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ABSTRACT 
Rotary drum dryers have been used for decades for 
drying many different types of goods and are 
widely used in the building, minerals, and raw ma-
terial industry, as well in the chemical industry, fer-
tilizerindustry and other branches.

At the same time, further, drum dryers have been 
improved for energy-efficient applications, particu-
larly in the mineral industry, for very robust and 
hard-wearing solutions. Significant progress has 
been achieved for special applications, such as 
drums for combined drying and subsequent cool-
ing in one unit, dryers with heat recovery by gas cir-
culation or the use of evaporating cooling, rotary 
drums for granulation and coating procedures, in-
direct cool- ing drums for hot products by air or 
water with heat recovery, etc.

Rotary drum dryers are present in industry for 
many decades. They are used for drying and cool-
ing, calcining, granulation, and coating. While his-
torical drum dryers are mainly inclined to realize 
solids transport in combination with the rotation, 
modern drum dryers are more often installed hori-
zontally. Lifting blades pick up the moist solid from 
the bottom of the drum letting it fall again, allowing 
contact between the hot drying air and the moist 
solid. An essential factor for the efficient utilization 
of the heating energy is the optimal design of the 
dryer’s internal fittings, as these have to guarantee 
optimal and intensive contact between solids and 
the drying gas.

The design of the arrangement, shape, and the 
number of fittings require a combination of extensive 
experience, trials, and calculation for proper design. 
In most of the drying applications, the solid material 
is conveyed in a co-current flow (i.e. in direction of the 
gas flow). A combination of parallel flow and cross 
flow between the drying gas and the material is pro-
duced in the dryer, while cooling in most cases is 
done in countercurrent mode. Countercurrent appli-
cations for drying or heating are found mainly in the 
asphalt industry as well asin high-temperature appli-
cations and calcining.

Various methods for heat recovery by exhaust air cir-
culation or evaporative cooling are available and 
have been developed to the latest state of art during 
the last decades.

Modern double-shell drums are horizontally de-
signed, allowing the material in the outer shell to be 
conveyed in the opposite direction to the material in 
the inner shell. This allows a combination of drying 
and cooling in one unit. Drum dryers are suitable for 
fine materialssuch as silica sand, but especially for 
rather coarse bulk solids. They are built for solid mass 
flow rates between 5 and 350 tph (Figure 1). Particular 
advantages of drum dryers are that they are largely 
insensitive to fluctuations in the starting moisture 
content of the material to be dried and to fluctua-
tions in the feed mass flow rate, to the size of the par-
ticles, or to unwanted lumps or foreign coarse mate-
rials. With appropriate design of the internal fittings, 
even very abrasive materials can be processed. In 
rotary drums for abrasive materials, the drum walls, 
the blades, and vanesinside are made from 
thick-walled steel.

Drum dryers

energy-efficient and particularly robust and reliable



For a required application, suppliers often promote 
their particular own technology no matter of rotary 
dryers, fluid bed dryers, flash dryers, paddle dryers, or 
other. This has led to uncertainty among users se-
lecting an optimal drying system. 

Rotary drum dryers have multiple advantages in 
comparison with other drying technologies. As 
drum dryers are suitable for both fine and coarse 
particle sizes, and for very coarse bulk materials as 
well, it is not necessarily imperative to adjust the 
amount of air into a drum dryer for a change of prod-
uct. The material in the drum is transported by 
means of the rotation of the drum regardless of the 
air flow. As a result, drum dryers can be operated 
with high reliability.

A special advantage of drum dryers is that it is possi-
ble to adjust both the hot-gas inlet temperature and 
the amount of drying air in periods when a drying 
system designed for a specific throughput is operat-
ed for a long time at a significantly reduced perfor-
mance. Reduction of the drying air amount makes it 
possible to keep the hot-gas temperature high, close 
to design value. As described above, this means that 
the low-specific fuel consumption per ton of dried 
solid is maintained even when the dryer is not oper-
ating at its full rated power.

In general, rotary dryers have low specific heating 
energy consumption if the process can be run with a 
high inlet-air temperature. Hence, a key feature is 
their extremely energy-efficient operation. High 
hot-gas temperatures result in low amounts of 
drying air and less heat losses by the exhaust. All the 
above-mentioned features gave rotary drums a re-
naissance in the industrial praxis at present.

Drum dryers are especially tolerant to operating 
errors and therefore optimally suitable for installa-
tion in areas of poor infrastructure. The cost for au-
tomation of the dryer-control system is compara-
tively low. In the event of a power outage, it is usu-
ally possible to resume operation when power 
supply is restored. In the event if the supply of 
drying air cuts out, the solid in the drum dryer is re-
liably conveyed just by the rotation of the drum. 
Due to comparatively simple setup of a drum 
dryer, end users can perform dryer assembly on 
the construction site themselves. 

This is advantageous in global markets where lo-
cally available exhaust air filters are used or air 
ducts are installed by local companies themselves. 
Additionally, drum dryers can usually be commis-
sioned in a relatively short time.

Technical requirements for heating drum dryers 
are relatively low. Modern burners have only small 
combustion air fans. The moisture-laden exhaust 
air is extracted from the dryer by means of a 
draught fan, fed through a bag filter to remove any 
entrained dust, and emitted into the environment 
through a chimney flue. The system of pipes for the 
exhaust air from the drum dryer is a comparatively 
simply arrangement as the air only has to be ex-
tracted from one point on the dryer casing.

The combustion gases are partially mixed with am-
bient air to obtain average drying air temperatures 
between 600 �C and 900 �C. For thermally insensi-
tive materials (e.g. silica sand, slag), the flame can 
burn directly into the rotating drum (Figure 2). For 
the drying of temperature-sensitive materials 
(limestone,clay, bentonite, recycled plastic, or or-
ganic waste), firing chambers are used.

Figure 1. View into a dryer drum with flame in the interior 
of the drum.

Figure 1. Big rotary drum from stainless steel at the manu-
facturing hall (4.5 m in diameter, 35 m length) for drying of 
320 tph fertilizers.

Advantages of rotary drum dryers



The specific electricity consumption of a drum 
dryer is relatively low. As the specific fuelcon-
sumption per ton of material to be dried increases 
if, due to a continuously low amount of material or 
low moisture content of the material, the drying 
system is not operated at the rated drying air tem-
perature for which it was designed, rotary drum 
dryers are characterized by the advantage that 
the control of the dryer can be done by the air 
mass flow rate and must not be done by the inlet 
drying air temperature.

For practical applications, the decision must be 
done on the basis of a couple of main criteria 
which are of particular importance to the client. 
Selection criteria from which a decision in favor of 
rotary drum dryers can be taken[1,2] are summa-
rized by the below listing :

Due to the scarcity of resources and increasing price 
of energy, an even more efficient design and opera-
tion of dryers becomes more and more important. 

The design of a rotary drum dryer is traditionally 
done by means of a thermal balance for the ener-
getic design of the dryer and by the use of empirical 
models that are based on the specific water evapo-
ration capacity x for the geometrical design. By a 
thermal balance in the first-step operating parame-
ters such as temperatures of gases and solids, air 
flow velocity, burner power and bulk material mass 
flow, and the temperature of the hot heating gases 
are calculated.

The latter inlet drying air temperature is used to esti-
mate the corresponding specific water evaporation 
capacity x of the dryer that is used to determine the 
required inner volume of a drying drum. It is known 
for decades that the value x shows a good correla-
tion to the heating gas temperature and, moreover, 
to other key determinants as the moisture content 
of the wet solids or the temperature of the exhaust 
air gases and the hot product temperature.[3,4]

In literature, the latter determinants are often ne-
glected although they have a great impact on 
drying characteristics and the resulting drum size. In 
numerous experiments carried out,[5,6] the drying 
characteristics of various products that mainly car-
ries surface moisture and those products, that carry 
inner moisture as well were investigated. Different 
grain size ranges, moisture contents and alternating 
wet material mass flow, exhaust air temperature, 
and dried product temperature were tested.

Advantages of Drum Driers at a glance

Drum Dryer Disadvantages

Selection criteria for the use 
of dryers in the process industry

Energetic and 
geometrical design of rotary drum dryers

Suitable for both coarse and fine solids

Largely insensitive to coarse or heavy solids

Low expenditure for the inlet air equipment

Requirement of heavy equipment (thick-walled 
design of the drum)
The design of the internal fittings requires many 
years of experience
Solid materials are only partially de-dusted 
during drying
Counter-flow applications are limited to 
coarsegrained materials

Insensitive to changes in the particle size

Insensitive to fluctuations in the moisture con-
tent and the mass flow rate
Insensitive to cutout of the drying air

High drying air temperatures combined with 
low heat losses
Low-specific electrical energy requirement

Constant specific heating energy requirement 
even at only partial loads
Straightforward installation and quick commis-
sioning
Tolerance to operating faults

Very rugged and thick-walled equipment with 
long lifetime
Moderate wear and low spare parts requirement

However, some disadvantages of rotary drum 
dryers should not be neglected.

Wide range of material from fine to very coarse

Non-uniform particle distribution

Non-uniform solids quality

Non-sensitive product against heat

Use of direct gas or oil burners required

Fast load changes to beexpected

Mild steel application sufficient

Outdoor installation required

No space for a complex supplied inlet air system 
available



h1þx represents the enthalpy of humid air, hPr the en-
thalpy of the solids, Q_r  the thermal radiation 
losses, and m_LL the leakage air mass flow. As a 
result, the hot inlet gas temperature te is calculat-
ed, which cannot get measured directly due to ir-
regularities in the flow of flue gases and ambient air 
and the mixing of both.

Within all tests, wet sand and some other products 
with inner moisture were dried to a residual mois-

ture content xP,tr. Unnecessary overheating of the 
solids was generally avoided which means that the 
drying process worksin the most efficient way.

These parameters are entered in Equations (1), (2), 
and (3), where Qtot is the total thermal heat input 
that is required for the drying process. It should be 
noted that these equations are simplified :

In (Figure 3), the measuring points of temperatures, 
air flow velocity va,mix, and burner power PB at a 
semi-industrial test plant in the Allgaier test center 
are shown. At the beginning of the process, wet 
product is entering the drum with a mass flow of 
m_Pr at a temperature tPr,f and moisture content xPr,f. 
This material gets in contact with the burner flame 
and hot gases te that are obtained by burning gas. 
The power of the burner PB is measured by means 
of a gas meter. Besides the hot gases and the wet 
material, ambient air at a temperature of tamb is en-
tering the process. The total air mass flow is de-
scribed by m_L. In the drum dryer, the material is 
dried and heated up to a temperature of tP,tr and a 
residual moisture content of xP,tr. In accordance with 
this, during drying the air is cooled down to ta,real and 
its humidity rises. At the outlet of the drying drum, 
there are unavoidable leakagesso that the drying 
air at a temperature of ta,real gets mixed with ambi-
ent air at a temperature of tamb.The resulting exhaust 
air temperature ta,mix  and the air flowvelocity va,mix 
are measured in the exhaust airduct.

In a first test period, drying of natural sand with 
three different grain size ranges (0.1–0.4 mm, 0.4–1.0 
mm, and 1.0–2.0mm) was investigated in the

Thermal balance

Tests and results

rotary drum dryer in order to find out whether there
is an impact of the grain size range on the specific 
water evaporation capacity x. In Figure 4, exemplary
silica sand and its appearance are shown. 

The tests were carried out at inlet moisture xPr,f of 
4% and 8%. The mass flow was varied during the 
tests, and it was found that the impact of the grain 
size is negligible for products with surface mois- 
ture only.

In total, together with the first test row, 72 experi-
ments were carried out. Figure 5 contains an ex-
cerpt of these tests, while the black line “before” 
shows the presently known evaporation capacities, 
Figure 5 shows the general behavior of sand (grain 
size 0.4 … 2.0 mm) at different moisture contents. 
The measurement point with the highest water 
evaporation capacity is characterized by the maxi-
mum conveying capacity of the dryer. It might be 
seen that the water evaporation capacity of sand at 
a moisture content of 4%(red squares) issignificant-
ly higher than the values at a moisture content of 
2%. It follows logically that an increase in the feed 
moisture

mass flow, exhaust air temperature, and dried product  
temperature were tested.

_

Thermal balance

In Figure 3, the measuring points of temperatures, air
flow velocity va,mix, and burner power PB at a semi-
industrial test plant in the Allgaier test center are shown.
At the beginning of the process, wet product is entering
the drum with a mass flow of m_Pr at a temperature tPr,f

and moisture content xPr,f. This material gets in contact
with the burner flame and hot gases te that are obtained
by burning gas. The power of the burner PB is measured
by means of a gas meter. Besides the hot gases and the
wet material, ambient air at a temperature of tamb is
entering the process. The total air mass flow is described
by m_ L. In the drum dryer, the material is dried and
heated up to a temperature of tP,tr and a residual mois-
ture content of xP,tr. In accordance with this, during dry-
ing the air is cooled down to ta,real and its humidity rises.
At the outlet of the drying drum, there are unavoidable
leakages so that the drying air at a tempera- ture of ta,real

gets mixed with ambient air at a tempera- ture of tamb.
The resul�ng exhaust air temperature ta,mix and the air
flowvelocity va,mix are measured in the exhaust air duct.

These parameters are entered in Equa�ons (1), (2),
and (3), where Qtot is the total thermal heat input that
is required for the drying process. It should be noted
that these equa�ons are simplified: h1þx represents
the
enthalpy of humid air, hPr the enthalpy of the solids,
Q_r the thermal radia�on losses, and m_LL the leakage air
mass flow. As a result, the hot inlet gas tempera- ture
te is calculated, which cannot get measured dir- ectly
due to irregulari�es in the flow of flue gases and

_Qtot
¼ m_    Σ    h Þ—ðh Þ 

Σ 
þ m_ ðh —h Þ

L   ð 1þx a 1þx e Pr   Pr;a Pr;e

þ m_ c ðt — t Þþ Q_LL  P;L   a;mix amb r
(1)

Q
_

tot L  P L   e a;real¼ m_                 c ðt— t Þ (2)
(3)PB ¼ m_ LcP;Lðte—tambÞ

Tests and results

Within all tests, wet sand and some other products
with inner moisture were dried to a residual moisture
content xP,tr. Unnecessary overhea�ng of the solids
was generally avoided which means that the drying
process works in the most efficient way.

In a first test period, drying of natural sand with
three different grain size ranges (0.1–0.4 mm, 0.4–1.0
mm, and 1.0–2.0 mm) was inves�gated in the

rotary drum dryer in order to find out whether there
is an impact of the grain size range on the specific
water evapora�on capacity x. In Figure 4, exemplary
silica sand and its appearance are shown.

The tests were carried out at inlet moisture xPr,f of
4% and 8%. The mass flow was varied during the tests,
and it was found that the impact of the grain size is
negligible for products with surface mois- ture only.

In total, together with the first test row, 72 experi-
ments were carried out. Figure 5 contains an excerpt of
these tests, while the black line “before” shows the pres-
ently known evapora�on capaci�es, Figure 5 shows the
general behavior of sand (grain size 0.4 … 2.0 mm) at
different moisture contents. The measurement point with
the highest water evapora�on capacity is characterized by
the maximum conveying capacity of the dryer. It might be
seen that the water evapora�on capacity of sand at a
moisture content of 4% (red squares) is significantly higher
than the values at a moisture content of 2%. It follows
logically that an increase in the feed moisture

Figure 3. Scheme of the semi-industrial test plant TT 20/4 at  
Allgaier in Uhingen.

Figure 4. Silica sand with three grain size

Figure 3. Scheme of the semi-industrial test plant TT 
20/4 at Allgaier in Uhingen.

Figure 4. Silica sand with three grain sizeranges



The two spots marked 1) show two different opera-
tion modes of a rotary drum dryer (type: Allgaier TT 
90/6.5) that dries silica sand with a grain size of 
about 4 mm and a moisture content of 7%. The 
dried silica sand that leaves the dryer at the outlet is 
completely dry (“technically zero” moisture). As it 
can be seen in (Figure 5), both measurement points 
are significantly below the maximum possible spe-
cific water evaporation capacity. 

Normally, the dryer should be able to operate close 
to the red or blue line. The operation mode of the 
left of those two points (te1⁄4420⁰C) is characterized 
by an too high air stream that is sucked trough the 
drying drum. Hence, the temperature of the heat-
ing gases te is rather low and the drying plant is op-
erated in an inefficient way. On account of reducing 
the air flow by a reduction of the exhaust air fan 
power and an increase in the mass flow, the operat-
ing point moves to a higher water evaporation ca-
pacity at higher inlet gas temperature. 

So the efficiency of the drying plant was significant-
ly increased. The analyzed dryer’soperation isstill not 
perfectsince the e temperature te and the water 
evaporation capacity could be further increased 
theoretically. However, this is not possible because 
the dew point was already very high in this special 
case and a further increase in the water load of the 
exhaust air would lead to water condensation in the 
exhaust air duct.

Another drying plant (marker: 2 at Figure 5, type: All-
gaier TT 120/9.5) is run at the original design point. 
Silica sand with a grain size of 0.1–2 mm is dried from 
a moisture content of 6–0%.This plant could be run 
with a higher wet material stream in order to in-
crease the drying efficiency and capacity

Figure 5. Specific water evaporation capacity x vs. heat-
ing gas temperature tein sand dryingandresultsfrom-
custom- er’s plants. [6]

Figure 6. Specific water evaporation capacity x vs. heat-
ing gas temperature tein sand dryingandresultsfrom-
custom- er’s plants.[5]

For both red squares and blue diamonds, the limit-
ing factor was also the conveying capacity of the 
present drying drums. It is significantly higher than 
the limit at a moisture content of 2% since the mass 
flow needed to reach a high specific water evapora-
tion capacity is lower.

Moreover, high moisture contents ofsilica sand are 
not usual and so the impact of moisture contents 
higher than 4%have been neglected in the past.

Furtherto the tests with sand additionaltests with 
pumice and with bentonite as exemplary products 
with inner moisture were carried out. The same pro-
cedure to measure the maximum drying capacity 
and to calculate the specific water evaporation ca-
pacity per volume of the dryer was used. As for the 
sand, higher values of the specific water evapora-
tion capacity x for the solids with inner moisture 
were established than found in the literature (Fig-
ure 6). The black line “before” represents the pres-
ently used evaporation rates.

The laboratory tests were carried out at conditions 
that usually do not exist in praxis: 

constant mass flow, constant moisture content of 
silica sand, etc. However, the mass flow of material 
and its moisture content vary significantly in every-
day praxis operation mode. In order to show the op-
portunities and limits of the new empirical correla-
tion to design rotary drum dryers, the authors[5,6] 
investigated existing industrial drying plants in ev-
eryday operation. Results from three different cus-
tomer’s drying plants are presented in (Figure 5) as 
well.

Tests at industrial plants



After drying, the heated product must often get 
cooled. Cooling is necessary because of subsequent
processing steps such as conveying, screening, stor-
ing, mixing, or packing, which permit specific maxi-
mum material temperatures. Cooling is also re-
quired if temperature sensitive additives are to be 
added to the dried solid, e.g. certain resins, for the 
manufacture of high-quality “ready mix” materials 
from sand for instance. As the equipment costs and 
energy costs are related to the technological design, 
cooling should only be undertaken to the actual 
temperature required. For applications in the con-
struction material industry, this temperature is 
often approx. 55–60 0C and less frequently approx. 
40–45 ⁰C.

While drying and cooling were done in separate 
drums in the past, combined drying and cooling in 
one rotary drum of special design is a well-estab-
lished technology at present. Best known are the 
double-shell rotary drums. Hundreds of applications 
can be found in the worldwide minerals and build-
ing materials industry for drying and cooling mainly 
of sand and crushed lime stone. 

Examples are shown in Figure 7. While drying takes 
place in the inner tube of the drum with parallel flow 
of the solid product and drying gas, cooling is done 
in the outer shell using ambient air in counter flow 
to the dry and hot product to be cooled. The work-
ing principle of combined double shell dryers/cool-
ers is shown in Figure 8.

An advantage of the system is the compact design 
of short length and the possibility to drive the drum 
directly by a front-mounted gear motor, one barrel 
ring, and one pair of rollers only. The wet feed prod-
uct inlet and the dry product outlet at the same side 
of the plant can be advantageous, when optional 
solid by-passing of the dryer/cooler is required for 
instance.

Since the hot inner drum gets in contact with the 
dried solid to be cooled, the cooling efficiency of the 
system is limited to final product temperatures of 
about 55–60 0C depending on the ambient condi-
tions.

The third plant (marker: 3 at Figure 5, type: Allgaier 
TT 120/11) is operated at a rather high hot gas tem-
perature of 9000C. The specific water evaporation 
capacity is lower than designed. In this case, it was 
easily possible to recognize by just measuring tem-
peratures, powers, and mass flows (cf. Figure 3) that 
there must be a technical problem at the specific 
plant. The problem was an erroneous control of the 
exhaust air fan. This leads to a high drying air stream 
in the drum.

In a semi-industrial laboratory rotary drum dryer, 
several experiments with silica sand, pumice, and 
bentonite were carried out. It was shown that for 
products with only surface moisture common 
grains (particle sizes 0.4, 2.0mm) have no practical 
impact on the drying behavior. With the help of a 
thermal balance and the measurement of the mois-
ture content and mass flow of the solids at the en-
trance and the outlet of the rotary drum dryer a re-
lation between the heating gas temperature te and 
the specific water evaporation capacity x was estab-
lished and compared with data from literature. [3,4] 
The specific water evaporation capacity increases 
significantly with the increase in the moisture con-
tent of the solids. At moisture contents of 8%, a max-
imum of the specific water evaporation capacity is 
reached and a further increase in the moisture con-
tent does not lead to higher specific water evapora-
tion capacities. The specific water evaporation ca-
pacity in modern rotary dryers for various specific 
cases was found up to 60% higher than usual values 
in the literature. With these results, rotary drum 
dryers can be designed more compact today and at 
the same time more efficient.

As a side effect, it was found that the method can be 
used as a service tool to decide easily whether there 
are any severe errors in the operation of existing in-
dustrial plants.

Figure 7. Rotary drums for combined drying and cooling 
ofsand

Conclusions

Combined drying and 
Cooling in rotary drums

Drying and cooling 
in double shell rotary drums



In some cases, lower temperatures near the ambient 
(30–45 0C for instance) are required for the dried 
out-put materials. Adding the option of cooling to 
particularly low-solid temperatures and efficient 
heat recovery with the resulting energy savings 
makes the TK-D Series a welcome complement to 
the TK double-shell dryers/coolers.

In contrast to the double-shell TK drying/cooling 
drum, the TK-D is a single-shell drum, which has no 
contact points between the solid to get cooled and 
any hot inner drum surface in the entry area of the 
dryer. The dried solid is passed by a specially de-
signed solid transfer compartment from the drying 
zone to the cooling zone, where the solids gets 
cooled by a countercurrentflow of ambient air (Fig-
ure 9). Thanks to this design, the TK-D drying/cooling 
drum outputslow-temperature dried solids ap-
proaching ambient air temperature used. In stan-
dard applications, both exhaust airstreamsfrom the 
drying and from the cooling compartment are 
draught from the transfer compartment through a 
single-chamber bag filter by the exhaust air fan (Fig-
ure 10).

With a two-part configuration of the central transfer 
compartment, exhaust air streams from the drying 
zone and from the cooling zone can be individually

extracted and de-dusted. While the moisture-laden 
dryer exhaust air is de-dusted and released to the at-
mosphere, the warm, dry, and de-dusted cooling ex-
haust air can be returned to the process as preheat-
ed drying air resulting in heat recovery from the dry, 
warm solid (Figure 11). This provides savingsof the 
primary heating energy such as gas or oil up to 10%

Figure 8 . 2D and 3D principle drawing of a drum dryer 
system TK with aircooling.

Figure 9 . Rotary drum dryer system TK-D with counter-
current aircooling

Figure 10 . Single extraction of the exhaust air streams at 
TK-D

Figure 11 . Separated extraction of the exhaust air and 
heat recovery.

However, those cooling temperatures are sufficient 
in most cases of the mineral industry

Drying and cooling 
in single-shell rotary drums



The separate supply and exhaust of the gas streams 
additionally allow different processing possibilities
for the solid and the gas (air):

The use of counter-current flow routing of the air 
and the stream of solids allows a particularly effi-
cient high-temperature process for example calcin-
ing of solids immediately followed by cooling. The 
heating zone can be configured and optimized 
completely independently of the cooling zone.

In times of rising energy prices, the efficient usage of 
resources is an important method of increasing 
cost-effectiveness and the competitiveness of pro-
duction. Because thermal drying requires up to ten 
times more energy compared to purely mechanical 
water removal, there is particular interest is using 
drying systems that are as energy-efficient as possi-
ble. In addition to the aforesaid methods, evapora-
tive cooling is another method to reduce the energy 
consumption. Progress toward this issue is support-
ed by Allgaier’s MOZER VR TK þ technology. It is 
mainly used for products with surface moisture only. 
The combined drying and cooling drum system TK þ 
offers a concept that effectively cools the dried sand 
by means of evaporative cooling and leadsto a fuel-
saving ofup to 15% 

While in the majority of cases, cooling of the hot 
sand is undertaken using dry ambient air, during 
evaporative cooling, cooling of the solids is done by 
evaporation residual portions of remaining moisture 
from the particles. Thus, instead of exchange of 
measurable or “sensible” heat between air and ma-
terial, evaporative cooling is the cooling of the mate-
rial using “latent” heat, which is the heat of evapora-
tion or vaporization of the water. Theoretically, cool-
ing to the “wet bulb temperature” in accordance 
with the psychrometric principle is possible. As a 
consequence, the advantage of evaporative cooling 
is that energy is saved during drying by using the re-
sidual heat in the material while the product is also 
cooledsimultaneously.

On the TK þ system, a primary flow of about 85–90% 
of the moist sand is dried in the inner tube of the 
double-shell dryer/cooler. After the drying in the 
inner tube, the remaining subflow of moist sand is 
applied to the system in a controlled manner. The 
hot dried product is mixed with the cold product 
that has not yet been dried, referenced as “bypass 
product” (Figure 12). The hot dry product from the
inner drum and the bypass product are intensively 
mixed in the outer drum by lifting plates. 

The combined material is conveyed against a very 
small flow of cooler ambient air. During this process, 
the water contained in the bypass material evapo-
rates, while at the same time, the hot product is 
cooled by the effect of evaporative cooling.

A proportionally smaller amount, 85–90%, of fuel 
(natural gas, light heating oil, liquefied petroleum 
gas) is required to dry the reduced main flow of 
moist sand. Also, the quantity of cooling air required
is reduced due to the effect of evaporative cooling. 
consequence, system TK þ requires significantly 
smallerdraught air fans and bag filter plants. In ad-
dition to the reduction in the amount of fuel re-
quired, there is also a reduction in the consumption 
of electrical energy. It is also possible to convert the 
standard TK system to the TK þ system without the
need to modify or replace the existing dust removal 
plant.

Many years of experience and sophisticated calcula-
tion programs make it possible to calculate the ef-
fects described above. Therefore, it is possible to 
tailor the plants to be delivered to each customer. 
An intensive study has been undertaken on a total 
of eleven plants supplied by Allgaier to verify 
whether the actual plant operations confirm the 
predicted energy consumption. [8]

Evaporative cooling in TK1

Co-current flow or counter-current flow drying, in-
dependent of one another, can be combined with

Counter-current flow or co-current flow cooling

Figure 12 . 2D and 3D principle drawing of a drum dryer 
system TK þ with bypass feed and evaporativecooling.

Study confirms energy 
saving due to evaporative cooling



It therefore becomes clear that the potential sav-
ings with a system TK þ drying-cooling drum are de-
pendent on the sand moisture content. Higher sand 
moisture content increases the advantages of a TKþ. 
However, it should be generally noted to start 
drying with the lowest possible sand moisture con-
tent. The initial sand moisture content can be influ-
enced, e.g., by storage of the sand at a pile for sever-
al days for natural water drainage or by roofing the 
storage facility and the resulting protection against 
the rain.

A decision as to which of the available dryer–cooler 
systems is optimal for a specific task must be made 
depending on several factors on case-by-case basis. 
An amortization calculation can be used to show 
which system is optimal for the related application. 
A drying plant based on the drying–cooling drum TK 
þ requires greater expenditure for the controlled 
feed of the main flow of moist sand and dosing the 
bypass flow. Several technical variants are available 
for this controlled moist material dosing. It is possi-
ble to use matched bucket conveyors, belt convey-
ors, or a solution with a controlled material gate. The 
additional expense for the material feed, the mature 
electronic control program, and the higher process 
equipment-related expenses for the manufacture of 
the combined drying–cooling drum TK þ result in a 
somewhat higher plant price for the TK þ systems 
compared to the standard TK systems. In general, 
the fixed investment costs of a technology diminish 
proportionally with increasing overall plant size. As 
the additional expense for the detailed aspects of a 
TK þ is also reduced relative to plant size with in-
creasing plant size, the additional costs for a system 
TK þ drying cooling plant have lessimpact at higher 
capacities.

All available process and consumption parameters 
are measured with plants being able to supply infor-
mation for several years in some cases. Both MOZER 
TK sys- tem dryer/coolers and also TK þ system 
plants were studied. Comparative assessments of 
the parameters, determined using the existing 
design programs and the values measured on the 
plants, have shown close agreement with the origi-
nal theoretical plant design. The study confirms that 
fuel savings of between 10% and 15% can be 
achieved with the aid of evaporative cooling on the 
usage of the TK þ system plants. It has also been 
confirmed that the electrical power consumption 
on TK þ plants with evaporative cooling is almost 
halved, due to the reduced amounts of waste air. 
(Figure 13) shows the different fuel costs in absolute 
and relative terms (referred to as TK þ and 4% sand 
moisture content) on the TK and TK þ systems with 
example sand moisture contents of 4%,5%,and6%. 
(Figure 14) shows the electricity costs for both sys-
tems, resulting from the different amounts of air 
(shown in absolute and relative terms referred to a 
TK þ and 4% sand moisture content). (Figure 15) 
shows the mean total energy costs for drying one 
metric ton of sand based on the example of an initial 
sand moisture content of 5%.

Figure 13 . Comparison of fuel costs per metric ton of 
dry material in TK and TK þ at different solid’s feed 
moistures.[8]

Figure 15 . Total energy costs per metric ton in TK and 
TK þ at solid’s feed moistures of 5%.[8]

Figure 14 . Comparison of electricity costs per metric 
ton of dry material in TK and TK þ at different solid’s 
feed moistures.[8]

Evaporative cooling or air cooling ?



(Figure 16) shows as an example the procurement 
costs for both systems normalized to a system TK 
plant with a dry product massflow of 15 t/h. Due to 
the significantly lower energy costs (fuel costs þ 
costs for electrical energy) on the usage of evapo-
rative cooling, the additional costs for the bypass 
flow distribution and the control of TK þ plant can 
be generally amortized after 5000–8000 operating 
hours. The amortization periods shown in Figure 17 
were calculated using German energy prices from 
2013. If energy costs as expected continue to in-
crease in relation to labor and material costs, the 
amortization period willreduce further.

Particularly on plants with high-throughput and 
high initial moisture content, it is worthwhile to 
use VR energy-saving technologieslike that of the 
MOZER TK þ system. However, it is to be noted that
low sand moisture content reduces the absolute 
investment and energy costs for any drying plant. 
Hence, the above statement should not be misun-
derstood that any mechanical pre-drying or dewa-
tering of wet products will always be reasonable, if 
that is possible.

Rotary driers can also be used for very robust appli-
cations such as abrasive products which might 
cause significant wear to the dryer’s body and the 
blades and vanes inside. An interesting example is
the drying of glass waste prior to color sorting.[9] 
Today, glass waste is a major secondary raw mate-
rial. In fact, the glass industry can use it as cullet to 
make new glass products while simultaneously re-
ducing the energy consumption levels of glass 
melting furnaces. Reduction in the molten glass 
temperature when using recycled glass allowsthe 
energy costs of glass production to be

reduced considerably. Each 10% of recycled glass 
used as a raw material in the molten glass rep-
resents an energy saving of about 2%. The require-
ments on achieved glass quality have risen signifi-
cantly over recent years in the business of prepar-
ing recycled glass. Higher and higher recycling 
rates are being achieved in the molten glass used 
for producing bottles, while a low scrap rate con-
tinues to be demanded. Therefore, efficient and 
high-performance sorting systems are required for 
glass processing and color sorting. Today, modern 
color sorting systems are able to separate individu-
al particle sizes as small as 2.5 mm effectively – 
however only if the raw material is provided in dry 
and clean condition. Additionally, the recycled 
glass contains other disruptive substances such as 
ceramics, stones, porcelain (CSP), corks, plastics, 
metal caps and adhesive labels, as well as all other 
kinds of rubbish. Recycled glass is predominantly 
stored outdoors; therefore, greater or smaller 
amounts of water also get into the outdoor storage 
facility depending on the season and the associat-
ed quantity of rain. As a result, recycled glass has a 
foreign matter, must first be dried and preferably 
simultaneously cleaned and de-labeled. moisture 
con- tent between 1% and 6%, which fluctuates 
throughout the year. In order to sort collected glass 
waste (bottles and glassware, as well as the con-
taminants and foreign matter they contain) with 
an optoelectronic color sort- ing system, such as an 
MSort for example, the wet raw material, which is 
also soiled and mixed with foreign matter, must 
first be dried and preferably simultaneously 
cleaned and de-labeled.

Drum dryers usually meet all the product-specific 
criteria for drying recycled glass, which explains 
why over recent years there have been more and 
more drum dryers entering service for drying recy-
cled glass. One side effect during the drying of re-
cycled glass in drum dryers is the associated clean-
ing of the material by galling of the material during 
drying. An impres- sive example of product re-
ceived from a rotary dryer (see Figure 18) isshown 
in Figure 19.

Rotary driers for 
drying seriously abrasive products

Figure 16 . Relative investment costs versus dry product 
massflow.[8]

Figure 17 . Amortization periods versus dry material 
throughput at different solid feedmoistures.[8]



The hot drying air is cooled down very quickly in the 
input area of the rotary dryer due to contact with the 
moist product, thereby minimizing the danger of 
deflagration of the organic components due to the 
burner flame. Nevertheless, the waste air pipe is 
equipped with a spark monitoring system and extin-
guishing device for safety’s sake, in order to prevent 
the possibility of a fire in the waste air filter. External 
hot air generators are used if particularly high pro-
portions of organic material are present in the con-
taminated raw glass. That way the very hot flue 
gases from the burner are mixed with ambient air to 
a rather homogeneous air flow of moderate inlet 
drying air temperatures. During the drying process, 
the glass is heated up to temperatures between 60 
and 75 0C and dried to residual moistures between 
0.5%and 1%.

Recycled glass is a very abrasive product, which ex-
plains why the materials used for its processing 
must be selected very carefully. Suitable design of 
the installed components allows the wear to be re-
duced. In order to extend the service life of dryersfor 
glass processing, extra thick walls are used in the 
drums. Areas where there is direct contact between 
glass and the apparatus wall are exposed to particu-
larly high wear; therefore, they are lined with wear 
protection plates. The wear protection plates may be 
designed to be bolted on so that they can be ex-
changed easily (see Figure 20).

Attention is paid to avoiding the solid material from 
sliding on the lifting and guidance paddles, or else 
keeping this level of sliding low, and also, care is 
taken to ensure that when the material falls it drops
onto a bed of the dried solid material. All this makes 
it possible to achieve durable dryer solutions even 
for highly abrasive solids such as recycled glass.

Recycled glass should be smashed up as little as pos-
sible during the preparation process; therefore, the 
heights through which the glass falls at the transi-
tion points and within the dryer are minimized. As a 
result, drying drums for glass are optionally 
equipped with special crossways installed compo-
nents. The crosswaysinstalled components (see 
Figure 21) achieve very good results with regard to 
retaining the particle size during the drying proce-
dure.

Figure 18 . Rotary drying system for recycled glass.

Figure 19 . Recycled glass <10 mm before and after 
drying.

Figure 20 . Bolted-on components installed in a drum 
dryer.

Figure 21 . Rotary drying system for recycled glass.

BEFORE

AFTER

Wear protection



Cleaning and label removal can be significantly im-
proved by a combined drying and cleaning drum 
dryer RTT, which combines both useful properties 
for glass processing. For this purpose upstream the 
drying zone of the rotary drum, a compartment of 
bigger drum diameter and consequently longer du-
ration time for the glass are used. This patented 
technology involves the glass material to be cleaned 
being churned in a cleaning drum ahead of the 
drying compartment for up to 20 min without signif-
icant product damage (see Figure 22 as a view into 
the cleaning zone of an RTT).

The individual glass particles rub against each other 
due to the churning, at the same time as removing 
the adhering labels. This is deliberately done while 
the raw material is still damp and involves a long 
holding time, because numerous experiments car-
ried out have shown that this method achieves the 
best cleaning results. Following this, the cleaned 
glass material moves into the drying zone of the 
drum, where it is dried (Figure 23 shows a flowchart 
of the process). Drying glasscullet in the drum dryer 
offers the advantage that the necessary amount of 
energy is low, and thus, drying is veryeffective, in 
both the counter-flow and parallel-flow principles.

Until recently, this screened limestone required the 
use of expensive stone washers in order to be further 
processed into high grade materials and accordingly 
was often taken without any additional processing 
and used as low grade screened stone for road build-
ing instead. In heavy frost or in arid regions the lack 
of processing water stone washing plants limits their 
usability. Moreover, the use of stone washing plants 
requires costly sludge treatment, waste water re-
moval, and waste disposal.

However, the very unique TRH drum dryer shown in 
(Figure 24) is a method that dry screened limestone 
and simultaneously free it from silt and clay without 
any need for water or expensive stone washer 
sytems. As in the aforesaid RTT system, the TRH 
system uses a drum compartment of increased di-
ameter but with some special blades and vanes. In 
the TRH, the cleaning compartment follows the 
drying compartment of very quick drying at in-
creased temperatures (Figure 25). Loam and clay is 
loosened from the surfaces by the combination of 
quick drying and intensive attrition of the stones. 
The fines are removed from the dryer together with 
the exhaust air or can be separated from the good 
product by rather simple screening machines down-
stream the dryer. In fact, the high-grade lime stone 
obtained with this method is of equal or even better 
quality tothose obtained with the usual complex 
stone washer plants despite considerable lower cap-
ital costs, as well as significantly lower operating 
costs that result from not having to use water or deal 
with wastewater. In addition, the use of this system 
significantly reduces the amount of equipment and 
conveyor units needed while also requiring a lot less 
installation space.

limestone in a rotary drum. At many of the quarries 
used to mine limestone for the construction materi-
als industry and for making fillers and pigments, the 
processing that follows yields screened stone with a 
size of 0–60 mm. In most open-pit mines in Europe 
at least, this stone has large amounts of loam silt and 
clay stuck to it as a result of the composition of the 
soil layers found above the corresponding limestone 
deposits.

Combined cleaning 
and drying of recycled glass

Drying limestone and cleaning 
it without the use of water

Figure 22 . View into the cleaning compartment of a 
combined drying cleaning drum.

Figure 23 . Process diagram of the cleaning drum dryer 
RTT.

Figure 24 . Scheme of system TRH for dry cleaning of 
stone.



(Figure 26) shows an exemplary product sample re-
ceived from the TRH (right) versus the dirty product 
fed to the plant (left). The abovementioned advan-
tages were proven by a study in cooperation with 
customers. The efficiency of this innovative, techno-
logical solution was com- pared with stone washer 
systems with and without drying for the washed ma-
terial. The results show clear advantages in terms of 
power consumption, capital costs, operating costs, 
and maintenance costs (Figure 27).

Indirect planetary rotary coolers of different designs 
using ambient air as coolant have been known for 
decades. Very efficient cooling technology is given 
by a rotating tube cooler that operates with water as 
coolant. This new planetary cooler, named RK-W, 
provides many advantages over the previously 
known solutions.

In many industrial cases, it is necessary to cool warm 
or hot product from drying. Particularly hot bulk ma-
terials from high temperature processes such as cal-
cining, oxidation, or combustion processes require a 
special cooling from temperatures of about 700 0C or 
even 1200 ... 1400 0C. Examples of products are pig-
ments (e.g. titanium dioxide), slags, metal oxides and 
hydroxides, cement clinker, sponge iron, scale, acti-
vated charcoal, catalysts, and waste material from 
smelting plants. Further processing is often not pos-
sible without cooling products down to about 
100–150 0C. In many cases, at least some thermal 
energy contained in the solids is to be recovered 
during the cooling that is necessary for engineering 
purposes. Besides using coolers with direct contact 
between ambient air and the material to be cooled, 
indirectly operated rotating tube coolers are also 
used with air or water. The term “indirect” means 
that the coolant does not come into direct contact 
with the hot product to be cooled. Instead, the heat 
is exchanged from the hot product to the coolant by 
way of a wall in the device that separates the media.

(Figure 28) shows a three-dimensional drawing of a 
cooler for an exemplary customer’s project for cool-
ing 40 tph metal oxide from 800 ⁰C inlet to less than 
150 ⁰C outlet temperature. The cooler is built using 
several, for example, 6 or 8, double-walled tubes con-
figured like planets with the cooling water flowing in 
the tube gap. This eliminates the necessity of using 
heavy- and complex welded rotating drum housing 
as this was known from the so-called Sectional Cool-
ers proposed by BSH decades ago. In the latter cool-
ers, pronounced thermal stresses may result in the 
material used because of the solid implementation 
with little flexibility. These thermal stresses can 
result in material fracture and cracks in the welded 
structure. However, the implementation of the new 
cooler results in a design that is tolerant to expan-
sion by using commercially available tubes. This 
design led to a reduction in the weights and a de-
crease in the welding work required during manu-
facture. The structure of the new rotating tube 
cooler was optimized in terms of thermal stresses 
and service life using modern finite element calcula-
tions(Figure 29). 

Development of a new indirect 
rotating tube cooler for bulk materials

Figure 25 . Drying system TRH for screened limestone. Figure 26 . Lime stone samples from before and after 
the dryer/cleaner TRH

Figure 27 . Processing costs of TRH versus costs of 
stone washing without and with subsequent dry-
ing.[13]



In the new cooler, all gaps of the double walled tubes 
are completely filled with flowing water, which is not 
the case at the Sectional Coolers. This constantly 
cools all available heat exchanger surfaces carrying 
the hot product achieving an improvement in the 
cooling performance. The cooling water is supplied 
and removed by means of a sealed swivel joint and 
pipe connections running to and from the individual 
cooling tubes that carry the product and are de-
signed as double-walled tubes. The hot solids intro-
duced into the cooler move from the inlet to the out 
let by means of the rotation and a slightslope of the 
cooler.

To reliably design the processes, two laboratory test 
systems were built during the development period. 
Using these systems, it was possible to determine 
product-specific bulk material data and the heat 
transfer coefficients of real solids (Figures 30 and 31).

In cooperation with an external engineering office, 
DEM simulations were performed for a solids cooler 
using the bulk material and heat transfer properties 
of the real product determined during calibration 
tests. Calibration was done at a small rotating cylin-
der of 180 mm diameter and a solid filling of 2.5 kg 
metal oxide with bulk density of 2300 kg/m3. The 
front end and back side of the cylinder were made of 
transparent plastic material that the movement of 
the solid could be observed.

The cylinder was driven at a rotational speed of 4.08 
min (0.068 s ) as an example. An angle of response of 
330was measured. By various DEM simulation pro-
cedures of this test equipment, corresponding pa-
rameters of the bulk characteristics have been ex-
amined to a particle–particle–friction coefficient of ff 
1⁄40.4 and a rolling–friction coefficient of fr 1⁄40.2. 
(Figure 32) show the profile of real product on the 
left side versus the result of the simulation on the 
right side with the use of the abovementioned fric-
tion coefficients for DEM simulation.

In the same way, the parameters characterizing the 
thermal conductivity of the particles thCoP and the 
thermal conductivity of stainless steel thCoW were 
determined from the batch cooling experiments de-
scribed above.

Figure 28 . Indirect planetary rotary cooler for 40 tph 
solid.

Figure 30 . Batch laboratory cooler for determining the 
properties of bulk materials and heat transfer of real-
solids.

Figure 31 . Test plant for continuous solidscooling.

Figure 32 . Results of calibration tests to determine 
bulk characteristics (Example: Zinc calcine, rotational 
speed 4.08 min angle of response 330 ).

Figure 29 . Results of FEM-calculation of the new 
cooler design.



Finally with the elaborated calibration parameters, 
which show the characteristic of the real solid, full 
scale plant was simulated. (Figure 33) shows the re-
sulting solid temperature profile along the cooler 
length for a cooler of 10 m length, solid capacity of 
40 tph Zink calcine with 700 0C solid feed tempera-
ture. By comparing the simulation results with ther-
mal balances and heat transfer numbers to a tradi-
tional evaluation of Technical Center tests, it was 
possible to confirm the reproducibility of the results. 
Heat transfer coefficients between 124 and 237 
W/m2K for zinc calcine, 120–208 W/m2K for silica 
sand, and 81–126 W/m2K for iron oxide were exam-
ined. These results correspond with data from the 
literature[16] exemplarily shown in (Figure 34).

In future as a result of the investigation, both contin-
uous tests in the Allgaier Technical Center and the 
method of DEM simulation based on calibration 
tests for the properties of bulk materials and heat 
transfer of real products can be used to design a 
full-scale cooler system.

However, the efficiency of rotary processes can 
always be improved. It is always a matter of long 
lasting experience and the use of modern calcula-
tion and design methods to find the right solution in 
the advantage of a client.

No potential conflict of interest was reported by the 
author.

As shown by the various examples, rotary drums for 
processing bulk material in general and for drying 
and cooling in special still become steadily im-
proved. Experimental investigations about the value 
of the specific water evaporation capacity are de-
scribed by the article in detail. New applications for 
the use of rotary drums are presented such as differ-
ent methods for combined drying and cooling, 
drying of extremely abrasive solids such as glass 
cullet, combined drying and label removing, dry 
lime stone cleaning, or indirect cooling of very hot 
solids with water by a new planetary rotary cooler. 
Results from experimental investigations at various 
full-scale customer plants are presented, which 
show the praxis effects and give recommendations 
for end users. Finally, an example for the use of 
modern simulation methods in the period of a de-
velopment process is described by the example of a 
new indirect planetary rotary cooler.

Summarization and perspective
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Figure 33 . Results of a DEM-simulation of the rotary cooler 
(Zink calcine, 40 tph, 700 0C inlet solidtemperature)

Figure 34 . Heat transfer coefficients from a wall to 
mixed bulk materials Data by Wunschmann.[16]



Nomenclature Abbreviations

Indices

ff  Particle–particle–friction coefficient for  
DEM simulation

Rolling–friction coefficientfor
DEM simulation

fr

Enthalpy of humid airh1þx, [J]

Enthalpy of the solidshPr, [J]

Total air mass flow ratem_ L, [kg/s]

Leakage air mass flow ratem_LL , [kg/s]

Solid mass flow ratem_ Pr, [kg/s]

ambientamb
air, mixeda,mix
real outleta,real
BurnerB
inlete
wetf
AirL
Leakage airLL
ProductPr
radiationr
dryt

Discrete element methodDEM
Indirect planetary rotary coolerRK-W
Combined drying and cleaning
drum dryer

RTT

Trocknen/Kuhlen1⁄4 Drying/coolingTK
Dry cleaning of limestoneTRH

Burner powerPB, [W]

Losses by thermal radiationQ_r, [W]

Ambient air temperaturetamb, [K]

Resulting exhaust air temperatureta,mix, [K]

Cooled drying air temperatureta,real, [K]

Hot inlet gas temperaturete, [K]

[W/(m K)] Thermal conductivity of stainless steel

tPr,f, [K] Solid feed temperature

tP,tr, [K] Solids product

va,mix, [m/s] temperature Air flow

xPr,f, [–] velocity

xP,tr, [–] Solid inlet moisture

x, [kg/(s m3)] Residual solid moisture
Specific water evaporation capacity

Thermal conductivity of the particlesthCoP, [W/(m K)]
thCoW,
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Eric Quevauvilliers
+61 (0)418 871 005

Contact Person

Australia & New Zealand 
(Office)

House-10, Road-5 Priyanka 
City, Sector-12, Uttara, 
Dhaka-1230, Bangladesh

Md. Emtiaz Morshed
+8801747762200

Contact Person

Bangladesh (Office)

SCAN HERESCAN HERE

Our Mails
info@kerone.com
sales@kerone.com
marketing@kerone.com

Website
www.kerone.com
www.kerone.net
www.keroneindia.com

THANK YOU


