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Abstract— A model for calculating heat transfer in certain types of rotary heat exchangers is presented

which allows for a simple way of specifying the main design parameters under given terminal conditions.

Energy is exchanged between a granulate being conveyed in an inclined rotating drum and a counter-

current gas stream. No flights are considered and radiative exchange is neglected but energy loss through

the shell is taken into account. Typical applications are found in the mineral processing industry but the
analysis may also be applied to unflighted rotary driers and similar equipment.

NOMENCLATURE

A¥, B¥, coefficients of the temperature differential
equations (3) and (4) [m~1];

A,,B,, coefficients of the transformed equations
(3a) and (4a);

G Dny

E, F, coeflicients defined in the appendix;

c, specific heat [J/kgK];

h, heat-transfer coefficient [W/m?K];

k, thermal conductivity [W/mKT;

L, total length of heat exchanger [m];

m, mass flow rate [kg/s];

q heat flux [W7];

r radial coordinate [m];

t, time [s];

T, temperature [°C];

U, overall heat-transfer coefficient from
inside shell surface to surroundings
[W/m?K];

Vs radial coordinate r—r; [m];

z, axial coordinate [m].

Greek symbols

o, thermal diffusivity [m?/s];

B, slope of heat exchanger axis [rad];

A, temperature difference of one phase be-
tween exchanger inlet and outlet [°C];

o, rotational frequency [s~'] or [rev/min];

o, filling angle of charge [degrees];

0, reduced phase temperature T— T, -, ["'C];

Z, reduced axial coordinate z/L.

Subscripts

g, gas phase;

i, related to inside shell surface;

0, related to outside shell surface and sur-
roundings;

s, charge;

981

w, related to wall material;

sg, between charge and gas;

SwW, between charge and wall;

wg, between wall and gas;

wo, between wall and surrounding.
Superscripts

r
a
"
N

inlet condition;
outlet condition.

1. INTRODUCTION

IN A NUMBER of continuous operations granular
material has to undergo thermal processing. This is
most effectively done in a rotating drum which is
slightly inclined in order to ensure a constant flow rate
of material. By passing a counter-current gas stream
through the apparatus the charge may be dried and
heated which is the case for a rotary drier. Other
applications are ore roasting or cement formation
processes in a rotary kiln where the energy is supplied
by a large gas flame burning at the hot end of the kiln.
Finally there are also situations where a granulate is
merely cooled or heated because further process stages
need the material at a certain temperature.

In all these cases specific transfer mechanisms will
predominate while others are usually neglected. A
rotary drier, e.g. is often designed with flights in order
to improve the overall performance. Here one neglects
any heat transfer from the shell to the solids and only
considers the mechanisms when the particles fall
through the gas stream. Extensive analytical studies
have been carried out [1, 2]. resulting in design
equations for flight and drier geometry. They agree
fairly well with experimental results [3], but are not
applicable to arrangements without flights. In rotary
kilns, on the other hand, radiation is the predominat-
ing mechanism along the major part of the exchanger.
It is therefore not surprising that here the attention is
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focussed on a most accurate representation of radiative
exchange [4, 5].

However, in both cases the analytical results are not
entirely satisfying because they rely strongly on existing
data published elsewhere [6, 7). Important parameters
are evaluated from incomplete measurements which
impairs the general applicability. When one comes to
design a new plant a large amount of uncertainty is
left [5]. Certain parameters or constants which are
necessary for the calculation are just not available, and
the validity of some assumptions in the analysis has
been questioned [8] Own attempts to apply the
methods in [4] and [5] to a basically similar arrange-
ment failed so that the results remain doubtful.

The present investigation is a.first attempt to obtain
results without using specific plant data and therefore
should be more generally applicable. However, at this
stage the problem is simplified in so far as flights are
not taken into account and radiative exchange is
assumed to be negligibly small. This limits the applica-
tion to cases where the temperature difference between
charge and wall is not too large and the gas is perfectly
transparent. A simple way of solving this problem
analytically is developed, which will be modified at a
later stage to account for the more complex
mechanisms. Unflighted rotary heat exchangers are
quite common where the size range of particles is wide
because then problems of hold-up and dusting arise [3].
On the other hand the shell may be damaged by coarse
material falling down. At high temperatures the inside
shell surface normally has to be lined with bricks where
then a proper flight design becomes difficult. A typical
application, and this motivated the following study, is
a cooler following an ore roasting kiln, where abrasive
material of extremely wide size range enters at
800-1000°C and has to be cooled down to 200°C or
less. Having air as the cooling gas one can neglect
radiative exchange and the installation of flights is not
suitable for the various reasons pointed out before.

Under these circumstances it turns out that the major
part of the energy is transferred indirectly via the shell
material. During rotation the inner shell surface is
periodicaily cooled and heated by the gas and charge
respectively. In the majority of practical situations the
temperature fluctuation will not penetrate to the
outside shell surface so that the storage—release
mechanism will fully contribute to the energy exchange
between gas and charge. It has been shown experi-
mentally [9, 10] that in the preheating zone of a rotary
cement kiln this mechanism predominates as well,
although flame radiation is taking place at the same
time.

Modelling the described indirect transfer mechanism
as well as the direct convective exchange and the energy
loss through the shell one obtains two coupled linear

differential equations for the gas and charge
temperatures. These are most conveniently solved by
means of Laplace Transforms and one obtains a closed
solution for the temperature profiles in the exchanger.

2. FORMULATION OF THE PROBLEM AND
GENERAL SOLUTION

In order to illustrate the method most clearly a
specific arrangement will be considered throughout the
discussion. The decision on which parameters to fix and
which to leave variable is arbitrary and may change
from one problem to another. Here the exchanger
diameters 2r; and 2r, as well as all the physical
properties of the gas phase, solid charge and wall
material stay constant, because they have a minor
influence on the characteristics of the apparatus. The
operating conditions are investigated under variable
exchanger length, total temperature difference in the
charge, rotational frequency of the drum and charge
flow rate. In the majority of applications these
quantities, some of which are interdependent, will have
to be determined towards an economic solution of the
specific problem. A constant gas flow rate is assumed,
which may look arbitrary, but is true in many practical
situations. However, the further analysis will show that
a variable gas flow rate could be introduced without
further complication.

The general set up is shown in Fig. 1. A hot solid
granulate of temperature T;' enters the inclined rotating
drumat z = L and has to be cooled to 7;”. The counter-
current gas stream of temperature T, enters at z =0
and is heated to T, where the final temperature will
depend on the energy loss through the shell. The outside
conditions are characterized by a constant surrounding
temperature T,. With the simplifications introduced
earlier the differential energy balance between an
arbitrary cross-section z and z+dz reads as follows
(see Fig. 2):

dg; dgs, dg,  dT;

dz  dz dz mscsa

(1

It is assumed that T, is independent of radial position
r, which is equivalent to the “well-mixed” condition in
[5]. For a granulate of wide size range and not too low
thermal conductivity this is a valid approximation.
From Fig. 2 we also find that

900 _ dduy , d4uo
dz dz dz ’

which expresses the steady-state condition of the wall
material. Equation (1) thereby becomes
dT;  dgu,  dg.,  dgg

MsCs ——

dz dz dz dz

(1a)
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Fic. . General set up of a rotary solid-gas heat exchanger.

Fi1G. 2. Differential energy balance for a rotary

heat exchanger including cnergy loss to the

surroundings. The charge is cooled by a gas
stream.

It follows further that

mgcydg = di“’ + g‘hy. 2)
d: dz dz

Here the gas temperature is assumed to be independent

of r, which is realistic for most practical situations.

If the differential heat flux densities can be expressed
as linear functions of the gas and charge temperatures
and do not depend on z in any other way then the
following equations can be written down:

dT;

@ = A¥ x T,+ A% x T,+ A} 3)
and

a1,

Eng?‘xﬂ+B§XE+B§‘~ “

The coefficients A¥ and B} are functions of the mass
flow rates and the rotational frequency as will be shown
later. They also contain the physical properties of the
materials present, the outside temperature and the
exchanger diameters, but these all have been introduced
as constants and therefore need not be considered

further. As long as the coeflicients are independent of
z, T, and T, the solution to equations (3) and (4) can
be obtained in the following way.

The transformation equations

0, = T,— T2,
0,=T,-1,

and

give the two simultaneous differential equations

do,

= Ay X O+ Ay X 0,+ As (3a)
d¢ ‘
and
de,
I = By x ;4 B, x U,+B; (4a)
Y
with the boundary conditions
0,00)=0,0)=0
0(1) = A= T/~ T,
(5)

and
01) = Ay = T = Tj.

The reason for not introducing the total temperature
differences A,and A, into the transformation equations,
which would result in dimensionless temperatures, is
that we deal with an uninsulated system. T, and T
depend on the energy loss through the shell, which can
only be specified after having solved the complete
problem. The constants A, and B, now in addition
are functions of the exchanger length and the
temperatures at the cold end, T,” and T;. It is easily
seen that, e.g.

Ay2=Af>,x L and
As = (AT x T + A% x T{+ A%) x L.
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By using the Laplace transformation (see Appendix)
equations (3a) and (4a) are solved to give

0()=C xe BrCoxe LG (6)
and
0,0) =Dy xe B4+ D, x e F1Dj, 7

where E, F, C, and D, are elementary combinations of
the original coefficients and are specified in the
appendix.

For a given heat exchanger equations (6) and (7)
represent the temperature profiles of gas phase and
solid charge. Further, as the coefficients contain all the
relevant parameters it is easy to study each parameter
individually. If, for example, the exchanger length L is
to be determined for a certain total temperature
difference in the charge A, where all other parameters
are fixed, one sets { = 1 in equation (6) and solves for
L as a function of 0,(1). This will be illustrated further
once the coefficients and thus the parameters have been
discussed in more detail.

3. MODELLING OF THE HEAT-TRANSFER
MECHANISMS

The most important assumption, which leads to the
simple solution outlined before, postulates a linear
relationship between the differential heat flux densities
and the gas and charge temperatures 7, and 7;. The
operating conditions for which this is a reasonable
approximation have to be analyzed and therefore a
more detailed presentation of the modelling process
seems to be justified. Analytical expressions for the
following three modes of transfer have to be developed:

(a) Indirect transfer from the solids to the gas due to
the periodic conduction mechanism in the wall
material (dguw,);

(b) Conductive/convective transfer through the shell to
the outside (dgy.);

(c) Direct convective transfer from the solids to the gas
(dgsg)-

The latter two parts are easily determined if one
assumes constant heat-transfer coefficients; they will be
discussed later. The major contribution, however,
comes from the first transfer process, which is basically
similar to the regenerator process. Unfortunately, the
large amount of results published in this field cannot
be used here because there are some characteristic
differences in the analytic treatment. The classical
approach [11, 12] always assumes an infinite thermal
conductivity of the storage material. This is a good
approximation for a regenerator, where the main
resistance to heat transfer normally lies in the gas
phase and where the period of cycle is of the order of
hours. However, the rotary heat exchanger employs a

granulate as a heating agent, where then the larger
resistance may even lie in the storage material. Further
the time available for heating or cooling is of the order
of seconds so that a true periodic temperature profile
develops in the wall. Therefore also the more recent
approaches in the field of regenerator research are not
suitable for our purpose; due to the low frequency the
periodic problem is always simplified to a transient one
[13-15]. In addition, most of the results are obtained
in numerical form [15], hence would be difficult to
apply to this case.

(a) Storage-release mechanism
With the coordinate system rotating at frequency w
the following equation has to be solved (see Fig. 3):

oT, o,

ot

®)

[
(3y2

FiG. 3. Model for calculating the indirect
energy exchange between charge and gas.

Axial conduction in the z-direction and the curvature
of the cylindrical shell are neglected which are
commonly used approximations [5]. The boundary
conditions are

N
N d
(£ v n
hsw(n—r)z '—kw** for -t 71’
ly=0 [0} w
> 9
n+—
T, 2 +1
hwq(’I;;_T;)= _kWT fOr nS[\L
Y ly=0 w o
n=0,12
and
éT,
- = constant. (10)
Cy [y =rg—runt

The condition (10) expresses that the penetration thick-
ness of the oscillation is smaller than the shell thickness,
which is valid for most practical situations. Due to the
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inhomogeneous boundary condition (9) the problem
would have to be solved by some numerical or at least
semi-numerical technique [16]. Apart from the fact that
this is not the aim of our basic approach there remains
the difficulty of determining h,,,, the heat-transfer
coefficient between the granular bed and the wall. The
detailed discussion in [17] shows that especially at
elevated temperatures values for hg, are by no means
well established. With these arguments in mind the
numerical approach is not very promising. Instead, a
model is developed which can be treated analytically
to give a functional relationship between the variables.

Although we mostly do not know the absolute value
of hy,, we can state that it will always be larger than
h.y, [17]. In the pseudo-steady state the wall
temperature 7; then will approach the charge
temperature T; at the end of the heating period. We
can draw an approximate temperature profile T(t),
which depends on the ratio of k, and h,,,. This profile
is developed into a Fourier series and serves as the
boundary condition for equation (8). As the differential
equation is linear one can first solve the problem with
the constant in equation (10) being 0, i.e. no heat loss
to the outside. Afterwards the latter term is calculated
separately. The solution to equation (8) is found in [ 18].
Differentiating with respect to y, setting y =0 and
integrating over either the heating or cooling period,
the differential heat flux density dg,,, is obtained.

Two approximate wall temperature distributions are
shown in Fig. 4. One realizes immediately that apart
from the heat-transfer coefficients the filling angle ¢
and the rotational frequency o will also affect the
performance of the heat exchanger. They both are
related to the granulate mass flow rate and the
exchanger slope by considering the residence time of
the charge. This is commonly expressed by a retention
time equation [ 19]. We see that the problem becomes
one of optimizing the rate of energy exchange for a given
mass flow rate. Results will be presented at a later stage
because here we only want to introduce the general
method of rating the heat exchanger.

It has to be pointed out that the assumption of a
certain wall temperature profile Ty{r) automatically fixes
the average wall temperature which is needed to
calculate the energy loss to the surroundings. However,
for theimmediate purpose the latter can be omitted. We
may look at a coarse material where the heat-transfer
coeflicient hy,, is of the same order of magnitude as the
wall to gas coefficient h,,. Hence the profile in Fig. 4(a)
may be used for the further discussion. The wall
temperature as a continuous function of time becomes

. hm
Sin —

T =

(11)

(L-T) 32 & :
32 sin (2nnot) | .

4 ngl

n?

F1G. 4. Approximated wall temperature distributions

on the inside shell surface. (a) ¢ = /2, hy,/h,, = 3;

(b) same h,,,. but hg,/h,, = oo, ¢ = 2/3x and half the
rotational frequency.

The solution to equation (8) subject to the boundary
condition (11) is

3AT-T,) & 4
Tw(yv [) = - 127'[2 - nZ

x sin [2nnot — y |/ (nmo/a)]

— ¥ amey s
e h )

(12)

Differentiating equation (12) with respect to y and
setting y = 0, we get

¢T, 3NT,— Tk, )
—k,— = { - Zg) V (/%)
y ly=0 127
. am
sin —

Y (sin 2nmot 4 cos 2nnwt) | (13)
n=1l R w’"’

Integration over the cooling period 1/8w <t < 7/8w
(see Fig. 4a) yields after some rearrangement

_32AT,- Tk,

N

V(mw/o)

(—1)"(003%—(—1)”)

2/
ney

x Yy (14)
n=1

n
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The series converges rapidly, the change between
9

Zandg

is less than 0-3 per cent

M 8

~ 1-5(+0-5 per cent).

n

n=1

Equation (14) has to be multiplied by 2rr;w to give the
differential heat flux density per m of exchanger length
as defined earlier

dquy

= 021k (@/2) (T, = T)).

(15)
Thus the linear relationship between dg and the gas and
charge temperatures is established in an analytical form
and all the relevant parameters are represented as well.
The constant 0-72 will change when a different profile
Ti(t) is assumed but the characteristics of equation (15)
will remain the same.

(b) Conductive—convective transfer to the outside
The steady-state energy loss to the surroundings can
be written as

dgy,
dz

= U; x 2nr(T,—T,). (16)
Here T; is the time averaged wall temperature on the
inside shell surface, which is a given linear function of
T; and T,. From Fig. 4(a) we have

AL+,

T =
4

as an approximate average. T, normally is constant. U;
is the overall heat-transfer coefficient related to the
inside shell surface and for composite walls is a function
of the shell dimensions, shell properties and the outside
heat-transfer coefficient h,. The calculation of h, from
existing correlations [20] will already need the outside
wall temperature, which is not known at this stage and
varies with z. As this would yield a nonlinear
relationship between dg,, and 7, and T, a constant
value of h, has to be estimated from the values at
z=0 and z= L. However, the loss in accuracy
normally is small; if the variation of h, with z is
extremely large, the exchanger may have to be divided
into subsections.

(¢) Direct convective transfer from the charge to the gas

This often makes only a minor contribution to the
total exchange rate so that the assumption of a constant
heat-transfer coefficient Ay, is not critical. With the gas-
charge interface being a function of the filling angle ¢

the differential heat flux density becomes

dgs (P
dzg = hy,2r;sin <2>(Ts— T,),

where values for hy, can be taken from well-known
correlations [20].

Equations (15)—(17) all represent linear relationships
between heat flux density and charge and gas
temperatures so that the developed method for solving
equations (la) and (2) can be applied. The coefficients
C,, D,, E and F are obtained directly from the physical
relations set up in this section once the materials
involved are known and some basic process data have
been specified.

(17

4. RESULTS AND DISCUSSION

As mentioned before the further discussion will be
concentrated on the main operating parameters which
are the charge flow rate, the rotational frequency of
the cylinder and the total charge temperature difference.
The dependent variable is the length of the exchanger;
its diameters as well as all the materials are fixed.
Further we assume that the filling angle ¢ and the wall
temperature distribution according to Fig. 4(a) remain
unchanged. This, of course is a severe simplification.
Itis clear that with increasing frequency and decreasing
charge flow rate the filling angle decreases (see also
[3]) and that for constant heat-transfer coefficients
hs, and h,,, the wall temperature profile must change
with . However, the detailed analysis will be presented
at a later stage so that at present we may specify a
constant ratio hy,/h,,. Further we assume that the
varying charge flow rate is coupled to a varying
exchanger slope in such a way that the filling angle
stays constant. The necessary data, which have been
taken from an operating heat exchanger, are collected
in Table 1.

In various situations it is important to know how
the temperatures change along the heat exchanger. The
lining mostly acts as a thermal protection of the
carrying shell, hence is only necessary above a certain
charge temperature. A typical temperature distribution
is shown in Fig. 5. Under the specified conditions one
evaluates the coefficients from equations (A-5) and
(A-8—A-13) to obtain the following relations:

T[°C] = 2732927~ 101e~ 296 + 28
and
Tg[oc] — 23360-022_230670-06z+ 23,
For a required cooling A, one finds the necessary
exchanger length L from equation (6) by setting { = 1
and solving for L. The temperature profiles show a

marked inflexion point which is due to the following
fact: the energy loss to the surroundings is proportional
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Table 1
Solid charge Gas phase liit;i?:stfsr
- 02WhkeK ¢ =029WhkeK b =SWmK
6= Z m, = 10*kg/h hy, = 1-5 W/m?K
T = 200°C T, = T,=30°C how _ 3

%y = 43 x 107 "m?/s

ke =20 W/mK;

Ar,, = 0-15m (lining)
Arg = 003 m (steel shell)

1000

w=1-75 rey/min

800 m,=15 000 kg/h

600

r'rg

400

200

z

F1G. 5. Typical temperature profiles for charge (T;) and gas
(T,) in a rotary heat exchanger.

80

to the charge and gas temperatures [see equation (16)],
therefore dg,,, will increase from the cold to the hot end
of the exchanger. At low temperatures this effect is
small so that the energy exchange between charge and
gas will decrease with z, which gives convex profiles.
However, when an essential fraction of the energy is
lost through the shell then the gas temperature profile
will more or less follow the charge profile so that both
become concave. The actual point of inflexion will
largely depend on the value of U, the overall heat-
transfer coefficient defined earlier.

However, in most cases one wants to know how long
the heat exchanger has to be to achieve a certain
cooling A; and how this required length varies with
charge flow rate and rotational frequency. For that
purpose Figs. 6 and 7 have been put up. It is seen that

im, 30 000kg/h
701

|

60

50

30

20

w=l0 rev/min

| {
0 100 200 300

[ i | i
300 500 600 700 8OO
AS

FIG. 6. Required heat exchange length L for variable charge cooling A
and mass flow rate mq.
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80

7o
m, =15 000 kg/h
60}

sof-

40

20

w=05rev/min
075

"25
-75

~NOOo

|
|
|
|

—L | Il
o] 100 200 300

1 1 —1 1
400 500 600 700 800

As

F1G. 7. Required heat exchanger length L for variable charge cooling A
and rotational frequency w.

the charge flow rate has a very strong influence on L;
therefore it may easily happen that a cooler is thermally
overloaded. This can only partially be compensated by
an increased rotational frequency as is shown in Fig. 7.
The comparatively moderate influence of w on the
required length is a result of the unfavourable wall
temperature distribution chosen in Fig. 4(a). The
storage-release mechanism in that case provides only
up to half the energy loss of the solids, whereas in

other cases represented by Fig. 4(b) up to 75 per cent of
the total energy loss is due to the periodic exchange.
Apart from that the chosen charge flow rate in Fig. 7
seems to be already so high that the energy exchange
is controlled by the gas flow rate. This is indicated by
the inflexion point in the corresponding curve in Fig. 6.

The outlined behaviour is illustrated further in Fig.
8. The absolute change in exchanger length for variable
rotational frequencyis larger at higher charge flow rates.

80
m,=20000 kg/h ==
70~ A;=500°C
ok
\\
sor \
15000 ——
L 9or
3OL \\\
sol 10000 -
NN
5000 -
! 1 1
0 05 ) 5 20

rev/min

F1G. 8. Variation of required heat exchanger length L with rotational
frequency w and charge flow rate m;.
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However, the relative change is essentially bigger for
the smaller flow rates in comparison with the larger
ones. This applies even more to smaller coolings A,
where the energy loss to the surroundings has only a
minor influence. What can now only be seen as a
tendency will come out more clearly once the inter-
dependence of w, m, and various other parameters has
been developed more strictly. Then the frequency can
be varied over a wider range and the described
relationships will be more marked.

5. CONCLUSION

The performance of rotary solid-gas heat exchangers
has been studied under variable operating conditions.
After modelling the different heat-transfer mechanisms
a simple method is devised, which allows one to
calculate the temperature distributions of gas and solid
charge along the exchanger. Once these temperature
profiles are known in an analytical form the influence
of various operating parameters like charge flow rate
or rotational frequency of the exchanger can be
investigated. It turns out that under certain conditions
the apparatus may become thermally overloaded and a
required charge cooling is only achieved with an
uneconomically long exchanger. The rate of energy
exchanged indirectly via the shell material depends
on the assumed wall temperature distribution Ti(z). It
may require some physical insight to establish this
distribution, but in turn one obtains a simple solution
to the problem.

[t has to be pointed out that this study is only a first
attempt to get analytical results for a basically complex
problem. Various parameters like gas flow rate,
exchanger slope and residence time of the charge
remained undiscussed and radiative energy exchange
as well as flight installation were not considered here.
The aim was to illustrate the approach and
sophistications will be introduced at a later stage.
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APPENDIX
With the boundary condition (5) the Laplace trans-
formation of equations (3a) and (4a) gives the two algebraic
equations

sx 0= Ay x T+ Ay x 0+ As/s (A-1)
and

sx 0, =By x 0+ B; x 0,+ Bs/s. (A-2)

The var indicates the Laplacc domain, the dependent
variable now 1s s. After rcarrangement we obtain

i - Ay x By—B, x As
T s[5 A (s~ Ba)— 42 x B|]
As
b A (A
(s—A,)(s—By)— A, x B,
and
7 - By x Ay—A; x B;
* s[s—Ay)(s~By)— Ay x B, ]
B
2 (A

+- —_
(s—A)(s—B3)— 4, X By



990

For inversion the expression in square brackets has to be
converted as follows:

[(s—A)(s—By)—A; x Bi] = (s+E)(s+F)

J. KERN

After elementary inversion and rearrangement one gets
equations (6) and (7), where the coefficients are

_A2><B3—BZXA3-A3 x E

G S , (A-8)
E(E-F)
where Fe Ao % Bt B x A
Az x F— X + X
G =2 TR T T A (A-9)
EF= ~<fh‘;& A ;(E_BF) A
=X mx A (A-10)
A+ B, \? ExF
+ U5 =") 44, x Bi—4, x B, |]. (A-9)
2 As X Bi—A, x By~By x E
p= 2 N V. S )
E(E—F)
Then
ByxF—A4yx B, +A4, xB
[ A A B et (A-12)
g AixBs—AsxBy Ay ) F(E—F)
S(s+E)(s+F) (s+E)s+F) i A3 X By— A1 X By
Dy=-"——" {A-13)
ExF
and Equations (A-5) and {A-8)—(A-13) thus are simple com-
binations of the original coefficients and once these are
A3 x By—A; X By B; specified the temperature profiles can be calculated from
97 T 6] v T G tions (6) and (7
sts+E)s+F)  (+E(s+F) equations (6) and (7).

TRANSFERT DE CHALEUR DANS UN ECHANGEUR ROTATIF

Résumé—On présente un modeéle pour calculer le transfert thermique dans certains types d’¢changeurs

rotatifs. Il donne de fagon simple les paramétres essentiels pour des conditions terminales données.

L’énergie est échangée entre un milieu granulaire convoyé dans un tambour tournant incliné et un

écoulement gazeux a contre-courant. On néglige le vol de particules et I'’échange par rayonnement. mais

on tient compte des pertes de chaleur & travers la paroi. On trouve des applications typiques dans 'industrie

du traitement des minéraux, mais I'analyse peut étre appliquée aux séchoirs rotatifs et aux équipements
similaires.

WARMEUBERTRAGUNG IN ROTIERENDEN WARMEUBERTRAGERN

Zusammenfassung — Fiir verschiedene Arten rotierender Wirmetibertrager wird cin mathematisches
Modell zur Berechnung des Wirmeiiberganges angegeben. Damit ist cs auf einfache Weise moglich, die
maBgeblichen Parameter zu bestimmen. Wirme wird bei Gegenstromfithrung von Granulat und Gas
ausgetauscht, Das Granulat wird hierbei durch eine geneigt angeordnete. rotierende Trommel gefordert.
Es wird geordnete Bewegung des Granulats angenommen. Der Wirmeaustausch durch Strahlung wird
vernachlissigt. der Encrgieverlust in der Trommel wird jedoch beriicksichtigt. Typische Anwendungsfille
sind in der mineralien-verarbeitenden Industrie anzutreffen. Das Berechnungsmodell kann jedoch auch
auf Trommeltrockner und dhnliche Apparate iibertragen werden.

TEITIOOBMEH BO BPAIIAKIINEMCA TEIVIOOBMEHHUWKE
AnnoTanust — ITpuBOANTCA pacyéTHas MOAENb TEMIOOOMEHa B HEKOTOPBIX THOAX POTALMOHHBIX
TemI006MEHHUKOB, Aalollias OPOCTOi criocod onpeneseHHs OCHOBHBIX MApaMeTpPOB KOHCTPYKIHH
NpM 3aJaHHbIX TPaHHYHBIX ycioBuax. [lepeHoc Temna MpoMCXOOUT MeXay NepebpachbiBaeMbIMH B
HaKJIOHHOM Bpatatouiemcs 6apabane rpaHynaMm ¥ BCTPEYHbIM IOTOKOM ra3a. IIpH 3ToM He pac-
CMATPUBAETCS ClyYyai Hauuyus pebep Ha BHYTPEHHEH HMOBEPXHOCTH TenIooGMEHHHUKA, IIpeHebpera-~
€TCsl JTyYHCTHIM TEIUIOOOMEHHOM, HO YYMTBIBAIOTCA TEIUTOBbIE MOTEpH 4epe3 obostouky. Takue
TeITOOOMEHHUKH I[IHPOKO MPHMEHAIOTCS B TOPHOZOOBIBAIOUICH NPOMBINLIEHHOCTH, Pe3ynbTarsl
aHann3a MOTYT ObITh TakXe MCIONB30BaHbI IS pacyéra HeopeOpeHHbIX 6apabaHHbIX CYIIMIOK d

aHanoruYHoro obopyaoBaHus,



