CHAPTER II1

THEORY OF DRYING

3.1 Preparations of Fruit Preliminary to Drying '

Numerous prelimipary | igagions are necessary before a
rity (ripeness) is par-
ticularly i@“ﬂar7 Std - of wniform driness of the
finished product. I'ﬂbzwt:ﬁ3¥ shiould be washed clean
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prior to dry. C either by hand or by

power-operated ma gd, halved, quartered,

sliced or shredded

' nd g5, cores, seeds or other
tissues. Others ar few seconds in hot water
or caustic solutions, xide or sodium carbonate,
in order to remove the peck the skin., These treatments
often hasten thé u- A ng- pIoCes:

Some fmﬁ

dinarily blanched, ire treated hy osure to the fumes of burning

saghieon mgg qqe}g.ijyqﬂjnus silphg

process prev ts darkening and brown di coloration xng dehydration

s SRR IRPH U ’%%8 "]ﬁ%-lt in the

nedium thle, halvad or sliced fruits to be dried are exposed to

, which are not or-

fumes of burning sulphur in a sulphur house. The amount of sulphur
used, time of exposure and desired of 502 vary, depending upon the

type of fruit, its moisture content, pretreatment method and limitation
by the final Sﬂz content. The allowable limits of sulphur dioxide

in dried fruits vary greatly from country to country (0 to 2,500 parts

per million).
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In sulphite dipping, whole, halved or sliced fruits (peeled
or unpeeled) are dipped in a substitute of sodium bisulphite of 1 to
2 % strength. This method has been used to a very limited extent as

a substitute for sulphuring in fumes of burning sulphur.

3.2 Definitions of Terms Uesed

3.2.1 Moisture Content i/ @8 pfessed as the amounts of moisture
contained in a unit masseeldl ré or wet solid (wet basis).
. ——

sture content is assumed

throughout, ' \\
3.5.2. Bbone @t _‘ﬁy" : ained by drying in a vacuum

dryer at about 85% fof a e

».--- s

AT
3.2.3 Free Moistu¥e-Conte he moisture content which
is removable at ‘, ey .

3.3.4 Enﬂlca 1s ﬂ average moisture
4 B

content at which thefganstant-rate geriod ends.

5. 3 ko Bl el G 1) sovese s

content to Hhmh a given matefrial can bgydried underggonstant specific
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3.3.6 Relative Humidity is the ratio of the mole fraction

(or vapor pressure) of water vapor in the air to the mole fraction
(or vapor pressure) of water vapor in saturated air at the same
temperature and (atmospheric) pressure.

3.3.7 Humidity is the water vapor contained in moist air

per unit mass of dry air.
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3.3.8 Dry-bulb Temperature is the temperature of moist air

indicated by an ordinary thermometer,

3.3.9 Wet-bulb Temperature is the temperature of moist air

indicated by a thermometer whose bulb is covered with a wet wick.

3.3.10Drying Rate is expressed as the mass of evaporate

yb;\?\1gt liquid which exerts

3.3.11 Bougy // :“\
4 vapor pressure less t A1) ﬁ’\\

temperature. Liquid gy Sbaopie - b by selution in cell or fiber

-x.iquid at the given

walls, by homogenous sgluti

T T
Vit
or physical adsorption on

uFK he solid, and by chemical

3,3§1z--;%;44444444;; in it material is the

- 1
moisture in the'!ﬂ' i ‘
'Il 2 [I'
Jty. All water in a non-Hg

ure content corresponding

to 5aturat10n humi grosCopic material is
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5.3 Principlé of Drying
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In drying a wet solid with a gas of fixed temperature

and humidity, the drying rate curve can be roughly divided into two
sections; namely constant-rate period and falling rate period.

Figures 3.1 and 3.2 respectively show typical drying curves, on the
basis of moisture content versus time and of drying rate versus moisture

content.
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)
e

}nmu # or kg/hr m®

g My
A

——

3.2 TYPICAL DRYING ] ANT DRYING CONDITIONS

Immedia V i@’ sample and drying
medium, the solid Bﬁper ares self. il it reaches a steady

state, drying pépiod representgd by segment AB of the curves in

4 100 S Ll 3 B lading whsen che sonsa

temperature and the rate of d y #acrease or déetrease to reach
o AR AN AT HAREL .

would fiml the temperature of the wet-solid surface to be the wet-bulb

Figure 3.1

temperature of the drying medium,

The temperatures within the drying solid would also tend to
equal the wet-bulb temperature of the gas. They are found to be quite
stable and the drying rate also remains constant. This is the so-called

constant-rate drying period represented by segment 8C of the drying
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curves in Figure 3.1 and 3.2, The constant rate drying regime
continues as long as the mass that is evaporated from the surface is
continuously replaced by the movement of liquid from the interior
of the stock, The period ends when the solid reaches the critical

moisture content, If the initial moisture content of the solid is

below the critical moisturs €0 constant-rate period does

not occur, Beyond thig Poant. ﬁtemperatuﬁ rises and the

drying rate falls o d first falling-rate

drying period, repi . i\\h gure 3.1 and Figure 3.2,

Subsequently the \ ,\\ depleted in liquid
?#

ace is slower than
the rate of mass trghs Eroiu thgl su _\\\:\
d

because the rate

til point D is reached,

at which there is no gnifi uid-saturated surface,

Portion of the surface yt-is sat

-

ries by convective transfer

of heat from and mass -...{_5_?""5_.13 stream, Vapor the inner core

of the sample f é ffuses to the ot o tees surface that is not

g %

saturated and thmﬂﬂ 'tmthe gas stream. At

moisture contents lqier than point IJ in Figure 3,2, all evaporation

s e GG BN comem

continues to fall and the path for :hffusmn of heat nd mass grows

B ) IRV B e

until there is no further drying at equilibrium moisture content.

This period is called the second the second falling rate period.

3.3,2 Batch Drying Time and Production Rate

In the design of dryers, and important quantity is the

time required for drying the material under the constant conditions.
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1. Constant-rate period

Rc = GU{HE-HIJ = GaCH (ti-tz} (3.1)
L%

Rw = Rc[Mmd] (3.2)
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FIGURE 5.3 TIE DETERMINATION OF DRYING RATE
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The dry-materials production rate P often provides a more

informative guide to the performance of a dryer.
p = ALp_(1-€) (3.5)

ypes of Materials and Corresponding to

on af )
W

W=k
s

y-BOT
I
of sand, crushed

minerals, nﬂﬂéﬁﬂﬂﬂfﬂﬂﬂﬂ?s some ceramics.

The defining @riterial are:

AR AT AT B e o

space i§ filled with liquid when the capillary-porous medium is

Some examples are packings

completely saturated, and filled with air when the medium is completely
dry.

2. The amount of physically bound water is negligible,
i.e., the equilibrium moisture content is usually very close to Zero,

3. The medium does not shrink during drying.
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Figure 3.5 (a) depicts the probable moisture-content
profiles, initially uniform but soon adopting the parabolic form
characteristic of the regular regime., The critical point occurs when
the moisture content at the exposed surface becomes zero.

B, | Rorous Media

\ , ;/, day, molecular sieves, wood
and textiles, ight bEsewrthur classified into:
porous materials
(micropores and crse media, for example,

wood, clay and te;

AULINENINYINS
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Figure 3.4 NORMALIZED DR BO# DIFFERENT TYPES OF MEDIA.

u]ahss noted Otherwise, thﬂ-g‘aparating liquid is
water., For coj ﬁ 11 _curv 3( o .1)to(0.0). Class 1:
glass beads,@ﬂ ﬁ tlxﬂﬁ ﬂilj tlﬁ calcium carbonate,
silica_ge gT Pﬂl rﬁr i 6 ﬁﬁ ass beads,
caranig;zﬁs, ay, ﬂlﬁ lm):il .m:ads- | ﬂss beads,

for example, (a)benzene and n-propanol, (b) n-pentanol, Class IV:
glass beads, polystyrene beads. Class V: sand, plastic-clay mix,
silica-brick mix, whiting slab, ceramic plate, leather, lactose
granulation., Class VI: special case of class 1; Schlunder reports
that for molecular sieves vw(u) is independent of T"., Class VII: class

1 with diferent curvatures during the period of decreasing drying rate,
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aluminum silicate particles as a function of air temperature temperature
and sand and paper pulp as a function of thickness of the dample.

Class VIII: (a) fir wood; (b) cypress wood. Class IX: (a) paper,
aluminum stearate, dough; (b) potatoes, tapioca tuber, and rice flour

(this laboratory), Class e bread,yeast; (b) butter and margarine,

Class XI: (a) wheat corns; same for lower xu normalized

to the initial drying =&t #11: limestone granules
saturated with(a) w 0,35-M NaCl. Similar
behavior, due to c rved for plaster tiles

and for clay.

form as long as thér ;“.aped nature of the

moisture isotherm e i ming flattened sigmoids

over the hygﬁyﬁﬁmm j:ﬂ ugﬂ ‘j
';] wr] mmm’ﬂm %Em'iﬁfgmers (e.3.

nylon) &nd various food products.

The defining criteria are:

1. There are no pore space (evaporation can take
place only at the surface) and no penetration of air in wet solid.
Moisture moves by diffusion under an ever-diminishing concentration
gradient, and drying rate dwindles without the apperance of any

critical point.



2, All liquid is physically bound,
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Fig. 3,5. VARIATION OF MOISTURE-CONTENT PROFILES WITH TIME. (a) Non-
hygroscopic capillary-porous materials; (b) hygroscopic capillary-

porous materials; (c) hygroscopic non-porous materials,

20
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The moisture-content profiles are parabolas, which flatten
as the equilibrium moisture content is approached, Figure 3.5 (c).

Of course, the above classifications apply only to homo geneous
media, which can be considered as continua for transport, Many

- practical systems do not meet this criterion,

and class XI and XII give.eranples ofespecial cases.
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