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Normal burning velocity of the Fuel/air flame was determined by extrapolating the dependence of the 
local burning velocity on the local curvature of the flame front to the zero curvature 

Gas stream tubes. To determine the geometric parameters of stream tubes, the experimental data were 
processed as follows. The discrete points obtained experimentally by PIV were used to construct a two-
dimensional velocity field by cubic spline interpolation: 

                                                (1) 

 Streamlines are obtained by numerically integrating the equations: 

    (2) 

 

o two pulsed Nd:YAG lasers 
o pulse duration 5 ns 
o CCD camera 1360×1024 
o Pixel sieze ~9x9 μm 
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Non-linear theory Law, Sung….. 

Dependence of local Uf on the radius of curvature Rf 

Linear theory Zeldovich, Clavin, Matalon…. 

Zeldovich – Barrenblatt hypotheses 
(result the Euler equation calculation) 

𝜏𝑐ℎ𝑒𝑚 = 𝜏𝑐ℎ𝑀 =
𝐿𝑚

𝑈0
  

𝑑𝑖𝑣𝑈 = 0 

The gas flow near the flame front on both sides of the front obeys 
the Euler equation and the continuity equation 
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Experimental result measurements consumption curvature 
Markstein - Zeldovich – Barrenblatt length LCCML and chemical 

time scale τ=LCCML/U0  

LCCML 

Uf 

Industrial combustion  

The turbulent combustion velocity, Ut - function of the physico - 
chemical properties of combustible mixture and turbulence 
parameters: 

uRMS - RMS (root-mean-square) velocity 

τturb  – turbulence time scale (s) 

τchem – chemical time scale (s) 

Fuel: 
CH4 – methane 
DME – dimethyl ether 
MMA – methyl methacrylate 

 
Inhibitor: 

TMP – trimethyl phosphate 
 
Experiment conditions: 

Fuel/Air flame 
P=1 atm 
t=25 and 55 oC 
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Zimont correlation has been used for many engineering problems 
for 20 years and is used by default in the ANSYS Fluent software 

CH4/Air/25oC CH4/Air/55oC CH4/Air/TMP/55oC 

Temperature dependence on X and equivalence ratio 

the Markstein mechanism hydrodynamic 
stability Darrieus-Landau instability 

τ=LCCML/U0 

U0 

DME/Air/55oC 

U0 

LCCML 
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ZBH thickness flame and chemical time scale (Zeldovich et al.) : 
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Looking for the perturbation increment: ω (σ=ρ0/ρburn) 

Zeldovich – Barrenblatt result the 
Euler equation calculation (1960) 

Landau (1944): 
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𝑈𝑓 = 𝑈0 𝑙𝑓 = 0 
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𝜕

𝜕𝑡
𝜌𝑐 + 𝛻 ∙ 𝜌𝑣 𝑐 = 𝛻

𝜇𝑇
𝑆𝑐𝑇

𝛻𝑐 + 𝜌𝑆𝑐ℎ𝑒𝑚 

𝜌𝑆𝑐ℎ𝑒𝑚 = 𝜌0𝑈𝑇𝛻(1 − [𝐹𝑢𝑒𝑙]/[𝐹𝑢𝑒𝑙0]) 

𝕂 = 
1

𝐴

𝑑𝐴

𝑑𝑡
= 𝛻 𝑛 × 𝑣 𝑠 × 𝑛 + 𝑈 ∙ 𝑛 𝛻 ∙ 𝑛  

Here, a new 
experimental 
method is presented 
to obtain data for 
fine calculations of 
turbulent 
combustion. 

𝑙𝑓 = 1.01 ∙ 𝑇0 , 0.99 ∙ 𝑇𝑚𝑎𝑥  

𝑙𝑓 = 𝑙𝑡ℎ = (𝑇𝑚𝑎𝑥−𝑇0)/ 𝜕𝑇 𝜕𝑥 𝑚𝑎𝑥 

Total thickness flame: 

Thermal thickness flame: 

τ=LCCML/U0 


