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Abstract

In the present experimental work, drying process has been carried out
by forcing air to flow, in upward direction, through the wet porous bed
which put in vertical circular duct. Wet porous bed was packed with a
uniform 20 mm in diameter wet porous clay balls. Drying process occurs
due to the simultaneous heat and mass transfer between wet porous bed and
airflow. The affecting parameters on drying process are ,experimentally,
investigated. The studied affecting parameters on the drying process are
inlet air temperature (30 - 40 - 50 - 60 C ), inlet air mass flux (1 - 1.8 - 3.36
- 4.08 kg/m’.s), porous bed depth (0.1575 - 0.105 - 0.0525 m) and
porosity of balls (e = 0.6 , ¢ = 0.7). To perform this experimental study an
experimental test-rig was designed and constructed. During each
experiment the required measurements for air velocity, air temperature and
relative humidity were obtained.

Experimental results show that, drying process can be achieved in
Jower, time as mass flux of air increases and or inlet air temperature
increases. The evaporation rate increases as ball porosity increases, due to
the increasing in the amount of initial water content. Also, heat transfer
coefficient (or in turn Nusselt number) decreases with increasing 1inlet air
temperature and increases with increasing air mass flux, and ball porosity.
Mass transfer coefficient (or in turn Sherwood number) increases with

increasing inlet air temperature, air mass flux, and ball porosity. But, as

11
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bed depth increases the heat transfer coefficient and mass transfer

coefficient are decreased .

Comparison between the present experimental results and that of previous

works gives the same trend.

11
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Abstract

In the present experimental work, drying process has been carried out
by forcing air to flow, in upward direction, through the wet porous bed
which put in vertical circular duct. Wet porous bed was packed with a
uniform 20 mm in diameter wet porous clay balls. Drying process occurs
due to the simultaneous heat and mass transfer between wet porous bed and
airflow. The affecting parameters on drying process are ,experimentally,
investigated. The studied affecting parameters on the drying process are
inlet air temperature (30 - 40 - 50 - 60 C ), inlet air mass flux (1 - 1.8 - 3.36
- 4.08 kg/m’.s), porous bed depth (0.1575 - 0.105 - 0.0525 m) and
porosity of balls (e = 0.6 , ¢ = 0.7). To perform this experimental study an
experimental test-rig was designed and constructed. During each
experiment the required measurements for air velocity, air temperature and
relative humidity were obtained.

Experimental results show that, drying process can be achieved in
Jower, time as mass flux of air increases and or inlet air temperature
increases. The evaporation rate increases as ball porosity increases, due to
the increasing in the amount of initial water content. Also, heat transfer
coefficient (or in turn Nusselt number) decreases with increasing 1inlet air
temperature and increases with increasing air mass flux, and ball porosity.
Mass transfer coefficient (or in turn Sherwood number) increases with

increasing inlet air temperature, air mass flux, and ball porosity. But, as
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bed depth increases the heat transfer coefficient and mass transfer

coefficient are decreased .

Comparison between the present experimental results and that of previous

works gives the same trend.
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Chapter (1) Introduction and Literature Review

Chapter (1)

Introduction and Literature Review

1.1 Introduction

Drying is the removal of a liquid from a moist material. The
separation of liquid from a moist material may be carried out in a rough
mechanical manner (without phase change) or by heat supply, i.e. thermal
drying. Drying is often performed by allowing hot gas to come into contact
with wet material. The drying process requires a lot of energy for
evaporation of liquid. The traditionally drying medium is the hot air, so that
convective drying can be carried out. Slow drying at low temperature
(where range of air temperature from ambient to ambient plus 10 °C) is
quite important because it is low cost process. Drying is widely used in a
variety of thermal energy applications. Industrial applications for drying
include the production of paper, textiles, food, chemical, pharmaceutical,

ceramics, wood , building and construction materials and grains industries.

The drying of grains is of great interest in the agricultural sectors. The

optimization of cost of this operation and the preservation of the quality




Chapter (1) Introduction and Literature Review
e e ———————————————————————————————————————————
require a study of heat and mass transfer during drying. Heat may be
supplied to a wet material by conventional heating methods (convection,

conduction, radiation) or high frequency heating.

The drying of solids is one of the oldest and most common unit
operations found in diverse processes. Nevertheless, it is still one of the
sciences that need basic research, partially because of the difficulties and
deficiencies in mathematical process descriptions and partially because of
the lack of detailed knowledge of the coupled momentum, heat and mass

transfer phenomena.

1.1.1 Types of Dryers
A. Tray Dryer

In tray dryer, the material which my be a Jumpy solid or a pasty solid,
is spread uniformly on a metal tray to a depth of 10 to 100 mm. Such a
typical tray dryer is shown in Fig.(1.1). It contains removable trays loaded
in cabinet. After drying, the cabinet is opened and the trays are replaced
with a new batch of trays. A modification of this type is the tray-truck type,
where trays are loaded on trucks which are pushed into the dryer. In the
case of granular material, the materiel can be loaded on screens, which are
the bottom of each tray. Then through-circulation dryer, heated air
passes through the permeable bed, giving shorter drying times because of
the greater surface area exposed to the air.

/
2
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Fig. (1.1) Tray or shelf dryer.

B. Vacuum-Shelf Indirect Dryer

Vacuum-shelf dryers are indirectly heated batch dryers similar to tray
dryers. Such a dryer consists of a cabinet made of cast-iron or steel plates
fitted with tightly fitted doors so that it can be operated under vacuum.
Hollow shelves of steel are fastened permanently inside the chamber and
are connected in parallel to inlet and outlet steam headers. The trays
containing the solids to be dried rest upon the hollow shelves. The heat is
conducted through the metal walls and added by radiation from the shelf
above. For low-temperature operation, circulating warm water is used
instead of steam for furnishing the heat to vaporize the moisture, the vapors
usually pass to a condenser. These dryers are used to dry expensive, or
temperature-sensitive, or easily oxidizable materials. They are useful for

handling materials with toxic or valuable solvents.
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C. Continuous Tunnel Dryers

Continuous tunnel dryers are often batch truck or tray compartments
operated in series, as shown in Fig.(1.2-a), the solids are placed on trays or
on trucks which moves continuously through a tunnel with hot gasses
passing over the surface of each tray. The hot air flow can be
countercurrent, cocurrent, or a combination. Many foods are dried in this
way.

When granular particles of solids are to be dried, perforated or screen-
belt continuous conveyors are often used, as in Fig.(1.2-b). The wet
granular solids are conveyed as a layer 25 to about 150 mm deep on a

screen or perforated apron while heated air is blown upward through the

bed, or downward the dryer.

blower

— ——dry matenal

L trucks teave

Fig.(1.2-a) Continuous tunnel dryers trucks with countercurrent

wet material

B
- D’D’*"‘A /
. -
.- P
/ < -
trucks enter— \ \ .
air out moving trucks

air flow.
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Fig. (1.2-b) Continuous tunnel dryers through-circulation screen

Conveyor.

D. Rotary Dryers

A rotary dryer consists of a hollow cylinder, which is rotated and
usually slightly inclined toward the outlet. The wet granular solids are fed
at the high end as shown in Fig.(1.3), and move through the shell as it
rotates. The heating of solids in this figure is by direct contact with hot
gases in countercurrent flow. In some cases the heating is bv indirect
contact through the heated wall of the cylinder.

The granular particles move forward slowly a short distance before

they are showered downward through the hot gasses as shown.
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Fig. (1.3) Schematic drawing of a direct-heat rotary dryer.

E. Drum Dryers

A drum dryer consists of a heated metal roll shown in Fig.(1.4). The
outside of which is a thin layer of liquid or slurry to be evaporated to
dryness. The final dried solid is scraped off the roll, which is revolving
slowly.

Drum dryers are suitable for handling slurries or pastes of solids in
fine suspension and also for solutions. The drum functions partly as an
evaporator and also as a dryer. Other variations of the single-drum type are
twin rotating drums with dip feeding or with top feeding to the two drums.

Potato slurry is dried using drum dryers, to give potato flakes.
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Fig. (1.4) Rotary-drum dryer.
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F. Spray Dryers

In a spray dryer a liquid or slurry is sprayed into a hot gas stream in
the form of a mist of fine droplets. The water is rapidly vaporized from the
droplets, leaving particles of dry solid, which are separated from the gas
stream. The flow of gas and liquid in the spray chamber may be
countercurrent, cocurrent or combination.

The fine droplets are formed from the liquid feed by sprav nozzles
inside a cylindrical chamber, as shown in Fig.(1.5), it is necessary to ensure
that the droplets or wet particles of solid do not strike and stick to solid
surfaces before drying has taken place. Hence large chamber are used.

Dried milk powder is made from spray-drying milk.

liquid feed
[

' /v spray chamber
heated au_:ri_k_‘ exhaus gas

dropl cts/" LJ—J L cyclone separator

solids {_ﬁ\ / hopper
— 5 /“
.\'/
RSV

— ~dry product

sCrew conveyor

Fig.(1.5) Process flow diagram of spray-drying apparatus.
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G. Drying of crops and grain
In the drying of grain from a harvest, the vertical continuous-flow

grain dryer, as shown in Fig.(1.6), is used.

“| v heated air for drying
wire screen

) - cooling ais
dry grain

Fig.(1.6) Vertical continuous- low grain dryer.
1.1.2 Equilibrium moisture content

Suppose that a wet solid containing moisture is brought into contact
with a stream of air having a constant humidity and temperature. A large
excess air is used, so its conditions remain constant. Eventually, after
exposure of the solid sufficient long for equilibrium to be reached, the solid
will attain a definite moisture content. This is known as the equilibrium

moisture content of the material.

The equilibrium moisture content of the material depends on the

relative humidity as shown in Fig.(1.7).
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