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MODEL ING OF DILUTION JET FLOWFIELDS

by J.D. Hola. nan
NASA Lewis Research Center

and

R. Srinivasan
The Garrett Turbine Engine Company

Considerations of dilution zone mixing in gas turbine
combustion chambers have motivated several studies of the
mixing characteristics of a row of jets injected normally into
A flow of a different temperature in a constant area
duct.~-%-1!"4 Recently, experiments have been performed

to extend these investigations to include geometric and flow
variations characteristic of most gas turbinre combustion
chambers, namely a variable temperature mainstream, flow area
convergence, and opposed rows of jets, either in-line or
staggered;®-*~ see figures 1 & 2,

The present paper will compare temperature field measurements
from selected cases in these investigations with distributions
calculated with an empirical model based on assumed vertical
prufile similarity and superposition® and with a 3-D

elliptic code using a standard K-E turbulence model.”

The results will show the capability (or lack thereof) of the
models to predict the effects of the principle flow and
geometric variables.-°-"."

Variations with Orifice Size and Spacing. At constant

orifice area, changes 1n orifice size and spacing can result in
jets which vary from under-penetration to over-penetration.
This is shown in figure 3a) and b)), for jets from closely
spaced small orifices and widely spaced larger orifices
respectively. The empirical sodel reproduces the data very well
in the small orifice case, since the data are consistent with
the major assumption in the empirical model, that all vertical
temperature distributions can He reduced to similar Baussian
profiles. The empirical msodel does not do as well in the larger
orifice case however, as the jets have impinged on the opposite
wall and the vertical profiles are not similar.

The analytical model calculations made with approximately
20,000 nodes, although in qualitative agreesent with the data,
under-predict the mixing. That is, the temperature gradients,
especially in the transverse direction, are too steep. This
result is typical of the analytical endel calculations to be
shown in this paper. For the swall-orifice case a coarse—-grid
calculation using less than 6000 nodes was also performed. This
solution illustrates the diftusive nature of the calculation
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and the signmificant 1ntluence of grid selection on the solution
obtained.

Coupled Spacing and Momentum Flu: Ratio, Examinat:on of

the experimental data revealed that similar profiles can br
obtained over a range of moumentum flux ratios, 1ndependent of
orifice diameter, 1§ orifice spacing and momentum flux ratio
are correctly coupled.-+»“:%.” Thig 15 shown 1n figure

4a) to c).

In all of the combinations shown here, the empir:ical model
results are 1n very good agreement with the data, as the data
are consistent with the Gaussian profiie assumption. The
analytical model caiculations usirg approxi1imately 20,9000 nodes
for these cases agree qualititively with the data, as in the
previous figure. In the medium momentum flux ratio case, a
second calculation was performed with the same total number of
grid poirts, but with the nodes slightly more concentrated in
the vicimity of the j;et exi1t. As can be seen 1n figure 4b),
these two results are not substantially different.

Variable Temperature Majnstream. (he i1nfluence of a
non-i1sothermal mainstream flow . the profiles for medium
momentum flux ratios with S/Ho=.D3 and Ho/D=4 can be seen bv
comparing figures 5 & 6. The shope of the exper:imental profiles
1n ti1gure & suggests modeling them as a superposition of the
upsiream profile and the corresponding jets-1n-an-i1sothermal
mainstream distribution.” This gives only a crude
approximation however, as seen i1n the empirical model results,
because of the tross—-stream transport of mainstream fiuid due
to the blockage, which i1s not accounted for 1n super1mposing
the distributions.

In the variable temperature mainstream case the analytical
model results agree well with the experimental data, especially
on the j;et centerplane, but the transversea mXxX1nNg is
underpredicted. as 1n the corresponding i1sothermal ma:nstream
case 1n figure 5.

Opposed Rows ot _In-line Jels. Fur opposed rows of jets,

with the orifice centerl:nes 1n-line. the optimum ratio of
ori1fice spaciig to duct beight 1s one-haif cf the optimum value
tor single-side 1njection at the same momentum f1ux

rati1o.” As as example consider the single-side case

with S/Ho=.5 and Ho/D=4 1rn fiqure S5 and the npposed row of
in-line jets with 3/Ho=.25 and Ho/D=8 1n tigure 7.

The empirical model predicts the opposed- et case very well,
veritying the primary assumption that the effect of a plane of
symmetry 1s similar to that of an opposite wall.®.>

Note that the experimental profiles on both sidesn of the plane
of symmetry support the Gaussian prof:le assuaption. The
analyt:cal model results show the steep transverse and lateral
gradients seen 1n aimost all nf the grevious calculacions al so,
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but are in otherwise good agreement with the data.

Opposed Rows of Staqqered Jets. For opposed rows of jets,

with the orifice centerlines staggered, the optimum ratioc of
orifice spacing to duct height is double the optimum value for
single-side injection at the same momentum flux

ratio.” As an example consider the single-side case

with S/Ho=.5 in figure S, and the opposed row of staggered-jets
with S/Ho=1 in figure 8.

The empirical model does not handle this complex case well, as
the fluid dynamic interactions here are not amenable to a
direct extension of the simple Gaussian profile and
superposition type modeling appropriate for most of the
single-side and opposed-jet cases of interest. The analytical
model calculations give slightly better agreement with the data
than does the empirical model, and would be expected to improve
with overall improvements in the capability of the 3-D codes.
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