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ABOUT US

KERONE is now renowned for serving the specialized needs of customers with the best
quality and economical process of application engineering solutions and industrial
heating products manufactured in a high-quality environment by a trained and qualified

workforce (special purpose machinery)

KERONE is a pioneer in application and implementation engineering with its
vast experience and team of professionals.

KERONE is devoteded to serve the industry to optimize its operations both
economically and environmentally with its specialized process engineering
solutions.

KERONE is having immense expertise in manufacturing and implementing
various types of engineering solutions.

KERONE is possessing employee strength of more than 280+ experts
continuously putting efforts for happy industrial engineering solutions

48" Years Manufacturing Excellence

Great Sale Support

Highly Customized Product

Adherence to Standards

Sound Infrastructure
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WHY CHOOSE US

"Choose Kerone for innovative solutions tailored
to your unigue product needs, ensuring

efficiency, reliability, and unmatched gquality."

With decades of expertise, cutting-edge technology, and a customer-centric approach,
Kerone Engineering offers tailor-made Applications Engineering solutions that prioritize
quality, flexibility, and cost-effectiveness. Benefit from our commitment to excellence,
post-sales support, and innovative solutions for your unique Applications Engineering
needs. Choose Kerone Engineering for reliability, performance, and unmatched value.

MISSION

To enhance the value of customer operation through our customer need centric
< \/) engineering solution.

We are committed to providing our customers with unique and best-in-class
@ products in the industrial thermal processing segments. Through strategic tie-ups

for technical know-how with renowned leaders in industry-specific segments, we

ensure that our offerings meet the highest standards of quality and innovation.

VISION

Turn into a world leader in providing specialized, top-notch quality and
< \/) ecological industrial heating, cooling, and drying solutions across the globe.

To attain global recognition as the best of quality and environment-friendly
< \/) engineering solution company.

Enhance the value of customer operation through
our customer need centric engineering solution.
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Introduction

Drying is perhaps the oldest, most common and
most diverse of chemical engineering unit opera-
tions. Over four hundred types of dryers have been
reported in the literature while over one hundred
distinct types are commonly available. Energy con-
sumption in drying ranges from a low value of under
five percent for the chemical process industries to
thirty five percent for the papermaking operations

Drying occurs by effecting vaporization of the liguid
by supplying heat to the wet feedstock. Heat may be
supplied by convection (direct dryers), by conduc-
tion (contact or indirect dryers), radiation or volu-
metrically by placing the wet material in a micro-
wave or radio frequency electromagnetic field. Over
85 percent of industrial dryers are of the convective
type with hot air or direct combustion gases as the
drying medium. Over 99 percent of the applications
Involve removal of water

This is one of the most energy-intensive unit opera-
tions due to the high latent heat of vaporization and
the inherent inefficiency of using hot air as the (most
common) drying medium.

This manual describes different types of dryers, their
iIndustrial applications and energy conservation op-
portunities. Although here we will focus only on the
dryer, it is very important to note that in practice one
must consider a drying system which includes
pre-drying stages (e.g., mechanical dewatering,
evaporation, pre-conditioning of feed by solids back
mixing, dilution or pelletization and feeding) as well
as the post-drying stages of exhaust gas cleaning,
product collection, partial recirculation of exhausts,
cooling of product, coating of product, agglomera-
tion, etc. Energy cost reduction measures are also
generally visible in pre and post drying operations
and supporting equipments like blowers and pumyps
as well.

The Drying Curve

For each and every product, there is a represen-
tative curve that describes the drying character-
Istics for that product at specific temperature,
velocity and pressure conditions. This curve is
referred to as the drying curve for a specific
product. Fig 2.1 shows a typical drying curve.
Variations in the curve will occur principally in
rate relative to carrier velocity and temperature.

The first phase, or initial period, is where sensi-
ble heat is transferred to the product and the
contained moisture. This is the heating up of
the product from the inlet condition to the
process condition, which enables the subse-
gquent processes to take place. The rate of
evaporation increases dramatically during this
period with mostly free moisture being re-
moved. In some instances, pre-processing can
reduce or eliminate this phase. For example, if
the feed material is coming from a reactor or if
the feed is preheated by a source of waste
energy, the inlet condition of the material will
already be at a raised temperature.

' The Second phase, or constant rate period, is
when the free moisture persists on the surfac-
es and the rate of evaporation alters very little
as the moisture content reduces. During this
period, drying rates are high, and higher inlet
air temperatures than in subsequent drying
stages can be used without detrimental effect
to the product. There is a gradual and relative-
ly small increase in the product temperature
during this period. Interestingly, a common
occurrence is that the time scale of the con-
stant rate period may determine and affect
the rate of drying in the next phase.



|The Third phase, or falling rate period, is the
phase during which migration of moisture from
the inner interstices of each particle to the outer
surface becomes the limiting factor that reduces
the drying rate.

% Moisture Content of Product

Drying Rate
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Measuring moisture content allows control of
the drying process such that drying is carried out
until a specific level of moisture content is
achieved rather than for a fixed time period. Elec-
trical resistance type meters operate on the prin-
ciple of electrical resistance, which varies mi-
nutely in accordance with the moisture content
of the item measured. Most of these types of In-
struments are suitable for measuring moisture
content in grain, wood, food, textiles, pulp, paper,
chemicals, mortar, soil, coffee, jute, tobacco, rice,
copra, and concrete. Resistance meters have an
average accuracy of + 1% MC over their operating
range.

Dielectric moisture meters rely on surface con-
tact with a flat plate electrode that does not pen-
etrate the wood. Similar to resistance meters, the
accuracy of dielectric meters in measuring aver-
age MC is + 1% moisture content

Modern portable moisture balances are available
with built in infrared heaters, which directly mea-
sures the moisture content of the product and
gives a profile of moisture content variations with
time. For measuring moisture content in paper
rolls or stacks of paper, advanced methods in-
clude the use of Radio Frequency Capacitance
method. The instrument measures the loss, or
change, in RF dielectric constant as affected by
the presence of moisture.

Calculation of the quantity of water to be evap-
orated is explained below with a sample calcu-
lation.

' If the throughput of the dryer is 60 kg of wet
product per hour, drying it from 55% moisture to
10% moisture, the heat requirement is:

' 60 kg of wet product contains 60 x 0.55 kg water

=33 kg moisture and 60 x (1- 0.55) =27 kg bone-dry
product.

|As the final product contains 10% moisture, the

moisture in the product is 27/9 = 3 kg and so mois-
ture removed = (33 - 3) = 30 kg

| Latent heat of evaporation = 2257 kJ kg-1 (at 100

°C) so heat necessary to supply = 30 x 2257 = 6.8 X
104 kJ

Estimation of drying time

- 4

The rate of drying is determined for a sample of
substance by suspending it in a cabinet or duct,
INn a stream of air from a balance. The weight of
the drying sample can then be measured as a
function of time from wet product to bone dry
product. The curve of moisture content as a func-
tion of time, similar to fig 2.1, can be plotted.
While different solids and different conditions of
drying often give rise to curves of very different
shapes in the falling rate period, the curve shown
above occurs frequently.

During the above measurements, the following
conditions are to be followed.

' The sample should be subjected to similar con-
ditions of radiant heat transfer

| Air should have the same temperature, humid-
ity & velocity

Electronic moisture balances with online data
collection/plotting can be used to establish
drying curves of materials

&view Of Major Dryer Types

—

Rotary Dryers
I . _4

Rotary dryers potentially represent the oldest
continuous and undoubtedly the most common
high volume dryer used in industry, and it has
evolved more adaptations of the technology
than any other dryer classification.




All rotary dryers have the feed materials passing
through a rotating cylinder termed a drum. It is a
cylindrical shell usually constructed from steel
plates, slightly inclined, typically 0.3-5 m in diam-
eter,5-90 m in length and rotating at 1-5rpm. It is
operated in some cases with a negative internal
pressure (vacuum) to prevent dust escape. Solids
INtroduced at the upper end move towards the
lower or discharge end. Depending on the ar-
rangement for the contact between the drying
gas and the solids, a dryer may be classified as

direct or indirect, con-current or counter-current.

The drum is mounted to large steel rings, termed
riding rings, or tires that are supported on fixed
trunnion roller assemblies. The rotation is
achieved by either a direct drive or chain drive,
which require a girth gear or sprocket gear, re-
spectively, on the drum.

As the dryer rotates, solids are picked up by the
flights, lifted for a certain distance around the
drum and showered through the air in a cascad-

INg curtain. Most of the drying occurs at this time,

as the solids are in close contact with the gas.
Flight action is also partly responsible for the
transport of solids through the drum.

Pneumatic/Flash Dryer |

The pneumatic or ‘flash’ dryer is used with prod-
ucts that dry rapidly owing to the easy removal of
free moisture or where any required diffusion to
the surface occurs readily. Drying takes place in a
matter of seconds. Wet material is mixed with a
stream of heated air (or other gas), which conveys
It through a drying duct where high heat and mass
transfer rates rapidly dry the product. Applications
include the drying of filter cakes, crystals, granules,
pastes, sludges and slurries; in fact almost any ma-
terial where a powdered product is required.

Salient features are as follows :

' Particulate matter can be dispersed, entrained
and pneumatically conveyed in air. If this air is
hot, material is dried

' Pre-forming or mixing with dried material may
be needed feed the moist material

' The dried product is separated in a cyclone. This is
followed by separation in further cyclones, fabric
sleeve filters or wet scrubbers.

'This Is suitable for rapidly drying heat sensitive
materials. Sticky, greasy material or that which
may cause attrition (dust generation) is not suit-
able.
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Spray Dryers |

Spray drying has been one of the most ener-
gy-consuming drying processes, yet it remains one
that is essential to the production of dairy and food
product powders. Basically, spray drying is accom-
plished by atomizing feed liquid into a drying
chamber, where the small droplets are subjected
to a stream of hot air and converted to powder par-
ticles. As the powder is discharged from the drying
chamber, it is passed through a powder/air separa-
tor and collected for packaging. Most spray dryers
are equipped for primary powder collection at effi-
ciency of about 99.5%, and most can be supplied
with secondary collection equipment if necessary

Salient features of Spray dryers are as
follows :

| Solutions, suspensions, slurries and pastes, which
can be pumped, can be dried on spray dryers. The
advantage of spray dryer is rapid and non-con-
tact drying.

| Much higher initial temperature of drying
medium can be used. High evaporation rates and
thermal efficiencies are achieved.

' It can be quickly started and shut down.

l It is capable of handling volatile or inflammable
solvents in a closed cycle.
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Fluidised Bed Dryers '

Fluid bed dryers are found throughout all indus-
tries, from heavy mining through food, fine chemi-
cals and pharmaceuticals. They provide an effec-
tive method of drying relatively freeflowing parti-
cles with a reasonably narrow particle size distribu-
tion. In general, fluid bed dryers operate on a
through-the-bed flow pattern with the gas passing
through the product perpendicular to the direc-
tion of travel. The dry product is discharged from
the same section.

Salient features of Spray dryers are as
follows :

' With a certain velocity of gas at the base of a bed
of particles, the bed expands and particles move
within the bed

| High rate of heat transfer is achieved with almost
Instant evaporation

| Batch/continuous flow of materials is possible.

The hot gas stream is introduced at the base of
the bed through a dispersion/distribution plate.
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Hot Air Dryer- Stenter |

Fabric drying is usually carried out on either drying
cylinders (intermediate drying) or on stenters (final
drying). Drying cylinders are basically a series of
steam-heated drums over which the fabric passes.
It has the drawback of pulling the fabric and effec-
tively reducing its width. For this reason it tends to
be used for intermediate drying.

A stenter is a gas-fired oven widely used in textile
manufacturing to dry fabric, set its width, perform
chemical finishing, and carry out heat setting and
curing processes. Fabric moves through the oven
on a chain drive, secured by clips or pins, with air
circulated above and below to ensure even drying
before being exhausted into the atmosphere.
Modern stenters are equipped with advanced air
circulation for better drying efficiency, integrated
heat recovery, and environmental abatement sys-
tems to reduce emissions. Infrared drying technol-
ogy is also employed, either as a standalone unit or
as a pre-dryer, to accelerate drying rates and in-
crease fabric throughput.

INn the carpet industry there are a number of differ-
ent types of drying/curing machine used. Wool
wash dryers at the end of scouring machines for
drying the loose stock wool; wool drying ranges for
drying wool hanks prior to weaving; and wide 4
and 5-metre la - texing or backing machines used
to apply and dry/cure the latex backing on to car-
pets. Low level VOC emissions are produced by this
process
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Contact Drying- Steam Cylinders/Cans J

This is the simplest and most cost-effective
method for drying woven fabrics, primarily used for
iIntermediate drying or pre-drying before stenter-
INg. Fabric passes around steam-heated cylinders
with pressures between 35 to 65 psi. While suitable
for many fabrics, it produces an iron-like finish and
Is unsuitable for fabrics where a specific surface
effect is needed. In stenters, fabric is stretched
widthwise for fixation using holding clips or pins on
endless chains.

Fig 2.6 shows a textile cylinder dryer using high-ve-
locity air jets for efficient drying. Air is recirculated
to save heat, with some expelled by fans. Drying ef-
ficiency depends on air jet speed and the tempera-
ture difference between dry and wet bulb tem-
peratures. In the paper industry, steam cylinders,
4-5 feet in diameter, dry sheets using contact and
hot air drying. The ATIRA Rapidry system from
India improves drying rates by 25-30% with air jets.

Steam cylinders often experience leaks at vacuum
breakers, air vents, rotating joints, and steam traps
due to the design, which involves steam and con-
densate passing through rotating joints. With up
to 32 cylinders in a bank, leakage potential is high,
making regular maintenance crucial. This includes
periodically checking steam traps with an ultra-
sonic leak detector.
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Infrared drying '

Infrared energy can be generated by electric or gas
iInfrared heaters or emitters. Each energy source
has advantages and disadvantages. Typically, gas
infrared systems are more expensive to buy be-
cause they require safety controls and gas-han-
dling equipment, but they often are less expensive
to run because gas usually is cheaper than electric-
ity. Gas infrared is often a good choice for applica-
tions that require a lot of energy. Products such as
nonwoven and textile webs are examples where
gas often is a good choice.

Gas IR heaters produce an infrared wavelength
that is readily absorbed by the water in the sheet.
This leads to a higher temperature and a drying ef-
ficiency increase that cannot be duplicated by con-
duction and convection temperatures alone.

Infrared drying is used for both curing and drying.
It is used as either a stand-alone piece of equip-
ment, or as a pre-dryer to increase drying rates and
hence fabric speed through a stenter By contrast,
electric infrared is likely better for sensitive sub-
strates such as film and certain fabrics, where ex-
treme control and uniformity is required. Electric
infrared heaters can be divided into multiple, sepa-
rately controlled temperature zones with toleranc-
es as tight as +/-1oF. Both electric and gas infrared
typically are controlled by thermocouple feedback
control loops that regulate the electrical power or
fuel mixture going to the infrared heaters. For
more precise control, temperature feedback from
the product using an optical pyrometer is used.

Drying Rate
(Ibs water/hr/ft2)

Method Type of Drying

In paper drying, gas fired infrared heating can be
used, as given below in fig 3.7. An increase in speed
of 20-25% is possible due to this.

-l

Formers Wet Presses Dryers Dryers Reel

ABB has developed a unigue in-drum radiant
heater system that increases drying capacity by in-
creasing the surface temperature of a drying
drum/can over what is possible with a steam
system. A Radiant Burner inside cylinder acts as
Heat Source. A schematic is given below

Radio frequency drying '

INn a radio frequency drying system, the RF genera-
tor creates an alternating electric field between
two electrodes. The material to be dried is con-
veyed between the electrodes, where the alternat-
INg energy causes polar molecules in the water to
continuously re-orient themselves to face opposite
poles—much in the same way magnets move in an
alternating magnetic field. The friction of this
movement causes the water in the material to rap-
idly heat throughout the material's entire mass. RF
drying offers numerous benefits to ceramic and
glass manufacturers, including moisture control
and uniformity; reduction in surface cracking; and
savings in energy, drying time and plant space.

Precise Control of Moisture Content and
Uniformity

In an RF dryer, heating is selective because water
absorbs RF energy more efficiently than other ma-
terials. This causes wetter areas to absorb more
power and dry faster, leading to a uniform mois-
ture distribution.

Energy Savings

The efficiency of convection dryer drops signifi-
cantly as lower moisture levels are reached and the
dried product surface becomes a greater thermal
Insulator. At this point, the RF dryer provides an en-
ergy-efficient means of achieving the desired
moisture objectives. Typically, T kW of RF energy
will evaporate 1 kg of water per hour. Additionally,
because RF is a “direct” form of applying heat, no
heat is wasted in the drying process.




ujstrial Needs Of Drying) '
Textile Industry '

Materials like wool or viscose are more hygroscopic
and those like Nylon or polyester are hydrophobic.
The drying proceeds in 2 phases of moisture con-
tent. After initial heating, the rate of evaporation is
constant from 1 kg moisture/kg of bone-dry mate-
rial up to say, 0.2 kg/kg of bone-dry material (criti-
cal moisture content). Then the drying recedes
iInside and drying rate is reduced as diffusion and
capillary forces control it. If this material is over
dried, (say up to 2% moisture), it absorbs the mois-
ture from atmosphere and stabilises at a level
called equilibrium moisture content ( about 7%).

The productivity of drying operation is reduced if
the critical moisture content is higher. That is, tran-
sition from constant rate of drying to falling rte of
drying starts quickly

Equilibrium moisture content of textiles

Critical Equilibrium
Mmoisture content moisture content

Material

Approach to energy saving in
Cylinder Dryers

Increase drying rate by

lSqueezing out incoming moisture
lAvoid over drying
|Use Mmaximum permissible steam pressure

| Provide efficient condensate and air removal
systems

| Clean heating surfaces

Increase thermal efficiency by

| Stop all live steam leaks
|Provide insulation on piping and cylinder ends
lUse as much of drying surface as possible

Typical drying speeds for drying cotton poplin
fabric Of 0.1 kg/m from 75% moisture content
to 7% are as follows:

Steam pressure Speed per cylinder
kg/cm?2 m/min

High temperature air at temperatures varying
from 80 to 200 C is used in stenters. The heat re-
quirement is similar to that of a cylinder dryer,
except that there is an additional consumption to-
wards heating the fresh air, which has to be drawn
INn Matching quantities with the exhaust

In hot air dryers, the drying rate is increased by:

'High temperature of air jets with high steam
pressures in heaters ( about 7 bar) or high tem-
perature thermic fluid in the heaters.

'Adequate heater capacity and cleanliness of
heaters and fins.

| Proper removal of condensate and air in case of
steam heaters and proper circulation of non-de-
teriorated thermic fluid in case of thermic fluid
heating.

lOperating at designed air jet velocity of 30 to 40
m/s and avoiding drop in air velocity due to chok-
ing of filters, damaged fan blades or belt slippage
in fan drives, opening or leaks in air ducts.

lMaintaining optimum air humidity and avoiding
high humidity.

lAvoiding stoppages and steam leaks.

In modern design of stenters, the following
features are incorporated.

| Circulating thermic fluid is used to prevent steam
and condensate losses, while direct gas-fired
burners are employed to minimize heat transmis-
sion losses.

J Air to air or air to water heat exchanger is used.
Any lubricating oil vapours in exhaust are recon-
densed and pollution due to fumes is avoided.

| Blowers and exhaust moors are interlocked with
the main drive so that when machine stops they
also stop.

lControI systems monitor productivity and regu-
late fabric moisture and speed based on the re-
quired dwell time in the drying chamber.

|Exhaust Is minimised by adopting super heated
steam drying in some of the latest designs.




Paper & Allied Products Industry '

Drying of pulp or paper is among the largest steam
users at any mill. Drying starts by heating the pulp
or paper sheet from the temperature at which it
leaves the press section. Important ways of improv-
INng the efficiency of paper drying, in addition to
higher solids from the press section, include reduc-
INg overall heat losses, using less air, and increasing
the heat extraction from each unit of steam used
for drying. Several technologies to increase solids
from the press section and alternatives to the con-
ventional cylinder drying that would impact
energy use are being developed or are already In
use. More revolutionary drying concepts include
the Condebelt process and impulse drying.

Bulk of the paper in sheet form | dried in Cylinder/-
Can dryers. Paper pulp takes many shapes as
molded materials, boards, light and heavy weight
paper, resin impregnated/coated paper as lami-
nates/wall papers. While molded articles are dried
iNn truck tray tunnels or continuous conveyor sheet
dryers, special coated paper is handled in continu-
ous festoon dryers.

Paper Making Process ',

The energy and material flow diagram of an inte-
grated paper mill is shown below.

26.15 ke/kg 1.5k Whkg 1.5 k Whikg 1.5k Whkg

=}

Fresh Water Electrical Energy Air Steam

Raw Materials | o

The first section of the machine is called the 'Wet
End'. This is where the diluted stock first comes
iInto contact with the paper machine. It is poured
onto the machine by the flow box, which is a col-
lecting box for the dilute paper stock. A narrow ap-
erture running across the width of the box allows
the stock to flow onto the wire with the fibers dis-
tributed evenly over the whole width of the paper
machine.

Press section consists of a number of heavy rollers.
The paper is conveyed through these rollers on
thick felts of synthetic fiber. More moisture is
squeezed out of the paper like a mangle, and
drawn away by suction. At this stage of the process
the paper is still very moist

INn drying section, the paper passes through a large
number of steam-heated drying cylinders. The
sheet enters the dryer with a moisture content of
60-75% depending upon the product and the ef-
fectiveness of the presses.

The paper leaving the dryer has a moisture content
of 2-10%, but typically has a final moisture content
of between 5-7%. Paper mill steam consumption
with cylinder drying is about 4GJ/tonne of product.
The ratio of energy use between the dryer and
press sections is typically 15:1.

Steam of 6 to 12 bar is brought into the cylinders
where it condenses. Water in the sheet is removed
by evaporation. The temperature at the cylinder
surface varies from 100°C to 165°C. There can be up
to 50 or 60 cylinders on a fast running paper ma-
chine. Synthetic dryer fabrics carry the web of
paper round the cylinders until the paper is com-
pletely dry. Part way down the bank of drying cylin-
ders is the size press. It is here that a solution of
water and starch can be added to the sheet in
order to improve the surface for printing purposes.
The paper then continues through the drying sec-
tion.

The calendar consists of a stack of polished iron
rollers mounted one above the other. The calendar
'irons' the paper. The surface of the paper is
smoothed and polished. The paper now comes off
the machine ready for reeling up into large reels,
each of which may contain up to 20 tonnes of
paper. These large reels are either cut into sheets
or slit into smaller reels according to the custom-
er's requirements.

The theoretical steam requirement in Cylinder
drying, as indicated by TAPPI studies is given
below

Equation for
Evaporation Rate, Lbs/hr/sq.f

Paper type

Where T = Temperature of saturated steam,
degree F.

The surface area refers to the contact surface of
the paper with the cylinder.




Approach to energy saving J

When the paper sheet enters the paper machine
Dryer Section, it is about 50% water. It must be
dried to less than 10% water for a finished product.
The drying section of the process consumes
around 90% of the steam demand of a typical
paper mill. Less energy is used in removing water
from the web by mechanical means than by evap-
oration.

Monitor product dryness leaving the press section;
a 1% increase in dryness leaving the press results in
a 4% decrease in steam consumption of the drying
section. There Is a balance between removing
water at the wet end and in presses through in-
creased electrical power for presses and vacuum
against the value of the lower cost steam saved.
Dewatering Iin the papermaking machine s
achieved by increasing the nip pressure and by ap-
plying it uniformly in the cross direction.

| Examine compliance of final product dryness and
overall evenness of quality. Poor moisture profile
Is usually corrected by over drying

| Cylinder wall finish and cleanliness and close con-
tact between the feedstock and the cylinder ex-
ternal surface will affect drying rates.

|Characteristics of both the paper and the type of
felt used will affect operational efficiencies.

I Make sure that water can be efficiently drained
away from the forming section in the most effec-
tive manner. Check collection points, weirs,
pipe-work and sumps for downstream blockages.

I Maintain the vacuum system and check seals for
leaks to avoid power waste. Ensure proper
vacuum levels and operable controls. Calculate
energy input per kg of water evaporated; the the-
oretical minimum is 0.63 kWh/kg.

lEvaIuate drying controls for proper temperature
and humidity settings. Monitor moisture levels, as
mechanical water removal is more energy-effi-
cient than evaporation.

| Examine compliance of final product dryness and
overall evenness of quality. Poor moisture profile
Is usually corrected by over drying.

|Regu|arly monitor dryer air temperatures, airflow,
product throughput, and moisture levels to es-
tablish a heat and mass balance. Calculate energy
INnput per kg of water evaporated, with a theoreti-
cal minimum of 0.63 kWh/kg.

| Ensure adequate removal of condensate and un-
condensed gases from within drying cylinders.
Uneven distribution of the steam supply over the
Internal surface could affect paper condition.

The concepts for saving energy in cylinder dryers
for textiles discussed in previous section applies to
paper drying as well.

New Technologies for efficient drying

INn a radio frequency drying system, the RF genera-
tor creates an alternating electric field between
two electrodes. The material to be dried is con-
veyed between the electrodes, where the alternat-
INg energy causes polar molecules in the water to
continuously re-orient themselves to face opposite
poles—much in the same way magnets move in an
alternating magnetic field. The friction of this
movement causes the water in the material to rap-
idly heat throughout the material’'s entire mass. RF
drying offers numerous benefits to ceramic and
glass manufacturers, including moisture control
and uniformity; reduction in surface cracking; and
savings in energy, drying time and plant space.

Impulse drying

Is a technology that improves the mechanical de-
hydration of paper and consequently reduces the
amount of water that has to be removed in the
drying section. The press cylinder is heated by
steam or electro-techniques (infrared, induction
heating). Very high temperatures (200-5000C) are
used and contact time is very short.

Condebelt drying

In the Condebelt drying concept a wet web (sheet
of paper) is carried between two steel bands, one
hot band and one cold band, and subjected to high
pressure (max. 10 bar) and temperature (max.
1800C). Heat is transferred from the hot band to
the sheet; moisture evaporates and traverses
through two wire screens to the cold band, where
it condenses. The condensate is carried away by
the thickest of the two wire screens. The sheet is
dried in absence of air. In contrast with convention-
al pressing technologies and impulse drying the
pressure is maintained for several seconds, result-
INg In good paper qualities. Drying rates are 5-15
times as high as in conventional drying. Condens-
iNg belt drying can dry paper from 44% (exit con-
ventional pressing section) to 94%. The technical
life of paper machines is approximately 20 years
and investment costs are extremely high. Demon-
stration of new pressing and drying technologies
will be difficult. The first Condebelt dryer is deliv-
ered to Finnish paper mill (Pankakoski) and would
start production in the 1996. Condensing belt will
be available for all types of paper, except tissue.

Chemical/Pharmaceutical/Food
/Dairy Industry J

In the chemical industry, drying methods like tray,
vacuum, rotary, tunnel, and spray dryers are used
for heat-resistant materials to prevent degradation
and achieve precise shades.




In  Pharmaceutical industry, the material In
powder, granular or crystalline form having mois-
ture/- solvents needs drying. These are generally
heat sensitive. These require all kinds of tray dryers,
fluidised bed dryers and vibratory conveyor dryers
for small productions and rotary dryers, flash
dryers, Continuous through circulation and flui-
dised bed for large production. Very sensitive ma-
terials have to be dried in Spray dryers, High
vacuum tray dryers and freeze dryers.

Dryers for liquids

Simple and colloidal solutions, emulsions such as
salt solutions, extracts, milk, blood, waste liquors,
rubber latex etc. are examples. For large produc-
tion, spray dryers of direct contact and continuous
operation can be used. It permits use of high tem-
peratures with heat sensitive materials. The prod-
uct usually is powdery, free flowing, spherical and
has low bulk density. Another method for continu-
ous drying is Film drum dryers at atmospheric
pressure and vacuum. The product is usually flaky
and dusty and maintenance costs may be high.

For small batches, jacketed pan types dryers are
used. These can be cleaned and amenable to sol-
vent recovery.

For heat sensitive and readily oxidised pharmaceu-
tical materials like Penicillin and blood, freeze
dryers are useful.

Dryers for Slurries

Pumpable suspensions such as pigment slurries,
soap and detergents, calcium carbonate, benton-
ite, clay slip lead concentrates etc. are examples of
slurries require drying in chemical industries. Spray
dryers could be used with pressure nozzle atomis-
ers. Film dryers with twin are widely used. For small
batches, vacuum shelf dryers can be used. Tray/-
compartment dryers are used for very small —labo-
ratory type production.

Dryers for pastes and sludges )

Filter press cakes, sedimentation sludges, centri-
fuged solids, starch etc. require drying in chemi-
cal/food industry. Continuous Tray tunnels are suit-
able for small and large productions. For small
batches, tray-compartment dryer is used. These
have very long drying times and for larger produc-
tion, investment and operating costs are high

If the material can be preformed, then batch type
or continuous through circulation is possible. For
heat sensitive, readily oxidisable material, indirectly
heated vacuum shelf dryer can be used. Spray
dryers would need very special pumping equip-
ment to feed the atomiser.

Dryers for free flowing powders

100 mesh or less free flowing when wet but dusty
when dry such as cement, clay, pigments, precipi-
tates etc. are examples. Screw conveyors and indi-
rectly heated rotary dryers suit a large range of ma-
terials and capabilities and have continuous dust
free operation. Drying with steam Is possible.
Rotary vacuum dryers are considered for large
batches of heat sensitive material where solvent
recovery is also desired. For large capacities, pneu-
matic conveying type direct contact dryers are
suitable if the material can be suspended and
looses moisture easily. If dusting is not too severe,
direct rotary dryers of continuous type can suit
many materials. Fluidised bed batch type dryers
can be used in case of non-dusty materials.

Dryers for granular/Crystalline |
or fibrous materials

Larger than 100 mesh such as sand ores, salt crys-
tals, rayon staples, potato strips, synthetic rubber
etc. are the typical materials. For most materials
and capacities, continuous rotary dryers are suit-
able. The limitation comes only in the form of dust
and abrasion. For large batches of heat sensitive
materials, or where solvent is to be recovered,
batch type indirect vacuum rotary dryers can be
used. Product is subjected to some grinding action
and dust collection may be required. Screw con-
veyor and indirect rotary dryer with continuous op-
eration have low dust loss. Continuous pneumatic
conveying direct type dryers have high capacities
and can handle materials that are easily suspend-
ed. Fluidised bed dryers are suitable for crystals,
granules and short fibers. Tray/vacuum tray dryers
may be selected for small batches, keeping in
mind that drying times are long. Where primarily
surface moisture only is to be removed, infra red
dryers can be considered.

Approach to energy saving

lHeat recovery from exhaust air to preheat
Incoming air.

|Proper mechanical dewatering of feed
before entering the dryer.

J Online instrumentation and automatic feed
forward controls.

l Energy saving by optimising auxiliary equip-
ment operation.




Tea Industry '

The main objectives of tea drying are to arrest
enzyme reaction as well as oxidation to remove
moisture from the leaf particles and to produce a
stable product with good keeping quality. On an
average 100 kg of fresh leaf produces 22.5 kg of
dried tea containing residual 3% moisture.

The difference of 77.5 kg between the figures rep-
resents the moisture evaporated during the pro-
cess. Of the 77.5 kg, about 20-25 kg are evaporated
during withering and around 20-50 kg are evapo-
rated during drying.

Common fuel consumption figures per 1 Kg tea
are given below.

Conventional Dryer

Coal (Kg) Natural
Hand stoked Oil (1) gas (m3)

Indirect Direct Indirect Direct

Drying only

Including wither QRRERINS 0.50-0.85

Fluid Bed Dryer

Coal (Kg) Oil (1)

Drying only 0.39-0.70 0.17-0.20 | 0.17 Kg

Energy saving approach in tea drying includes:

| Heater insulation

| Excess air control

| Adoption of gasifiers

J Use of Solar heaters

| Recirculation of exhaust air/ Waste heat recovery

‘irgy Saving Approaches In Dryer‘ '
Dryer efficiency estimation '

Efficiency estimation of dryers can be done by
using any of the following methods

Method-1

This method is suitable for continuous and batch
type dryers falling under the scope of this code.
Contact type (indirect heating) dryers like tray
dryers, cylinder dryers some of rotary dryers, agitat-
ed bath dryers or convective dryers with multiple
uncontrolled fresh air inlets and multiple exhausts
as well as all other types of dryers can be evaluated
by using this method.

INn this method, measurement of moisture content
in Material is done before and after the dryer to es-
timate total moisture removal from the substance.
The energy required to drive out this moisture is
termed as useful energy spent in the dryer. By
measuring the total input heat energy to the dryer,
the dryer efficiency is estimated.

Chronological order of measurements and
estimation

| Measure moisture content of material at inlet to
dryer.

| Measure humidity content of material at outlet of
dryer.

| Measure weight of dried material for a batch
dryer. Material weight flow rate to be measured
for a continuous dryer.

|Measure iInput thermal energy to dryer as given
in section for
(i) hot air input (ii) Steam heating or (iii) electrical
heating through various direct measurements or
indirectly from quantity of fuel fired and combus-
tion efficiency assessments for direct fuel fired
dryers. In extreme special cases, total heat input
may need to be estimated with heat balance.

Dryer efficiency =

W X ( Min = Mout ) X [ ( Tsout - Tsin )+ Le]
Hin
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Where, Thermal efficiency= m
N
w = Weight of the material output of the dryer on bone dry . .
basis, kg/hr Hin = Total heat input to the dryer/kg of dryair, kJ
: : . = Ch-inx(Tin-Tamb)
Min and Mout = mMoisture content in feed material and
output material of the dryer, respectively, He = Heat used only for the evaporation in the dryer,
expressed as kg moisture/kg bone dry kJ/kg dry air
material
(100-R) % H
Tsin and Tsout = Temperature of the material being dried at 100 p’

the dryer inlet and outlet respectively.

. Hdr = Heat used in dryer for evaporation and losses, kJ/kg
Le = Latent heat of evaporation of water at the of dry air

exhaust temperature of the dryer, kJ/kg = Ch-in X (Tin - Touw)
Hin = Thermal energy input rate to dryer
J/hour R = % heat loss in dryer out of the total heat usage Hdr
Eth . Ea

For batch dryers, the material and energy flow rate - x 100
has to be replaced with total material quantity &

dried and energy consumed in the period. , , , .
Ein = Theoretically possible evaporation without any

losses, kg of water/kg of dry air

Chin X ( Tin - Tout)

This method is suitable for dryers, which are con- Col X ( Tout- Tsin ) + Le

tinuous convective type only. This include fluidised

bed dryers, rotary dryers and spray dryers and such Ea = Actual evaporation, kg of water/kg of dry air
other types where material flow and hot air flow is = hout - Namb

continuous. Contact dryers like paper and textile
dryers are not suitable for this method. Also if there

. y Hence,
are multiple exhausts and multiple inlet stream to .
the dryer, this method is not suitable. Thermal efficiency =
INn this method, by measuring the moisture pick up (100-R)
in the air from inlet to the outlet of a dryer, the 100 1 X Ch -in X ( Tin - Tamb)

dryer efficiency can be evaluated. Airflow & materi-
al flow and the moisture content of material is not Ch - in X ( Tin - Tamb)
required to be measured in this method.

Chronological order of measurements and
estimation

| Measure ambient air dry bulb and wet bulb tem-
perature and estimate humidity

l Measure dryer exit air dry bulb and wet bulb tem-
perature and estimate humidity

| Measure dryer inlet air temperature

| Measure feed material temperature

The thermal efficiency of continuous type hot air
dryers, such as fluidized bed dryers, spray dryers
and rotary dryers is computed from the following
eguation, presuming that all fresh air enters at the
main heater and leaves at single exhaust




Evaluation of Energy Efficiency and Diagnostics_)

This approach is of fundamental importance in
identifying areas of wastage and in deciding needs
for improvement in operational practices, retrofits
modifications and changes in technology. The pri-
mary requirement is for quantification through ap-
propriate measurements. Often a heat balance ap-
proach is useful as an analytical tool. Comparison
with already established industrial standards or
norms is useful provision of certain minimum level
of instrumentation can help In-House Audit.

The importance of time utilisation, efficiency and
machine production efficiency in energy conserva-
tion is often not evident to users. However, technol-
ogies leading to higher rates of drying in a shorter
time and aids, which reduce energy consumed
during machine stoppage, also contribute signifi-
cantly to energy saving. Automatic controls can
eliminate manual dependences and enhance pro-
duction efficiency.

In terms of retro-fit modifications, different meth-
ods of heat recycling especially In- situ Heat Recov-
ery enables quick return on investments.

Increasing the Temperature Differential

The higher the temperature differential (gT) across
the dryer, the more efficient the operation, the
higher the energy transfer, and the greater the
productivity of the unit. In many instances, users
may have concerns about operating temperatures
that are unfounded, and these temperatures can
be adjusted without a detrimental effect. Even a
small adjustment can result in a much-improved
yield.

Increasing the temperature differential may in-

crease the inlet temperature or reduce the exhaust

temperature -- optimally, it will affect both. Some
of the primary concerns regarding increasing the
gl are:

lDamaging the product (overheating, discoloring,
modifying the particle characteristics, skinning,
cracking).

llncreasing the humidity of the exhaust stream,
potentially causing a moisture block.

lCreating condensation problems related to the
exhaust humidity.

lCausing thermal expansion of the dryer due to
the higher temperatures.

'Exceeding the physical limitations of the materi-
als of construction.

'Increasing heat losses due to inadequate insula-
tion and leakage.

The process of drying imparts various energies to
the feed, including sensible heat and latent heat of
vaporization. Sensible heat raises the temperature
of the feed and the fabric of the dryer to the operat-
iIng condition, and no more. Water molecules that
evaporate from the product being processed
retain the latent heat as they leave the product
mass and hence, reduce the energy of the mass.
This reduction in energy, in the form of heat, will
promote the phenomenon of evaporative cooling
and will keep the product mass at a reasonably
constant temperature for the bulk of the drying
process. Testing often reveals that this tempera-
ture is substantially lower than the temperature at
which damage would occur to the product.

Similarly, it is preferable to maintain the exhaust
above the dew point temperature. In many in-
stances, there is a conservatism that is applied to
this aspect. Once again, testing the actual condi-
tion will provide a potential opportunity

Reduce Moisture Loading )

Moisture is introduced to the dryer by the feed, the
process air and, in certain instances, by reaction,
such as combustion. Reducing this loading allows
the energy to be better utilized on the drying pro-
Cess

Mechanically dewatering: Energy used in mechan-
ical dewatering is only 1% of the energy used for
evaporate the same quantity of water. Wherever
possible, mechanical dewatering techniques -- fil-
tration (vacuum, pressure, membrane, etc.), con-
centration, air knives, centrifugation, etc. -- should
be employed. Also, it may be advantageous to
change your current mechanical dewatering
system to a more efficient method. For instance,
concentrates can be dewatered on vacuum filters
to approximately 25% moisture (wet basis). Mem-
brane pressure filters can achieve final moistures
below 10% for the same concentrate.

For each 1% reduction in feed stock moisture con-
tent, the dryer input can be reduced by 4%.

Using Dry Air. Using dry air for the process air re-
duces the quantity of moisture in the air that re-
quires heating and vaporization. For small volumes
of air, using desiccant or dehumidifying tech-
niques will reduce air moisture levels effectively,
but for larger volumes, this becomes impractical. In
very humid environments, however, conditioning
of the air will reduce the energy




An example of this technique would be the case of
kaolin dryer with a duty to produce 50,000 lb/h
(12,727kg/h) of solids with 1% moisture from a feed
of 99,000 lb/h (45,454kg/h) of material at 50% mois-
ture. Typically, this duty would be performed in a
large spray dryer. However, if the solids content of
the feed material can be increased from 50% to
60% by evaporation, the amount of water to be
evaporated in the spray dryer is reduced by 33%.

Good House Keeping

& Miscellaneous MeasuresJ

Good house keeping includes :

Reduce Losses. Energy losses to the atmosphere --
whether caused by surface radiation, leakage of
process air, product discharge temperature being
too high, or exhaust temperature being too high -
are to be avoided.

Prevent Leakage. Leaks reduce the operation's ef-
fectiveness. Ingressive leaks dilute the air and
expend valuable energy on heating up this addi-
tional airand any moisture in it. Exfiltration result in
the loss of process air and will decrease the unit's
performance.

Insulation. Insulation will contain the energy for
the process. All surfaces should be insulated appro-
priately -- with the correct material, thickness and
installation quality -- to restrain heat from being
lost. The thickness of insulation varies from50mm
to 200mm.Different insulation materials like Glass,
Mineral wool, Foam, Calcium Silicate etc. is applied
to different parts of dryers like burner, heat ex-
changer, roofs, walls and pipes etc. The insulation
areas differ and range from 50-100 m2 . Tempera-
tures ranges from 100-750 deg C. Foam is used for
low temperature at near ambient conditions and
ceramics are useful for high temperatures.

Maintain Utility Supply Lines. Utilities such as
steam, fuel, compressed air, etc., should be regular-
ly maintained to control losses. These losses are un-
recoverable and will contribute to the overall oper-
ating cost of the system.

J Avoiding steam leaks and regular steam trap
checking

lAvoiding air leaks and repair of doors and seals
lChecking of belt slippage and fan speeds
lAvoiding fouling and pressure drop at heaters

llmproving insulation efficiency at burners com-
partments, heat exchangers, duct work and the
body of dryer itself.

| Cleaning of filters at fans
| Cleaning of heaters
| Monitoring heat transfer efficiency

lChecking burners/ combustion efficiency

Instrumentation and Control )

Air temperature can be measured using either a
thermocouple or a resistance thermometer. Resis-
tance thermometers are more expensive but accu-
rate. The surface temperature of solids can be
measured using infrared pyrometer. The internal
temperature of solids is difficult to measure.

Air humidity can be measured buy wet-bulb and
dry-bulb thermometers. Resistance sensors, which
consists of an absorbent material whose resistance
changes with moisture content. Absorption capac-
itive sensors consist of a parallel plate capacitor
whose dielectric Is sensitive to humidity. Material
used is usually aluminum oxide doped with lithium
chloride.

The commonly used control methods are
discussed below.

In manual control systems, operators adjust
energy input or feed rate based on moisture mea-
surements after drying. These systems are simple
and inexpensive but lack precision. Automatic
closed-loop controls adjust these parameters more
effectively but still don't handle input disturbances
well, such as fluctuating loads or inlet moisture
content. Feed-forward control systems are more
advanced, using sensors to measure feed rate and
inlet moisture. These systems calculate the re-
quired energy and adjust fuel flow to optimize
drying, despite being 3 to 4 times more expensive
than manual systems.
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A relatively advanced control-Delta T Dryer Con-
trol- has temperature probes continually measure
the moisture content of the product inside the
dryer during the drying cycle and readjust the time
and temperature of the dryers accordingly.

The control variable is delta T. The exact definition
depends on the type of drying. It is usually defines
as the change in temperature of air before and
after contact with product. In batch drying, it may
be defined as the temperature of entering hot air
minus the temperature air leaving the dryer. The
dryer works using a mathematical equation to
continually adjust the temperature based on infor-
mation provided by the temperature probes. Cus-
tomized control mechanisms have been created to
work within the wide variety of dryers in manufac-
turing including conveyor, rotary, flash, fluidized
bed, and rotary louver.

A schematic of hot air drying in carpet drying is
given below in fig 5.1. RTDs are used to measure hot
end temperature (T-hot) and cold end tempera-
ture (T-cold). The resulting temperature drop is
used as a process measurement to relate to mois-
ture content. A change In conveyor speed or
energy input can be made based on the tempera-
ture drop.

Technical Modification

/ Selection of drying method y

Direct Heating:

Direct-fired dryers are more efficient than indirect
ones, reducing primary fuel use by 35-45%. Options
Include hot combustion gases, gas turbine ex-
haust, or gas-fired infrared heating, depending on
dryer modifications and material type. For exam-
ple, natural gas direct firing with zone control or
using CHP exhaust gases in fluidized bed drying
utilize direct heating principles.

Electro-Magnetic Heating:

Some of the material take long drying time be-
cause of their bulk and thickness. Sometimes there
IS a possibility of non-uniform drying or damage. In
such cases a targeted drying of moisture in the
material results in faster and more efficient drying
and better audit of product. Infrared heating, in-
duction heating and dielectric heating (Radio Fre-
quency and Microwave Drying) can be used In
such cases for direct delivery of electromagnetic
energy to the solid or moisture.

Use the Exhaust Air EffectiverJ

The humidity of exhaust air is well below its equilib-
rium value, in relation to the moisture content of
the material being dried. This means that it has re-
moved less water that material than it can and that
more heat is used to heat the air than necessary.
For example, suppose if the equilibrium humidity
content of exhaust air is 0.1 kg/kg dry basis, but the
actual humidity of exhaust air is 0.02 kg/kg of dry
air. Then for a flow rate of 50 kg/s of dry air, the
same rate of water removal could be theoretically
achieved with 10 kg/s of dry air. The remaining 40
kg/s is not needed for drying the material. Energy
used for heating this air is wasted.

However, It is always not possible to do that, be-
cause the rate of drying is proportional to the dif-
ference between the equilibrium and the actual
humidities. Heat recovery is the simplest method
of retrofit modification of dryer to enhance its effi-
ciency.

The major methods are as follows:

| Recycling of exhaust air

|Use of recuperators, heat wheels, plate heat ex-
changers run-around coils

Heat recovery is used with rotary, spray, fluid-bed
and conveyor/band dryers in chemicals, mineral
and food industries. These are also used in textile
dryers like stenters and paper machine dryers.

Recycling

Recycling the air within the dryer reduces the sen-
sible requirements to heat the air from its atmo-
spheric condition to the operating condition. Recy-
cling involves redirecting the exhaust air, or a por-
tion thereof, back into the process. Limiting factors
for recycling will include saturation of the gas and
depletion of the oxygen content of the gas (for di-
rect-fired applications). They can be overcome by
controlling the percentage recycle.

Recuperation

The use of recuperation to preheat the feed prod-
uct, inlet air or combustion air offers additional ad-
vantages. This same concept also could be used as
the source of energy to preheat the product. Recu-
perators can be air-to-air, air to solid, or air to liquid
units. Some recuperators may be relatively large
and will absorb a certain amount of power (from
the fans) to overcome losses associated with the
equipment.




Final Moisture Content Specification ' Summary of dryer performance before
and after the modification is given below.

IN Mmany manufacturing processes, maintaining a

specific moisture content is essential for quality PesgipLion B case B
control, but there are instances where slightly in-
creasing the final moisture content can enhance Machine stop time, minutes (Machine 30 Nil

production efficiency without compromising prod- stopped, stearm ON)

uct quality. This flexibility can reduce energy con-
sumption by shortening drying cycles, thus lower-

INg operational costs and increasing throughput. Production
An even more efficient approach is the implemen- (i) Meters
tation of a two-stage drying system, where a sec-
ondgry dryer removes t‘he. remaining moisture (i) ka/h 200 -
fraction. This method optimizes energy use by re-
ducing airflow and heat requirements in the Average evaporation, ka/h o0 2

second stage, ensures consistent product quality,
and minimizes production bottlenecks, ultimately

leading to a more efficient and cost-effective Pro- Specific steam consumption, kg/kg of cloth 1.558 1179

Cess. % steam saving - 24%

Actual steam saving, kg/h - 231 kg/h

@Rs 0.5/kg steam, monetary savings - Rs 115/h

[ ]
Se StUd le‘ ' @3000 hours/annum, annual savings - Rs 3.45 lakhs

<

Improvements

! . . . Improvements in hot air drying of
In Cylinder drying-textile Industry

fabric in Stenters- Textile Industry

The study conducted on a 17 cylinder dryer (0.56 m In a Textile plant, Improving mechanical dewater-

dia and length 2.26 m each) is given below. Case-A ing, before stenter drying, by retrofitting a suction

shows actual performance before modifications slot was implemented.

and Case-B shows the results. A 0.69 m wide cloth

weighing 0.1322 kg/m on bone-dry basis was dried The stenter-drying heater, fired by natural gas,

from 85.5% moisture to 6.5% moisture on bone-dry gives a heat output of 967 kW (3.3 million

basis BTUs/hour), in the form of heat transfer fluid at a
Mmaximum temperature of 377 °C, to serve the sten-

The modifications where ter's heating requirements.

lStopping of steam leaks
| Reducing machine stoppages
| Insulating cylinder ends

The plant modifications involved fitting the suction
slot equipment to the top of the mangle assembly
so that it came within the fabric path before the
stenter. The suction slot is basically a system of de-
watering by use of vacuum exhausters having ca-
pacity of 100 cfm and 12" mercury column.

Investment required was minor for arresting
steam leaks/repairing steam traps. Payback period
was less than 4 months.

The following points are to be noted. Although the complete stenter range could be op-
erated with or without the suction slot, it was im-
mediately apparent that the production rate for

one of the main quantities of fabric could be in-

| First priority should be given to stopping all live creased by about 50% with the suction slot operat-
steam leakages through trap and rotary joints ing

|Productivity of a machine influences specific
energy consumption

| Steam consumption could have been further re-
duced if incoming moisture was reduced to 60 to Operation of the suction slot increases the electri-

70% level instead of 85.5%. cal load used for drying by approximately 25 kW.
lPracticaIIy about 1.6 to 1.8 kg steam/kg evapora-
tion is required in cylinder drying




Energy savings of GBP 17,500/year (1989 prices) Waste Heat Recovery from CHP |

|Beneﬁts through increased productivity of GBP
99,200/year (1989 prices)

The site consists of underground mines and a
| Payback period of 3 months on all benefits

nickel concentrator. The plant utilised three diesel
lPayback period of 19 months on energy savings fired spray dryers for drying nickel concentrate

alone from a moisture concentration of approximately
30% down to 0.5%. In 1996 approximately 250,000

Mangle only,
(GJ/te) average

Fabric type

Heat recovery from exhaust gas in |

a spray dryer- Chemical Industry |

A spray dryer having 400 tons/h water evaporation
capacity is used to dry inorganic salts. The input air
Is heated by direct gas firing to between 200 and
300 C. The feedstock was having initial tempera-
ture between 20 and 60 C and a moisture content
of 40 to 60% by weight. The feedstock enters the
dryer through a rotating disk atomiser

The dried solid is separated from the exhaust air in
a cyclone. The exhaust air has an average tempera-
ture between 100 to 112 C.

A heat exchanger was installed to recover heat

from the exhaust air, to preheat the incoming air. A

schematic of the system after modification is given
below

The heat recovery device used was a glass tube re-
cuperator. The dryer exhaust air flows upwards
through the inside of the tubes. The glass tubes
were used essentially to prevent corrosion of tubes
due to salty vapors

It was found that after the installation of heat ex-
changer, the gas consumption in dryer was found
to reduce from 60.7 m3/h to 40.6 m3/h. For an aver-
age production rate of 300 kg/hr dry products, the
specific energy consumption reduced from 6.6
M3J/kg to 5 MJ/kg.

Aux. Fan Heat Exchanger

Feed Stock -.: |

tonnes of nickel concentrate was dried utilising
around 8.5 million litres of diesel. This provided an
efficiency of drying of around 1.3 GJ per tonne of
concentrate dried.

IN 1997, the plant commissioned a 42 MW gas tur-
bine and a project for utilisation of the waste heat
available from the turbine exhaust gases for drying
of nickel concentrate was commissioned.

Following the commissioning of the gas turbines
and subsequent utilisation of the waste heat gas
diesel usage dropped significantly. Natural gas was
then used in place of diesel for the supplementary
firing required beyond the heat available from the
gas turbine exhaust. By 1998 the production
throughput had increased to around 300,000
tonnes of concentrate. With the use of the avail-
able waste heat and the conversion to natural gas
supplementary firing energy had been reduced to
below 0.4 GJ per tonne of nickel concentrate dried.
This represented a reduction in fuel use of approxi-
mately 270 TJ of diesel.

Final Moisture Content Specification '

The plant manufactures CPC blue powder. The
cakes from the filter press are manually conveyed
to the dryer. Heat source of dryer is thermic fluid
circulated coils. Drying time was 4 hours. The
blower draws atmospheric air through a filter and
the heating coils into the dryer and exhausts out
through bag filters located after the dryer. The
blower was rated for 75 HP. Airflow was measured
to be about 22,000 m3/h and actual power input to
the blower was 515 kW. The blower operating
speed was 2400 rpm with a pulley diameter of 85
and motor side pulley of 12" dia.

During the study, it was noted that the blower's
suction damper was partially closed, leading to a
recommendation to reduce the blower speed in-
stead of using damper control to save energy. Ini-
tially, the speed was reduced to 1700 rpm, but this
increased drying time by 20%, which was unac-
ceptable. After installing a 12" pulley, the blower
speed increased to 2000 rpm, with a power input
of 41.5 kW, resulting in no change in production
time or quality. This adjustment saved 80,000 kWh
annually, equivalent to Rs 3.7 lakhs, with an invest-
ment of Rs 10,000 and a payback period of just 10
days.



ANNEXURE-1: Description of terms )

Terms related to drying materials

l Feed: Wet input material to the dryer istermed as
feed.

l Hygroscopic /non hygroscopic materials: material
that has ability to absorb and bind moisture by
hygroscopic forces (depending on nature of the
product and temperature/ humidity of the sur-
roundings is termed as hygroscopic. Material,
which does not contain any bound moisture, is
called non-hygroscopic.

Terms related to level/nature of moisture in
drying materials

| Bone Dry Material:

Any material, which has been dried at sufficiently
high temperature for a prolonged time by well-es-
tablished methods till it is deviled of all traces of
moisture, is called ‘Bone Dry Material'.

| Moisture Content:

The loss of moisture under standard prescribed
drying condition till bonedry stale is reached is
termed as the ‘mois ture content’ of the material
and is usually expressed as a fraction of moisture
per kg of wet material (wet basis) or expressed as
fraction of moisture per kg of bone-dry material
(bone dry basis). Moisture refers to water, although
other liguids may follow the same testing tech-
niques.

J Equilibrium moisture content:

It is the level of bound moisture in a given material
which is attained on stabilization under specified
con ditions of temperature and humidity either by
loosing excess moisture by drying or by absorbing
moisture from surroundings.

| Bound Moisture:

Liquid bound in the solid in its capillaries, by solu
tion in its cells/walls, by solution and by chemical/-
physical adsorption.

| Free moisture:

In a hygroscopic material, it is the moisture Iin
excess of the equilibrium moisture content at ex-
Isting humidity and temperature and includes un-
bound as well as bound moisture which can be re-
moved.

Terms related to drying process

J Periods of Drying:

During drying, moisture initially evaporates at a
CONSTANT rate from the saturated surface. When
the surface area reduces, the CRITICAL MOISTURE
CONTENT is reached. In the final stage, the drying
rate continuously decreases as moisture diffuses
from the interior, known as the FALLING RATE
PERIOD.

The drying curve is a graphical representation of
moisture content of the product vs. time during
the process of drying and it identifies the constant,
critical and falling rate regimes of drying

Terms Related to Heat and Mass Transfer
/Psychrometric Processes.

J Absolute Humidity:

It is the amount of liquid( eg. water) vapour in a
given gas stream expressed as weight of liquid per
weight of dry gas, expressed as kg of liquid /kg of
dry air.

J Relative Humidity:

It Iis the ratio of the partial pressure of the condens
able vapour in the gas to the vapour pressure of
the pure vapour at the same temperature ex-
pressed as a percentage.

J Wet Bulb Temperature:

It is the dynamic equilibrium temperature at
tained by a liquid surface when the rate of heat
transfer to the surface by convection equals the
rate of mass transfer away from the surface.

| Sensible heat:

It is the energy involved in changing the tempera-
ture of a given substance.

JLatent heat:

It Is the energy involved In a phase change (e.q.
liquid to vapour), which does not result in a tem-
perature change, expressed as kJ/kg.

JHumid Heat:

Is the heat necessary to cause a unit temperature
iNn crease in a unit mass of humid air (dry air + mois-
ture)

I Material Balance:

It is an account of material entering a system,
which must equal the material leaving a system if
no hold up occurs. Care must be taken to account
for the various means through which material can
leave a system. For example, in a spray dryer, dried
powder can come out through the main dryer as
well as though the dust collector.

JHeat Balance:

It iIs an account of the heat supplied to the system
and the heat used. The heat required in the dryer is
generally made up of the following:

| Sensible heat to for raising the material to the
drying temperature.

|Heat required for raising the temperature and
then the evaporation of the liquid

lHeat losses through the equipment losing by ra-
diation and convection.

 Heat lost in exhaust or due to air leakage and in
the rejected heating medium like condensate if it
is not recovered/recycled.




I Thermal Efficiency:

Is the percentage of total energy supply that is
used to evaporate water (or solvent).

Equipments ji

The letter symbols in the code may be used with
appropriate subscript, which may designate a
place in space or time a system of units or a con-
stant or reference value. The terminology refers
principally to the unit operation of drying to
remove water, though often drying of other sol-
vents is also involved.

The definitions conform generally to common
usage but as there are many types of dryers and
many modes of dryer operation there are excep-
tions to some definitions.

IDryer:

It is an assembly of equipments used for removal of
moisture from solids by evaporation.

| Continuous Dryers:
These are those in which the feed, moisture evapo-
rations are continuous and uniform.

I Batch Dryers:

These are those in which either the feed operation
or discharge operation or both are intermittent.

I Direct Dryers:

Heat is transferred from hot gases by direct con-
tact with wet solids. Hot gases carry the vaporized
liquid away. These are hot-air/convection dryers.

lIndirect Dryers:

Heat is transferred to the wet solid through a re-
taining wall. The rate of drying depends on good
contact of wet materials with hot surfaces. These
are conduction/contact dryers.

REFERENCES )

| Energy Conservation in Pulp & Paper Industry-
CADDET Analysis Series, Netherlands

'Industrial Drying Technologies- CADDET, Nether-
lands

'APV Dryer Handbook-Invensys APV Technical
Centre, USA

' Handbook of Drying Technologies- Arum Mujum-
dar-Marcel Decker Publications

'Chemical Engineering handbook- Perry

|Industria| Drying- A. Williams Gardner- George
Godwin Ltd.
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