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Turbulent diffusion combustion

* Video is from https://www.youtube.com/watch?v=vDqBnjpKh1A and https://www.youtube.com/watch?v=OkzOMY31HlU
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Models’ 

accuracy

Highly simplified or 

reduced-order models 

cannot capture detailed 

physics

Use high order model to 

get accurate prediction of 

fire extinction limit

Pool 

Fires
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Objectives of this work
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modeling of pool fires
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Fire Dynamics Simulator (FDS)

Videos is from https://www.youtube.com/watch?v=gq2Xhcsoh-w
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Transported PDF model
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Transported PDF model
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* Pope, S. B. (1985). PDF methods for turbulent reactive flows. Progress in energy and combustion science, 11(2), 119-192.
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Mixing models implemented in PDF
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* Janicka et al., 1979 * Subramaniam and Pope, 1998

EMST

  

 

   
1

,   1,..., ,

i
j

ij p p pi

d
M i N N N

dt w





     



In
tr

o
d
u

ct
io

n

P
o
o
l 
F
ir

e
s

C
o
n

cl
u
si

o
n

Mixing parameters implemented in PDF

   

 
2

                                     

j

j j

j j

j

j

j

f u

f
f

x x
S

f
u

t

f
x xx

f
x




















 

 










  
  

  

 
 
 



 
 



 



  












  
























* Pope, S. B. (1985). PDF methods for turbulent reactive flows. Progress in energy and combustion science, 11(2), 119-192.
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01H PD F
Suitable to solve problems

need to consider detailed

chemical reactions

02H PD F
Has better capability to deal with flame 

local extinction problems and the 

study of flame instabilities

03H PD F
Only equal diffusivity is assumed

01F D S
Can provide information about mesh grids, 

velocity fields, and transport properties for 

transported PDF model

02F D S
Different molecular diffusivities for 

different species can be 

considered

Coupled

Take advantages from these two 

models



In
tr

o
d
u

ct
io

n

P
o
o
l 
F
ir

e
s

C
o
n

cl
u
si

o
n

UMD line burner

Plane view Experimental setup

* J.P. White, Measurement and simulation of suppression effects in a buoyant 

turbulent line fire, Ph.D. thesis, University of Maryland, College Park, 2016.
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Coupled model simulation setup
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Coupled model simulation results

3.0 with EMST modelC 

* Experimental data get from J. P. White, E. D. Link, A. C. Trouve, P. B. Sunderland, A. W. Marshall, J. A. Sheffel, M. L. Corn, M. B. Colket, M. Chaos, H. Z. Yu, Radiative 

emissions measurements from a buoyant, turbulent line flame under oxidizer-dilution quenching conditions, Fire Safety Journal 76 (2015) pp. 74-84.

Temperature Temperature

O2 mole fractions O2 mole fractions
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Coupled model simulation results

• White, J. P. (2016). Measurement and simulation of suppression 

effects in a buoyant turbulent line fire (Doctoral dissertation).
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Investigation of fire extinction limits prediction
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Investigation of fire extinction limits prediction

Temperature O2 mole fractions
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Flame regime identification by using flame index

  0     %(max ), %(max )O O F F

O F

O F

Y Y Y Y

FI Y Y

Y Y

   


   



FI = -1

Non-premixed mixing

FI = +1

Premixed mixing

Partially premixed mixing

Mixing Model C
 can yield burning flames limiting oxygen index (LOI) 

EMST 3 0.14 

IEM 40 0.15 

Modified Curl 15 0.15 
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Flame regime identification by using flame index
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Flame regime identification by using flame index
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