


———

Bell Aeruspace

HIGH SPEED TURBULENT MIXING AND COMBUSTION

August 1970 - July 1975
SUMMARY

This program encompasses investigation of turbulent mixing
and combustion processes required for advanced propulsion
systems. Theoretical and experimental studies of homogeneous
and heterogeneous turbulent mixing processes have been investi-
gated. These studies resulted in the following: An eddy
viscosity model was developed for axisvmmetric turbulent jets.
This mc d rat« he apj »able in the core, transi-
tion and similarity regions icr data covering a broad range of
flow conditions. A detailed survey was made of axisymmetric jet
mixing data reported in the cpen literature. The extension of
universal jet width growth and universal decay laws to variable
density flows was demonstrated to be inadequate for characteriza-
tion of this class of flow. The recirculation, which occurrs
in the separation region behind sudden expansions typical of
modern combustors was investigated using a laser-Doppler veloci-
meter. Detailed measurements of the mean, axial and radial
velocities were madec, as well as some measurements of turbulence
intensity and shear stress. A set of partial differential equa-
tions were derived and simultaneously solved. Predlctlons made
using these equations were brought into good agreement with data
taken from the recirculating flows by computer optimization of
appropriate "constants" in the models.

This investigatior also contributes to the understanding
needed for effective utilization of powdered fuels by investigating
different aspects of the problem. These studies: established
feasibility of shock-tube techniques for measuring ignition delay
of boron particles; found that slip of small particles to reduce
diffusion limitations yields only small reductions in burning
time; analyzed the effect of cross flow on penetration of injected
particles; analyzed simultaneous heat, mass, and momentum addition
from fuel jets injected in the upstream direction to provide more
residence time for fuel particles; determined penetratior correla-
tions for light and heavy gases and gas-particle mixtures injected
into a cross flow; assessed interaction of two gas-particle jets;
and contributed to reviews of wave propagation and general flow
properties in gas-particle mixtures.
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The behavior of recirculating flows tynica 1 o( advaaced air-breathing and rocke
injectors, as well as high energy chemical lasers, have been experimentally
investigated. The configuration used consisted of a circular duct having a
sudden increase of its diameter. Step size and flow velocity were chosen to be
of a magnitude representative of "sudden-dump' combustion chambers. The
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was investigated using a laser-Doppler velocimeter. Detailed measurcments o
mean, n..-:i.vli, and radiel velocities vere made, as well as some measurements
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recirculation, which occurred in the separation region behind the sudden expansioch,
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' §¥Lurbulonce intensity and shear stress. A set of partial differential
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equations - including continuity, axial and transverse momentum, turbulence
energy, and turbulence dissipation - were derived and simultaneously solved
using both intergral and finite differencing techniques. Predictions made using
these equations were brought into good agreement with the data taken from the
recirculating flows under investigation by computer optimization of appropriate
"constants" in the models.
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