ME 471: Turbulent Combustion, Spring 2012
Stanford University
Homework 3: Non-premixed Turbulent Combustion (I)
Due Tuesday, June 5 in class.

Guidelines: Please turn in a neat and clean homework that gives all the formulae that you have used
as well as details that are required for the grader to understand your solution. Show all work. Required
plots should be generated using computer software such as Matlab or similar program. Answers should
be written in the blank spaces provided in these homework sheets. Use the back of the page in case
you need additional space (not recommended to use more space than provided), for which a clear
indication should be written to warn the reader of the presence of text there. Vector quantities are
denoted in bold letters in what follows.

Student’s Name:... SAVIER wgg,g“\f ........................ Student’s ID: ... '

Solve Question 1 and Question 2.

-

Question 1 (50 pts)

a) Sketch the S-curve obtained by Lifidn (“Asymptotic structure of counterflow diffusion flames at
large activation energies”, 1974) in terms of the reduced Damkdhler number A versus the maximum
temperature T,y Give a brief description of the physical phenomena that take place at both turning
points. Locate on the graph the extinction Damkdhler number Ag and give an explanation of its
physical meaning. Finally, give a brief description of each burning regime. (25pts)
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Student’s Name: JAVIGe prEAY

b) In his paper, Lifidn (“Asymptotic structure of counterflow diffusion flames at large activation
energies”, 1974) identified a critical Damkdhler number for flame extinction Ag in the diffusion-flame

regime, which is given by

Ap=e [(1 =) = (1~ |7])* +0.26(1 — |7])* +0.055(1 — |])*] (1)
In particular, for A < Ag the inner-zone equation w.
90 ©-n@+men[-AO+m)] L wﬁ*’ ®
dn? Ag 2

does not have any solution. Equation (2) is subject to d©/dn — *£1 at n — +oo. Equation (2)

describes de reactive-diffusive zone in diffusion flames at large activation energies, with ©(n) being

the inner temperature, 1 a stretched coordinate normal to the flame, and A the reduced Damkdohler .
number. Additionally, 1 — « is twice the ratio between the heat transferred from the flame towards

the oxidizer side and the total chemical heat released. Therefore, A and ~ are external parameters in

equation (2) - see class notes or Lifidn (1974) paper for a formal derivation of the inner-zone equation -
(2) if needed -.

Provide a formal derivation of (1) by conveniently manipulating the inner-zone equation (2).
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Question 2 (50 pts)

For a steady laminar counterflow diffusion flame with constant density and equal diffusivities of
fuel and oxidizer,

a) Prove that the scalar dissipation rate y = D|VZ|? can be written as

X= % exp [—2(erfc™(22))?] ' (3)

where Z is the mixture fraction, a is the strain rate, and erfe(p) = (2//) fpoo e tdt is the complemen-
tary error function.
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b) What is the physical meaning of the scalar dissipation rate at stoichiometry xo = x(Z = Zg)?
In this formulation, Z; is the stoichiometric mixture fraction.
(7 FEPReSswuTs  THE (NUSRSE ©OF Twa & pREGELON TIME TRROVGH THE STOICHioMETALL

SURRACE . LS

~ ¢) Using (3), prove that x: is of order aZ2 when Z, < 1. This result is valid for hydrocarbon-air
flames, in which Z is typically a small number. According to this result, is the diffusion time through
the stoichiometric surface much larger or much smaller than the characteristic strain time?
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