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Theme

HE problem of turbulent mixing between two incompress-
ible streams in a constant area duct with an eccentric
primary flow jet is analyzed. A theoretical analysis is present-
ed for the velocity profiles. An experimental invéstigation
was performed for an eccentricity ratio (¢/R) of 0.25, area
ratios of 3 and 7.16, and a velocity ratio ranging from 1.2-to
2.9.
The theoretical analysis shows good agreement with the
experimental results, especially for the cases with high ‘area
ratios and with low velocity magnitudes.

Contents

In many industrial applications it is necessary to deal with
a jet expanding eccentrically into a confined stream of fluid.
Typical examples are: jet engines, by-pass ducts, arrange-
ments for reduction of aerodynamic noise level and ‘many
others.

The theoretical analysis of confined coaxial jet mixing is
presented by Tabakoff and Khanna.' In their analysis they
assumed that velocity profiles in the main region are similar
to those of a freejet for which the universal function of the
nondimensional excess velocity is

AUAU,, = (1 — £1-5)2 1)

where &= Y/r; r=freejet radius; Y = distance from the
axis in the transverse direction; AU = EXCESS ve]001ty at Y;
and AU, = excess velocity at axis.

In the case of coaxial mixing, the velocity profile is taken to
be the portion of the nondimensional velocity profile which
lies between Y = R and Y = —R, where R is the radius of the
duct. For eccentric mixing, the velocity profiles are assumed
to be the eccentric portion of the freejet. These profiles are
not symmetric with the mixing duct axis, however, they are
symmetric with the primary flow axis. Figure 1 shows the
physical model with the corresponding notation.

In the case of a freejet, it was concluded that, owing to the
similarity in velocity profiles, //r will remain constant (/ is the
mixing length). Moreover, dr/dx=const=C or r= Cx.
Now, [ = (r) (const) = (Cx)(const) ; from this last relation it is
clear that the mixing length depends on C. Since the mixing
length is the main parameter which specifies the degree of
turbulence, the constant C is named the “turbulence constant.”
This constant was found to be equal to, 0.2 in the case of free
jet mixing and 0.7 for confined jet mixing.®* For confined
eccentric mixing, the turbulence constant -C is taken to be
equal to 0.7.
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Fig. 1 Confined jet mixing with eccentricity.

The fundamental equations governing the flow of iso-
energetic eccentric jet mixing are developed as follows. The
continuity equation for one-dimensional flow for a control
volume beginning at an arbitrary cross section at a distance
x, and ending at the section where a uniform flow is attained,
may be written as follows:

A
fo pUdA=p3U3A3 (2)

where the subscript, 3, refers to the uniform flow properties
after complete mixing.

In order to integrate Eq. (2), using the universal excess
velocity profile for turbulent freejets, as shown by Abramo-
vich,? one subtracts the quantity

4
paUads = fo oUsdA

from both sides of Eq. (2), and using polar coordinates the
following equation is obtained

2n Yw
AUspsR*= [ " [ pAudyat 3)

where y,, is the wall radius measured from the primary flow
axis.

Dividing each side of Eq. (3) by the quantity AU,.mwR?,
introducing ¢ = y/r; & = R/r; &.=p,/r, and substituting
Eq. (1) into Eq. (3), for the incompressible case, the following
expression is obtained:

3.5
2, ) &0

35

AUs 1 f“ f_wf+§w
AU, w&2Jo \ 2 5

Upon substitution of &, ~ & (1 + & costl), where &==¢/R
one obtains

@

AUs/AUm:Al(fk)+5231(§k’5) (5)

where Bi(&;8) = 0.5 — 2.5 + .22 + 0.75¢%) and A4,(&)
= 1 + 0.4fk3 - 1.143fk1'5.
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Fig. 2 Comparison between experimental and theoretical results.

As shown by Tabakoff and Khanna' the velocity distribu-
tion in the main region of the mixing duct, without any
eccentricity of incoming jets, is given by

AUa/AUm = A1(fk)

which is the same expression given by Eq. (5) if one sub-
stitutes €= 0. Thus, the second term in the expression for
the velocity distribution can be thought of as a correction term
due to the eccentricity. As can be seen, the second term is
much smaller than the first one, owing to the fact that it
contains &2 in the product, and for moderate values of &, 2 is
very small. Therefore, the velocity distribution in the main

~region of the mixing chamber is not very different for the two
cases, i.e., with and without eccentricity, provided an appro-
priate axis of symmetry is selected.
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Test Facilities: The test apparatus and the instrumentation
used are the same which were used in the measurements of
confined coaxially symmetric jets.®> The only change made
was the replacement of the centric primary flow pipes with
eccentric ones.

The experimental data obtained correspond to two values of
area ratio, 3.0 and 7.16, with an eccentricity of 0.5 in. A
series of experimental data were obtained, as shown in detail
in Ref. 4.

Comparison between the theoretical and experimental
results in nondimensional form are shown in Fig. 2. Figure
2a shows the comparison, at a distance of twelve times the
mixing duct diameter, for two cases with the same velocity
ratio of 2.35, and with different velocity magnitudes. From
this figure, it may be seen that the deviation between theoretical
and experimental results increases as the velocity magnitude
increases.

Figure 2b gives the comparison for the case with an area
ratio of 7.16 and with velocity ratio 1.90. The theoretical
calculations showed a better agreement with the experimental
results as the X/D ratio was increased.
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