


Many years  ago, Professor  J. M. 
Redondo suggested  to  us that  the  
entrainment  coefficient  was not  
constant .
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The study  we present  offers  insights  into  the  complex  dynamics  of  forced  
turbulent  plumes  which  are turbulent  flows  driven  by both  momentum  and 
buoyancy  fluxes .
These flows  have significant  geophysical  importance,  influencing  dispersion  
processes  in various  natural  and anthropogenic  scenarios : volcanic  eruptions,  
river  plumes,  ventilation  systems  or industrial  emissions .

The analysis  of  these  flows  began  with  Morton  et  al. (1956), and all  the  studies  
aimed to  determine  the  entrainment  coefficient,  a key parameter  characterizing  
the  rate  of  ambient  fluid  entrainment  into  the  plume .
Different  studies  reported  varied  values  for  the  entrainment  coefficient,  
indicating  its  sensitivity  to  experimental  conditions  and plume  characteristics  
(like  local  turbulence  production,  source  conditions,  and distance  from  the  source ).



To present a new 
methodology for 
analyzing plumes  

using image 
processing.

A deepen research  of  the  entrainment  process  in plumes  by using  the  
spreading  rate . 

To introduce the 
concept of local 
spreading rate 

coefficient.

To analyze the time 
and spatial 

evolution of the 
local spreading rate 

coefficient.

To answer the 
question:

What can we do if 
we want to obtain 
information from a 

geophysical 
phenomenon, such 

as a volcanic or 
submarine plume?



The entrainment  coefficient  hypothesis  (Morton  et  al., 
1956) globally  represent  turbulence  in plumes  by 
introducing  a constant  coefficient  ɻE which  defines  the  
horizontal  rate  of  surrounding  fluid  (entrainment  velocity,  
UE,) in terms  of  the  vertical  velocity,  W:

The entrainment  coefficient  is difficult  to  be theoretically  
predicted  and must  be deduced  from  laboratory  or field  
measurements . 

For this  reason, other  researchers  study  entrainment  
dynamics  of  a plume  through  the  spreading  rate,  ɼ. 
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Classical  and Local  Spreading  Rate
In a stationary  ambient  fluid,  the  Spreading  Rate, ɼ, is defined  as the  
instantaneous  rate  of  change  of  plume  width,  w, relative  to  height  z, for  each 
time  or frame  (the  linear  increase  of  plume  width , w, relative  to  distance  from  the  
source, z):
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Classical Spreading Rate
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Local Spreading Rate

It is the quotient between the maximum width 
and the maximum length of the plume and it 
globally represents the turbulent behavior of the 
plume.

�ƒwi is the width of the plume corresponding to each height zi at a 
given time (as many values as heights zi ).

�ƒSpatial and time map of the local spreading rate.
�ƒThe local spreading rate represents a percentage of the classical 
spreading rate at the chosen height.


