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Abstract 

In practical combustion systems, the assumption of chemical equilibrium 

i s  n o t  always appropriate. This i s  especially true in regard to  predicting 

various c r i t i ca l  combustion processes including ignition, flame stabil  i ty ,  

smoke and gaseous emissions. In order to  estimate combustor performance 

accurately, i t  i s  important to  calculate combustor internal prof i 1 es of 

temperature, species and velocities to reasonable accuracy. This, in turn, 

requires r ea l i s t i c  assumptions concerning the turbulent transports of heat, 

mass and momentum and their  interaction with chemical reactions. 

Conventional combustion models assume the scalar transport process can 

be described adequately by an assumed two/three parameter probabi 1 i ty density 

function (pdf) and that  the transport of heat and mass i s  essentially identical. 

These models give reasonably well correlated resul ts  for  simple flows. However, 

their  applications to  complex flows involving strong recirculation and swirl 

do  not appear promising. Since such flows are  of common occurrence in any 

combustion systems, s t raight  forward- extension of conventional combustion 

models to  combustor flow calculations i s  not adequate. 

The present approach i s  formulated to  investigate some of the problems 

that  are common t o  both reactive and non-reactive variable density flows. 

Such problems are mass transport in a variable density flow, validity of 



constant  d e n s i t y  tu rbu lence  models, r e l a t i v e  m e r i t s  o f  Reynolds versus Favre 

average and c a l c u l a t e d  versus assumed pd f  f o r  t h e  sca la r .  The approach so lves 

f o r  bo th  Reynolds and Favre averaged q u a n t i t i e s  and ca l cu la tes  t h e  sca la r  pd f .  

Turbu len t  models used t o  c l o s e  t h e  governing equat ions a re  formulated t o  

account f o r  complex mix ing  and v a r i a b l e  d e n s i t y  e f f ec t s .  I n  a d d i t i o n ,  t u r b u l e n t  

mass d i f f u s i v i t i e s  a r e  n o t  assumed t o  be i n  constant  p r o p o r t i o n  t o  t u r b u l e n t  

momentum d i f f u s i v i t i e s .  

The governing equat ions a r e  solved by a combinat ion o f  f i n i t e - d i f f e r e n c e  

technique and Monte-Carlo s imu la t ion .  Some p r e l i m i n a r y  r e s u l t s  on s imple 

v a r i a b l e  d e n s i t y  shear f lows a r e  presented. The d i f f e r e n c e s  between these 

r e s u l t s  and those obta ined us ing  convent ional  models a r e  discussed. 
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