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Abstract. A significant proportion of the total energy expenditure for heat treatment of raw materials
ends up as heat losses through the shell of the rotary furnace. Currently, the waste heat is not used in
any way and escapes into the environment. A controlled cooling system for the rotary furnace shell
(CCSRF) is a new solution integrated into the technological process aimed at reducing the heat loss of
the furnace shell. Simulations and experiments how the effect of controlled cooling of the shell on the
operation of the rotary furnace. The proposed solution is cost-effective and operationally undemanding.
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1. Introduction
The heat losses in rotary furnaces account for as much
as 60% according to the heat balance of the total heat
supplied to the workspace. Due to its temperature
potential the use of this heat for technological pur-
poses is limited to low-temperature processes, such
as drying of materials. The heat loss for direct use
in the firing process of magnesite clinker in the form
of reduced losses by the furnace shell and preheated
combustion air is much greater. Such use will reduce
fuel consumption for heating and will also increase
the quality of the clinker burning. The aim of the
analysis conducted here is to acquire knowledge of the
system for controlled cooling of a rotary furnace shell,
to determine its impact on the work of the rotary
furnace, and to find optimal conditions for making
use of it.

2. Rotary furnace
Rotary furnaces are continuously working furnaces.
They are used in many branches of industry and in var-
ious technologies, such as the cement industry (cement
clinker burning, lime production), the refractory ma-
terials industry (magnesite clinker burning, dolomite
clinker and fireclay shales). They are also used in
the production of pearlite and caustic magnesite for
burning below 1000◦C, in preparing ores for the iron
industry, burning pellets for blast furnaces and steel
mills, roasting sulphide ores, oxidizing roasting, mag-
netizing roasting, drying, and for drying refractory
clays and sands. Rotary furnaces are cylindrical in
shape with a diameter of 1–7m and with a length
20–120m and more, stored horizontally under a slight
inclination of 2–6% (Fig. 1).

The batch and the fuel are usually fed into the fur-
nace from the opposite ends. The furnace operates
continuously in countercurrent. As a result of the
inclination of the furnace and its rotation, the batch
passes through the furnace with a spiraling motion.

Figure 1. Rotary furnaces at SMZ Jelsava, a.s. for
magnesite thermal treatment [1].

Figure 2. Composition of the lining of a rotary
furnace [3].

Co-stream movement of the combustion gases and
the batch is especially used for drying. The furnace
consists of a steel shell, a lining, supporting equip-
ment, a propulsion device, towing heads (a charging
installation, cold) and the cooler. In addition, the
furnace may have a cross-poking device, heat exchang-
ers, or special equipment for feeding solid and gaseous
substances into the individual zones of the furnace by
the holes in the shell and lining. A preheating device
for the batch is often used before the furnace. The
shell is lined with fireclay, magnesia, high alumina
fittings or bricks (Figure 2)[2].
One of the key aspects of the operation of indus-

trial furnaces is heat exchange. Heat exchange in the
working space of the furnace is divided into:
• external heat exchange — heat transfer from the
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Figure 3. Sankeyov diagram [4].

flue gas and the walls for the batch,
• movement of heat inside the batch.
Both ways are contingent and are related to each other
[4, 5].

2.1. Heat losses of rotary furnaces
Heat release consists mainly of (Figure 3):
• workspace losses,
• outgoing flue gas losses,
• heat losses through the furnace shell.
The heat balance is described by equations [4–6]:

QTB = QTE, (1)
QCHH +QHPA +QHPF +QEXN =

= QHW +QUH +QFL +QOFG +QFHL, (2)

where QTB is total brought heat [W], QTE – total
exhaust heat [W], QCHH – chemical heat of fuel [W],
QHPA – heat of preheated air [W], QHPF – heat of
preheated fuel [W], QEXN – heat involving exothermic
and endothermic reactions in the furnace area [W],
QHW – heat of the workspace [W], QUH – useful heat
necessary for material heating [W], QFL – furnace
workspace heat loss [W], QOFG – outgoing flue gas
heat loss [W], QFHL – furnace shell heat loss [W].
The heat removed from the furnace can be divided
into:
• useful heat Q – the heat that is needed for heating
a batch (endothermic reactions, etc.);

• heat losses Q – consisting of heat loss:
. through the furnace openings (doors),
. accumulated in the lining,
. by radiation through the openings,
. cooling water,
. coming out of the material (in the product),
. through the furnace shell (Qpl) – led through the
walls and into the furnace casing (furnace shell),

Figure 4. Lining heat losses.

Figure 5. The surface temperature of rotary furnace
shell No. 2.

. other losses (loss due to waste flue gases and
solid waste heat loss, heat loss by incomplete
combustion of fuel).

The flue gas waste heat loss (QFGW [W]) is the heat
content of the flue gas leaving the furnace workspace:

QFGW = VGAS cGAS tGAS (3)

where VGAS is flue gas volume flow [m3/h], cGAS –
medium specific heat of the flue gas [Jm−3 °C], tGAS
– temperature of the flue gas leaving the furnace [◦C].
The shell heat losses (QSHL [W]) are determined by
relation [5], shown in Figure 4:

QSHL = S(t1 − t2)
1
α1

+ s1
λ1

+ 1
α2

+ s2
λ2

(4)

where S is wall surface [m2], λ1,2 – thermal conduc-
tivity [Wm−1 K−1], t1,2 – surface temperature [°C],
s1,2 – wall thickness of the individual layers [m].

2.2. Analysis of the current state
The heat losses through the shell of a rotary furnace
are a significant proportion of the losses for rotary
furnace No. 2 at SMZ Jelsava, a.s.: 14% of the to-
tal energy expenditure for the burning process. The
waste heat from the rotary furnace shell has until
now been used only as a secondary effect on water
heating [7, 8], or for drying. Draft implementation of
controlled cooling of the furnace was implemented to
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Input material
Batch 28130 kg
Bulk density 1600 kg/m3

Output material
Product 9743 kg
Flue dust 4620 kg

Natural gas
Volume 2774m3

Calorific value of gas 34325MJ/m3

Output flue gases
Volume 38653m3

Temperature 516 °C
Primary air

Proportion 30%
Volume 8572.2m3

Secondary air
Proportion 70%
Volume 20001.8m3

Table 1. Inputs and outputs of the reference state of
RP No. 2.

Flue input 2774m3/h
Layer thickness 30 cm
Flame length 15m
Furnace performance 9.81 t/h
Furnace shell heat losses 13.46GJ/h

Table 2. Parameters of the simulation model.

improve the operational, economic and environmental
indicators in the production of sintered magnesite in
rotary furnaces. The operating conditions were used
for a simulation model (Table 1).
On the basis of the surface temperature of the ro-

tary furnace shell, it was possible to determine the
quantity of heat escaping from the shell of the furnace
(Figure 5). The heat of the shell along the length
of the furnace was inhomogeneous due to changes,
such as: changes in lining thickness, a change in the
lining material, the thickness and the quality of the
batch [9–12].
On the basis of a computer simulation (Table 2),

Figure 6 shows the generated progress of temperatures
for the flue gas and the material passing through the
rotary furnace shell along the rotary furnace.
The value for the heat input into the process and

the amount of heat rejection are shown in Table 3.
The simulations (Figure 7) show that the shell losses

are 14% of the total heat rejection. Heat loss from
the shell therefore has a great effect on the economic
and environmental indicators.

Figure 6. Simulation of the reference state of rotary
furnace No. 2.

Detained heat [MJ] [%]
Q material ln 508 0.53
Q medium ln 518 0.54
Q burner 95335 98.84
Sum 96361 100

Escaped heat [MJ] [%]
QH2O evaporated 654 0.68
Q decomposition MgCO3 31308 32.45
Q decomposition CaCO3 2498 2.58
Q decomposition FeCO3 453 0.47
Q medium Out 35485 36.78
Q material Out 12632 13.09
Q furnace shell losses 13460 13.95
Sum 92484 100

Table 3. Thermal balance of RP No. 2.

3. A controlled shell cooling
system for a rotary furnace
(CCSRF)

CCSRF (Figures 8 and 9) consists of the shell of
the furnace, which is installed on the original shell.
Between the original shell and the installed shell there
is an air gap, which passes through the cooling air and
removes heat from the the shell of the rotary furnace.
Controlled cooling removes heat from the furnace
shell, so that its temperature reaches the value of
the maximum operating temperature of the material
properties of the shell. The carbon steel shell can have
a maximum shell temperature of 350 °C on the surface.
For steel alloys, the temperature can reach values up
to approx. 600 °C. By raising the temperature from
the outside of the shell in this way, the temperature
gradient in the furnace wall is reduced (the difference
between the surface internal temperature and the
temperature of the outer shell of the furnace), thereby
reducing the heat flow through the furnace shell, which
is the own heat loss. The reduced heat losses increase
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Figure 7. Heat balance of the reference state of
rotary furnace No. 2.

Figure 8. The current rotary furnace.

Figure 9. Rotary furnace with controlled shell cooling.

the useful heat [13–17].
The gaseous medium enters into the cooled shell,

in which heat is transferred to the inner wall of the
furnace. From the burner, the heat proceeds by ra-
diation and convection to the lining layer and to the
batch layer. The heat passes over the lining on the
inner surface of the shell, where it is transferred by
conduction and the lining transfers it to the surround-
ings. After installing the double shell, the inner shell
furnace transmits heat by radiation and convection
of the sampled air. The heated air is carried by con-
vection from the outer surface of the inner shell and
from the inner surface of the double shell (Figure 10).

For the heat flow (Q [K]) of the stream (convection)
from the inner environment at temperature t1 to the
lining surface at temperature ts1 is valid [15, 18, 19]:

Q = α1.S.(t1.ts1) (5)

where α1 is heat transfer coefficient [W.m−2.K−1], S
– surface of the shell [m2], t1 – flue gas temperature
[◦C], ts1 – inner surface of the lining temperature [◦C].
The heat transfer (Q [W]) from the inner environ-
ment by radiation to the lining is determined by the
relationship:

Q = cS

[( t1
100

)4
−

( ts1

100

)4
]

(6)

where S – surface of the shell [m2], t1 – flue gas temper-
ature [°C], ts1 – inner surface of the lining temperature

Figure 10. The principle of controlled shell furnace
cooling.

[°C]. The heat flow (Q [W]) led through the lining is
expressed in the equation for heat conduction through
a multilayer wall. For each layer:

Q = 2φλl
ln r2

r1

(ts1 − ts2) (7)

where ts1 – inner surface of the lining temperature
[◦C], ts2 – surface of the shell temperature RP [◦C],
λ – thermal conductivity of the lining [W.m−1.K−1],
r1,2 – radius (indoor, outdoor) [m], l – length of the
measured part [m]. The relationship for the convection
of heat flow (Q [W]) from the RP shell surface into
the surroundings is:

Q = α2S(ts2 − t2) (8)

where α2 – heat transfer coefficient [Wm−2 K−1], S
– surface of the shell [m2], t2 – flue gas temperature
[°C], ts2 – inner surface of the lining temperature [°C].
To calculate the heat loss (Q [W]) through the wall
of the rotary furnace:

Q = 2φλl
1
α1

+ ln r2
r1

+ 1
α2

(ts1 − ts2) (9)

where α1 – heat transfer coefficient from the surface
to the surroundings [Wm−2 K−1], α2 – heat transfer
coefficient [Wm−2 K−1], t1 – flue gas temperature
[°C], t2 – RP ambient temperature [°C], r1,2 – radius
(indoor, outdoor) [m]. Shell waste heat in the form of
pre-heated combustion air can be used by:
• increasing the flame temperature, which causes:

. an increase in heat transfer,

. an increase in the sintering temperature,

. an increase in the quality of the burned clinker.
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Flue input 2550m3/h
Layer thickness 30 cm
Flame length 15m
Furnace performance 9.81 t/h
Furnace shell heat losses 4.83GJ/h
Heat returned to the process
through the primary air

5GJ/h

Table 4. Simulated process parameters.

Figure 11. Simulation model of rotary furnace No. 2
with CCSRF.

• reduction of losses causes:
. an increase in useful heat,
. an increase in the capacity of the furnace,
. an increase in the quality of the sintering.

3.1. Simulation of the application of
CCSRF to rotary furnace No. 2

A computer simulation (Table 4) generated the tem-
peratures of the combustion gases and the material
passing through the rotary furnace, and also the tem-
perature along the course of the rotary furnace shell
(Figure 11) compared to the reference state (Table 3).

Controlled cooling achieved (Table 5, Figure 12)
a reduction in fuel consumption of 2.774 m3/h to 2550
m3/h (natural gas), which represents a saving of 8%
with unchanged performance of 9.81 tons/hour. The
heat loss of the rotary furnace shell decreased from
13.46 GJ/h to 4.83 GJ/h. 5 GJ/h of heat can be used
for heating the combustion air. Preventing heat loss
by installing a double shell will increase the useful
heat value by 1.54%, which means an increase in the
efficiency of magnesite clink firing (Table 6).

4. Discussion
In magnesite sintering, the clinker quality is deter-
mined by the beginning of calcination, the completion
of calcination and the maximum calcination temper-
ature. Cooling treatment in the furnace can thereby
influence the process of decomposition and sintering
(speed up/slow down). By the intensity of the con-
trolled shell cooling we can affect the flow of useful
heat in the RP segment and thus control the intensity

Detained heat [MJ] [%]
Q material ln 508 0.54
Q medium ln 518 0.55
Q brought from furnace shell

through primary air
5000 5.34

Q burner 87600 93.56
Sum 93626 100

Escaped heat [MJ] [%]
QH2O evaporated 654 0.71
Q decomposition MgCO3 31304 33.82
Q decomposition CaCO3 2498 2.70
Q decomposition FeCO3 453 0.49
Q medium Out 34934 37.74
Q mematerial Out 12890 13.93
Q furnace shell losses 4825 5.21
Q brought from furnace shell

through primary air
5000 5.40

Sum 92558 100

Table 5. Heat balance of RP No. 2.

Figure 12. Heat balance after installation of CCSRF.

of the thermal processes taking place in the furnace.
Controlled shell furnace cooling provides a new way to
manage processes in a furnace, which can contribute
significantly to achieving the required criteria for the
processes taking plane in the rotary furnace.

5. Conclusions
The effect of the proposed system of controlled shell
furnace cooling has been verified by simulations on a
mathematical model. The proposed innovative mea-
sure fulfills the defined basic objectives of rotary fur-
nace optimization primarily by:
• minimizing the total cost of magnesite clinker in a

rotary furnace. The cost of burning to produce one
ton of clinker is reduced by 7%,

• increasing the immediate enforcement of the rotary
furnace by increasing the theoretical combustion
temperature by about 8%, or

• reducing the energy consumption for magnesite
clinker burning, reducing the specific fuel consump-
tion by approx. 8%,

• ensuring the temperature for furnace shell monitor-
ing,

• increasing the preheating of the primary air and
gas to the burner,
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Alt. 1 2
Power consumption 2774m3/h 2550m3/h
Performance 9.81 t/h 9.81 t/h
Specific consumption 282m3/h 259m3/h
Material temp. 1615 °C 1610 °C
Flue gas temp. 1825 °C 1796 °C
Savings — 8%

Reference CCSRF

Table 6. Comparison of reference and proposed status.

• reducing the consumption of combustion air, and
thereby reducing the emissions of CO2, NOx.

The analysis of the impact of CCSRF on the techno-
logical process and on the economics of the innovation
demonstrated the usefulness of this measure. The pro-
posed solution is based on self-regulatory principles
and provides a significant opportunity to improve the
operation of rotary furnaces. The proposed solution
gained heat used directly in the technological process
of the rotary furnace and also created synergies with
other measures (the diffusion burner, the self-batch
feeder, the rolling rotary furnace sealing). By com-
bining these measures it is possible to achieve fuel
savings of about 30%.
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