NOTATION

X, y, Cartesian coordinates; U, roller peripheral velocity; W, matrix translational ve-
locity; h, current gap height; L, characteristic length of flow zone; v, Vys velocity com~
ponents; K, matrix permeability coefficient; P, P, dimensional and dimensionless pressures;
H, n, rheological constants; Toy? shear stress; R, roller radius; xo, X3, mixing zone charac-~
teristic points; p, dimensionléds Gaskell variable; po, A, coordinates of flow zone bound-
ary; I'y dimensionless matrix permeability; Y, dimensionless ordinate; ¥, ¥, dimensional and
dimensionless flow functions; f, friction; A, a function of p; m, number of point; I(p), in-
tegral function; Ap, step in p; Q, volume granulate output; F, tensile force; N, required
power; C, a function of p; C,, value of function C at stagnation point; p,, dimensionless
coordinate of pressure maximum; c:, a function of x; a, central angle; Q, F, N, dimensionless
output, tensile force, and required power; b, working width of roller.
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APPROXIMATION OF THE GENERALIZED BUCKINGHAM EQUATION

A. S. Kondrat'ev UDC 532.135

The generalized Buckingham equation is approximated by a quadratic function for med-
ia describable by the Balkley—Gershel model.

The Balkley-Gershel equation of state [1l] is a quite general rheoclogical law which des-
cribes the behavior of various high concentration suspensions:
n—1 du

dr

du
dr

rzrosigniii +k
dr

For a laminar flow regime in a circular tube the relationship between volume flow rate
and friction on the wall is defined by the generalized Buckingham equation [2]

n T \ I/ _ atl on _ 9p2 —
— LA TR 1—7) " = L a— (1)
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Use of Eq. (1) in practical calculations is difficult, since it is usually necessary to
define the pressure drop AP in terms of the volume flow rate, i.e., AP = £(Q).

We will approximate the auxiliary function ¢,(x) by the quadratic expression 9,(x):

N 1 _2n 2n 2)" (2)
¢, (x) = (1 —x) (H on+ 1 x+(n+1)(2n+1)x-)

@ (¥) = (ax? + be+0)'° +d+ex. (3)

It is evident that the expression ¢i/n(x) coincides with the terms in square brackets in
Eq. (1).
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We define the coefficients a, b, ¢, d, and e from the conditions of equality of values
of functions and their deriva;ives on the boundaries of the interval [0, 1]:

00) = ¢ (0); o (D) =aa (1) @1(0) = @2 (0); @1 (1) = @3 (1).

and the condition that the relative deviation of the approximate value from the precise 6=
| (pi—@2) /@1 » be minimal for all values of x in the interval between zero and unity,

Performing the necessary computations we obtain:

a=1--2+e% b=2(de+2d— 1} c=(1—d

n __n+1
2n+1 2n+1

The still unknown value of the coefficient d can be determined from the condition of minimum
error,

For the range n = 0-2 the values of the coefficients a, b, ¢, d, e and the corresponding
error of the approximation for x = 0.9 are presented in rows 2-7 of Table 1,

Figure 1 shows a comparison of the exact function ¥,(x) and the approximating function
¢2(x) for various values of the nonlinearity parameter n.

Row 8 of Table 1 presents the error in approximating the function ¢; by the function {2]

95 (6) = (@x? 4 brt0) P+ d, (4) ()

which coincides with ¢2.(x), if we take e = 0 in the latter. It is evident that in this case

the error of the approximation is significantly higher, i.e., the proposed approximation ®,(x)
is more precise.

By substituting'the expression ¥,(x) in place of the two terms in square brackets in Eq.
(1), we can write the function AP = £(Q) in explicit form,

9,92

0 ' g5 x
Fig., 1. Comparison of functions ¢, (x) (solid curves)
and ¥,(x) (dashed) for mn = 0.5 (1), 1 (2), 2 (3).
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TABLE 1.

and Errors in Approximation of ¥2, ¢;

Values of Coefficients of Approximating Function ¢,

n 0 | o, 0,2 05| 07| 1 1,5 2
a o | o 899,69 | 384,67 35,32 | 1,457 | 0,691 0,597
b 0 | o | —2086,00 |—1004,36] —92,11 | —2,750 | —1,098 | —0,8807
¢ o | o 1201,04 | 661,00 | 62,41 | 1,404 | 0,4624] 0,348
d 1o _33,8 | —2471 | —6,90 | —0,210| 0,320 0,41
e —1 | —1 28,83 18,98 | 4,53 | —0,193 | —0,575 | —0,646
§ 0 | o0 |2462] 3430 | 93,42 | 3,51 | 342 | 3,44 | 11,72
fzg»{b] 0 |37,0 45,69 39,40 | 21,80 | 6,57 | 96,00 | 273,03

If we introduce the notation AP = 2 LTW/R; APy, = 2 Lto/R, then the expression for the
pressure drop over the pipe length L is given by

2((F —e*>—a)
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where
Fe ko {<___3”+ HQ J (6)
T nRen

In the special case n = 1 (Bingham liquid) Eq. (5) transforms to

1—-2d y, 142

—2
AP =4R = 61 d) (1 — 2d) 1/»"?~
ﬂl _Qd__{z;(l_,_d)z_*_(_”f'_);_:_:_x}

In the case of a power law liquid (AP, = 0) Eq. (5) transforms to the precise expression

2kL {jﬁ_(Bn-%l j]”
R I R no

The approximating function Eq. (5) obtained herein can be used to determine necessary
pressure heads for pumping of media describable by the Balkley-Gershel model,

AP =

NOTATION

T, shear stress; Ty, shear stress on tube wall; To, limiting shear stress; k, measure
of liquid consistency; n, nonlinearity parameter; u, velocity; u_ = Q/(nR?), mean velocity;
r, radius; R, tube radius; r_ = To/TW, plug zone flow radius; Q, volume flow rate; AP,
pressure drop over tube sectiol of length L; APo, limiting pressure drop on tube section of
length L; ?,(x), function defined by Eq. (2); @2 (x), function defined by Eq. (3); ¥s(x), func-
tion defined by Eq. (4); x, variable; F, function defined by Eq. (6); I = 2 ToR/ (uuy), Il'yu-
shin number for viscoplastic liquid.
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EXPERIMENTAL STUDY OF THE CHARACTERISTICS OF A MIXING
D,~C0.-GDL

K. P. Alekseev, A. M, Garin, UDC 621.373.826.038,823
N. M. Gorshunov, and Yu. P. Neshchimenko

Higher values of laser characteristics were oBtained in a mixing D;—C0.~GDL than in
N2—C02-, Np—N;0-, and D,~N,0-mixing GDL with stagnation temperatures To < 1600 K.

The D,~CO; system is of interest for the development of low-temperature GDL with a high
specific output energy. The distinguishing feature of this molecular couple is the existence
of a large energy defect between the vibrational quantum of deuterium (0, = 4310 K) and the
00°1 level of the CO, molecule (05 = 3380 K). The possibility of pumping the antisymmetric
mode of CO, with deuterium through the combination level of CO. (01*1) was demonstrated in
[1, 2]. The antisymmetric mode of CO, is heated up to temperatures exceeding the stagnation
temperature of the gas flow as a result of such nonresonant exchange between the vibrational
levels of the energy-carrying and radiating components. Gains of ~1 m~' at To = 840 K have
been obtained in a GDL with a premixed mixture D, + CO, [2]. For T, > 1000 K, however, the
chemical reaction between D, and CO;, reducing the amount of CO., in the mixture and forming
D.0 [4], can have a negative effect. For this reason it is of interest to study the scheme
of a mixing GDL (MGDL) with selective heating of deuterium.

In [3, 4] the specific laser energy in D,—CO, was found to be ~100 J/g for To = 2000 K
under the assumption of instantaneous mixing. The approximate character of the mixing model
employed does not permit objective evaluation of the possibilities of this layer. Since the
molecular masses of the mixing flows differ by a factor of 11 and deuterium is a strong deac-~
tivator of vibrational excitation in CO, [5], the mixing of D, and CO; can be accompanied by
large losses of vibrational energy.

In this paper we present the results of an experimental study of an active medium con-
sisting of D,—CO, compared with N,~CO,-, N;—N;0-, and D,—N,O-media, obtained by gas—dynamic
mixing, with stagnation pressures exceeding the atmospheric pressure.

The operation of a mixing GDL was modeled on a gas-dynamic stand with impulsive electric
heating of the gas-energy carrier in a chamber with a finite volume (see Fig. 1). This type
of heater was chosen because of the longer efflux time of the heated gas, for example, com-
pared with shock tubes, which is significant in impulsive modeling of a mixing D,—CO.-GDL,
since the large difference in the molecular weights can substantially increase the time for
reaching the computed efflux regime in the nozzle.

The gas was heated by a pulsed electric discharge and, after a diaphragm was ruptured,
flowed through the nozzle block of the mixing unit into the channel of the GDL (see Fig. 1).
The stagnation temperature was calculated from the experimentally measured dependence of the
pressure of the energy carrier in the heater taking into account the equations describing
the consumption and state of the gas. The pressure Po,, the temperature To, and the consump-
tion of the gas-energy carrier G decreased monotonically during the experiment. The corres-
ponding parameters of the radiating gas with the diluent were maintained constant. The dura-
tion of the working pulse of the setup equaled 15-20 msec.

The effect of dissociation and recombination processes in the heater chamber accompanying
the cooling of the gas on the magnitude of the vibrational energy stored in deuterium E, was
studied by a computational method. The vibrational excitation of the molecules was described
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