OPTICAL CHARACTERISTICS OF TURBULENT NONISOTHERMAL JET FLOWS
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Total cross-section distribution and scattering indicatrices for scattering of
radiation from an external source on pulsations in dielectric permittivity are
calculated in a nonisothermal turbulent jet.

Recently, in connection with various practical problems, the necessity has arisen of
calculating the statistical energy characteristics of light beams propagating in turbulent
liquid shear flows (boundary layers, jets, etc.) [1]. The mean value and dispersion of the
intensity can be calculated commencing from the radiation transport equation [2]. This re-
guires a knowledge of the scattering parameters. Since a gaseous medium is quite transparent,
the effect of absorption of light energy on the scattering process will be neglected below.

The equation for calculating the differential scattering section has the form [3]
1
(0, 9) = nkGE, (q). (1)

The scattering indicatrix is related to the differential scattering section by the nor-
malizing expression

[, 9)=0(, 9)/omax, (2)
while the total transverse scattering section is defined by the expression
1 2%

Gy = ?nkﬁ f g E, (q) sin 8d0ds. (3)
¢ 0

The limits of applicability of Egs. (1)-(3) coincide with the necessary conditions for use
of the Born approximation [3], i.e.,

oL L 1, (4)
where L is the size of the scattering volume.

For the jet to be considered op,yL = 0.6-1073.

The spectral function of the temperature pulsation field from the experimental data of
[4] will be approximated over the entire wave number range by the expression

Er(q) = CH(q+ ¢0)~""% exp (— a (g/qm)®), (5)

where q, = K/2, %c = X — Xg, Gp = Re ' /%es Re = uea/v, ue = uoD'/ 22 /2, The structural
characteristic of the temperature pulsation field was calculated with the equation [3]

Ct = Byer ”°, (6)
where x = y<(3t/dxk)?>, e = v<(3uy/3xy)?>.

The quantities x and e, calculated in [5, 6], are functions of the self-similar coor-
dinate n = y/%. and can be approximated by fourth order polynomials

X —y— = xlr]& + bxnz —i" cx,
(N

er ; = aan4 + banz + Ce,

(4

A. V. Lykov Heat and Mass Transport Institute, Academy of Sciences of the Belorussian
SSR, Minsk. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 54, No. 4, pp. 557-561,
April, 1988, Original article submitted November 18, 1986.

0022-0841/88/5404-0379812.50 © 1988 Plenum Publishing Corporation 379



%609 5068 5267 5496 5725

N
Bs]
N
B

| S T § :‘&\ IR N T | I
g6 -go88 @ 406 giTe . o . 2 0% 0 l0g(0)
10 (Omax)
Fig. 1 Fig. 2

Fig. 1. Dielectric permittivity pulsation field structural char-
acteristic distribution in semisimilar jet region. G2, m~2/3.

Fig. 2. Radiation scattering indicatrices for various values of
8, r = log o/log (Opax)s 1, 2, 3) n = 0.11; 0; 0.22, respectively.

where T, = T,D2g. *'?

The spectral function of the temperature pulsation field is of a three-dimensional char-
acter. But that which is normally determined by the corresponding experimental equipment
is merely its one-dimensional section. Therefore we will use the following relationship [7]:

1 d
E, (q) = — 4 E )] . 8
- (4 4 |q| [ dg r g=iq! ®)
After simple transformations we obtain
C3 —
E@=r |t b’ (q+a>8’jexp<~ @ glam)?). (9)
w3 q
For isobaric conditions
, (eg— 1T, (1 ¢ )——1
o= (&) +& ="t (T =) (10)
After expansion in a Maclaurin series
~( (1 n( ¢ \n\\
e <T> .+2( o) (1)
: (eo—nTo( t S t"—<t”>) (12)
e S TSP TRy

We note that the quantities <t2>/<T>2%, <t%>/<T>® in Eqs. (11), (12) can be neglected as com-
pared to unity.

It follows from Egs. (1), (9), (12) that

Ciks [ 5 Ki 7Y apg® g ess  aghIBPeyB/t
o (8, 9) =g [-3—( + 7 + T GBIApEE (g + Ky ]exp ('“IEEE/'W»B’/T) ,  (13)

(o— 12T (o

&

where [K|=KV3, C: =

evaluated by taking a model of the dielectric permittivity pulsation spectrum in the form

The total scattering section can be approximately

5 -
Eg=— o lg + Ky (14)
2mn

From Egs. (3), (14) we obtain
o) = 0.295Cekiqo " °. (15)
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For the spectral model of Eq. (5) o, was calculated by a computer. The jet turbulence param-
eters and all experimental constants corresponded with [4].

Calculated data for optical characteristics at a wavelength of A = 10.6 ym are shown
in Figs. 1-3,

The dielectric permittivity pulsation field structural characteristic (Fig. 1) in the
jet is similar to the distribution of the mean square of temperature pulsations, and at the
center of the jet has an absolute value approximately two orders of magnitude greater than
the corresponding value in the ground layer of the troposphere: C2 = 107%% m~2/3 [3, 8].

The scattering indicatrices for various values of n (Fig. 2) are sharply elongated and
directed toward the incident radiation. This is to be expected, since in the energy spec-
trum of the temperature pulsations the ratio of the minimum (Kolmogorov) scale to the radia-
tion wavelength 2 /A > 1.

The value of the total scattering cross section for radiation at a wavelength A = 0.5
um in the ground layer of the troposphere is equal to 5:10"2 m~! [3], while its value at the
center of the jet at the same wavelength comprises 1.2 m™!.

The range of application of the results obtained is limited by the condition of applica-
bility of the single scattering approximation.

NOTATION

B, K, o, B, By bX’ Cys g bg, cg, experimental constants; x, y, z, Cartesian coor-
dinates; 6, ¢, 2z, cylindrical coordinates; D, transverse nozzle dimensions; u,, velocity in
nozzle section; T,, temperature in nozzle section; <T>, average temperature; t, temperature
pulsation component; €, dielectric permittivity; vy, thermal diffusivity coefficient; v,
kinematic viscosity coefficient; k, wave number of propagating radiation; lql, modulus of
scattering vector; er, mean rate of kinetic energy dissipation by turbulence; X, mean rate
of temperature pulsation dissipation.
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VISCOUS LIQUID FLOW IN THE INITIAL PORTION
OF A PERMEABLE CHANNEL WITH TRANSVERSE SLOT

A. S. Lebedev and F. F. Spiridonov UDC 532.542:536.42

The problem of flow in the initial segment of a permeable channel with trans-
verse impermeable slot is solved. Behavior of the solution with change in geo-
metric parameters and characteristic injection Reynolds number is analyzed.

1. Flow in channels with permeable walls has recently attracted the ever greater atten-
tion of researchers. This is due to the importance of its practical applications. Flow of
this type is found, for example, in gas motion in plasmotrons with porous electrodes, liquid
motion in wells, in intense sublimation and condensation in a number of chemical technology
processes, etc.

The majority of studies have considered developed flows in circular cylindrical {1-4]
or annular [5, 6] channels. A number of investigators {[7-9] have observed that distributed
draft into the channel significantly increases the value of the critical Reynolds number for
transition from a laminar to a turbulent flow regime, as compared to flow in a conventional
tube. In addition it has been shown that conditions in the initial segment of the channel
by its forward face affect the transition.

Significantly fewer studies [10-12] have considered flows in initial sections of perme-
able channels. In [10] a numerical modeling of flow in the initial segment of a planar chan-
nel was performed for initial injection Reynolds numbers in the range 10 < Ry < 300. Flow
in a planar channel with permeable transverse slot located near the forward face was con-
sidered for the same Ry range in [11]. Flow in the initial section of a planar channel with
impermeable slot near its face was studied in [12] for the range 100 < Ry < 1000. The pres-
ent study will numerically model flow in the initial segment of a planar, circular, or annu-
lar channel (Fig. 1) with an impermeable transverse slot for change in slot geometric param-~
eters and injection Reynolds numbers in the range 10 < Rp < 3000.

The liquid is assumed incompressible with a constant dynamic viscosity coefficient.

2. The equations defining the flow in dimensionless form are

ol @ ( o 0¥ / )] { 0T 5 O ( ® )J ) [ o 0 ( ® )T
o[ s P 22 (2 oo )
y [ oz \y" 0y / dy ( o Y %\ )T ay LY g\ )l

1 ¥ 0. °A04,,0
2 tvwi—)=—m,& O gAY,
az 6y Y dy
On the impermeable boundaries ¥ = 0, while on the permeable boundary ¥ = —Rv(z - b).

The values of w on the permeable (y = R, ) and impermeable boundaries are calculated during
solution of the problem using the condltlon of absence of slippage, while on the right-hand
boundary (L > 1) the values of ¥ and w are calculated by extrapolation from the calculation
region with the assumption of absence of longitudinal diffusion (for details, see [13, 141).
As length and velocity scales in Eq. (1) we use the channel width A° = RJ — R} and draft
velocity qb
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