sibsreances is 3000 ¥,
A . Tapde 1
' esity T, D
- Substance ifiee) fO% fr/sec
- -~ Nitroglycerin AR £390 765¢
Rivroglvsel Y £.400 7500
Methyl nitrate LA &5GU £T50
’ Nitromethans 1.16 3¥30 6300
. Tetranitrometheae L.h% LG 5400
Hexogen L33 3700 2800
L TeN 1.7 %200 8500
DIRA 1.7 27006 8060
e ’ Measl..;.emeut of the datonation tamperesurs irn se*‘z-
g ) t“aPQQa*ent chacges Oof sclid explosive substances

In the same way as measuremeunts were made of the de-
tonation fxont In transpareat charges of iiquid explosive
substencesg it is pcssible to measure temperatures in semi-
tran37“* nt charges of soiid substances with a densicy
., . near a monccrystal. As in the lirst case, the luminescenc
is rc;ordV, upen the emecgencs of the detonaticn wave on
the face of the charge, whizh dces not permit macing a
measuremenc of the absorption of light in the charge.

But th= silght traasvarece of tha charge and the bright
luninescence of the shock wave of the aiv during the dis-

k@ persisa of explosion proavets from the face makes it
E oL, difficule to determine the maasnt of emevgence of the wave

exactiy. 1ihe face of ¢ng chavge is placed in water in
rder to intersept the Luminescence cof the air shock wave.
Special artenticn was gives in the experiments to the ab-
. sence cf figsures in the charge gad tie adhesion cof air
to the facial gurface of the charge.

In comparisgen of the brighiness 5f the luminecscence
or detomation frounts I lavestigations of explosive sub-~
stances ia the area of the spectrum ol 400-600 wmp iv was
found that their rvalationship is the same as it must be
for sbsclutely black bodies at these temperatures (this
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correspohds to one and the same emission coefficieat of the
detonation front). This enables us, in measuring tempera-
tures by the chromatic methcd, to ehack it all the time

by comparing the brightness c¢f luminescence of the Ge-~
tonation of the exploesive substance heing investigatesd

with the Drlghtness of lumincescence 0% any explosive
substance studied previcusly ¢(practicalliy a brightness
method of measu rlnb teaposatures) . Since the emission

coefficieat of the detovaticu Cront does not change from
substance to substance, and ths “ﬂmphla vre changes fcom
3500 to 3000° K, it can oo azsumed that it is nsar unity,

Discussion of the results

Of previcusly published work on the experimental
determination of detonition temperatures, refevzices should
be mad: to that of Alentsev, Belvaev et al., |1 |
who f£irst wmeasured tae dctonacion tex evatures of liquid
explosive ouﬂstances, sndé to the BOT 2. ceut work of
Gibson et &al. ;}s N who used lizht cof ucfors, weakly
shining chavging and the electro-optical method to measure
detonation temperatures., The detonation temperatures of
nitrometha.e and pitroglvcerin cbtzined by us zgree with
the rasulte la (2‘ and the temperatures uf hexogen and
TEN differ.

The measured detonation temperatures are tou lavyge
ta be attributed to luminescencs of non-reactive shoc&
front preceding the detunation compiex, Because of the
small depth of the reaction zoae in powerful explosive
substanzes with rapid growth of the reaction rates in it,
and the strong dependence of brightaess of the luminescence
on temperature, it ~an te assumed that these temperatures
are very near thouse vhich will be in a Chapman-Juge plane.

By using the temperatures obtained, and likewise the
experimental values of fhe pressure {3} during detonarion
of TEN <Po a 1,77 °/cc‘ p = 34u,10% atm), hexogen ( p, =
1.79 g/ce,. p = 390,167 atm), altrogiycerin ( A, = 1.60

gfcc, p = 250,103 aw) and nitromethane ( f, » 1.14 g/cc,
P s 133, 103 atm) it i3 possible to check the different
tyces of equations of state of the explosion products.
The data given dc not confiim the values calculated in
papers Lh~7] .
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Recently in Cock's work 5;,lsg there is extensive
use of the equaticn of :tate pv = nRT 4 p. a (v}, wherc

n is the nuuber of mils per gram of productsz, R is the zas
constant, v 1s the spezii’~ voiuse of the products in the
Chapman~Juge plane., «Wiits this form of tne cquation - Ff
state, proceeding from our dataz Ior pressure and tempera-
ture, it would be possible to z2ssume " espression for the
co~volume a(v) = v{1.,0R-03.4yv}, which, it is true, does
not agree with the numerical vaiues given in [8] . Wich
a co>voluminous equation of state the equation of the con-
servaticn of energy is not satisfied: £ - Ey = Q 4 3
p{vo~-v), where § is the heat of explesion taken frujz
In the latter equation the imtevnal onexgy is E z *

8

.
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e Nasmata
0Omnd

oL f
/v
where c was calculatgd for an ideal gascecous state of the
explosicn products isincz 2 cy,

U (5T =T(—§—-§3:) «0 1

This lmdicates that the cou-voluminous equatisn pv 3
nRT 4+ p.a{v) ie not & satisfactory equation of state for
the explosion products (especially &t large p) and can
he considered only as somewhat of arn approximation suitable
for caleculating p, v or T when two of these values are
knowvn. 1t is eatirely probabhle that obtzaiaing the co-
voluminous equation of state for the eXxpleosicn products
on the basis of the data for nitromethane, nitroglycerin,
hexogen and TEN became jossitle as 3 result of these
close detonation temperatures. .

If, foilowing Landau and Stanyukovich | 9] , terms
are introduced into the orergy aand pressure equations
which take into consideration the mutual repulsion of
the molecules at high pressuces, and we weite E =

TjévdT‘+-Esimp and p = ORT - poon;  thea the vajuves

-of Egimp for nitromethane, nitroglycerin and hexogen

Po = 1.60 g/cc) will be 4, 37 and 507 reipectively of E,
At the same time nRT changes iittle and for mitrowmethane
ig 23,103 atm, nit¥oglycerin 24.103 atm and hexogen 28,103
atm, which averages 17.3, 9.2 and 7.%% of the values of
pressur. p. The results obrainz4 indicate the importance
of experimental determination of temperuture for deriving
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and checking the equation of stiate for explosion products

. and the ‘expressioca for the internal emergy, without which

it is difficult te calculate the parameters of the detonu~
tion wave. )
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