TEMPERATURE DEPENDENCE OF THE FRACTURE STRENGTH OF GLYCERINE

M. A. Ivanov ' UDC 620.178.7

Under high-speed loading, liquids lose the flow properties that they have under normal
conditions and behave like solids, exhibiting brittleness [1, 2]. The study of fracture of
liquids with the help of shock waves with weak intensity makes it pogsible to determine the
magnitude of the critical tensile stresses (0,), obtained as a result of interference of load-
ing waves at a free surface (fracture method) [3]. Thus, recently there appeared works in
which the quantity op was determined in the acoustic approximation ag room temperature: in
water [4, 5], ethyl alcohol [4, 5], glycerine [5-8], and mercury [9].

The effect of temperature on Op for glycerine was investigated in [10]. Shock waves
were excited in glycerine with the gelp of a pulsed electron beam with energy fluxes varying
from 80 to 1500 kJ/m®. Let us assume that the shape of the loading pulse remains close to
triangular as the flux of the irradiation energy changed. The quantities op were computed
in the acoustical approximation according to the formula

op = 0.5 pe(vy — vy), L

where p and ¢ are the density and bulk velocity of sound for glycerine, respectively; ve and
v, are the values of the velocitles of the free surface at the instant the shock front reaches
the surface and at the time when it attains the first minimum in the velocity, respectively.

A laser interferometer was used to record the velocity of the free surface. The values of ©
as a function of temperature T obtained in [10] according to formula (1) are shown in Fig. 1
(O points) and are approximated by two curves, which (in the opinion of the authors of [10])
concern different fracture mechanisms. In the temperature range below 262°K, fracture has a
brittle character (curve 1), and it is accompanied by the formation and growth of cracks; in
the temperature range above 262°K (curve 2), the fracture is viscous, and is accompanied by
the formation and growth of bubbles.

This is not the only interpretation of the experimental data. Thus, in examining the
transition from brittle fracture to viscous in {10] it is noted that the temperature of
vitrification of glycerine, when such a transition would be expected, is significantly less
than 262°K and equals, according to [1l1], 180°K. The data for T < 262°K are approximated
quite arbitrarily. The experimental values can be described smoothly by a curve decreasing
with increasing T (Fig. 1, curve 3) with a characteristic resonant peak in the temperature
range from 240 to 280°K. We note that it is in this particular region that a sharp change
(dispersion) in the velocity of sound (Fig. 1, curve 5) and increased absorption are observed
[10]. This circumstance indicates the possibility of relaxation phenomena in glycerine,
arising with the propagation of weak shock waves just as with the propagation of ultrasound
[3]. Not taking into account the anomalously high attenuation in the liquid with reflection
of the loading pulse from the free surface could lead to overestimated values of Ips computed
according to formula (1). We will demonstrate this.

Let us determine the magnitude of the rupture stresses in the same approximation as in
[10] but taking into account damping (o*p). In determining o*y, we will take into account
the fact that at small distances, which interest us, the loading pulse damps out without
changing its shape,™ .

Thus, if we start with a loading pulse with a fromt that appears at the free surface
(t = 0), then after it transverses a distance x = ct, the values of the mass velocities and
pressures decrease by a factor exp(—ux), where a is the damping coefficient. The quantity o¥%p

tWe are interested in the damping of the front part of the pulse with an extent of ~26, which
determines the stress developed in the fraction surface. For this reason, the formal de-
crease in the amount of motion in examining damping of the entire pulse should not disturb
us, since it is a result of the acoustic approximation adopted.
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in the section x = § at time t = §/c is computed as the difference between the amplitude of
the reflected pulse and the value of the stress of the incident pulse:

Op = Gy exP (— a8) — 0, (1 — 28/1) exp (— a8) = 26,5 [exp (— ad)}/I, (2)

where og¢ is the amplitude of the incidence pulse at t = 0, which corresponds to a velocity
for the free surface of vo. Let us express the experimentally measured value v, in terms of
vo, 8§, and ¢. Since v, is the velocity of the free surface at the time t = 28/c, taking into
account damping, we have

vy = vo(l — 268/1) exp (—2ad).

Solving Eqs. (2) and (3) simultaneously taking into account do = 0.5 pcve, we obtain the
relation

(3

o;==(l5pc[voexp(—-a6)-—vlexp(aﬁn, %)

which, as could be expected, transforms into (L) for af << 1,

Let us estimate the value of o for glycerine in the region of the resonant peak. For
strongly viscous liquids, of which glycerine is an example, the dispersion in the velocity
of sound and the anomalously high absorption associated with it are determined by their
microscopic nonuniform structure [12]. For these liquids, the damping coefficient, referred
to the frequency v, depends on the product of the frequency and the viscosity n:

alv = f(vy), ' (5)

and in addition, for glycerine, ln n = a + b/T?, where b = 2.098¢10° [10]. Experimental data
on the damping of ultrasound in glycerine as a function of T for v = 22,3 mHz obtained in [13]
are presented in [12]. According to Fig. 3 in [10], the duratiom of the loading pulse in the
vicinity of the resonant peak equals ~1 usec. For such a pulse, the principle harmonic will
be v ~ 1 mHz. Setting vn ~ v exp (b/T®) = const in (5) and using the experimental data in
[13], let us transform from the function «;(T;) for v; = 22.3 mHz to a similar function «z(T3)
for vz = 1 mHz:

Ay = ayVy/vyand Ty = b3 [In(v /v,) + b/T3]-153,

The function a(T) found in this manner for v = 1 mHz is shown in Fig. 2 (curve 3), from which
it follows that the maximum value of 350 m~' is attained for T = 250°K, while for T $ 220°K
and T > 280°K the value of a decreases by more than a factor of 10. Since 6 ~ 8¢10=“ m, in
the entire temperature range, with the exception of the range 220-270°K, af << 1 and Eq. (4)
can be replaced by Eq. (1). Unfortunately, there are no data in [10] on ve and v,, and only
the differences are presented. However, for T = 255°K, where a maximum is observed in oup,
the values of vo and v, can be found from Fig. 3 of [10]. They equal, respectively, 210 and
60 m/sec. Substituting the values of these velocities, a = 350 m~! and § = 8¢10”™“ m in [4]
taking into account Eq. (1), we obtain o*%j; = 1.9-0p = 130 mPa (Fig. 1, ® points). The values
g%, = 130 mPa and T = 255°K, together with the experimentally measured values of o5 for T g
228°K and T 2z 270°K, provide a basis for assuming that the actual function 0,(T) has a smoothly
decreasing behavior (Fig. 1, curve 4) while the maximum in gp recorded in [18] is a result of
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TABLE 1

dp ,n—14
Liquid AT PR TR RRUN
N/m? *sec 1/m®
Glycerine [10] 1,85 4 0,46 64
Water [4 1,39 61 0,58 73
Aleoho 84] 1,03 | 92 35 22
Mercury [9] 375 7 5,4 472
Plastic [4] 2,32 262 10

not taking into account the anomalously high damping with interference of load-relief waves

in the vicinity of the fracture. Such pseudoresonant peaks in GP(T) with fracture, especially
with a decrease in the duration of the loading pulse, can also be expected in other viscous
liquids, such as triacetin, butanediol, hexatriol [12], rosin [14], and others.

In the course of carrying out the experiments at different temperatures [10], the energy
flux in the electron beam varied by a factor of ~20, therefore, the %p data concern different
times for which the material is under the load t or different durations of the loading pulse
l. However, it is known that for solids the magnitude of op depends on T [15-17]. Apparently,
a similar dependence can alsoc be expected for liquids. This can explain the differences in
the values of op obtained for glycerine at room temperature by different authors: 6.3 mPa
[6], 25 mPa [7], 48 mPa [5], 60 mPa [8], and 85 mPa [10]. In order to obtain more complete
characteristics of the failure of the material, other than Op, 1t is convenient to use the
energy approach [18-20] and change over to a description of the strength of the material in
terms of the specific work A expended on rupturing the material with fracture, where X ~ 03l =
const. In the case of loading by a triangularly shaped pulse, in the acoustic approximationm,
the fracture criterion has the form [21]

A = 0p8/6pc? (6)
or [19]
A = 28%3/3pc®. (7)

Using the experimental data for p(T), c(T), and op(T) [10], taking into account the correc-
tions to op (Fig. 1, curve 4) and assuming that the quantity & decreases linearly with temper-
ature between its extreme values from 13.6¢10™“ to 1.8¢10~“ m, we obtain from formula (6)

A(T) for glycerine (Fig. 2, curve 1 neglects damping, while curve 2 takes into account
damping). As follows from Fig, 2 (curve 2), as the temperature increases, the quantity X
smoothly decreases; solid bodies, copper and steel [21], the aluminum alloy aMG-6 [22], behave
similarly.

The available data on fracture [4, 9] permit determining ) according to Eq. (7) for many
other liquids at room temperature and for given load conditions (see Table 1, where dP/dt is
the rate of change of pressure of the incident load pulse, vy is the coefficient of surface
tension)., In comparison with metals, the values of A for liquids are 1l-2 orders of magnitude
lower. Thus, for copper i = 3¢10“ J/m?, while for soft steel A = 910" J/m*® [19-21].

In conclusion, we note that the values of A obtained for liquids due to the simplifying
assumptions made must be viewed as approximate, requiring further refinement.
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EFFECT OF A CAMOUFLET EXPLOSION ON FILTRATION CHARACTERISTICS OF
A BRITTLE MEDIUM

V. V. Kadet, E. E. Lovetskii, UDC 534,222
V. I. Selyakov, and V. K. Sirotkin

At the present time, explosions are finding increasing use in the national economy., In
particular, they are widely used for increasing the production of oil and gas wells. Here,
there is great interest in the filtration properties of the medium surrounding the explosion.
It should be noted that the theoretical study of filtration properties of media is especially
important, since thelr experimental study is very difficult.

However, at the present time, there are practically no works in which the filtration
characteristics of media after an explosion are computed on the basis of the physical picture
of the action of a camouflet explosion on the surroundiag rock. Thus, e.g., in [1] an at-
tempt is made to describe phenomenologically using a single function, the coefficlent of per-
meability of the medium after a camouflet explosion both in the pulverization zone and
in the zone of radial fracturing. But the results of this work do not agree satisfactorily
with the experiments [2], since in the investigation concrete mechanisms for dynamic action
of the explosion on the medium were not taken into account.
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