APPROXIMATE ANALYSIS OF A MULTICOMPONENT
REACTING WAKE

L. I. Skurin and E. K. Steklyannikova UDC 533.6.011.6

An integral method is proposed for analysis of a multicomponent reacting far wake behind a
body. The results of the analysis, obtained by using the method proposed, are compared
with exact numerical data.

It is assumed that the flow in the far axisymmetric wake behind a‘ body is described by a system of
multicomponent boundary-layer equations: '
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All the notation here is dimensionless in conformity with the list of notations.

Let us use the integral felations method for an approximate solution of the problem (1)-(6). Let us
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Fig. 1. Initial velocity (a) and témbérétufé -(b) ;f&fﬁes:
dashes reflect data from this paper, while solid lines are
from [1].

where
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~ Let us note that the representations (7)-—(10) satisfy all the conditions imposed on the corresponding func-
tions by the relationships (6) for r = 0 and r — e,

From the equation of state and (8) and (9) there follows that

¥ N ,
S i o 1 N R IR PR EARA N\ IR R
p=pip, = {1+ fo[(l ay - ay r]i {1 (‘/v ;\{i‘) ;Mi [(/’io“"li)y Ly ‘]} . (11

By using (7) and (11) a connection between the physical coordinate r and the transformed coordinate 7 (or y)
can be obtained in analytical form from the first relationship in (10).

To determine the unknown functions of the longitudinal coordinate uy, A, tos @, Xig» i let us require
that integral relations be satisfied for (2)-(4), as well as that (2) and @) and the heat influx equation
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be satisfied for r = 0,

The axial equations and integral relations for the equations of motion, energy, and concentration con-
servation are, respectively:
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The constant ¢ in (15) is determined from the initial conditions, and the quantities h; are known functions
of the temperature. The relationship (15) is used to define a(x). The (N-2) equations (16) and (17) should
be supplemented by the equalities
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The first two equalities follow from the integral 2‘ £ = 1 of the system (4), and the second two follow from
the quasineutrality condition. i=1

In deriving the integral relations it was assumed that the stream tube equations
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are valid on the outer boundary of the wake.

Let us note that if there is no pressure gradient (vo = 1), then the system (12), (13) has the integral

A2=C;1n2/[8uo( ——";)] (19)

The initial conditions for the system (12)-(17) are obtained by using the approximations of the func-
tions VH(I‘), Ty(r), §ig(r) given in the initial section by the relationships (7)-(9).

Results of computations by the mesh method are presented in [1] for a reacting turbulent far wake be-
hind a body moving at the velocity v, = 7010 m/sec in a nitrogen atmosphere with T, = 300K, p_ = 2" 104
N/m?, The wake was computed by usmg an integral method under the same conditions as in [1], in order
to compare with these exact numerical results.



A mixture of five components N, N7, NQL, e, Ny i=1, 2, 3, 4, 5,
l v : respectively) which took part in eight chemical reactions

0° : e+ Ny =N+N, N,--N,=2V+N, NLtetN‘'=N=N,
&k_____{ Ny+e+N-=N,--N, NENf=N,+N*, N-+e+NF=N-+N,

N . Ny,~e-Ny=N,+N,, Ny,-N=3N

! ~ )

was considered. The forward reaction constants were taken from [1],
while the reverse constants were computed by using the equilibrium con-

Ul _ 2 > P stants according to data in [2].

"~ Fig. 4. Integral character- It is assumed that the conditions on the outer wake boundary are the
istic of the electron concen~ same as at infinity so that vg = Tg = §5e =1, §jo =0, 1 =1, 2, 3, 4.
tration. The velocity and temperature profiles in the initial section are repre-

sentedin Fig. 1aandb, Ttfollows from Fig. lathatin the initial section
1—u,(8,) =0.074 4,
This relationship is taken as the definition of the wake radius 6,.

It is assumed that chemical equilibrium holds in the initial section. In conformity with this assump-
tion, the profiles of all the components were determined by means of the temperature and pressure by using
tables [3]. The values of xjpy and ljg were determined by using approximations of the profiles constructed
in such a manner by the relationship (9).

It is assumed that Prp = Pr* = Scqy = Sci* =1 in the computation. Molecular effects were not taken
into account, The system of ordinary differential equations (12)-(14), (16}, (17), where a(x) is given im-
plicitly by (15) and A is defined by (19), is integrated by the Runge-Kutta method on the BESM-3 electronic
digital computer by using the relationship (18),

Presented in Figs. 2-4 is a comparison of the computed data obtained by using the integral relations
method (dashes) and the mesh method (solid lines). . The numbers 1, 2 denote results obtained by using the
expressions

.“r = k(1 —0,v,) 8, By = kuy 6y (k= 0.02)

respectively, for the turbulent viscosity. Presented in Fig. 2 is the wake radius, in Fig. 3 the dimensional
axial temperature TTSOK, and in Fig. 4 the dimensional integral electron concentration characteristic
8 .
= | mdr, lem-2.
0

The agreement between the computed data obtained by using the approximate and exact numerical
methods is completely satisfactory. Meanwhile, the approximate method has obvious advantages, the pos-
sibility of using standard programs in the computation in an electronic computer, and the savings in ma-~
chine time, ‘

NOTATION
x, v}t are the longitudinal and radial coordinates;
Vs Vr("w) are the velocity vector components on the x and r axes;
p(pw) is the density;
p(pmvi) . is the pressure;
T(T) is the temperature;
H(vio) is the total heat content;
hi (cproo) is the specific heat content;
BT M{PeoVeod) are the turbulent and laminar coefficients of viscosity;
Pr, Prp, Sci, Scry are the physical and turbulent Prandtl and Schmidt numbers;
3 is the relative mass concentration of the i-th component;
Jri (BooVeo) is the radial component of the diffusion vector;
wi(pwvw/d) is the mass rate of formation of the i-th component;

TIn the parentheses the dimensional divisor for the given dimensionless quantity is shown.
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Mo is the unperturbed stream Mach number;

® is the adiabatic index;

Mi is the molecular weight;

Ugps t, Xi see (7)-(9)

Pr¥* Scf are the constants in the profiles (8), (9);

a, are the parameters of the profiles (8) and (9);

7 A are the transformed radial coordinate and semi-radius of the wake (see (10))

cp = Z§;- 8h;/8T;
N is the number of mixture components;

Z; is the charge number;
Cx is the drag coefficient;
04 is the wake radius;

k is an empirical constant;
ny is the numberical electron density.
Subscripts

© denotes the undisturbed stream;

e denotes the outer wake boundary;

0 denotes the wake axis;

H denotes the initial section;

i denotes the mixture component.
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