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A aimplified analytical method for finding out the burning velocity and temperature distri-
bution of premixed laminar Aame is reported. For analytlcal solution of the energy equation
the heat relcase rate profile has been approximated by a triangle. The burning velocity and
temperature profile thus computed are in good agreement with experimental data and those
obtained by numerical solution of the energy equation.

HE norms] buming velocity of flame is an
T important parameter in the design of com-

bustion systems. The values of buming
velocity for different combustible mixtures are nor-
mally determined experimentally in the absence
of reliable analytical methods. Zeldovitch and
Frank-Kamenetskii! proposed a theoretical analysis
of the energy cquation at the flame [ront leading
to an expression for the evaluation of buming velo-
city in premixed gaseous flames. Recently, Bhvaduri
¢l al.* 1eported a numerical soluticn of Lhe energy
equation giving bumning velocities which compared
well with the experimertal results. The numerical
solution suggested, hewever, suffers from disadvan-
tages inherent in the two-point boundary value prob-
lems and is also timeconsuming. In the present
communication, an analytical solution of the ener
equation has been proposed by assuming an approxi-
mate triangular form for the heat release rate
function, which is simpler and requires less time
for soluticn. The theoretical values of buming
velocity obtained by this method compare faisly
well with experimental data.

Equation and Its Solution

The system of differential equations of heat and
mass transfer due to similarity in the temperature
and concentration ficlds in the reaction zone leads
to a single cquation of heat transfer (energy equa-
tion) at the flame front. Thus, for a one-dimen-
sional system (he equation for a stationary laminar
flame in a uniform flow of mixlure with velocity
s

a7 dT
Ao —Cfip +0 =10 (1

where @ is the heat release rate
- Ty=T\Y23\ siar
0=z (7"

Qis plotted against T in Fig. 1 and, as one can see,
it can he approximated by a triangle as was suggested

by Bhaduri and Basu’. This appruximation yields
linear expressions for @ for two zones, i.e.
Q=m(T-T,) 0<x<zn .(2)
Q=—m{IT-T)) r.<x .3
where T, is the point of intersection of the linear
approximation of the @ profile as given in Fig. 1.
The temperature terms in the energy equation are
made non-dimensional by substituting
0= T=T
T TI-T
The energy equation now reduces to
% CyPu dd Q9 “
X & MI-T)
The origin is so chosen that at x=0, T=T,
and as

aT a4
%> —,T=T; and 2;=°"'°'°_1’d_x_0
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Fig. 1 — Actus) and approximate heat releass rate profiles
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As
ar . do
2> +oc,T=T/andE =0, ie 8=0,‘7=0 ..{5)

To sclve Eq. (4) with the boundary condition (5),
one can find solution for three different regions, de-
pending on difierent values of Q and can match
then. We call region I wheie ¢ =0 and regions
11 and III where @ is given by Eqs. {2) and (3)
respectively.

Solution for region I — For x<0: Q =0, so Eq. (4)
reduces to

4% a0
Ky
The solution is
0= A"4B'e"
The boundary conditions are

=0 where K, = %

r>—a, =1, %":0

and x=10,0=0,

So,

8 = 1—(1-0,)6%* ..(6)
Sofution for rogicn [T — Substituting the approxi-

mate expressicn for @ given by Eq. (2) in Eq. (1),

one gets
d9  weCy db _ my(8,—0) _ 0
T Ty A o
or
% 40
F—K.;;—K,(U,—O) =0 )|
where

w(,
k-2 -2

The solution of Eq. (7) may involve two roots,
real or imaginary, depending on whether K} > or
< 4K,. The solution is
0 = 6,464, cos 'x+ B, sin p's} if K1<4K, ..(8)
where -

< =K f = VK —K?
2 2
and A4, B arc constants.

Sofution for region IIT— Substituting Eq. (3) for
Q in Eq. (1), we have

d d6
g—x,d—x—xgeﬂ ..(9)
where
, P
K= 7"

The solution is

8 = Ayl VIKTRIRDZ Kty B AKiit= V (RTFIK e
..{10)

The boundary condition x—»cc, when applied in

Eq. (10) gives

Ay =0, 0= Byei*

where

(1)
E= ‘\/KH';Kl—Kl

From the three solutions for the three regions it
can be seen that there are two undetermined con-
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stants ic the solulion of region II and one undeter-
mined constant in the solution of region III, whict
can be determined by matching the values ol 8 and
Hg at the common boundary of each region.
Matching the solutions in regions I and I at
x =0, one gets
§,—1
i

The solution in region I becomes

4,=0,B=2"K,

8 =0, =N K, sin prase (12)
[
Next, equating the values of 0 and 2 for regions 11

and IIl and at ¥ = x.,. where 0 = 0, one gets

0 = Byo~¥m = 0,— pTo‘l(. SiR BXped"m
d9 1-8 .
—_——— o L. | R Ky .
& Byfs ¥ K\[2'5*"m sin B'x,

{13)

+B'cx'm cos P'xa] =—0,E (from Eq. 13)
(14
Combining Egs. (13} and (14) and simplilying
0.8 —a’(0,— 6.}

ot % = g0

or

L [OnE a0 —00) ' e

Zn a,ocr { -0 where Ki<4K,
{15

For region [ if Ki>4K,

1-6,

0=

Kye¥'* sinh §°x ..{16)

where
g - VI,
2
Carrying out the matching procedure as above, the
final expression becomes

o B0, —0.)
tanh B = Bt
or
= lE i ke
Xa —2§'ln (l—q) if Ki>4K, (17
Fum Eq. (13)
By—8, — ‘;,"' Ky*n sin B'ta for K1<sK, (19
Similarly,
00, = 1;,0‘K,c'" sinh @' for KI>4K, ...(19)

These expressions are valid for a sleady fane,
since Eq. {1} has been deduced for a onc-dimen-
sional steady flame. The condition for a steady
flame is that the flamie velocity is equal to the flow
velocity. Therefore, Egs. {17), (18) and (19) are
true only when w = u.

On eliminating x,, between Egs. (1) and (18) or
(17) and (19), one gets an expression for % which
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when solved should give Lhe burning velocity.
The procedure for the calculaticn can be swomarized
as follows,

(i) The values of m,, m,, 0, and 0. ate found out
from the heat release curve.

(ii) The value of u is chosen and x. is deternined
from Egs. (16) and (17) or Eys. (13) and (15).

(i) The values of x, and n arc substituted in
Eq. {18 or (19) according as K < or > 4K,. The
cortect value of m is oblained by the method of
tabulation,

Results and Discussion

A sample calculation of burning velocity was
carried out by this miethod to test the accuracy of

Tasis 1 — EpPECT oF COEFFICIENTY OF Excm Alx oN THE

the method. Calculation was made for methane
gas as fuel at different coefficients of excess air, and
an initial temperature of 473°K. The results ob-
tained by this method have been compared with
the cxperimental data of Passauer’, The values
of Cp and X are taken at average temperature of
the reaction zone. The results arc presented in
Table 1.

The temperature profile along the flame axis ob-
tained according to the proposed method is shown
in Fig. 2 along with the profile obtained by
Bhaduri ¢f al.2, It shows a good coincidence. ¢X-
cept ar large distances away [rom the origin.
This may be duc to the cumulative error in the
numerical solution and also to the approximation
on the heat release curve stipulated in the present
analysis.
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Fig. 2 — Flamc temperature profiles obtained by the method
of Bhaduri ¢ al.* and the present method
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Nomenclature

T I', 17 = running, initial and final Aame temp,
= voordinate

Cr = sp. heat of the mixture

12 = densily of the mixture

I3 = thermal conductivity of the mixture

q w heat of reaction

K, , ™ constant in Arrhenius equation

€/, €o, = initial conc ol fuel and oxygen respectively

E a energy of activation

R = universal gas constant

. my = slopes of the heat relcase curve

0), 0m = non-dimensional temp. corresponding to the
base and peak of the leat release curve
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