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CALCULATION OF MIXING QUALITY IN THE EMBRASURE OF A BOILER
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A method is described for calculating the qualtiy of mixing in the
embrasure of a boiler burner. Results based on experimental data on
the mixing of gas and air are presented.

Preliminary mixing of a gas with air is a necessary
condition for forced burning, The design of power-
ful boiler burners presupposes that mixing is accom-
plished inside the embrasure when a gas broken up
into jets is injected into the air stream (Fig. 1). In
practice the technique of burner design [1] consists
in determining the trajectories of the gas jets and in
efficient filling of the embrasure section with gas,
The efficiency of a chosen burner scheme cannot be
established without appropriate industrial or bench
tests. Analysis of the data of a number of papers [1—
3] shows that the quality of mixing in the embrasure
is determined mainly by the range of the gas jets, the
character of the mass transfer, and the mixing path
length.

In these conditions an analytic solution of the pro-
blem is possible under certain assumptions. Let us
examine the mass transfer equation as applied to a
circular embrasure, assuming that the flow velocity
is constant along its section, that transport of ma-
terial in the radial direction is accomplished by
means of turbulent transfer, and that the mixing pro-
cess results in the formation of a homogeneous mix-
ture.

Taking account of the restrictions introduced, the
mass transfer equation, written in dimensionless
form, is

x=0, c=c(r);

;-—=oo, C=Cp;

- dc

r=1 ’_T:O- 2
- 2)

The function ¢ (T ) reflects the nature of the gas
concentration distribution in the initial section of the
embrasure, which conventionally coincides with the
plane containing the apertures discharging the gas.

Making use of the recommendations of [1], we
shall determine the value of ¢ (r) for a gas burner

with gas injected in jet form into a carrier air stream.

When injected into the stream, the gas jets interact
with it, their range being determined as

W=V ek

while the diameter of a gas jet at distance h from the
discharge orifice is

S=0.75%.

We shall suppose that the gas (with added mass of
air) is distributed in the embrasure section atx = 0
in the form of a r1ng whose mean radius, with periph-
eral gas supply, is T, =1 — h, and, with central
supply, rC =h +a/2 (Fig. 1). The area of the ring is

Fo= 3
i

The radii of the limits of the ring, in the case of
a peripheral burner, are determined by

bh? 3)

ria=1-—h =0.0352
(1 —h).

The first of the boundary conditions (2) therefore
takes the form
c(r) = cg when r; < 7 ras

-

(=0 when 0Lr<rn, rner<l 4)

We note that, according to (2), when X = =, cg =
= ep/r§ — T2). Solution of (1) by the method of sepa-
ration of variables, allowing for boundary conditions
(2) and (4), permits the change in gas concentration
in the volume to be represented as

C:=Cp 7::———rf-|—
o N LT ) = T F Gt 1) o G ) exp“ 1
”‘: W I"(P‘n) v D

'—V/I;+4M }} | (5)

Here I, and I, are Bessel functions of zeroth and first
order, and py are roots of the equation Ii(uy,) = 0
(,;=3.83;4,=7.01; u3 =10,17; py =13, 32).
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The mixing quality in the burner embrasure may be
conveniently assessed by the quantity », introduced by
[2, 3], and defined by the expression

For a homogeneous mixture » = 0, It is not. diffi-
cult to show that, when there is separate motion of
gas and air,

x=wny=2ali(al 1)

Instead of %, the analogous quantity % = %/, may
be used, the limits of variation of which are inde-
pendent of the composition of the gas and the fuel-air
ratio 0 = ¥ < 1 (% = 0—homogeneous mixture, # =
= l—complete lack of mixing),

For a tube with wy = Wy Yy

€ —Cp

.
u:j rdr =
) Em
_ A NV nh ) —nh @), g
== ) > (6)
ry—r, = i To ()

R R s B T N e
X exp 5 %‘5%4%,}" j‘“o(hfﬂfdr'
0 .

Computation of the integral

1
T, = { o (2aP) | 7dT

%
Y

requires clarification. As the argument z increases
from 0 to « the zeroth-order Bessel function I; (z)
changes sign to the opposite of that when z = { i,
where ¢ | are roots of the equation I) (€ ) = 0.

I

Fig. 1. Schematic gas distribution
in embrasures with a) central and
b) peripheral burners.
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Carrying out the substitution, we write T, in the
form of a number of absolute values of definite inte-
grals:
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Fig. 2. The dependence D=D {¢) in a cylin-
drical embrasure.

Putting Bn(ty) = 4F, (bn)/ed If (#p), we have

A=
i NI - _
"= _757——7? ~ 1”2]1(%"71"2) - 7’111 (P"n rl) IBn (un) )N

rl(5V/ ) o

The series (7) converges satisfactorily, the num-
ber of terms applicable to the calculation being de-
termined by the two parameters D and X, and not
exceeding four in any case of practical interest, when
% >0,2.

The values of By are equal, respectively, to 1,105;
0.864; 0,678; 0,588 for n=1; 2; 3; 4,

The data in the literature on turbulent transfer
coefficients in tubes, which are, moreover, very
limited, cannot be used for practical calculation of
mixture quality.

The presence and variation of flow swirl, the em-
brasure configuration, and the turbulence-promoting
influence of the gas jets may be taken into account
by introducing an effective mass transfer coefficient
D, obtained by reducing the experimental data accord-
ing to (7) and allowing for the peculiarities of embra-
sure aerodynamics.

The reduction of test data on mixing in cylindrical
embrasure models [2, 3] has allowed evaluation of
D for these cases as a function of flow swirl. The
graph of D = D (¢) shown in Fig. 2 may be used with
least reliability whenh = 0.4 and x = 0.4-0,6, i.e.,
in the most interesting practical cases.

Figure 3 shows the curve % = n (X) , obtained by
calculation when D = 0. 05, The satisfactory agree-
ment between the calculated curved and the test points
is evidence that (7) quite accurately describes the
behavior of the process in the embrasure,
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Increase of D in the last case proves to have a
substantial influence on mass transfer in the tube of
the channel configuration,
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Fig. 3. Construction of the peripheral burner
embrasure of the BKZ-160-100 GM boiler, and
a graph of the variation of % along its length

(¢ = 45°): 1) test; 2) theory.

Evaluation of the mixing quality for a peripheral
burner reduces, according to [1], after determination
of the range of the gas jets, to computation of the
quantity ® from (7), using (3) and the graph of Fig. 2.
With a central gas supply to the burner, it is suffi-
cient to replace the difference 1 — h in (3) by h + @/2,
the method of calculation otherwise remaining as
before.

The effect of having multi-row and multi-caliber
gas orifices could be calculated, by complicating con-
dition (4) with the introduction of a group of rings,
each of which would correspond to the range of a de-
finite number of orifices. It is more convenient in
that case to introduce effective values of range, dia-
meter, and number of orifices according to the form-
ulas

i==f i=j
/I_eff =V ’-1: b; “[‘3 \1 b, (2;2;

i==1 f=1

heff

deff = —————x

1 TT;F’
k /\gwg

T 2

i=]
hl d;
betf = :‘_J_ b; (———) .
i--1

Z’eff
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From test data on two boilers equipped with burners
similar in construction to those considered in Fig,

3, the quantity % should not exceed 0.2 in a case
where it is necessary to compress the gas at thermal
stresses of the furnace volume on the order of 300 x
x 10° W/m® and air-fuel ratios ¢ ~ 1.05. Use of the
method of calculating mixing quality in burner instal-
lations, but, when test data have been accumulated,
also allows the relation between the degree of pre-
paration of the fuel-air mixture and the direct out-
put of the flame to be explained.

NOTATION

R—embrasure radius; X = x/R—relative length; T = 1/R—relative
radius; c—gas concentration; ¢y —mean gas concentration over sec-
tion; D = D/wR~relative turbulent transfer coefficient; w—flow
velocity in embrasure; h= h/R—relative range of gas jets; d=d/R~-
relative diameter of gas orifices; k—coefficient, taking account of
orifice pitch; ngg2~ratio of velocity heads of gas and air; b—num-
ber of gas orifices; cg—gas concentration in conventional ring; a =
= a/R—diameter of central gas supply tube; Wy—ratio of local mass
flow velocity in embrasure to mean mass velocity over section;

f = f/F —relative area; F—cross-sectional area of embrasure; o—air -
fuel ratio; L—stoichiometric coefficient; ¢ —axial register blade angle
setting; j—number of rows of gas orifices; By, dj, bj—range, diameter,
and number of orifices in i~th row.
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