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The use of photomicrography  with l a s e r  i l lumination and pulsed x - r a y  photography fo r  invest igat ion of the 
p r o c e s s e s  assoc ia ted  with f lame development  in the case  of h i g h - p r e s s u r e  fuel injection into a working volume 
[1, 2] have shown that  a subs tant ia l  r o l e  in f lame fo rma t ion  is played by the unsteady hydro-  and gasdynamic  
phenomena accompanying this  p roces s .  This  unsteadiness  is exp re s sed  in the fact  that  in the f i r s t  300-500 #sec  
af ter  the s t a r t  of inject ion the jet  is fo rmed  and the cumulat ive  m e c h a n i s m  of its in terac t ion  with the medium 
is s tabi l ized;  dur ing the r e s t  of the t ime  inhomogenei t ies  of different  sca le  continually a r i se  within the body of 
the f lame.  S m a l l - s c a l e  inhomogenei t ies  will  obviously have litt le effect  on the genera l  nature of the advance 
of the jet  of f u e l - a i r  mix ture ,  whereas  l a r g e - s c a l e  inhomogenei t ies ,  p re sc r ibed  both by the nature of the p r e s -  
sure  var ia t ion  in the fuel  s y s t e m  and by d i s tu rbances  of flow stabi l i ty  [2], will  cer ta in ly  de t e rmine  the dynamics  
of development  of the fuel f l ame.  On the other  hand, the flow of the f u e l -  a i r  jet is affected by the s ta te  of the 
medium into which the fuel is injected and, in pa r t i cu la r ,  by the p r e s s u r e  in the working volume.  

Inves t igat ion of the in ternal  s t ruc tu re  of a fuel f l ame  by opt ical  techniques is difficult,  s ince the f lame is 
a s t ruc tu re  fi l led with a la rge  number  of sma l l  liquid drople t s  and is opt ical ly opaque. Hence, in the p resen t  
expe r imen t s  we used the pulsed x - r a y  technique as in [2]. This  paper  gives the r e su l t s  of a quali tat ive inves t i -  
gation of the spec ia l  f ea tu re s  of development  of the fuel f l ame  when liquid is injected into a medium with an 
excess  p r e s s u r e  up to 10 arm. 

The expe r imen t s  we re  conducted on the appara tus  desc r ibed  in [2]. Inject ion of a mix ture  of d iese l  fuel 
and x - r a y  con t ra s t  addit ives (ethyl iodide and butyl iodide in propor t ion  1 : 1 : 1) was effected by a s tandard  
d iese l  in jec tor  of the closed type,  fitted with a s ingle-hole  nozzle with nozzle d i a m e t e r  0.35 m m  (Fig. 1)0 In 
this  case  the curve  of p r e s s u r e  in the fuel  s y s t e m  was of the s tandard  type - i nc rease  in p r e s s u r e  up to 800- 
900 a tm in the course  of 4 m s e c  and a decl ine for  2 msec .  

The working volume was a th ick-wal led  cyl inder  with in ternal  d i a m e t e r  150 mm,  with its ends closed by 
caps ,  the dis tance between which was ~ 50 mm.  Since the adjustment  of caps  of any kind for  sea l ing  of the 
working volume leads  to such x - r a y  absorp t ion  that  conduction of exper imen t s  is imposs ib le  we se lec ted  the 
following methodological  solution. Photographic  f i lm in the cas se t t e  2, made f r o m  opaque paper  and protected 
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Fig. 2 

f r o m  spray  and vapor by a Lavsan f i lm 5 ~m thick, was placed di rec t ly  inside the working volume and the vol- 
ume in each experiment  was unsealed for change of the film. Mounted in front of the x - r a y  tube 3 was a plug 4 
with a 1 .5-ram-thick  bery l l ium membrane 5 which could withstand a load corresponding to a p ressure  differ-  
ence of up to 40 arm~ These components were  positioned in the working volume so that the distance between the 
plane of the photographic f i lm and the injector axis was 20 ram, and the distance between the injector axis and 
the focal  spot of the x - r a y  tube was 110 mm. The presence of the protective beryl l ium membrane  reduced the 
aperture ,  and the maximum angle at which the image of the flame could be observed was ~ 35 ~ Hence, only the 
cent ra l  region of the working volume of d iameter  80 mm, where the paral lax at the edges is insignificant, was 
projected onto the photographic film. The distance f rom the injector nozzle tip to the center  of the f rame was 
55 ram. 

F igure  2 shows a se r i e s  of reproduct ions  f rom x - r a y  d iagrams obtained 1.75 msec after the s ta r t  of the 
increase  in p res su re  in the fuel sys tem for different p r e s su re s  in the working volume. The excess  p ressure  
in the working volume is indicated by the f igures  in the photographs. The reproduct ions of the x - r a y  d iagrams 
show the re fe rence  needle 6 (Fig. 1), the tip of which was 24 mm f rom the f rame center .  F igure  2a (the head 
of the jet is severa l  mm beyond the edge of the frame) c lear ly  shows the usual s t ruc ture  for injection into a 
volume filled with air at a tmospheric  p res su re .  On the r ight-hand side of the f rame a clot of f u e l -  air mixture 
is beginning to fo rm in the jet, and the entire middle part of the jet consis ts  of a s t r eam of uniformly dispersed 
smal l  (.~ 1 mm) inhomogeneities.  
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A re la t ive ly  sma l l  i nc rease  in p r e s s u r e  (Fig. 2b, c) de s t roys  the uni form s t ruc tu re  of the flow in the jet  
and even in those  reg ions  where  no l a r g e - s c a l e  inhomogenei t ies  are  fo rmed  the r e  appear  th ickenings ,  which 
are  s i tuated c lose  toge the r  and acquire  a speci f ic  shape.  These  thickenings a re  conical ,  with the apex pointing 
in the d i rec t ion  of propagat ion  of the f l ame,  and the fuel component  is m o r e  dense  in the head region.  The con- 
cen t ra t ion  of liquid d e c r e a s e s  towards  the base  of these  conical  c lots .  

The in te rac t ion  of these  s t r u c t u r e s  with one another  is of in te res t .  Since each  success ive  clot moves  in 
the r e l a t ive ly  dense  medium left by the previous  one due to deposi t ion of liquid d rop le t s ,  we f requent ly  obse rved  
c a s e s  of ~gliding n of the next clot  and i ts  def lec t ion to the s ide.  This  leads to the appearance  of a mult iheaded 
f l ame  (Fig. 2c, e). 

Another  fea tu re  of pa r t i cu l a r  in te res t  that  was  s o m e t i m e s  obse rved  was the fo rma t ion  of a detached p re -  
c u r s o r  wave that  p r epa red  the way for  the clot .  F o r  instance,  the a r rows  in Fig .  2g c l ea r ly  show how the s ig -  
nal p reced ing  the clot c l ea red  the f u e l -  a i r  mix ture  f r o m  the t r a i l  left by the passage  of the preceding  par t  of 
the jet .  This  wave cannot be r ega rded  as the c l a s s i c a l  shock wave accompanying  the propagat ion  of a body in 
a med ium at superson ic  veloci ty ,  although in [3, 4] the possibi l i ty  of fo rmat ion  of low-veloc i ty  shock waves  in 
the body of a f l ame,  as in a po lyd isperse  medium,  was indicated.  It is known [5-7] that  gasdynamic  d i scon-  
t inui t ies  in polyphase s y s t e m s  have la rge  d i spe r s ion  and the shock wave,  f o rmed  in some  way in them,  is 
conver ted  to a c o m p r e s s i o n  wave.  

It  is unders tandable  that  the fo rma t ion  of such waves  a lso  accompanies  the pulsat ion of the mix ture  clots  
which r e su l t s  f r o m  the col lapse  of individual pa r t s  of the jet ,  which have definite iner t ia  (p resence  of a d i s -  
pe r s ed  liquid phase) and e las t i c i ty  ( sa tura t ion  of mix ture  with a i r  and vapor) .  The fo rma t ion  of such waves  in 
the  body of the f l ame  at a r a t e  sufficient  fo r  a l t e ra t ion  of the s t r u c t u r e  of the f u e l - a i r  flow appea r s  to be an 
impor tan t  f ac to r  affect ing the whole p r o c e s s  of charge  fo rmat ion .  

Numerous  obse rva t ions  show that  in the case  of inject ion into a med ium with excess  p r e s s u r e  > 3 a tm the 
f o r m a t i o n  of frequer~ conical  c lots  and, hence,  of c o m p r e s s i o n  waves  is a r egu l a r  f ea tu re .  An inc rease  in 
ove ra l l  dens i ty  of the medium,  however ,  leads  to reduct ion of the veloci ty  of advance both of the f lame as a 
whole,  and of individual s t r u c t u r e s  in i ts  body. This  is c l e a r l y  seen  in Fig .  2, for  ins tance,  where  all the x - r a y  
d i a g r a m s  were  obtained at the s a m e  t ime  and, hence,  with i nc rea se  in p r e s s u r e  in the volume the f lame be-  
comes  s h o r t e r  and s h o r t e r .  The r e s u l t  of reduct ion  of the  veloci ty  of motion of pa r t s  of the jet  is that  the clots  
occur  m o r e  f requent ly  and the cone angle in t he i r  ta i l  par t  i n c r e a s e s .  Hence,  with i nc rea se  in p r e s s u r e  in the 
med ium the f l ame  becom es  b r o a d e r  and b r o a d e r  and on the s ides  has s t r u c t u r e s  which anticipate the develop-  
ment  of the " f i r - t r e e  n [4]. In addition, in these  conditions t he r e  is a g r e a t e r  tendency for  individual thickenings 
to nglide away 'w f r o m  the f l ame  axis and for  even g r e a t e r  broadening of the f l ame  head. At excess  p r e s u r e s  up 
to 10 a tm in the med ium the f l ame  st i l l  t r a v e r s e s  the working volume fa i r ly  rap id ly  and does not hover  in it, but 
the in terna l  s t r u c t u r e  of the f l ame  is m o r e  complex  than in the case  of injection without c o u n t e r p r e s s u r e ,  and 
the fuel  component  is d is t r ibuted  e x t r e m e l y  inhomogeneously in it not only longitudinally, but also t r a n s v e r s e l y .  

The above-c i t ed  r e s u l t s  of obse rva t ions  r a i s e  the quest ion of the causes  of the di f ferent  nature of the 
deve lopment  of the inhomogenei t ies  when fuel is injected into a med ium with a different  exces s  p r e s s u r e .  In 
the case  of inject ion into a i r  at a tmosphe r i c  p r e s s u r e  clots  of f u e l -  a i r  mix ture  begin to f o r m  at a d is tance 40- 
60 m m  f r o m  the in jec tor  nozzle t ip  and the i r  appearance  is not co r r e l a t ed  with p r e s s u r e  f luctuat ions in the fuel 
s y s t e m ,  where  the f o r m a t i o n  of the conical  th ickenings ,  c lose ly  following one another,  in the body of a f lame 
developing in a med ium with inc reased  p r e s s u r e  is of a d i f ferent  nature .  As the r e su l t s  of invest igat ion [2] in- 
d ica te ,  the fo rma t ion  of inhomogenei t ies  in a jet  advancing in a med ium without c o u n t e r p r e s s u r e  and having a 
posi t ive longitudinal veloci ty  gradient  is a consequence of the development  of hydrodynamic  instabi l i ty  in such 
a flow, which leads to the appearance  of a dis t inct ive  longitudinal segmenta t ion  of the jet .  In th is  case  the p e r -  
tu rba t ions  developing near  the in jector  nozzle do  not develop into l a r g e r  d i s tu rbances ,  s ince the veloci ty of 
p ropaga t ion  of the c o m p r e s s i o n  waves  in the jet ,  which c a r r y  informat ion  about the poss ibi l i ty  of concentra t ion  
of the component  in a pa r t i cu la r  c r o s s  sect ion of the jet ,  is l e s s  than the veloci ty  of r e l a t ive  mot ion of its pa r t s .  
In addition, in these  conditions the jet  is nar row and cons iderable  s ca t t e r ing  of the s ignal  to the side of the jet  
axis will  occur .  When the excess  p r e s s u r e  in the volume is inc reased  to 3-5  a tm the veloci ty  of advance of the 
jet  head is reduced  by a f ac to r  of 2-3,  which is probably  sufficient  to produce the poss ibi l i ty  of s ignal  p ropa-  
gation along the jet  and the in te rac t ion  of its individual pa r t s  with one another .  Hence,  the en t i re  fuel f lame in 
this  case  b e c o m e s  a single sys t em,  along which the in te rac t ion  of the pa r t s  is es tabl i shed,  and acqui res  the 
p rope r ty  of longitudinal e las t ic i ty .  In the case  of injection into a medium with c o u n t e r p r e s s u r e  up to 2 a tm,  
however ,  individual sec t ions  of the jet ,  s ca t t e r ed  by inhomogenei t ies ,  hardly  in te rac t  at all  with one another  and 
each  s u c c e s s i v e  port ion of the jet has  no effect  on the advance of the previous  one. Hence,  the dynamics  of the 
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motion of the jet  head is independent of the behav ior  of the r e m a i n d e r  and, hence,  of the nature of the change 
in p r e s s u r e  in the fuel  s y s t em ,  except  for  the e a r l i e s t  s tage of the p roce s s .  

At higher  p r e s s u r e s  in the medium (7-10 a tm or  more)  the t r a n s m i s s i o n  of informat ion  along the jet  
b e c o m e s  re l i ab le  and the r e a r  par t s  of the jet  begin to affect  the advance of the head. In this sense  we use the 
t e r m  " p r o p e r t y  of longitudinal e las t ic i ty . "  It should also be noted that  at p r e s s u r e s  in the medium > 5-7 arm 
the development  of l a r g e - s c a l e  inhomogenei t ies  d~viding the jet into sect ions  is not observed .  
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L O C A L I Z E D  T H E R M A L  S T R U C T U R E  

W I T H  B U L K  H E A T  A B S O R P T I O N  

IN M E D I U M  

L .  K.  M a r t i n s o n  UDC 536.24 

Invest igat ions  of nonlinear  p r o c e s s e s  of the diffusion type [1-6] have revea led  s e v e r a l  quali tat ively new 
f ea tu re s  of the cour se  of such p r o c e s s e s  in c o m p a r i s o n  with l inear  p r o c e s s e s .  

In pa r t i cu la r ,  in hea t -conduct ion  p r o c e s s e s  nonlineari ty  can be respons ib le  for  such an unusual p roper ty  
as t h e r m a l  iner t ia .  In the wide sense  the p rope r ty  of t h e r m a l  iner t ia  means  a finite veloci ty  of propagat ion of 
t h e r m a l  per tu rba t ions ,  when the per tu rba t ions  propagate  in a nonlinear medium in the f o r m  of heat waves  with 
a finite veloci ty  of motion of the front .  

The p roper ty  of t h e r m a l  iner t ia  is manifes ted  in a qual i ta t ively new f o r m  when the t h e r m a l  per turba t ions  
a re  spat ia l ly  ~ocalized. In this case  the front  of the t h e r m a l  per turbat ion,  propagat ing f r o m  the source  with 
finite velocity,  pene t ra tes  only a finite depth into the medium even in an infinite period of t ime .  A s w a s  shown 
in [7-10] the nonlinear spa t ia l  local izat ion of t h e r m a l  per turba t ions  can be due to the effect  of bulk absorpt ion  of 
t h e r m a l  energy ,  the r a t e  of which depends on the t e m p e r a t u r e .  

One of the mos t  in te res t ing  r e g i m e s  of spa t ia l  local izat ion of t h e r m a l  per tu rba t ions  is the s table  local i -  
zat ion r e g i m e  [11]. The heat wave f ront  in this local izat ion r e g i m e  r e m a i n s  s ta t ionary ,  and the s ize of the pe r -  
tu rba t ion  reg ion  does  not va ry  with t ime .  In this  case  the local ized heat  pulse is se l f - insu la ted  f r o m  the s u r -  
rounding space  and evolves  into a space  reg ion  of constant s ize .  As an example  of rea l iza t ion  of this type of 
nonlinear heat  conduction r e g i m e  we cons ider  the evolution of a h e a t  pulse in a medium of constant  densi ty p, 
heat  capaci ty  c, and t h e r m a l  conductivity k in the p re sence  of bulk absorpt ion of t h e r m a l  energy  in it, the ra te  
of which is re la ted  to the t e m p e r a t u r e  by a power law and depends expl ici t ly  on the t ime  - it d e c r e a s e s  expo-  
nentially with t ime  with a c h a r a c t e r i s t i c  re laxa t ion  t ime  v. In the one-d imens iona l  case  this p roces s  is r e p r e -  
sented by the following parabol ic  quas i l inear  equation with a nonlinear lowest  term.- 
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