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Although the sub jec t  o f  spontaneous i g n i t i o n  o f  l i q u i d  f u e l s  has 
received considerable a t t e n t i o n  i n  the past,  the r o l e  of f u e l  evaporat ion 
i n  the  o v e r a l l  spontaneous i g n i t i o n  process i s  s t i l l  unclear.  A main 
purpose o f  t h i s  research i s  t o  c a r r y  ou t  measurements of i g n i t i o n  delay 
times, us ing f u e l s  o f  cur ren t  and an t i c i pa ted  f u t u r e  aeronaut ica l  i n t e r e s t ,  
a t  t e s t  cond i t ions  t h a t  are representa t ive  o f  those encountered i n  modern 
gas tu rb ine  engines. A t ten t i on  i s  focused on the  f u e l  i n j e c t i o n  process, 
i n  p a r t i c u l a r  the  measurement and con t ro l  o f  mean f u e l  drop s i ze  and 
f u e l - a i r  s p a t i a l  d i s t r i b u t i o n .  The experiments are designed t o  prov ide 
accurate in fo rmat ion  on the  r o l e  o f  f u e l  evaporat ion processes i n  
determining the  o v e r a l l  i g n i t i o n  delay time. The second ob jec t i ve  i s  t o  
examine i n  d e t a i l  the t h e o r e t i c a l  aspects o f  spontaneous i g n i t i o n  i n  
o rder  t o  improve upon cu r ren t  knowledge and understanding o f  the  basic  
processes involved, so t h a t  the r e s u l t s  o f  the i n v e s t i g a t i o n  can f i n d  
general and widespread app l i ca t i on .  

Experimental 

The f i r s t  phase of the experimental program, which has j u s t  
comenced, w i  11 u t i l  i z e  gaseous f u e l s  only ;  namely propane and vaporized 
J e t  A f u e l .  I t s  purpose i s  t o  determine accurate ly  i g n i t i o n  delay t imes 
under cond i t ions  where a value o f  zero can be assigned t o  the  fue l  
evaporat ion time. The t e s t s  w i l l  be conducted over a range o f  pressures 
from 1 t o  10 atmospheres a t  u n v i t i a t e d  a i r  i n l e t  temperatures up t o  900K. 
I n  some t e s t s  the  oxygen content  o r  n i t rogen content o f  the  main a i r  
stream w i l l  be va r ied  i n  order  t o  ascer ta in  the  e f f e c t  o f  02/N2 r a t i o  
on chemical delay time. The in fo rmat ion  provided i n  these t e s t s  w i l l  
be u t i l i z e d  i n  developing the  t h e o r e t i c a l  model f o r  spontaneous i g n i t i o n .  
The t e s t  r i g  employed i s  shown schemat ica l ly  i n  Figure 1. The t e s t  
sec t ion  i s  constructed from several lengths o f  30 m dia.  s ta in less  s tee l  
t ub ing  t o  form a maximum t o t a l  length  o f  1 meter. M u l t i p o i n t  f u e l  
i n j e c t i o n  i s  employed t o  ensure t h a t  t he  f u e l - a i r  mix ing t ime i s  always 
n e g l i g i b l y  small i n  r e l a t i o n  t o  the i g n i t i o n  delay time. The t e s t  
sec t ion  i s  water-cooled t o  e l im ina te  the p o s s i b i l i t y  o f  f lashback occur r ing  
along the  boundary l a y e r  adjacent t o  the duct wa l l .  It i s  proposed t o  use, 
the same t e s t  procedure as t h a t  used successful ly by Spadaccini and Te Velde 
(1).  It consis ts  o f  es tab l i sh ing  prescr ibed cond i t ions  o f  pressure and 
fuel and a i r  f low ra tes  and gradua l ly  inc reas ing  the  i n l e t  a i r  temperature 
u n t i l  a u t o i g n i t i o n  occurs a t  the  e x i t  o f  the  t e s t  duct. The occurrence o f  
a u t o i g n i t i o n  w i l l  be detected by thermocouple probes located a t  the  duct  
e x i t  and by photodetectors loca ted a t  several pos i t i ons  i n  the t e s t  r i g .  

Theoret ica l  

Considerable progress has been made i n  simp1 i f y i n g  and shor tening 
the  procedures involved i n  t he  c a l c u l a t i o n  o f  f u e l  spray evaporat ion times. 
I n  a previous study by Rao and Lefebvre [2] the evaporat ion t ime was 
obtained as: 
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where B = mass t rans fe r  number 

D32 = Sauter mean diameter, m 

f = fraction of fuel in vapor form 

a = a i r  conductivity, J/ms K 

c = a i r  specif ic  heat ,  J/kg K 
Pa 

u ' = m s  value of f luctuating velocity 

= a i r  density, kg/m 3 'a 

= fuel density, kg/m 3 
p f 

n = fraction of fuel i n i t i a l l y  i n  vapor form 

2 
'a = a i r  viscosity,  m / s  

A drawback to  the above equation i s  t ha t  i t  assumes a constant value of 
B fo r  the en t i r e  evaporation period. However, B i s  constant only f o r  
steady-state evaporation. During the heat-up period the  value of B r i s e s  
continuously from an i n i t i a l  low value up  t o  the steady-state value. 
Thus, in practice,  the value of B f o r  insert ion in to  Eq. (1) should be 
lower than the steady-state value by an amount tha t  depends on the 
ambient a i r  pressure and temperature, and on the  boiling temperature of 
the fuel: 

To overcome t h i s  deficiency the mass t rans fe r  number, B y  i s  replaced 
by the evaporation constant, A ,  using the relat ionship 

Substi tut ing fo r  In (1 + B )  from Eq. (2) in to  Eq. (1)  gives 



where A e f f  i s  an " e f f e c t i v e "  value o f  x which takes i n t o  account both 
convect ive e f f e c t s  and the  reduced evaporat ion r a t e  dur ing  the  heat-up 
period. Values o f  he f have been ca l cu la ted  f o r  l i q u i d  hydrocarbons 
r a n g ~ n g  i n  normal bo i  f i n g  temperature from 420. to  560 K, evaporat ing i n  
a i r  a t  temperatures and pressures up t o  2000 K and 2000 kPa respec t ive ly .  
Some t y p i c a l  values o f  heff are g iven i n  F igure 2 f o r  a gas pressure o f  
2000 kPa. 
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Figure 1. Schematic Diagram o f  Test Rig. 
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Fig. 2. V a r i a t i o n  o f  e f f e c t i v e  evaporat ion cons tan t  w i t h  *normal b o i l i n g  
p o i n t  a t  a  pressure o f  2000kPa. 




