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where Bp(p, q) is the incomplete beta function,

Results calculated with the equations derived are shown in Figs. 2 and 3. Figure 2
shows dimensionless velocity profiles for various values of n and the injection parameter
(suction) B {1) n = 2; 2) 1.25; 3) 0.5]. Figure 3 shows the position of the front of the
shear perturbations as a function of the injection parameter (suction) B for various values
of the rheological comstant n [1) n = 2; 2) 1.25; 3) 1.15].

The authors thank K. B, Pavlov for a discussion of the results reported in the article.
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VISCOUS EXPLOSION DURING THE NONISOTHERMAL MOTION OF AN
INCOMPRESSIBLE LIQUID

N. B. Aleksapol'skii and V. I, Naidenov UDC 532,135

The hydrodynamic thermal explosion of an incompressible liquid moving under pressure
in pipes was predicted theoretically in [1-3].

We present the hydraulic theory of a viscous explosion, which is caused by the non-
linear temperature dependence of viscosity.

Let us consider the laminar motion of an incompressible liquid in a circular pipe of
radius R and length L. The pressure is p, at the pipe inlet and p; at the outlet, The
temperature of the liquid at the inlet cross section is To, and a steady heat flux
A9T/3r = q; < 0 is specified at the pipe walls (heat is removed from the liquid). The
physical quantities A, p, and Cp are assumed constant in the temperature range considered.

It is assumed that the Peclet number Pe = uRpC,/A > 1, so that axial heat conduction
can be neglected in the heat-balance equation., We linearize the convectlve terms of this
equation in the following way [4]:

R

0 ar du
, Q:——nfarzdr.
0

vgrademb;

Thus, we consider the equation
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We introduce the temperature of the liquid averaged over the cross section

3l

R
(z) = Ezz—§ T (z,r)rdr.

Taking account of the boundary conditions, we obtain for T(x)

2ng,, R
ALy

F= 50,0

’*3

o+

In addition, we assume that the tangential shear stress 7 and the velocity gradient
du/dr are related by a rheological power law [5]

n—1du
dr?

du

T=K ar

where K is the consistency index and n is the index of non-Newtonian behavior.

Taking account of the experimental data [5], we consider a temperature range in which
= K(T), n = const.

The equation of motion, written for average quantities, has the form [3]

du

d?»_ii(
dz  rdr dr

dz

n— ldu)K(/) (1)

We note that the assumptions under which Eq. (1) was derived are identical with those
of [3], and we shall not discuss them.

From (1)

Ap ::_E__(Bn»%ig_‘)”z;, (2)

B371+1 n

L
—p, = 1
where Ap =277 K= A { k(2 az
[}
It follows from (2) that the pressure drop is proportional to QR and to the consis-
tency index averaged over the volume of the medium.

Since K = E(Q) increases with decreasing flow rate of the liquid, a situation is poss-
ible when

lim Q"K (@)= 0. )

Q-0

This means that the flow curve (2) has a minimum Ap* for 0 = Q < «, In the range
© > Ap > Ap* there are two values of the flow rate of the liquid for each value of the pres-
sure drop; for Ap < Ap* there are no steady flows. Physically, this means that heat reach-
ing the pipe walls by convection does not suffice to maintain a steady heat balance.

If a difference arises between the convection of heat in the flowing liquid along the
pipe axis and the outflow of heat through the wall, the temperature of the liquid falls, and
this in turn leads to an increase in the viscosity and a decrease in the delivery of heat as
a result of motion, and to a still larger decrease in temperature, etc, The viscosity eof the
medium gradually begins to increase with time, and this process can be defined as a viscous
explosion. It follows from (3) that the phenomenon deseribed can occur only if the viscesity
is strongly temperature dependent.

The phenomenon of viscous explosion clearly cannot occur for such media as water,
mercury, etc.
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Fig. 1

Let us discuss a specific example. Let K = Ko exp[—B(T — To)], where Ko and B are
constants. Then we obtain from (2)

Ap =2 <3n T 1)11 Qnti Kopcp ( . 2‘“3’ qw! RL -1
P=2\"7g R3+1 2a81¢g [ RL ( oC,0

or in dimensionless form

~  maig 1 5o 0@

) == Q (exp 6 1)1 Q zﬂ;ﬁlqwl RL (4)
~o (3n 41\ o (278 ] qw] BL \™

Ap=P2( T ) K"( 0C,, ) B3+

The flow curve (4) has a minimum in the range 0 <C a < o, and is characterized by the
critical values of the parameters p* and §*. For a Newtonian liquid (n = 1) these values
are P* = 1.5, Q* = 0,65, respectively. The relation Q* = Q*(n) is shown in Fig. 1.

For Newtonian media (n = 1) Eqs. (4) have the form

.~ 1 ~ 00,0 ~ 16K B[ 9] L
= ()2 —_ — ] = Ap = p —————,
p Q (eXp 0 1)7 Q 25'513 | qw] RL p P R3pcp

1f, e.g., glycerin is flowing in a pipe with To = 50°C, q, = —2+10* kcal/m?*h, and
L =2 m, steady states are impossible for p; — pz2 < 3.8 bar,

At the pipe outlet under critical conditions of viscous explosion, the temperature of
the liquid is T* = T, — 1/8Q* = 20°C (B =~ 0.05),
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