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Abstract

Similarity analysis of heat and mass transfer processes in circulating fluidized beds (CFB) which operate
according to Catalytic Cracking CFB and CFB Combustor schemes is performed. On this basis the rules of
transport processes scaling are formulated in the form of a system of dimensionless governing parameters. Particle
concentration distribution and heat transfer coefficient in a transport zone of the riser with a height 6.6 m are
studied experimentally. The obtained and literature data on the values of p and o, are generalized on the basis of
the developed system of dimensionless groups. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Problems of scaling, which in practice are under-
stood as determination of a minimum quantity of
dimensionless groups composed of dimensional inde-
pendent variables and fully determining similarity of
both transport processes in a CFB and of CFB proper,
are very important and attract the attention of
researchers. On the basis of a cluster model of a flow
at a riser wall, Horio et al. [1] obtained four groups of
parameters which in a dimensionless form are [2}:

ps ¥ Js

FrDy > s T
Pr U pU

1)

Neglecting an inertia term in the Ergun equation, the
authors of [3] determined a system of four groups
which resembles (1):

* Corresponding author.

Frp, P 4T
Py Umt’  pgu

@

Taking into account the presence of uys in (2), one
should prefer system (1) which is more physical in
nature for a CFB.

Nondimensionalizing governing differential
equations for gas and particles the authors of [4]
obtained system of five dimensionless groups:

d J
FrD, &’ —, Red, _S. (3)
P D ps
Account for balance between viscous and inertia forces
in (3) by introducing Res makes the system rather uni-
versal. Chang and Louge [5] found another system of
five dimensionless groups:
ps D S

Frr =, —

, Ar , 4
pf d9 psu

which allows also for nonsphericity of particles. A
rather limited experience of use of systems (3) and (4)
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Nomenclature

ar
Ar=gd*(ps/pr — DIV}

thermal diffusivity of gas
Archimedes number;
Ar*=Arg3

c specific heat capacity
d particle diameter
Fo=qgt]d? Fourier number
Frpo=u?/gD, Froude numbers
Fr*=u?/gdd

Fro=(u— w)*/gH

g
Ga=gd*v?
h

H
Hpy

=

-_]s:Js/ps(u —uy)

modernized Froude number
gravity acceleration

Galileo number

height above a gas distribu-
tor

riser height

bed height at u=uyr
dimensionless solid mass
flux

Js net specific solid mass flux
(mass circulating flux)

L length of a heat transfer
surface

M solid mass in a riser

Nu=od|l¢ Nusselt number

AP pressure drop

Pr=cppevefis Prandtl number

Reg=ud|ve, Reynolds numbers

Rep=uD|/v¢

R residue on a sieve

t

particle residence time at a

T temperature

U, Ump, U superficial gas  velocity,
minimum fluidization vel-
ocity, particle terminal vel-
ocity

v downward particle velocity

Greek symbols

at a riser wall

o heat transfer coefficient

€mf minimum fluidization on
bed porosity

0 coefficient of particle non-
sphericity

g thermal conductivity of gas

Vi kinematic viscosity of gas

s dynamic viscosity of gas

p particle concentration (mean
over the horizontal section
of a riser)

Pw particle concentration at a
riser wall

Subscripts

c—<C conductive—convective

f gas

mf minimum fluidization

] particles

w heat transfer surface

heat transfer surface

does not make it possible at present to give preference
to any of the systems.

One substantial fact which refers to the applica-
bility of systems (3) and (4) should be mentioned.
As is known, one of the main differences of a CFB
from a classical bubbling fluidized bed is that an
outer circulating particles flux, generated by a system
itself when u>u,, exists in a CFB along with devel-
oped inner circulation. With respect to a outer circulat-
ing particle flax all CFB can be divided into two
classes:

1. forced circulating fluidized beds in which J; is a gov-
erning (independent) parameter assigned during
CFB operation (Catalytic Cracking CFB (CCCFB));

2. free circulating fluidized beds in which J is a deter-
minable (dependent) parameter, i.e. the function of
independent parameters (u, d, p,, etc.) (CFB
Combustor (CFBCQC)).

As a rule, these two types of a CFB differ also in the
value of the ratio H/D (of about 20 =+ 80 for CCCFB
and 5+ 10 for CFBC) [6]. Account for different func-
tional determination of J; in CFB of the types men-
tioned is absent in systems (3) and (4), thus imposing
certain limitations on their practical use.

The main purpose of the present paper is to formu-
late rather a substantiated and universal complete sys-
tem of dimensionless groups which reflect similarity of
transfer processes in a transport zone of a CFB and
allow for the mentioned difference of CFB operating
according to Catalytic Cracking CFB and CFB
Combustor schemes.

2. Similarity of transfer processes in CFB

Similarity analysis will be made separately for CFB
of different types.
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2.1. Catalytic Cracking CFB

For an arbitrary local characteristic (FCC) of a
CFB of this type the following relation can be written:

FCC :f(g’ Ds da H, L’ ha JS9 Pss Pe» /lfs PrCt, U, Vf). (5)

On the basis of the n-theorem of the dimensional the-
ory a dimensionless analogue of (5) is written:

H L h J, p
FCC)' = (—,—, -, Ga, ———— =%,
wer=raaa ps(u—w)" py

Rey, Rep, Pr).

Since in the paper main attention is paid to modeling
of processes in a transport zone of a CFB, it is more
correct to introduce a dimensionless flux of particles in
the form of Jy/ps(u — u) rather than Jy/pu. A general
criterial Eq. (6) is rather complex and it should be,
whenever possible, simplified to a maximum. It is
admissible to neglect number Pr because in gas fluid-
ization it changes slightly. A more customary number
Ar is used instead of Ga, and, finally, form, and
remain only one simplex A4/H instead of two simplexes
H/d and h/d with the simplex H/d being truncated as
having no physical sense. In this case it is supposed
that the presence of two independent one-dimensional
spaces: ‘local’, associated with a linear size of the
probe (L), and ‘global’ having a characteristic size
equal to the height of the whole riser 4. Within the
framework of these conceptions, k2, which characterizes
the probe location in the riser, is the coordinate of
‘local’ space in ‘global’ one, in which actually ‘local’
space is considered as non-dimensional. It is clear that
in such a formulation only simplexes #/H and d/L are
physically meaningful. As a result of these simplifi-
cations, (6) is reduced to the equation

v _ (P d d p,
(FCC) —f<H L Ar JSaRed’ D’ pf) (7)

Rey and Rep are replaced by equivalent Rey and d/D
for the convenience of comparing (3) and (4).

On the basis of (7) it can be concluded: full simi-
larity of two CFB operating by the CCCFB scheme is
realized when five dimensionless groups are equal:

d p
Ly 8
D’ o, ®

Ar, J, Req,
Five groups of (8) give five independent equations for
determining 5 dimensional parameters of a laboratory
CFB which models a real apparatus (d, D, J;, u, ps).
Full similarity of local transfer processes is realized
when seven dimensionless groups are equal:

d p
,A J , Req, —, ==,
r, Js, Reéq D pr (9)

S
IS

2.2. CFB Combustor

Formally Eq. (5) can also be written for this case.
But now, as has been already mentioned, the value of
mass circulating flux (J) is a function of determining
parameters of the system

Js

=) =fu—w, H, Hy, D, g). (10)

Using the theory of vector dimensions in the Huntley
form [7] it can easily be shown that (10) is equivalent
to the following relation between dimensionless groups

bo
Hos
Jo = AFre| =2 11
F(H) (11)

(the quantity D disappears due to its vector dimen-
sion—length along a horizontal, for nondimensionali-
zation of which there is no uniform quantity).
Combining (7) and (11), an arbitrary dimensionless
characteristic (FCF) of the bed of this type is
obtained:

h d d P Hmf
(FCF)’:f( Ar, Fr,, Reg, —, = —) (12)
HL CC D e H

In the case when a certain pressure drop (4p) is main-
tained in the riser during operation, the quantity AP/
ps(1 — emp)Hg should be used instead of H,¢/H.

On the basis of (12) it can be concluded: two CFBs
operating according to the CFBC scheme will be simi-
lar if the following groups

d p, Hoy

Ar, Fri, Rey, —, —, 13
r,rz,edefH (13)

in them are equal to each other, respectively. Six
dimensionless groups of (13) give six independent
equations for determining six dimensional character-
istics of a laboratory CFB (d, D, u, ps, H, Hyy). Eight
dimensionless groups

h d d p Hm_f
Ar, Fi , =, 14
"I r, r'rg, Red, pf H (14)

determine similarity of local transfer processes.
Dimensionless groups  Jo=Js/p(u — uy) and
Fro=(u — u)*/gH used above were first introduced in
[8]. The number J, is a generalized characteristic of
catalytic cracking CFB, and Fr, is a generalized
characteristic of CFB Combustor. These numbers have
a simple physical meaning: a dimensionless circulating

flux J; characterizes particle concentration at the riser
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Table 1
Similarity of CFB operating according to the CCCFB scheme

Quantity CFBI CFB2 CFB3 CFB4
Jo, kg/m? s 50.0 83.2 50.0 15.8
D,m 1.0 0.24 1.0 1.55
u, m/s 6.0 2.57 6.0 7.6
U, m/fs 1.06 0.45 0.81 1.03
d,m 0.2 x 1073 0.048 x 1072 02x 1073 0.31 x 1073
ur, kg/m s 449 x 1077 179 x 1077 365 x 1077 179 x 1077
pr, kg/m® 0.31 12 4.81 1.2
s, kg/m? 2600 10,064 2600 650
Similarity Similarity

exit, and the Froude number Fr—the ratio of kinetic
energy of particles to their potential energy in the grav-
ity field. A fruitful character of employment of these
numbers will be shown in what follows on the
examples of the development of the methods for calcu-
lating vertical distributions of p and a._. in the CFB
riser.

2.3. Calculation of the parameters of laboratory CFB
modelling typical installations

Table 1 presents calculated parameters CFB2 and
CFB4 of laboratory CFBs (T = 20°C; P = 0.1 MPa,
fluidizing agent—air), which model high-temperature
CFBs operating according to the CCCFB scheme:
CFB1 (T =1800°C; P=0.1 MPa) and CFB3
(T = 1000°C; P = 2 MPa).

Table 2 gives an analogous calculation for CFBs
operating by the CFBC scheme.

2.4. Distribution of particle concentration over the
height of a transport zone of a CFB

On the basis of relations (7) and (12) dimensionless

Table 2
Similarity of CFB operating according to the CFBC scheme

dependencies of particle concentration on determining
factors can rather easily be obtained.

2.4.1. Catalytic Cracking CFB
A general expression for p/p, follows from (7) if it is
assumed the function f to be power

a [ f
p h b 3¢ d( d ) Ps
2= — ) 4 Rel — —=1. 15
Ps B(H> IR\ b P (13
It can be easily shown that (15) is substantially simpli-
fied. In fact, p can be presented as

p=p(H)h/H). (16)

An obvious relation between J; and particle concen-
tration at the riser exit (pey) is used:

JS = pexit(u - ut)~ (17)

Assuming p(H) = Cpexit, the relation for determining p
is obtained

£ cis(g) : (18)

which is a partial case of (15).

Quantity CFB1 CFB2 CFB3 CFB4

H,m 12.0 22 12.0 19.2
Hyppm 0.5 0.092 0.5 0.8
D, m 1.0 0.24 1.0 1.55
u, m/s 6.0 2.57 6.0 7.6
uy, m/s 1.06 0.45 0.81 1.03
d, m 0.2 x 1072 0.048 x 107> 0.2x 1072 0.31 x 1073
ur, kg/m s 449 x 1077 179 x 1077 365 x 1077 179 x 1077
s, kg/m? 0.31 1.2 4381 1.2
Py, kg/m® 2600 10,064 2600 650

Similarity

Similarity
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2.4.2. CFB Combustor
For this case an analogue of (15) follows from (12):

P A" b e d(a’)el s f'(Hmf>g
E-B(=) abpored (=) (L) (2.
o I(H) r’'Fri' Rey D (pf) V73

(19)

A simplified version of (19) follows from the combi-
nation of (11) and (18):

bo a
P _ o gy Hue (ﬁ)
o= CiFr ( 7 ) ) - (20)

s

2.5. Conductive—convective heat exchange with a riser
wall in a transport zone

In this section the above-obtained Eqs. (7) and (12)
are also used.

2.5.1. Catalytic Cracking CFB

On the basis of (7), assuming as earlier the unknown
relation to be power-law and one-term, the following
is obtained:

A ,(d)f p f(d)“
Nug-c = N| —= b ol B =Yy (=),
Ue-c N(H) Ar® J; Rey D (pf) I

(1)
2.5.2. CFB Combustor
Similarly, from (12)
AN oo o (AN e\
Nuc-c=Nl(ﬁ) Ar"‘Frf‘Regl(5> (/Tj)
(22)

() @)
H L)~
The obtained dimensionless Egs. (21) and (22) deter-
mine a structural dependence of the coefficient «._ on

determining parameters of a CFB and will be used in
the generalization of experimental data.

3. Experimental study
3.1. Experimental setup

Studies were conducted on a cold model of a boiler
with a CFB which is a vertical Plexiglas riser of height
6.6 m and cross-section 0.4 x 0.4 m provided by a
cyclon and a system for returning solid particles (Fig.
1). A circulating flow of particles was controlled by

varying amount of air supplied to the gate. A fluidizing
agent is air at ambient temperature. Sand (p,=2470
kg/m?) and anionite (p,= 1240 kg/m®) were used as dis-
perse material. Fractional composition of disperse ma-
terials is shown in Fig. 2. Experiments were conducted
at air velocities ranging from 3.0 to 6.0 m/s. With an
initial loading of disperse material 100—150 kg the vari-
ation of bed mass in the riser was attained by changing
the level of a dense bed in a recirculation loop. The
value of circulating particle flux was measured by two
different methods: (a) by the velocity of single particle
motion in a dense bed at a wall of the recirculation
loop; and (b) by cutoff of disperse material in the recir-
culation loop with the gate during a certain period of
time (~10 s) and subsequent weighing. Thus, it was
possible to measure bed mass in the riser and the value
of a circulating particle flux during the experiments.
Concentration of particles was determined by a drop
of static pressure in the riser. The points of static
pressure sampling are shown in Fig. 1. The coefficient
of heat transfer between a circulating fluidized bed and
the riser wall was measured by the heat transfer probe

air

3
\ +
+
+
- +
b -
Ny *
P +
il -2
+
6 B +
[ |
+
air M
S

L

ai

Fig. 1. Experimental setup: 1, gas distributor; 2, riser
0.4 x 0.4 m; 3, cyclon; 4, recirculation column 0.15 x 0.15 m;
5, gate; 6, hydraulic gate; +, pickup of static pressure.
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(Fig. 3). The levels of probe location were 3.57 and
5.14 m from the gas distributor. The heat transfer sur-
face of the probe (membrane) was made of foiled
fiber-glass with thickness 0.2 mm. It is designed for
removing a certain amount of heat, for mounting the
probe in the setup and thermal insulation of the probe.
A 55-mm-dia disk is a working part of the membrane.
In a 2-mm gap between the working part and the
remaining portion of the membrane the foil is etched
on two sides. The function of the gap is to provide
minimum heat losses from the probe to a setup wall.
The body of the probe is made of aluminium in the
form of a truncated cone with a larger base having a
diameter of 55 mm. Its function is distribution and
supply of heat from the heater to the heat transfer sur-
face. The wide base of the probe body is glued to the
working part of the membrane with a thin layer of
epoxy adhesive. Two chromel-alumel thermocouples
for measuring temperature are embedded in the probe
body. A silicon transistor fixed to the probe body is
used as a heater. An analysis of the operation mode of
the probe and losses in it indicates that an error of the
determination of the heat transfer coefficient does not
exceed 10%. The probe was calibrated under the con-
ditions of natural convection.

99
957

R

Lt % 4 [} 4 [ (] ]
2 6 12 alz 6 103 2
Fig. 2. Fractional composition of disperse materials: 1, anio-

nite 4 = 0.650 mm; 2, anionite 4 = 0.550 mm; 3, sand
d = 0.250 mm.

1
p
4
2
7 / I
Y 3
7/
/)
r/4 /] 4
Z —
g
)
(/,«
V4 4
s
V4

Fig. 3. Heat transfer probe: 1, fragment of a riser wall; 2, KT
8102 transistor; 3, membrane; 4, cone.

3.2. Experimental results

3.2.1. Distribution of particle concentration over the
riser height

Figs. 4-6 present typical relations p=p(h). An air
velocity, distance from the gas distributor and mass
of the material in the riser substantially affect a
value of p.

3.2.2. Conductive-convective heat transfer

Fig. 7 presents experimental data on the dependence
of the coefficient «._. on a mean concentration of par-
ticles in a horizontal section of the riser. A substantial
growth of o, . with an increase in p is evident. The
effect of particle size on the value of o is also seen:
the coefficient «. . decreases with an increase in a
mean diameter of particles.

4. Generalization of experimental data

4.1. Distribution of particle concentration over the riser
height in a transport zone of a CFB

4.1.1. Catalytic Cracking CFB

The available literature data [9-18] was generalized
in accordance with the theoretical relation (18). As a
result, its validity was confirmed and a simple equation
was obtained for calculating p:

p ~ h —0.82
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Fig. 4. Influence of air velocity on the profile of particle con-
centration over the riser height: 1, u = 6.3 m/s; 2, 5.3; 3, 4.3;
4, 3.75. Anionite 4 = 0.550 mm; M = 70-80 kg.

This equation describes experimental points with a
root-mean-square error of 16% (Fig. 8). The range of
verification of (23) is: 0.046 < d < 0286 mm;
59 < J, < 147 kg/m2 s; 27 < H <12 m. It follows
from comparison of (18) and (23) that C = 1, thus in-

2000

1000
g0 [}

600
400

>
o» 00
[ I
£ WM

= 200

S 0 |

€0 o 84\30\6
4o | . °

\2\0
* o ° 8;\
20 t AT
o

10 ) \ L L e.\
0 1 2 3 4 5 6 7

h (m)

Fig. 5. Influence of bed mass in the riser on particle concen-
tration: 1, M =70 kg 2, 35; 3, 20; 4, 8. Anionite
d = 0.650 mm; u = 6.7-6.8 m/s.

600 |
400

>Qgoe
L YT Y XY

200

P (kgn®)

Fig. 6. Variation of particle concentration of sand over the
riser height: » = 5.6 m/s; 1, M = 80 kg; J,=45 kg/m? s; 2,
30; 22; 3, 10; 20; 4, 70; 37.

dicating the equality p(H)= peyir- On this basis a con-
clusion can be made about the absence of downward
particle flows in the riser zone adjacent to the exit.

4.1.2. CFB Combustor
The data obtained were generalized by relation (20).
As a result the following equation was found

0.80 —0.82
P 0.55 H¢ h )
— =0. — —_ 24
Ps 0 26Frt ( H ) (H ’ ( )

100

90 +

40 s -

i
0 10 20 30 40 5o 60

P (xg-ni?)

Fig. 7. Dependence of the coefficient of heat transfer on par-
ticle concentration: 1, sand 4 = 0.250 mm; 2, anionite
d = 0.550 mm; 3, anionite d = 0.650 mm.
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shown in Fig. 9a. Since in the experiments a value of a
circulating mass of particles flux was also measured, it
turned possible for the conditions of the experiments
to obtain the dependence of the type of (23)

P _ h —0.82
o= 3.015(ﬁ) , (25)

shown in Fig. 9b. It follows from (25) that
p(H)=3.0pexir, thus indicating the presence of a devel-
oped downward flow of particles in the zone 7 ~ H
and reflecting hydrodynamic conditions at the rise exit.

It should be noted that the dependence of p on the
local height 4 has no universal character. The data of
[19] obtained on an operating boiler with a CFB
having a power of 12 MW at constant pressure drop
over the riser height was generalized:

p h —0.45
o =O.053Fr?'62<ﬁ> . (26)

As is seen, the dependence on / in this case is
smoother.

4.2. Conductive—convective heat exchange between a
CFB and riser walls in a transport zone

4.2.1. Catalytic Cracking CFB
Experimental data of [9,11,12] were generalized

0
1 1 v-g ,
-2 x-9 -
- ¥-10 v
A-11 r

o™ - - R T
2:,1 07 . ;’ﬁxgv'z: T+
e i
= oggv'{b'
= TN FeQ
T o ¥ 0
—_~ I\,\o .0*
< 3 o oAfs ¥
N 10 o /;,\33
N g/g A®

o2 %8

101 1073 _ 7072 107!
P2

Fig. 8. Generalization of experimental data on particle con-
centration in the Catalytic Cracking CFB riser: 1, [9]
(d = 0.287 mm); 2, [10] (0.049); 3, [11] (0.046); 4, [12] (0.078);
5, 6, [13] (0.087, 0.227); 7, [14] (0.061); 8, [15] (0.076); 9, [16]
(0.085); 10, [17] (0.064); 11, [18] (0.240).

1

6’0‘ o- {
a-2
&i A - 3 /
S o
:Q_, 10 ™~ A;/ oA
2 a
% A 2‘3/
E A /ﬂ
< &
o A
)
S 07
i i a)
10 10" 10°
Fry
10!
8 8
?’\ K : :‘:
S o7 :/‘f‘?'
A /S
{" A .‘ ‘AA
o A/ -
N :
N}
Wit
. b
1077 1073 10

Fig. 9. Generalization of experimental data on particle con-
centration in the CFB Combustor riser: 1, sand
d = 0250 mm; 2, anionite d = 0.550 mm; 3, anionite
d = 0.650 mm.

on the basis of the functional relation (21) by the
least-square method. The obtained correlation has the
form:

h —-0.42 050 d 043
Nuc_c=55.0(—}—1) Ay (—) ) 27

The experimental points and relation (27) are shown in
Fig. 10. A root-mean-square deviation of calculated
values of a. . from experimental values is 17%. The
range of verification of (27) is 5.91 < J, < 68.7 kg/m?
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s; 665<H<10 m 0046 <d <0287 mm;
007 < L <04 m; 50 < Ar < 2200.

The obtained Egs. (23) and (27) make it possible to
find a simple functional relation between «. . and p. A
combination of (23) and (27) leads to the relation

0.50 0.43
Nuc-c=55.0(ﬁ) Ar°'12(%) , (28)

Ps

which already has a universal character with respect to
the scheme of CFB operation. The numbers J,, Fr,,
and Hp,¢/H are not present in this relation explicitly.
By virtue of this fact, the data obtained in CFB oper-
ating according to different schemes are processed by
(28). Fig. 11 shows the results of comparison of the
data of [13,20-28] with those calculated by (28).

A fairly good qualitative agreement of calculated
and experimental values of Nu._. is observed when d/
L <1073, At larger values of d/L experimental data
turn to be lower than those calculated and the depen-
dence on this simplex degenerates. This case corre-
sponds to the conditions of local heat transfer (small
lengths of a heat transfer surface) when a heat transfer
rate is maximum due to small times of contact between
a disperse medium and the surface, and is limited only
by thermal resistance of a gas film separating particles
of the first row from the heat transfer surface.

As is seen from Fig. 11, under the conditions of
local heat transfer a rather substantial scatter of exper-
imental data obtained by different researchers is
observed. This can be explained by the dependence of
pwlp (or the profile of particle concentration in a hori-
zontal section of the riser) on the riser diameter [29].
The local coefficient a. =0y (a limiting value of . )
is determined by a gas film thickness. Since the thick-
ness of this film depends on p,, then the coefficient og
will be determined by a value of p at the heat transfer
surface, i.e. by a value of py. A comparison of differ-
ent experimental data was made at equal values of
mean concentration p and this, probably, led to their

-

S

=
<
o

g WY 1) A"

]
L
-
)
*
[
=
S
N

Fig. 10. Generalization of experimental data on conductive—
convective heat transfer in Catalytic Cracking CFB: 1, [9]
(d = 0.287 mm); 2, [12] (0.078); 3, [11] (0.046).

-1 A~8 a-15
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~N. z -ndis
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Fig. 11. Dependence of the conductive—convective heat trans-
fer coefficient on dimensionless concentration of particles
(generalization of experimental data):. 1, [21] (d = 0.250 mm);
2, [13] (0.227); 3, 4, [24] (0.188, 0.356); S, 6, [23] (0.241); 7,
[20] (0.309); 8, [13] (0.087); 9, [21] (0.170); 10, [22] (0.125); 11—
13, [present study] (0.550, 0.650, 0.250); 14, [25] (0.240); 15,
[26] (0.171); 16, 17, [27] (0.058, 0.165, P = 1 bar); 18~20, [28]
(0.04, 0.13, 0.30).

scattering because the data are obtained in different
installations in which the ratio p,/p is not constant,
but depends on the riser diameter. By virtue of this,
experimental data on local heat transfer were general-
ized independently by the dependence

0.50 0.50
N z4o(£) (i’-) , 29)
p D

s

which explicitly allows for the effect of the riser diam-
eter (and so a real profile of particle concentration in
the horizontal section of the riser) (Fig. 12). The range
of verification of (29) is: 0.171 < d < 0.65 mm;
0.152 < D <0.7m; 10 < p < 140 kg/m®,

To determine the region of the applicability of Eq.
(29) more accurately an estimate of limiting values of
L should be obtained, when it is already admissible to
consider heat transfer to be local. In [30], on the basis
of the analysis of nonstationary heat exchange of dis-
perse medium with the surface, the author established
that at small contact times (Fo=art/d> < 5) heat
transfer virtually stops to depend on time, thus reach-
ing limiting values o¢. Using this result it is easy to
obtain an order of a minimum value of L:

Loin ~10°d2, (30)

where L, and d are expressed in meters. Here the re-
lations t=L/v, v=1 m/s [11]; ar=2.25 x 107> m?/s
were used.

4.2.2. CFB Combustor

Using the earlier obtained correlation (24) on the
basis of (29) the expression for calculating local heat
transfer in the form of (22) is
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Fig. 12. Local heat transfer in a CFB (limiting value of o._c).
For notation see Fig. 11.
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With account for very limited range of checking, (31)
requires further refinement.

2

5. Conclusion

Within the framework of the similarity theory, the
rules of scaling transfer processes in CFB operating
were formulated according to the schemes Catalytic
Cracking CFB and CFB Combustor.

Complete systems of dimensionless groups determin-
ing similarity of circulating fluidized beds, operating by
the schemes Catalytic Cracking CFB (8) and CFB
Combustor (13), are found.

Particle concentration and the local heat transfer
coefficient on a cold model of a boiler with a CFB are
studied experimentally. The dependence of these values
on the determining factors is revealed.

On the basis of the developed method of scaling the
obtained, and literature data on distribution of particle
concentration (23)-(25) and on the conductive-convec-
tive heat transfer coefficient (27) and (28) over the
height of the transport zone of the riser, was general-
ized.

The expression for local (limiting) values of a._. (29)
is obtained.

A fruitful character of use of numbers J; and Fr,
that are important generalized characteristics of
Catalytic Cracking CFB and CFB Combustor, respect-
ively, is shown.

Systems of dimensionless groups determining simi-
larity of transfer processes with CFB of different types
make it possible to model industrial installations with
a CFB, give methodology for analysing the results
obtained and for obtaining wide generalizations of ex-
perimental data in a convenient dimensionless form.
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