UNCLASSIFIED

AD NUMBER

AD287258

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; AUG 1962.
Other requests shall be referred to US
Army Ballistic Research Laboratory,
Aberdeen Proving Ground, MD 21010.

AUTHORITY

BRL, per DTIC Form 55

THIS PAGE IS UNCLASSIFIED



 UNCLASSIFIED

., 287 258

Ve

L 4

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

W RRMENATS S GEE

TNCLASSIFIED

N

/AA,,,




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formlated, furnished, or in any way
supplied the said drawings, specifications, or other
data 13 not to be regarded by implication or other-
vwise as in any manner licensing the holder or any
other perso: or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



~,
g

caiaogep By ASTIA 287258

! i "Il M "y y :
b

; nith b

1
il "F“ |
LT Al b et
Vg

HI  memoRANDUM REPORT NO. 1423
1 AucusT 1962

CALCULATED PEAK PRESSURE-DISTANCE'CURVES fOR
PENTOLITE AND TNT

Ralph E. Shear . AST .EWAFW
Edwin Q. Wright g !

Department of the Army Project No. 503-04-002
BALLISTIC RESEARCH LABORATORIES

o tem e o o i

ABE.RD*'"'NMPROWNG ‘GROUND MARYLAND



ASTIA AVAILABILITY NOTICE

Qualified regquestors may obtain copies of this report fram ASTIA.

The findinge in this report are not to be coastrumd
as an official Department of the Army position.




BALLISTIC RESEARCH LABORATORIES

MEMORANDIM REPORT NO. 1k23

AUGUST 1962

CALCULATED PEAX FRESSURE-DISTANCE CURVES FOR PENTOLITE AND TNT

Ralph E. Sheer
Edwin Q. Wright

Terminal Ballistics Laboratory

Department of the Army Project No. 503-04-002

ABERDEEN PROVING GROUND,

MARYLAND




BALLISTIC RESEARCH LABCRATOHRIES

MEMORANDUM REPORT NO. 1423

REShear/EQWright/1ic
Aberdeen Proving uround, Md.
August 1962

CALCULATED PEAK PRESSURE-DISTANCE CURVES FOR PENTOLITE AND TNT

ABSTRACT

The Kirkwood-Bripkley shock propagation theory is used to obtain
peak pressure~distance curves for Pentolite andi TNT. The curve for
Pentolite obtained by using the calculated initial pressure and flow
energy &t the charge surface as initiel values is in excellent egree-
ment with experiment for distances greater than 1.75 charge radii.

The curve for THT cbtained by using some approximate values of
the peak pressure and energy at the charge surface is in excellent
agreement with some recent free-air blast measurements. The curve is
also compared with Brode's calculeted pressure-distance curve.
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INTRODUCTION

The prediction of damege to structures caused by blast waves in
eir requires khowledge of the pesk pressure-distance, pressure-time,
reflected pressure-time relations as well as the iﬁpulse-distance
relation. Extensive experim:ntal data exist for the propagstion of
the blast wave from bare sphericsi charges detonated in air and many
of these data (for Pentolite) have been compiled by Goodman'. The
theoretical determination of <kc blast wave paramenters requires the
nunerical integration of the “ucie hyirodynamical equations describing

the flow and until recently frw ratisfactary resnltas were ayallable,

Brode2 hes calculated the blest wave from a sphericul charge of TNT and

reports the shock line parameters as well es the flow properties behind the

shock. In a less extensive calculation, Mskino and Shea.r5 have calculated
the flow properties behind an sxperimentally "known" shoeck line for
Pentolite by the method of characteristics. The calculation of Makino

and Shear gives the flow properties in the region bounded by the shock line,

the explosion gas-air boundary and a terminal charscteristic; hence does
not include calculations of impulse. Neither of these calculations
include shock reflection from & rigid boundary. Therefore, one must
rely upon experimental data for the flow properties during reflection
or estimates of the shock reflection parameters which are based upon

1

knowledge of the peak reflected wressure or assumed time histories of
pressure, (e.g., ref. L).

The peak pressure-distance curve for FPentolite has been determined
by extensive experimental data. This curve, given appropriaste initial
data, could be calculated by the method used by Brode in his calculations
for TNT and comparisons made with the experimentel data. The pressure-
distance curve can be calculated by the shock propagation theory of
Kirkvood-Brinkleys if eppropriate initial conditions are given. The
early results of Kirkwood and Brinkley showed good agreement with
experiment. Since that time the equaticns of state for ailr have been
revised, exparimental techniques have been ipproved and great mass of
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experimental data has been accumulated. Thus, since the Kirkwood-
Brinkley theory does provide a simple method of obtaining the peak
pressure-distance curve, a comparison should be mede with existing
deta. Also, comparisons should be made with the more refined cal-
culations of the type performed by Brode, when such calculations
become available.

In the following pages, the Kirkwood-Brinkley theory will be
described briefly and used to obtain pressure-distance curves for
Pentelite ard TRT under vorious initial condditlons. The lpitial con-
ditions which are required in the integration are to be specified at
(1) the charge surface or (2) at a given fixed distance from the center
of the charge.
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THE KIRKWOOD-ERINKLEY THEORY

The shock propeagation theory of Xirkwood a.nd.Brinkley5 is based

upon & similarity constraint imposed upon the energy-time curve of the
shock wave. The use of thie similarity constraint and the Hugoniot
relations enasbles one to reduce the partial differential equations
describing the flow process to & system of ordinary differential equa-
tions for peak pressure and shock wave energy es functions of distance
from the explosive charge. Detalled derivations and analysis of this
propagation theory may be found in references 5, 6, and 7; hence it
will be sufficient to outline the besic relations involved in the
approximation,

Kirkwood and Brinkley use the equatvions of continuity and motion,
which describe the flow, in the form:

2 ,
eI __ (au LA J;( )
°oR2 ?ﬁ)t r 02 g% .

% (@)+,L (@)=o
re At ] Po 2R .

]

where the variable R is the position in the undisturbed air of a
volurs clement which has at time t the positien r, thus et the shocek
front r = R. Thus, at the shock front the equations of continuity
and motion become

o [ u . . L (2
p ( XK * R - 2 (

o & pc dt

R
(1)
—u-> + _i éE) =0
dt p dR
R © t
Thess cguaticns provide twe equations for %% 3 §§ s g% end g%
and the Hugoniot relétion

p=op, Uu (2)
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when differentiated in the direction of the shock path gives & third
relation, viz.,

g%) +u2§) -U%%/(%>-%(§%)R=o (3)

R t t

The shock front parameters, U, p and u are given as functions of

P by the Hugoniot relations. To solve equations (1) and (3) algebraically

for the four partial derivations, a fourth relation among the partial
derivatives is needed. Kirkwood and Brinkely obtain the desired fowrth
condition by considering the total work done by the explosive source and

through their analysis express the energy-time integral
00

E=n re pu 4t

‘R

in terme of the peek pressure-distance curve of the shock wave at
distances beyond R, that is,

ao [» o}
Euf rapudtnf poRQAhdR (4)
R

‘r

where &h is the specific enthalpy increment of a fluid element traversed
by the shock wave; the shock leaves the element in a state of higher
entropy and energy, from which stete it returns adiabat:cally to ambient
pressure. Hence Ah depends only on the peak pressure at R, i,e., &h =
Ah (pR). Normalizing the time integral in (4) by the shock front values

RapRuR and choosing a reduced time 7 given by
t - tR
(5)

where.t_=_(£ tn (rapu))tgo (6)
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The energy~-time integral, E, becomes

E(R) = R p U v(R) (7)
where (e,
v(R) = t(R, 7) av (8)
[o]
2
and £(R,7) = S (9)
R™ pp v

The vasis of the Kirkwood-Brinkley shock propagation theory is
the approximation of the integralv (R) (2q. 8). Kirkwood and Brinkley
(ref. 6) find as & satisfactory approximation that

v(R) =1 -1/3exp {- p/po}' (10)

With this approximation end equations (6) and (7) the desired fourth
condition among the partial derivatives 1s obtained. Thus, the equation

P~
.1 du 1 9 2u R" puv (R
a3t % 5‘% g % E(R (1)

and equations (1) and (%) supplemented by the Hugoniot relations give
gp gE ou . and Qu Kirkwood and Brinkley give the pro tion
5§a ) R ST ° g the propaga

equation in the form

N2
ﬂ = = 1 + M__(E./_R.l.)—-
dx Q
& _ _n, N (R/Rl)e (12}
ax 5
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L(p /p) + 2 (1 - p [0) G
where Q=0 (p/po) =1 - —7= KR 2

cld + &
c )2 :
12 G o) 1
M(p/p) = f;:" —,—:‘%‘(u— T+e -0
3 4h p
12
Np/o)) = M- SHT— —p
o] P .
© :
= = -2 -d£ ',
x-,cn(R/Rl) lvg=2-§ 3
y = 48 p/p, o U\2
)
z = /nQ e
Q- l&ze Epg R1 g
y+1 Rp__ —

Rl = charge radius
Po = loading density o explosive.

and where y = 1.4 is the spucific neat ratio for air at 300° ¢ and 1
atmosphere pressure. '




INTEGRATION OF THE KIRKWOOD-BRINKLEY EQUATIONS

The coefficients 2, M and N which occur in equaticns (12) are functions

of the shock pressure only. These have been computed from the tables of
Shear and Day8. Fquations (12) cen then be solved by specifyiang either
p and E at the charge surface or by specifying p and the slope of the
pressure-distance curve at some fixed value of R.

9

Shear” has calculated the initial pressure and flow energy for
Pentollite detonating in free air; he revorts the in}tial pressure to be
669 atm and the specific flow energy to be L7568 CmDatm/g. These values
were used as initiel cornditions at R/R1 = 1, (the charge surface) in the

integration of equations (12) end the resulting pressure distance curve is

&)

4 mivna 1
4 ~e

presented in Pigurse

Sultanoff and McVele have performed some very precise measurements
of shock distance vs. time for Pentolite. At a distance corresponding
to 20 charge radii the pressure is reported to be 10.408 atm. and the
slope, %%, caelculated by & 5-point Lagrengian interpolated formils is
-2.483. These velues were used as inltiel values in equations (12) and
the calculated pressure-distance curve curve is shown in Figure 1.

The initial conditions, at the charge surface, for TNT appesr to be
suspect. BrodeE used an initiel flow energy of 252.26 K cal/mole TNT
in his calculations but because of inconsistencies in his Figure 1 and
Figure 16 1{ ir difficull to estimate the initial pressure. When the
pressure-distance curve of Brode'!s Figure 1 is extrapolated back %o the
charge surface the initisl pressure sppears to be between 480 ané. L90
atmospheres, whereas Figure 16 of the came report shows & peak pressure
slightly less than LOO atm.

Shear” indicates that he obteined an approximate value of 515
atmocpheres for the initiel peek pressure from Jones and Miller'!s data
and Brode reports on initial flow emergy of 221.7 K cal/mole TRT that
he calculeted from the work of G.I. Taylor . Since Taylort!s and Jones

11

end Millerts data are not in agrcement, cconeistency is again lacking.
However, using P = 515 atm end E = 221.7 cal/mole TNT at the charge
surface, equations (12) were integrated and the resulting pressure-

distance curve 1s presented in Figure 2.

13




RESULTS

The pressure-distance curve ottained from <he Kirkwood-Brinkley
9

equations (12) using Shear!s initial data” shows excellent agreement

with experimental date except in the region of the charge surface (see
Figure 1) i.e., except for R/Rl tetween 1 and 1.75. The pressure-

distance curve obtained using the pressure and the slope of the experimental
pressure-distance curvelo at 20 charge radii shows very good agreement

with experiment for R/Rl?. 8. At R/R, = 1 the pressure is about 570 atm

(see Figure. 1),

Figure 2 shows some experimental pressure-distance datals’ 14
along with Brodet!s curve for TNT and the pressure-distance curve obtained
from solving equations (12) with initial values of pressure and energy

of 515 atm and 221.7 K ca.'L/mole INL, respectively., The dats of refereunce
1% were obtained from the explosion of T7.9-pound spherical charges of TRT
detonated in free air and the data cf reference 14 were obLtained from

the detonation of a 20-ton henmiesvherical charze of TNT exploded on the
ground. In plotting the data of reference 14, no corrections were made
for shock interaction with the ground or the "so-called" reflectivity
factors. Brode's curve seems to describe the meassurements of reference 14
whereas the calculated Kirkwood-Brinkley curve reprcduces the free-air
measurements of reference 13. For R/’R1>10 Brode's curve and the data of
reference 14 can be shifted to show agreement with the Kirkwood-Brinkley
curve and the data of reference 1% but this requires an increase of
approximately 30 percent in the energy used by Brode in his calculations.
The difference in the shape of the initial protions of the two curves

prohibite any possibility of overall agreement for the two curves.

Pressure-distance curves obtained by the Kirkwood-Brinkley theory
with an initiel energy of 252.2 X cal/mole TWT and initisl pressures
in the range 430-515 atﬁ. did not differ greatly from the plotted
curve in Figure 2 for values of R/Rl>1c. For R/Rf 720 these calculations
glve preesuvres higher than the corresponding pressures of the plotted curve.

Kirkwond and Brinkley calculated a theoret%cal pressure~distance
curve for cast TNT. (RURC. A-341). They used p=525 atm; and E = 240.6
aal/mole TNT in their calculations; the resulting curve does not differ

aignificantly from the curve plotted in Figure 2.
1
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The excellent agreement of the pressure-distance curve for Pentolite,
calcuiated from the date of Sheasr, with the experimental pressure-distance
data indicates the need for re-investlgation of the Kirkwood-Brinkley
theory aand further calculetions of the detonetion charecteristics of
explosives. For, if initial conditions for the Kirkwood-Brinkley theory
can be prescribed by theory and the resulting sheek line adequatcly
describes the pressure-distance relation, this provides a quiek and
inexpensive method for prediction of the shock preperties of explosives
without need of any experimentel dete. Thus, the number of costly and
time consuming experiments reguired to determine the blast properties of
newly develcped explosives could be reduced. The above described calcu-
lations could be performed in & few hours and the rasults could be used
as initial conditions for a blast calculstion of the type performed by
Brode. The Kirkwood-Brinkley calculation required less than ten minutes
of computation time.

THslook & omn

RALPH E. SHEAR

EDWIN Q. WRIGHT
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FIG. |
PEAK EXCESS PRESSURE RATIO vs. DISTANCE IN CHARGE RADI
FOR PENTOLITE AT A LOADING DENSITY OF |65 g/cad
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FIG. 2
PEAK EXCESS PRESSURE RATIO va DISTANCE IN CHARGE RADH
FCR TNT AT A LOADING DENSITY OF 1.5 g/cmd
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