If
G =G{, ) -exp | —— 7
ch=60 p(o.ﬁu) )
and increase the accuracy of measurement of the spectral density by a conduction anenometer, Thus, we

corrected the spectrum of the signal of a sensor with 7, =1.5 mm (see Fig. 2).

The present study permits us to give a quantitative estimate of the optimum interelectrode distance of
a sensor. In order to improve the signal-to-noise ratio, it is necessary to increase I. However, this is pos-
gible only up to a certain value of the interelectrode distance which, for the core of the flow in a circular
tube, comes ouf to be equal to I/R = 0.15, since for large values of I the averaging action of the sensor be-
gins to appear. The interelectrode distance is restricted still more by the minimum scale of turbulence,
which must be measured under the conditions of the experiment. The obtained results point out the feasibility
of correction of spectrum if /L = 1.5, '

NOTATION

1, interelectrode distance; ¢, potential; G, spectral density; k, wave number; h(x), equipment func-
tion of the sensor; Hz, equivalent spectral characteristic of the sensor; L, eddy scale; u, mean velocity;
f, frequency; D, tube diameter; u', root-mean-square value of longitudinal velocity fluctuations; R, radius
of the tube; P, signal-to-noise ratio,
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INVESTIGATION OF THE EFFICIENCY OF A
"JET DIFFUSER"

M. O. Frankfurt UDC 532.556.4

The power characteristics of a diffuser device formed by a fine turbulent jet blown from an an-
nular conical nozzle in the outlet section of a cylindrical channel were investigated experimen-
tally.

In order to reduce the logs of dynamic pressure during discharge of the flow from the channel into free
space, diffuser sections are usually used. Many methods are known for increasing the pressure recovery in
these sections, including the method of drawing off or tangential blowing of the boundary layer. Inthe latter
case, the jet is blown out along the surface of the expansion channel and assists stabilization or persistence
of breakaway.

A scheme with direct injection of such a jet in the outlet section of a straight channel may be of indepen-—
dent interest. Jet devices of similar type have been suggested, for example, for increasing the thrust of pro-
pulsion systems [1]. They may be usr1 also for reducing losses of dynamic pressure in installations with
high-temperature flows or corrosive media, where the use of the normal diffusers with impermeable walls
in certain cases is difficult.

Translated from Inzherno~Fizicheskii Zhurnal, Vol. 31, No. 2, pp. 248-252, August, 1976, Original
article submitted May 4, 1975.
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Fig. 1. Diagram of experimental facility: 1) annu-
lar nozzle; 2) chamber; 3) cylindrical channel; 4)
collector; 5) calibrated jet; 6) U-shaped manometer;
7) valve; 8) air supply.

z 7T .

VAR S g

o = | el
2

I
2% :
. y , T /;/;; )}
= Z/Ly«*
%

e snal jf/f’“ o

Z - 08 7

0 Q0% 908 7

Fig. 2. Curves of cp(a) for different values of a, f, and f: 1) o=
60°; II) @ =30°% III) @ =10°. 1) f=0.,03; 2) 0.06; 3) 0.08; 4) fp= 0.7,

The efficiency of such a "jet diffuser," i.e., the expansion section of the channel, bounded along the
outer surface by a thin turbulent jet, is not obvious and requires experimental verification. The results of
this, as applicable to axisymmetrical channels in the case of turbulent flow, are shown below.

The investigation of the power characteristics of a cylindrical channel with a jet section was carried
out with angles of spread of the annular conical jet @ =10, 30, and 60° (Fig. 1). The jet was controlled by a
nozzle device with interchangeable annular inserts, which enabled the width tgofthe slittobevariedfrom 0,8
to 2.4 mm. Air reached the slit from an annular chamber, passing through a section with calibrated nozzles.
The flow rate g amounted to 10-12% of the flow rate of the air Q passing through the channel.

The tests were carried out on a chamber with a supercharge at a constant average flow velocity in the
channel of u; ® 25 m/sec and, correspondingly, a Reynolds number of Re ~ 2,7 -10° with the discharge flow
from the channel into free space. In order to obtain a stable flow, the channel was joined to the chamber
through a compartment with a honeycomb and two inlet screens and a nozzle with a 12-fold contraction.

The efficiency of the channel with jet section and with discharge of the flow into free space was estimated
by the pressure recovery ratio in the channel cp and by the magnitude of the total dynamic pressure loss coef-
ficient ¢p. The coefficient ¢, was determined by the change of the pressure drop Ap; of the static pressure
at the outlet from the channel to the at.. osphere. Measurements of the magnitude of Ap, were carried out by
means of a cascade, located along the axis of the channel. The curves of the pressure recovery coefficient
ep(, T), obtained in this way with differem angles of spread of the jet o and with variation of its efflux veloc-
ity ug and ofthe ducted section of the slot f, are shown in Fig. 2.
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Fig. 3. Curves of (_gp - cpo) = f(cu) for differ-
ent values of @ and f, I-III and 1-3) see Fig. 2.

Similar curves of cp(c “) (Fig. 3) for the jet momentum coefficient Cus when @ = const and f = var, are .
of a generalized nature. They show that the coefficient ¢, can be considered as a criterial parameter for
estimating the effect of the jet section with a given angle of spread on the pressure recovery ratio in the chan-
nel. The curves of cp(c “) obtained in this case have a well-known analogy with the generalized characteris-

" tics of the lift coefficients cpfcy), which usually are used when investigating the effect of boundary jets on the
controls of aircraft. The total dynamic pressure loss coefficient was determined by taking account of the
energy expended on efflux of the jet, for an air-blowing plant efficiency of ng =1, by the formula [2]

to=[[ @dF / fadF—c,00 + 9+ 0,4}/ (1 +9). )

P, Fy
In calculating the loss coefficients, corresponding to a given air flow rate q, the experimental pressure re-
covery coefficients cp, the pressure coefficients in the chamber of the nozzle device Ape, and the velocity
profiles in the cylindrical channel were used.

The characteristics ¢p (g, T) shown in Fig. 4 are varied regularly, depending on the magnitude of f.
With increase of T, the optimum values of q are shifted into the region of high flow rates, and the minimum
values of the coefficients ¢p are reduced by a factor of 1.3 to 1.5. The form of the characteristics ¢ p(q, 1)
in this case depends on two factors: the pressure recovery ratio in the channel and the magnitude of the pres-
sure in the chamber of the jet device corresponding to it. Comparison of these curves shows that over the
range f ~ 0.03 to 0,08 an increase of the area of the slot gives a positive effect. It is accompanied by a some-
what small pressure recovery ratio in the channel and, at the same time, by a marked reduction of pressure
in the chamber, which must provide movement of air through the slot with a given area f. Inthe final count,
this also leads to a reduction of the dynamic pressure loss in the channel,

Relative to diffusion sections with impermeable walls, the efficiency of the jet device being considered
is markedly higher with angles of @ = 60°, For a = 30°, it can be obtained of the same order as for a diffuser
with an expansion ratio of n = 3~4, the length of which is 7/d = 2. With jet blowing angles of order 10°, the
use of jet devices has but little effect.

In order to produce a diffuser effect in the outlet section of a rectlinear channel, in principle, nozzle
devices with discrete slots also can be used; these are interesting in view of their definite structural advan-
tages. The results of tests of these devices with a relative ducted section of the chopper slot f = 0,7 and with
the number of jets around the periphery i = 8 are shown in Figs. 2 and 4. They show that blowing a jet through
a system of discrete slots can lead only to a small increase of the pressure recovery ratio in the channel and
to a reduction of the dynamic pressure loss that is considerably less than in the case of a continuous slot,

The effect of a plane screen, installed near the outlet section of the channel, was estimated also as
applicable to "jet diffusers." Tests with jet blowing angles of @ = 60° showed that the characteristics Cpigp(c—])
depend significantly on the position of the screen, and for every air flow rate g there is an optimum position
for it. When o = 60° and with an expansion ratio of the jet device of 1.1 to 1.2, the reduction of the dynamic
pressure loss in the presence of a plane screen is found to be of the same order as for diffusers with imper-
meable walls and with the same expansion ratio, When « = 30°, the efficiency of a "jet diffuser" in the pres-
ence of a screen is not increased,

In order to estimate the dynamic pressure loss in a channel with a jet section, the generality of the func-
tions cplcy, a) (Fig. 3) can be used, by approximating them to the function

Cp R Cpg - % () 03-5, 2)

and the function Ap, (a, _f) is represented in the form
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Fig. 4. Curves of ¢p(q) for different values of o,
£, and Tp. I-IT and 1-4) see Fig, 2.

A pe =248p lous = &P, 3)
where cp, is the pressure coefficient in the channel with a jet device when q = 0 and £ is an experimental coef-
flclent dependmg on the parameters of the slot device. For conical jet devices with angles of 10° = o = 60°,

~ 0,068 %15, Taking account of Eqs. (2) and (3) when 1/(L +q) 1 —q; a/( +q) ~ q; and ey = 2941,
formula (1) for the total loss coefficient assumes the form

Lo | — G — [egy + % (@) 131 + EGP. @

The optimum magnitude of the air flow rate QOpt, corresponding to minimum dynamic pressure losses in the
channel whend;P/dq = 0, comprises

opt ~ 0.58F £ 00 [1 4 1.41 % (@) F~2°15, 6))
and the minimum magnitude of the loss is
CPmin & 1 —Cpy—0.385F 270 [1 + 1.41 % (o) F 0%, (6)

The calculations by formulas (5) and (6) coincide satisfactorily with the experimental data and can be
used for choosing the parameters of jet devices for cylindrical channels.

NOTATION

={/F; f, area of the annular nozzle; F, cross-sectional area of the channel; fq, = f¢/f; fp, area in

the clear of a noncontinuous slot; t, width of the nozzle; d, diameter of the transverse section of the channel;

, length of the channel; n, expansion ratio of the diffuser; q =q/Q; q, air flow rate through the nozzle; Q,
air flow rate through the channel; ¢ ,4, jet momentum coefficient, cy = 2q4/T; Cp, DPressure recovery coeffi-
cient; cp = 2Ap1/pu1, ABe = 2Ape/puf; Ap, pressure drop in the atmosphere; p, density; u =u/u; u, axial
velocity component; uy, average velocity in the outlet section of the channel; o, mouth angle of the annular
conical jet; g¢p, dynamic pressure loss coefficient; £, aerodynamic resistance coefficient of the nozzle de-
vice; Re, Reynolds number; Re = wd/v; v, kinematic viscosity. Indices: 1, outlet section of channel; c,
chamber; s, nozzle exit.
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