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ABSTRACT

Cooling is one of the most important post-processing operations in the
production of extruded aguatic feed pellets. In this study, a rotary pellet cooler of
simple design was manufactured, and the effect of different operating parameters on
the final guality of extruded ﬂoatlng and sinking aquatic feed {low density 0. 538g/cm’,
medium density 0.789g/em” and high density 091SQ/cm) was investigated. The
coaler parameters that were studied included air suction velocity (2.32, 3.76, 4.35 and
5.87 mvs), cooler horizontal angle (10, 15, 20 and 30°) and turning speed (5, 10, 15
and 20 rpm). Resulls indicated that the moest effective operating range for these
parameters was 3.76-4.35 m/s, 10-15 rpm and 10°, respectively, which led to a
coeling efficiency of 72.8-74 5%, and goed quality aquatic feed pellets with 8.3-9.1%
output moisture content, 0.0% molding percentage after 2 months of storage, 0.1-
0.8% losses and 0.8-1.7% unpelleted mash. ..

Practicai Applications

An effective cooling system for extruded aquatic feed pellets can
significantly reduce the energy costs involved in drying for long term storage,
and also minimize product losses during post-processing operations.
Counter-flow rotary coclers, iike the one described in this manuscnpt, are
manufactured and sold commercially by a few companies. Such coolers also
provide very efficient drying, and separation of unpelleted mash and broken
pellets, however there are scant data in literature on their performance. The
current study aims to fill this gap, and results are relevant to all coolers of
similar design. The rotary air cooier that was designed, manufactured and
evaluated in this study will be very useful for smaill-scale industries involved in
the production of both floating and sinking aquatic feed, and can lead to
greater efficiencies and cost-effectiveness.

INTRODUCTION

Pelfleting of feed ingredients for poultry and various animals, like
cattle, goats and sheep, has many benefits including greater energy density,
nutrient homogenization and ease in ingestion, Pelleting of various
agricultural residues is also undertaken for other purposes inciuding
production of combustible fuel and absorbent materials. Extrusion and pellet
milling with die and rolls are the two pelleting methods commeonly used by
feed industry and studied by researchers (Maier and Bakker-Arkema 1989;
McMullen et al. 2004).

Maier and Bakker-Arkema (1989) studied the production of peliets by
extrusion. Ground feed ingredients were extruded through dies ranging in
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diameter from 4 to 1Z mm. After extrusion, the pellets were cooled before
being placed in storage. Also, stored pellets needed to be ventilated
occasionally to prevent spoilage. They concluded that knowledge of the
thermal properties {specific heat, thermal conductivity, and thermal diffusivity)
of the pellets is needed in the efficient design and selection of coolers and
ventilation equipment for poultry litter pellets. McMullen et al. (2004) used a
laboratory pellet mill to produce pellets from poultry litter. Due to the high
mineral content of poultry litter, samples were mixed with 3% vegetable oil to
lubricate the die and to ensure that the peliet die will not clog during pelleting.
Befere passing through the pellet die, the temperature of the litter was
increased to 75°C by injecting steam and by the use of a heat gun that blew
hot air through the litter. Due to frictional heating during pelleting through the
3/18" (4.76 mm) diameter die, the temperature of the pellets exiting the die
increased to 85°C + 2°C. After pelleting, the pellets were cooled in an
environmental chamber set at 22°C and 40% relative humidity.

Quality of the final pellets depends on the process before the die
{milling and mixing}, pelleting conditions and the process after the die (drying
and coaling).For the pellet milling process, there is a general agreement on
the contribution of different factors on the durability of feed pellets (Behnke
1994; Turner 1895; Thomas et al. 1997). The relative role of diet formulation
is reported to be 40%, while tha! of particle size, steam conditioning, die
specifications and cooling/drying are 20, 20, 15 and 5%, respectively. When
including an expander in the conditicning process, the distribution becomes
25, 15, 40, 15 and 5%, respectively, for diet formulation, particle size, steam
and expander conditioning, die specifications, and cooling/drying.

Extended stabiiity of pelleted feed depends on effective cooling and
drying immediately after their production, even though these post-peileting
operations have the least relative contribution. Often only cooling is
undertaken as the high product temperature facilitates removal of moisture
without additicrnal energy consumption. Peilet cooling is therefore undertaken
to remove - 1) heat added to the product during steam conditioning and then
extrusicn and/ or pelleting, and 2) excess moisture resulting from steam
conditioning. Pellets that are not properly cocled can have reduced durability
due to stresses in the pellet between the cooled outer layer and the warmer
center, which induces cracks in the pellets. Also during the cooling process,
soluble components in the feed re -crystallize and create bonds between
- particles (Maier and Bakker-Arkema 1992). Thus the cooling process
improves pellet durability, and consequently sticking in bins is prevented and
breakage and crumbling during handling and transporting minimized. it also
reduces the possibiiity of spoilage from mold. However, from the standpoint
of pelflet quality, the pellet cooler is generaliy considered as the weak link in a
feed mill (McElhiney 1986).

in the conventional extrusion process for feed production, pelleted
products exit the die at about 60-85°C and 12-17.5% moisture. During
cooling, air is forced through the pellets to quickly reduce the temperature
and to remove a specific amount cf moisture from the material (Robinson
1984). In the pellet milling process, peliets leave the die at temperatures of
60-95°C and moisture contents of 12-18%. Pellets are cooled, mostly using
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forced air, immediately after the die to within 5°C of ambient temperature, and
to within 0.5% of the ariginal moisture content of the feed ahead of the
conditioner {Turner 1995). In general, for lang term storage, the final meisture
content of the pellets should be iess than 12-13% {Robinson 1984; Maier et
al. 1992). '

Factors affecting cooling efficiency inciude cooling time, bed depth,
degree of packing, and air flow rate. Ray et al. (2004) studied air flow
resistance during cooling of pelleted products of four sizes and shapes
{circular cross-sections with 4.0, 6.7 and 19.4 mm diameters, and rectangular
cross section with 33.2 x 34.9 mm dimensions). The effect of “loose” and
“‘packed” fill were tested fcr each product size zxcept for the cubes, which
was tested at loose fiil only. The pressure drop was higher for the packed fill,
but the similar trends for variation of airflow with pressure drop was observed
for both conditions. Three bin shapes (round, square, rectangular) containing
equal airflow areas were also tested, and no significant effect of the same on
air flow resistance was detected. Maier and Bakker-Arkema (1992)
established that the most important operating and design parameters for a
pellet cooling system are bed depth and air-to-pellet mass flow ratia.
Fundamentally, both are airflow resistance parameters. They added that the
cooling time may range from about 4 to 15 min.

Counter-flow rotary coolers are manufactured and sold commercially
by a few companies. Such coolers also provide very efficient drying, and
separation of unpelleted mash and broken pellets, however there are scant
data in literature on their performance. The current study aims to fill this gap,
and results are relevant to all coolers of similar design. For this purpose, a
rotary cooling system for cooling of feed pellets was manufactured in-house,
using a simple but robust design. The main criteria for determining the most
effective operating range for any cooler are the physical characteristics of the
end product. Lichtenberg ef al. { 2002} reported that physical characteristics
of pellets such as durability, moisture uptake, storage stability and rupture
need to be measured in order to quantify pellet guality during exposure to
varying environmental conditions (such as high humidity and temperature),
and to handling equipment used during storage, transportation and utilization
of the pellets. In this study, cooling efficiency, peliet losses with circulating atr,
unpelleted mash percentage and mold formation were some of the peflet
quality parameters that were investigated for evaluating the cooler
performance.

MATERIALS AND METHODS

Components of the Single-Pass Rotary Cooler

A single-pass rotary cooler was locally manufactured using a simple
design. The cooler rested on a frame with an adjustable base, and consisted
of a feeding unit, a cooler barrel, an air suction unit and a pewer fransmission
unit, as showed in Figure 1. The different components of the cooler are
described in greater detail below.
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1-Cooler feeding screw
2-Cooler barrel slats
3-Cooler main shaft
4-Cooler barrel
5-Barrel turning rolls

FTYFS 1
Yrp2s FAI1E90 7110,

Figure 1. (A) Pictures of the single pass rotary cooler showing its layout
and (B) cross section of the cooler.
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Feeding unit: Pellets from the extruder were transferred to the cooler feeding
unit via a conveyor belt. The feeding unit consisted of a feeding bin and a
feeder screw. The feeding bin was 40 cm high, with inlet dimensions of 25x25
cm and outlet dimensions of 15x15 cm. it had a holding capacity of 20 kg
aquatic feed (for pellets with 4 mm diameter and 7mm length). The feeder
screw was anchored on the rotary shaft of the cooler beiow the feeding bin,
and was designed to transfer incoming pellets from the bin to the rotary
barrel. The screw dimensions were - 55 cm length, 18 cm diameter and 4 cm
pitch.

Rotary barrel: The rotary barrel was the main chamber of the cooler where
the cooling, moisture removal and mash separation operations took piace.
The barrel fength was 200 cm, diameter 60 cm, and wall thickness 0.4 cm. It
was attached to both ends of a rotary shaft by three links each, and was
supported on the outside by two rollers on the cooler frame. Along the length
of the inside wall of the barrel, there were ten equally spaced slats
(200x15x0.2 cm) designed for conveying the pellets forward and maximizing
their contact with circulating air.

Air suction unit: The air suction unit consisted of a suction fan and an air
chamber at the inlet end of the ¢ooler. The air flow was counter to the flow
direction of the pellets, which helped in increasing the retention time of the
pellets and the overall performance of the cooler. The suction fan had a
diameter of 25 ¢m, and was powered by a 0.746 kW (1 hp) motor with a
variable frequency or inverter drive. The air speed throtgh the cooling
chamber could be controlled by the fan speed. The air suction chamber
transferred the warm, moist air from the barrel to the ambient through an
output tube of 15 cm diameter.

Cooler frame and adjustable base: The cooler frame, designed for
supporting the rotary barrel, was made using 10x10 cm steel struts. The
frame had adjustable steel legs (5x5 cm) on the cooler output side. The
height of these legs could be changed in order to control the cooler angle and
thus the retention time of pellets inside the cooler. The cooler motor and air
suction fan were fixed above the barrel to a stee! base of dimensions
200x65x10 ¢cm.

Power transmission unit: The cooler power fransmission unit consisted of
the 1.492 kW (2 hp) main motor and a gear box. The motor output shaft
speed was 30 rpm, and power was transmitted to the rotary shaft of the
cooler by two gears and a chain. The coaoler shaft was 5.5 ¢m in diameter and
240 cm in length.

Evatuation of Cooling Performance

Aquatic feed pellets were produced on a singie screw extruder using
dies with 4.00 mm diameter circular openings. The average dimensions of the
medium and high density sinking pellets were 4.0 mm diameter and 5.0 mm
length, while those for the low density floating pellets were 4.4 mm diameter
and 5.6 mm length. The cooier perfermance was evaluated based on the
following measurements: 1) cooling efficiency (%), 2} peilet ouiput moisture
content {%}, 3) pellet molding percentage (%) after storage for 1, 2 and 3
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months , 4} unpellet mash percentage in the final product (%), and 5) pellet
loss (%) percentage with air output

The air temperature and relative humidity during the cooling study ranged
between 16.3-18.0°C and 57.2-59.7%, respectively. The cooling efficiency
was calculated using the following relation —
= h x100 (1)

Cooling efficiency (%) =
1

where, T, and T, are the pellet input and output temperatures (C°). The pellet
and air temperatures were monitored using thermocouples. Pellet moisture
contents were measured using the oven drying method (140°C for 2 h) and
expressed on a wet basis. Molding of pellets was measured by visual
evaluation. This was a subjective measurement, and involved taking a
representative sub-sample and counting the number of pellets that had mold
growth (greenish in cofor). Pellet losses with air output were evaluated by
letting the air from the output tube pass through a porous collection bag. The
mass of material in the bag was measured and expressed as a percentage of
the total mass of peilets (30 kg) that passed through the ¢oocler. A fraction of
the product from the extruder was in the form of unpelleted mash. The cooler
was designed to separate this mash from the rest of the pellets via the output
air stream. Unpelleted mash in the final product was a measure of the
separation efficiency of the cooler, and was presented as a percentage of the
total mass of pellets.

Experimental Design and Statistical Analyses

The cooling performance in relaticn to fleating and sinking aquatlc
feed peilets of three dlffefent average densities {(low dens:tay 0.538 kglm
medium density - 0.78% kg/m® and high density - 0.915 kg/m”) was evaluated,
The process parameters studied were air suction velocity (2.32, 3.67, 4.35
and 5.87 my/s), cooler horizontal angle (10, 15, 20 and 30°) and rotary speed
(5, 10, 15 and 20 rpm). This constituted a 3 x 4 x 4 x 4 factorial experimental
design. All performance characteristics were measured in dupiicate, except
for molding percentage, which was measured in triplicate because of its
subjective nature. Significant effects (p<0.05) of various independent
variables on performance characteristics were evaluated using analysis of
variance {(ANOVA) with main effects and two-way interactions. Pair-wise
comparison of means was conducted using the t-test (p<0.05) with the
Bonferroni adjustment, and the corresponding error bars were included in all
figures. ‘

RESULTS

Coaling Efficiency

Cooling efficiency is a very important parameter for evaluation of any
cooling system and it takes into accounts both the input and output
temperatures of the pellets. The input temperature or the temperature of the
pellets entering the. cooler ranged between 43.6 and 61.7°C. Lower density
peltets had higher input femperature. After cooling, the pellet output
temperature ranged between 23.0 and 43.8°C, depending on the cooler
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operating parameters. The output temperature after cocling is important, not
only as a measure of cooling performance, but aiso from the point of view of
packaging. Lower temperature leads to less evaporation of moisture and less
subsequent condensation on the pellet surface, reducing the chances of
molding.

The effects of various variables on the cooling efficiency are shown in
Figure 2 and described below.
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Figure 2. Effect of horizontal angle (A and B), air velocity (A} and cooler
turning speed (B) on cooling efficiency. Data is shown for both
tow (A} and high {B) density feed, although trends for all
densities were virtually identical. Error bars represent the
standard errors from the t-test for pair-wise comparison of
means.
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The cooling efficiency ranged between 58.2 and .78.0 %. All four
treatments had a significant effect on cooling efficiency. However, significant
interactions were not observed between cooler speed, cooler angle and air
velocity, therefore data from only representative subsets of treatments are
presented in Figure 2. Also results for only low and high density feed are
shown in Figure 2 as data for medium density feed followed the same trends.
Effect of cooler horizontal angle

Figure 2 shows the effect of cooler horizontal angle on the pellet output
temperature at different air velocities and cooler speeds. At the cooler speed
of 10 rpm, increasing the cooler angle from 10 to 30° decreased the cooling
efficiency for low density pellets by 16.3, 14.8, 12.2 and 11.2 %, at air suction
velocities of 2.32, 3.67, 4.35 and 5.87 mi/s, respectively (Figure 2-a). Same
trends were observed at other cooler speeds and feed densities (Figure 2-b).
At a higher horizontal angle, pellets traveied faster through the cooler due to
gravity, thus reducing their retention time in the cooler. Since heat transfer is
a time-dependent process, lower retention time led to higher output
temperatures and less cooling efficiency.

Effect of air suction veiocity

At the cooler speed of 10 rpm , increasing the air suction velocity
from 2.32 to 4.35 m/s raised the cooling efficiency of low density feed by 5.9,
7.1, 8.0 and 3.0 % at horizontal angies of 10, 15, 20 and 30°, respectively
(Figure 2-a). Further increase in air velocity from 4.35 to 5.87m/s increased
the cooling efficiency only slightly (by 1.2 to 2.4 %). Similar trends were
observed at other cooler speeds and feed densities {data not shown). Due to
the counter-flow design of the cooler, higher air suction velocity led to
increased resistance to pellet flow and thus greater retention time in the
cooler barrel. Retention time increased from 464 to 635 s, as air velocity
increased from 2.32 to 5.87 m/s. Air veiocity also greatly affects the rate of
heat transfer from the hot pellets to the cooler air, with higher velocity leading
to a greater heat transfer coefficient. The combined effect of increased
retention time and greater heat transfer rate led to lower cutput temperature
and increased cooling efficiency with increase in air velocity.

Effect of cooier turning speed

At air velocity of 4.35 m/s, increasing the cocter speed from 5 to 15
rom increased the cooling efficiency for high density pellets, although a
substantial improvement in efficiency was not observed as cooler speed was
increased from 13 to 20 rpm (Figure 2-b). Similar trends were observed at
other air velocities and feed densities (data not shown). At a higher turning
speed, increase in agitation of the pellets would tead to greater contact
surface area between the pellets and air, and thus lead to increased heat
transfer. Although an increase in turning speed would also lead to faster
transit of pellets through the cooler and reduced retention time, the effect of
increased agitation probably dominated.

From thesa results, it is clear that increasing the air velocity and
cooler turning speed resulted in diminishing improvements in cooling
efficiency. In other words, there are continuous improvements in cooling
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efficiency as air velocity and cooler turning speed increases, but the percent
increase in cooling efficiency is markedly lower beyond air velocity of 4.35
m/s and turning speed of 15 rpm, as is ciear from Figures 2-a and 2-b. Both
higher air velocity and turning speed lead to greater energy consumption.
Based on our observations {aithough no data is presented), higher turning
speed also increases the risks of damage to the pellets and, as described
later, leads to higher pellet losses with the output air. Therefore, air velocity
of 4.35 m/s, turning speed of 15 rpm and horizontal angle of 10° could be the
best operating parameters from the point of view of cooling efficiency, while
minimizing energy costs. However, other parameters such as moisture
content, molding, losses and unpelleted mash percentage, however, need to
be considered before deciding on suitable operating parameters for high
cooler performance.

Pellet Output Moisture Content

A primary cutcome of the cooling process is removal of moisture from
the pellets leading to lower water activity and inhibition of mold growih. Drying
also leads to increased pellet durability. The pellet output moisture content is
therefore a very important parameter, from the point of view of stability during
handling and long term storage. The moisture of the pellets entering the cooler
ranged between 149 and 158 %. Lower density pellets had lower input
moisture content. The effects of various variables on the output moisture
cantent are shown in Figure 3 and described below. After cooling, the pellet
output moisture content ranged between 7.4 and 12.3 %, depending on the
density and processing parameters. All four treatments had a significant effect
on output moisture. However, significant interactions were not observed
between coocler speed, cooler angle and air velocity, therefore data from only
representative subsets of treatments are presented in Figure 3.

Effect of pellet density and air suction velocity

Uniike output temperature, the output moisture was substantially
affected by pellet density as shown in Figure 3-a. At the same process
conditions (air velocity, horizontal angle and cocler speed), lower density
pellets were dried more effectively, and the output moisture content was
substantiaily higher (by 8-10 %) for the medium and high density sinking
pellets as compared to the low density floating peitets. The drying process
can be divided into two stages — the constant rate period and the falling rate
pericd (Geankoplis 1993). In the former, drying takes piace only at the
surface of the pellets with moisture from the interior continuousiy replenishing
the surface moisture. The rate of moisture removal in this stage depends on
the air characteristics (velocity, temperature and relative humidity), and
product temperature and surface area. In the falling rate period, the drying
front moves to the intericr of the pellets, and perosity become a critical factor
that controls the drying. Less porous materials wouid have lower effective
moisture diffusivity, leading to slower drying rates and higher final moisture.
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Figure 3-a also shows the effect of air sucticn velocity on the output moisture
content of pellets. At cooler speed of 10 rpm and horizontal angle of 10°,
increase in air suction velocity from 2.32 to 4.35 m/s, decreased the output
moisture by 10.2, 10.4 and 10.0 %, for low, medium and high density pellets,
respectively. Further increase in air suction velocity from 4.35 to 5.87
decreased the pellets output meisture content by 4.0 to 6.2 %. Same trends
for the effect of air velocity were observed at different horizontal angles and
cooler turning speeds {(Figures 3-b and 3-¢). Similar to the output
temperature, decrease in pellet output moisture with increasing air suction
speed was due to higher air resistance and retention time in the cocler.
Moreover, higher air velocities would lead to increase in the surface mass
transfer coefficient, and thus increase in the drying rate as well.
Effect of cooler horizontal angle

For low density pellets and at a constant cooler speed of 10 rpm,
increase in horizontal angle from 10 to 20° led tc an increase in the pellet
output moisture by 8.0, 8.5, 9.0 and 6.6 %, at air suction velocity of 2.32,
3.67, 4.35 and 5.87 m/s, respectively (Figure 3-b). Further increase in ccoler
angie from 20 to 30° raised the pellet output moisture by 7.6 to 9.1 %. Data
for different cooler speeds and pellet density had similar trends. Similar to
output temperature, the increase in moisture content of the cooled pellets
with increasing horizontal angle was due to decrease in retention time.

Effect of cooler turning speed

For low density pellets and at a horizontal angle of 10°, increasing
the cooler turning speed from 5 to 10 rpm decreased the pellet output
moisture content by 3.6, 4.0, 4.1 and 2.8 %, at air suction velocities of 2.32,
3.67, 4.35 and 5.87 m/s, respectively (Figure 3-¢). Further increase in the
turning speed from 10 to 20 rpm decreased the output moisture by 2.3 to 3.8
%. It was clear that ccoler turning speed had relatively less effect on output
moisture as compared to other parameters. Similar to the output temperature,
the slight decrease in cutput moisture on increasing the cooler turning speed
could be due increase in agitation and greater contact surface area between
the pellets and air.

Pellet Molding Percentage After Storage

As discussed earlier, one of the primary goals of cooling and drylng
after the pelleting process is to decrease the pellet moisture content to an
optimum level and enable a prolonged storage period without any mold
formation. As expected, trends for the proportion cf pellets that developed
mold or molding percentage (Figure 4) closely mirrored that of output
moisture content. For molding studies, storage time (1, 2 and 3 menths) was
an additional factor that was studied. All treatments had a significant effect on
the molding percentage. Significant interactions were alsc observed between
storage time, cooler angle and air velocity. Molding percentage ranged from 0
to 48.2 % depending on duration of storage (1, 2 or 3 months), feed density,
and cooling process parameters. As the duration of storage increased, so did
the molding percentage (Figure 4).
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Molding percentage aiso increased as density of pellets increased. However,
irrespective of density and with the right combination of process parameters,
the cooler was able to dry the pellets to low enough moisture for complete
inhibition of mold growth up to a storage period of 3 months. This reflected
the efficacy of the cooler design.

Effect of air velocity, cooler angle and turning speed

For low density feed, at cooler speed of 5 rpm and horizontal angle of
10° (Figure 4-a), increase in air suction velocity from 2.32 to 3.67 m/s or
higher decreased the molding percentage from 0.73 to 0.00 % after one
month storage. Increase in air velocity from 2.32 to 4.35 m/s or higher
decreased the molding percentage from 8.7 to 0.0 % after two months of
storage. After 3 months of storage, increase in air velocity from 2.32 to 4.35
m/s reduced the molding percentage from 10.1 to 1.0 %, but only pellets
processed at air velocity of 5.87 m/s had no mald growth. Simiiar trends, with
regards to the effect of air velocity, were observed for medium and high
density feed, and different cooler angles and speeds. .

For medium density feed, at air velocity of 3.67 m/s and cooler speed
of 10 rpm, increase in cooler angle from 10 to 30° increased the molding
percentage from 0 to 30.0 %, 1.2 % to 38.4% ana 2.5 t039.7 % for storage
periods of 1, 2 and 3 months, respectively {Figure 4-b), Similar trends, with
regards to the effect of cooler angle, were observed for low and high density
feed, and different cooler speeds and air velocity:

For high density feed, at air velocity of 4.35 m/s and cooler angle of
5% increase in the cooler turning speed from 5 to 10 rpm decreased the
molding percentage from 2.55 to 0.00%, 10.49 to 8.52% and from 11.82 to
9.56% at storage periods of 1,2 and 3 months respectively, (Figure 4-c)

Unpelleted Mash Percentage

As described earlier, a fraction of the product from the axtruder is
usually in the form of unpelleted mash. The final preduct after cooling also
has some fines generated due to mechanically induced stresses in the rotary
cooling process, although these are relatively low at the low turning speeds at
which such coolers are operated. The amount of unpelleted mash and fines
in the packaged feed is a big cancern for industry.

The cooler in this study was designed to separate unpelleted mash
from the rest of the pellets via the output air stream. Amount of mash in the
final product was a measure of the separation efficiency of the cooler. The
effects of various variables on the unpelleted mash percentage are shown in
Figure & and described below. All four treatments had a significant effect on
mash percentage. Significant two-way interactions were not observed
between most parameters, except for cooler angle and air velocity, therefore
data from only representative subsets of treatments are presented in Figure
5. The unpelleted mash percentage varied from 0.2 to 9.4 % depending on
the processing parameters.
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Mash percentage increased as the density of the feed increased, irrespective
of the coaling process parameters {Figure 5-a). This is because the higher
density feed was processed at mild extrusion conditions (lower specific
mechanical energy and temperature) leading to poorer pelleting efficiency.

Effect of air velocity, cooler angle and turning speed

At air suction velocity of 4.35 m/s and cooler horizontal angle of 10°,
increasing the cooler speed from § to 20 rpm decreased the unpeileted mash
percentage by 149, 18.7 and 16.1 % for low, medium and high density
pellets, respectively (Figure 5-a). The greater degree of drying associated
with higher turning speed led to a net decrease in mash percentage. Same
trends were observed for different air velocities and ccoler angles. These
results should be interpreted carefully as even higher cooler speeds could
cause greater mechanical damage to the pellets, leacding to a net increase in
mash percentage.

For high dansity sinking aguatic feed, at a cooler turning speed of 10
rpm (Figure 5-b), increase In air suction velocity from 2.32 to 4.35 m/s
decreased the unpelleted mash percentage sharply from 3.4 to 0.8 %, from
4.2 to 0.9 %, from 4.7 to 1.1 and from 8.4 to 1.8 %, at cooler horizontal
angles of 10, 15, 20 and 30°, respectively. Further increase in the air velocity
from 4.35 to 5.87 mis decreased the mash percentage from 43.4 to 54.4 %.
Same trends were observed for low and medium density feed, and for
different cooler speeds. Results indicated that it is very important to select the
optimum combination of cooler turning speed and air velocity for minimal
mash percentage.

For high density sinking feed, at cooler turning speed of 10 rpm,
increase in cooler harizental angle from 10 to 20° led to increase in the mash
percentage from 3.3 to 4.7 %, from 2.1 t0 2.9 %, from 0.8 to 1.1 9% and from
0.4 to 0.6 %, at air suction velocity of 2.32, 3.67, 4.35 and 5.87 m/s,
respectively (Figure 5-b). Further increase in cooler angle from 20 to 30°
increased the mash percentage by 78.5 to 105.6. The sharp increase in mash
percentage on increasing tne cooler angle to 30° at the lowest air suction
velocity of 2.32 m/s could be due to drastic reduction in peilet retention time
in the cooler barrel. Similar trends were observed for medium and high
density feed, and for different cooler speeds.

Pellet Loss Percentage with Air Cutput

Pellets, especially ones with lower density, tend to get blown away
with the output air from the cooler. This leads to substantial losses. The
effects of various variables on pellet losses are shown in Figure 6 and
described below. All treatments, except for cooler speed, had a significant
effect on pellet losses. Significant two-way interactions were not observed
between most parameters, except for peltet density and air velocity. As for
other resuits described earfier, data from only representative subsets of
treatments are presented in Figure 6. Pellet loss percentage ranged between
0 and 17.7 %, and was higher for lower density feed (Figure 6-a).
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Effect of air velocity, cooler angle and turning speed

Air suction velocity is the most important factor influencing the pellets
losses in the cooler unit, however an optimum level of various process
parameters should be selected for maximum cooling performance. For a
cooler angle of 10° and turning speed of 10 rpm, increase in air suction
velocity from 2.32 to 4.35 m/s increased the pellets losses from 0.0 to 7.291
%, 0.0 to 2.872 % and 0.00 to 0.07 % for low, medium and high density
pellets, respectively (Figure 6-a). Further increase in the air suction veiocity
from 4.35 to 5.87m/s increased the peliets losses up to 16.4 %. No pellets
lossas {0.0%) were observed at air suction velocity of 2.32 m/s, irrespective
of the feed density. Similar trends were observed for different cooler angles
and turning speeds.

For low density feed, at air suction velocity of 4.35 m/s, increase in
cooler angle from 10 to 20° decreased the pellets losses sharply from 7.0 to
0.0%,7.3t00.0%, 76100 % and 8.6 to 0.6 % at coofer speeds of 5, 10, 15
and 20 rpm, respectively {Figure 6-b). At cooler angle of 30°, no pellet losses
{0.0%) were observed at all cooler speeds. Similar trends were observed for
medium and high dersity feed, and different air velocities. The drastic
decrease in pellet losses on increase of the cooler angle above 10° could be
due to the decrease in pellets retention time in the cooler.

The effect of cooler turning speed on pellet loss percentage can also
be seen from Figure 6-b. For low density pellets, at air velocity of 4.35 m/s,
increasing the cooler speed from 5 to 20 rpm increased the pellets losses
from 7.0 to 8.6 %, 0.0 to 1.3 % and 0.0 to 0.6 % at cooler horizontal angle of
10, 15 and 20° respectively, while no differences were observed at cooler
angle of 30°. Greater degree of agitation at higher cooler speeds probably led
to increase in pellet losses with the output air. Same trends were observed
for medium and high density feed, and different air velocities.

DISCUSSION

Based on the above results, the most effective settings for cooler
operating parameters (air suction velocity, turning speed and cooler angle)
were determined for both sinking (Righ and medium density) and floating (low
density) aquatic feed. Long term storage of pellets {molding percentage),
pellet quality (mash percentage) and also losses during cooling {with output
air) were all important criteria for determining the effective operating range.
Lowest possible air velocity 1s desired so as to reduce pellet losses with
output air. On the other hand, lower air velocity reduced the degree of drying
and cooling, teading to higher molding and mash percentage. For two months
storage, the least possible air velocity that led to zero molding for low density
floating feed was 3.76 m/s at 10 rpm turning speed and 10° cooler angle.
Also at these settings pellet losses and mash percentage were acceptable
{only 0.8% and 1.6%, respectively). This corresponded to output temperature
of 28.5°C, cooling efficiency of 72.8% and output moisture of 8.3%. Similarly,
for medium density sinking feed, the hest operating Earameters were 3.76
m/s air velocity, 15 rpm tumning speed and 10" cooler angle. This
corresponded to outpui temperature of 27.300, cocling efficiency of 73.8%
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and output maisture of 8.9%, and resulted in 0.5% losses, 1.7% mash
percentage and 0% moiding after two months of storage. For high density
sinking feed, the most effective operational settings were 4.35 m/s, 10 rpm and
10° for air velocity, turning speed and cooler angle, respectively, and resulted in
26.7°C output temperature, 74.5% cooiing efficiency, 9.1% output maisture,
0.1% losses, 0.8% mash percentage and 0% molding after two months.

CONCLUSION

The cogling process is one of the most impartant and technically
challenging operations in the pelleting industry. The contribution of pellet
cooling to the overafl pellet quality has been reported to be around 5-10 %.
The rotary barrel cooler described in this study had a simple but robust
. design, and would be of great use in smail scale pelleting operations. The
selection of the optimum process parameters for cooling would depend on
the type of peliets, pellet density and dimensians. For the floating and sinking
aquatic feed pellets tested in this study, the amount of pellet losses with
output air during cooling and final pellet guality {molding and mash
percentage} were the criteria used for selecting the most effective settings for
operating parameters. Depending on the pellet density, the best operational
ranges were determined to be 3.67 -4.35 m/s for air suction velocity, 10-15
rpm for cooler turning speed and 10° for cooler horizontal angle. It is
suggested that the performance of this cooler be studied in greater detail for
other types of pellets, and its design be further developed for larger scale
utilization. Also for recduction of pellet losses, use of a screen in the output air
stream could be evaluated in the future. It is true that the operating
parameters for best performance mentioned in the manuscript are specific to
the cooler that was studied, but the trends are generally applicable.
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