DEHYDRATION OF APPLE RINGS

by

RICHARD HENRY GEORGE PROMNITZ

SUBMITTED 1IN FULFILMENT OF
THE REQUIREMENTS OF THE
DEGREE OF
MASTER OF SCIENCE
IN THE ENGINEERING FACULTY

OF." THE UNIVERSITY OF CAPE TOWN.

APRIL, 1971,

[ The copyright
University of )

roduction Ci \
Pr:ai;’ be made for stusy

Ugt for publication.

éf this chesis is held by the
Cone TOWN.
o .o whole or any part

e purposes only, and

p—




The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



ABSTRACT

The effect of air humidity and velocity, tray surface and
ring thickness, on the drying rates of apple rings, is reported.
Drying rates for different apple slice thicknesses are correlated
with the total moisture content of the fruit and the air relative

humidity.

Also reported are results on the simulation, both experi-
mental and computaticnal, for the parallel-flow indﬁstrial

dehydrator drying process.
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CHAPTER 1

GENERAL INTRODUCTION AND DISCUSSION OF THE INDUSTRIAL DEHYDRATOR

1.1  GENERAL INTRODUCTION.

Dehydration plays an important role in the preparation of

food products.

Until about 60 years ago fruit was dried almost exclusively
in the sun. This sun-drying technique essenfially involves the pre-
paration of the fruit, the spreading out of the fruit on trays which
are then placed in the sun, to allow drying by solar energy. Fruits
such as raisins, apricots, peaches and pears are still primarily dried
in the sun. A more modern innovation is the dehydrator, which is a

mechanical means of drying* fruit.

There are a number of advantages which favour dehydration
as a method of drying, in preference to sun-drying [1]. Sun-dried
fruit, placed on trays, is susceptible to insect infestation; con-
tamination with micro-organisms which may cause moulding and ferment-
ation; dust and dirt contamination, and damage caused by rain and
animals. Sun-drying is slow, resulting in great losses of the sulphur
dioxide preservant from the treated fruit. Dehydration, if properly
controlled, protects against all of these hazards and produces clean
fruit of higher quality. The dehydration process generally requires a
much smaller working area than the sun-drying process, is less labour
intensive and requires fewer trays since the turnover of trays is
higher. On the other hand, inefficient or improper operation of

dehydrators may be costly, or may give rise to an inferior product.

Fruit is generally dehydrated either by means of tunnel
dehydrators, cabinet, drum or spray dryers or in kilns [2]. 1In the
Western Cape numerous tunnel dehydrators have been constructed to

process a portion of the deciduous fruit crop.

* Throughout this text the words "dried" and "dehydrated' will be
assumed analogous; any reference to produce dried in the sun, will

be termed sun-dried. o



-2 -

This thesis covers an experimental investigation into the
drying of apple rings, with ‘a view to obtaining information such as
rates of drying, on which the design and operation of industrial

dehydrators may be based.

1.2 THE INDUSTRIAL TUNNEL DEHYDRATOR [4].

In the fruit industry of the Western Cape the single tunnel |
dehydrator is more extensively used than any other type of drier. A

diagram of this type of drier is shown in Fig. 1 [3].

The salient features, as depicted in Fig. 1, of the single
tunnel dehydrator are: the drying and air recirculation sections, the
fan, the air heating system, the trucks and trays, and the instrument-

ation and control systems.

The tunnel dehydrator is normally constructed of brick,
with the tunnel long enough to accommodate 10 trucks loaded with drying
trays. Trays, which are usually of standard dimensions, 0.915 m by
1.830 m, are built of wood. This type of tray complies quite favour-
ably with the following requirements: trays must be easy to fabricate,
inexpensive, easily scraped clear of adhering dried material, light
but strong and rigid, and the tray must not contaminate the produce
(5]. However, the wooden tray has the drawback in that, since ‘the tray
is virtually solid, the total surface area of the drying fruit,
exposed to the drying air, is curtailed. This is especially applicable
to the drying of apple rings, when the flat ring is laid on the wooden

surface.

The trays, covered with. fruit, are stacked on the trucks to
a height of about 1.5 to 2.1 m, depending on the tunnel height.
Between each tray is a spacing of approximately 80 mm, which allows
for unobstructed flow of the circulating air. The trucks are pushed
into one side of the tunnel and others, containing the dried product,
are removed from the opposite end. Thus the tunnel operates in a
quasi-continuous fashion, since each truck remains stationary for
one tenth of the total drying time, in each of the 10 positions along

the tunnel.

It is essential that the fan produces a good, uniform air

distribution in the tunnel free cross-sectional area. This facilitates
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even heat and mass transfer to and from the drying fruit. The
required air velocity for drying fruit, is dictated by the variety of
fruit being dried (it is usually an economic consideration). For
apple rings, for example, a lineal velocity of about 240m/min is
desirable. Parallel and counter-current flow modes of operation may
be used in a tunnel of this nature. Parallel flow operation, where
the air flows in the same direction as the truck movement, has the
advantage in that the hottest air contacts the wettest material. This
is often useful since the evaporative cooling effect of the water
leaving the wet fruit allows the use of higher air temperatures than
would be the case for counter-current operation. On the other hand,
since the cooler, moist air contacts the final product, it is more
difficult to achieve a low, final moisture content in the parallel flow
situation. The reverse is the case for counter-current operation,

because the hottest air comes into contact with the driest material.

Since little heat is either added or lost from the tunnel,
the system is practically adiabatic, with the result that the wet-bulb
temperature is almost invariant along the entire length of the tunnel.
The maximum air dry-bulb temperature allowable, for drying, is deter-
mined by the type of fruit being dried, but the common denominator is

that the temperatures used must not cause any damage to the fruit.

The air is heated either directly, by circulating the products
of combustion of oil or gas fuel with the drying air; or indirectly,
where heat from steam or combustion gases is transferred to the drying
air, using a heat exchanger. Direct heating by burning a gas fuel is
often preferable. This is so because there is no danger of contaminat-
ing the product with soot, allows for easy control (of dry-bulb
temperature), and it is invariably a more economic meaﬁs of heating

than indirect heat transfer.

Humid air is exhausted from the dehydrator and fresh air
added, by obstructing the air passage between the exhaust and inlet
openings, as shown in Fig. 1, and thus forcing the required volume of
air out of the dehydrator. The amount of air exhausted is an
economic consideration, since this air carries with it a certain

quantity of heat.



CHAPTER 2

- DRYING THEORY -

2.1 INTRODUCTION TO BASIC CONCEPTS AND DEFINITIONS

From the nature and shape of apple rings, it should be
realized, that an exact mathematical description, of the mechanism of
the drying process of apple rings, could be complex and cumbersome to
work with. For this reason a semi-empirical approach has been adopted,
in this work, to describe and correlate various factors involved in

drying.

Some definitions on the measure of moisture content, in a

solid, are given below.

The equilibrium moisture content is the amount of water
contained in a product, once it has equilibrated with its environment
[6]. The equilibrium moisture content is usually described in terms

of g water/g bone-dry solid, XT*.

The total moisture content of a solid is denoted by XT, and
any moisture in excess of the equilibrium moisture .content is termed

the free moisture content, X.
X = XT - XT“ (1)

The minimum amount of water, in a substance, required to
exert the vapour pressure of pure water, at the air temperature, and any
moisture level lower than that, is termed bound water. Unbound water
is water, in a substance, which can exert the vapour pressure of water
at the air temperature (i.e. it is any water in excess of the maximum
level of bound water). With apple rings, for example, the superficial

water found on the rings after preparation would be unbound water.

2.2  HEAT TRANSFER

In forced convection dryers, such as the tunnel dehydrator,
heat is transferred, to the drying material, primarily by'convection.

Conductive and radiant heat transfer is generally insignificant.

2.3 DRYING UNDER CONSTANT EXTERNAL CONDITIONS

Non-hygroscopic solids have extended constant-rate drying
periods, when unbound moisture is lost [7]. This is followed by

falling rate period, where drying rate decreases with a decrease in



the bound water. These constant-rate drying periods are usually well
defined and easily measured experimentally (e.g. drying of wet sand-
beds etc.). In contrast, with the drying of hygroscopic solids (such
as apple rings), only careful experimental work may manifest a short
period of constant-rate drying. Often the rate begins to decrease as

soon as drying starts [8].

2.4 MODEL USED TO DESCRIBE THE DRYING OF APPLE RINGS

In an investigation of this nature, it is desirable to obtain

a single, normalized drying rate curve which will characterize the
drying of a specific material under, say, different driving forces.
This is a good way of correlating data and also provides a convenient
means of applying results for design purposes. Bearing this in mind,
a model was postulated in this work, to describe the drying of apple

rings, and is given below:

Before the model is developed, two concepts, namely the
resistance to mass transfer, R, and the driving force, D.F., need

introduction:

With forced convection, where high air flow rates are used,
a considerable amount of mixing and turbulence exists with the result
that the controlling resistance to mass transfer may be assumed not to
be in the gas phase, but rather as a diffusional resistance in the
solid phase. In normal pipe flow, the frictional resistance of the
wall increases with the rate of fluid throughput. The diffusional
resistance of water through the apple rings may be assumed to increase
analogously, with the rate of water loss, gw Furthermore, since the
texture of the apple rings, varles with total moisture content, XT, the
resistance to diffusion is also probably a function of this variable.

dw
dt

As a first approximation, the diffusional resistance is assumed to

A R = F(XTs ) (2)

be proportional to the power n of the drying rate and to the power

c of the total moisture content.

e R = ( ) X (3)



The driving force, D.F., is given by the differerice between
the potential equilibrium vapour pressure of the apple ring, p*, and
the partial pressure of the water in the drying air, p. In this
context, p%*, is the theoretical vapour pressure that an apple. ring

would exert at equilibrium, if it had a total moisture content of XT.

D.F. . = p* -p (4)

Eqn. (4) may be expressed in terms of the saturation vapour
pressure, ps, of water at the air temperature, the percentage relative
humidity of the air, Hr, and the corresponding value of percentage
relative humidity, Hr*, which results in the equilibrium vapour

pressure, p*.
. D.F. = 0.0l(Hr* - Hr)ps (5)

A generalized expression for rate is:

Driving Force (6)
Resistance

Rate =

Thus the rate of evaporation of water, %%, from the surface of the

apple rings is given by Eqns. (3), (5) and (6):

dw  _ [0.01(Hr* - Hr)ps]
dt a(gg)nx c (7)
at’ °r
dw.n+l _ 1 o -c.
or (F) = g[0.0l(Hr‘ Hr)ps]xT
. 11/n+l
dw 1 v =Ci |
T [:a 0.01(Hr* - Hr)ps Xo :]
©o S8y dW o Al6.01(HP - Hr)psIPX.C (9)
dat T
dw
or at = axC | (10)

(0.01(Hr* ~ Hr)ps]B

The significance of Eqn. (10) is:
If the approximations hold, it should be possible to nor-
malize the drying rates obtained for different driving forces, to a

single curve, by an expression of the form of Eqn. (10).

The applicability of this relation to the results obtained

in this investigation, is discussed in sections 5.4 and 5.5.

=
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CHAPTER 3.

EQUIPMENT

3.1  DESCRIPTION OF WIND-TUNNEL

A wind-tunnel, shown in Fig. 2, with a centrifugal fan cir-
culatlng heated air, formed the basic unit used in experimental work.
The system had facilities to institute the control of wet- and dry~bulb
temperétures, by cohtrolling the power input to immersion heaters and

electrical resistance heating bars respectively.

The tunnel, which was primarily constructed of plywood, had
an overall length of 2.44 m., a height of 1.07 m. and a width of O.46 m.
The drying section, in which the ffuit was dried, had a total length
of 1.27 m., a height of 0.30 m., and a width of 0.46 m. The different
types of trays, on which the apple rings were dried, were inserted into -
- the drying section and the weight of the fruit obtained using a top-
loading type balance.

3.2  AIR DISTRIBUTION IN DRYING SECTION

Since the rate of drying of fruit is a functién of air velocity,
in order to characterize drying,a uniform velécity throughout the cross-
section of the drying section is necessary. Although the entrance
length of the drying section was curtailed by the total practicable
length of the wind-tunnel, an improved air distribution was achieved
by the insertion of a number of guide vanes, honeycombs and a resistance

to air flow.

Guide vanes, which were constructed of 22 gauge galvanized
steel sheeting, were used in three of the tunnel corners, as illustrated
in Fig. 2. Their principal function was to reduce the'resistance to
air flow around the corners [9]. The vanes situated at the fan outlet
play an important part in the initial distribution of the air from the
fan; these vanes were positioned so as to produce the optimum air

distribution in the drying section.

To straighten air flow and to reduce swirl, two honeycombs
were used, one before, and the other after the drying section. The
honeycombs have 25 mm. square cells, with an axial length of 100 mm.

They were designed according to B.S.I. specifications [10] and
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half of the packed length of fruit used in previous work.

Rate curves obtained on the plastic-coated, wire tray and
dried under similar controlled conditions, differed significantly
whep the packed length of apple rings was halved. Fig. 23 shows the
reéults.found for 6.4 mm. thick apple slices, at 10 percent relative
humidity. From Fig. 23 it may be concluded that the effect, of finite
packed length of the fruit being dried, is more pronounced at higher
drying rates. This is in accordance with ekpectation, since at the
high drying rates a larger temperature differential (about 2.5°C)
existed over the apple ring load. This differential tends to retard
the overall drying rate somewhat, because the average humidity over
the apple load will be noticeably nigher than the inlet humidity for
the tray. So for a longer packed length this effect is more marked.

From the above discussion it is clear that an assumption of
point-drying conditions, when using any of the rate curves, is an
approximation. But, nevertheless, as long as the rate results are
correctly used as an average drying rate over 230 mm. they can be
successfully applied to gain information on the industrial drying

process. -

5. 10 SIMULATION RUNS

In these runs 6.4 mm. thick apple slices were dried under
conditions which simulated the parallel-flow industrial dehydrator
drying process. The total drying cycle in an industrial dehydrator is
between roughly 6 to 9 hours. By comparing the rate results for open
and closed tray surfaces, since drying is far more rapid in the former
case, a realistic total trying time of 3.5 hours was used when

simulating the parallel-flow industrial dehydrator.

The apple rings were dried in each simulated position for one
tenth of the total drying time (because the dehydrator being simulated
had 10 trucks of trays). The output dry-bulb temperature, from a
simulated tray position, may be considered as the input temperature
to the next tray position. Thus temperatures were monitored con-
tinuously at the tray outlet, for each of the drying pefiods, aﬁd
used as the input temperatures to the following simulated tray

position.
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A tray spac1ng of 76 mm. was used between each of the 3 trays
(discussed in section 3.4). Typical industrial conditions were used
as the input to the first tray position and are: an air velocity of
240 m/min, a dry-bulb temperature of 77.3°¢C and a wet-bulb temperature
of 37.8% - these temperatures correspond to 10 percent relative
humidity. The mass velocity of dry air was kept constant for the 10
simulated tray positions, as was the wet-bulb temperature (due to an

assumption of adiabatic drying conditions).

In the runs performed it was difficult to produce the exact
input conditions of temperature and humidity (obtained from the output
temperatures of the previous simulated tray position), because the
control systems did not respond very well to the dynamically changing
set-point of the dry-bulb temperature. However, the best of the
results does show that after the total drying cycle, . the air dry-bulb
temperature had been depressed to about 53°C and the average total
moisture content of the product apple rings was : XT = 0.114 (this
corresponds to a moisture content of 10.2 percent). Moisture content
stipulations for commercially dried apple rings is that they should

contain less than 18 percent moisture.

Thus, in this run, the apple rings had dried adequately in

3.5 hours,
This technique is a powerful means of obtaining rellable

design and operating 1nformatlon.

5.11  APPLICATION OF THE RESULTS OBTAINED UNDER CONSTANT EXTERNAL
DRYING CONDITIONS.

In an endeavour to simulate the industrial dehydration process
by computational means, the drying rate results obtained under con-
stant external conditions, were applied in: the form of the normalized
curve given by Eqn. (10). It was envisaged that if this method could
be developed sufficiently enough to obtain reliable design information,
it would overcome the necessity to do actual experimental simulation
work (which takes a relatively long time to do and involves much

preparation).

The principle of the computer simulation program is
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essentially to consider drying over a differential length of the tray,
during a short period of time. A heat and material balance give the
output conditions of temperature and absolute humidity, Ha (g water/
g dry-air), from this section - these are the input conditions to the
subsequent tray section. This procedure was applied for each of the
imaginary sections, into which the trays were divided, and for all of

the 10 similated tray positions.

Assumptions made in the program are:

1. Complete mixing of the air between the trays to give a
uniform temperature and humidity.

2. Data obtained under constant drying conditions was
applicable and that the non-point-dryiﬁg condition, under which these
results were obtained, could be compensated for in the computational

procedure.

Details of the actual programming techniques used, are given

in Appendix D.

In the computational simulation runs that were investigated,
a total drying time of 3.5 hours was used. The input conditions of
the air to the first tray were: an air velocity of 240 m/min. and an
absolute humidity equivalent to a relative humidity of 10 percent at
a dry-bulb temperature of 77.3°C. Drying 6.4 mm. apple slices on
0.915 m. long trays, was considered. These conditions are identical to
those of the experimental simulation runs that were performed and

which are discussed in section 5.10.

The most satisfactory results were obtained when the tray was
subdivided into 4 imaginary drying sections and drying considered in
each of these sections, and subsequently, for all of the 10 simulated
tray positions. The resultant average, tot2l moisture content of the
product apple rings, according to computation, was XT = 0.123 (which
corresponds to a moisture content of 11.0 percent). This is in good
agreement with the resultant moisture content found by experimental
simulation (i.e. XT = 0.114). However, fhe output temperatures from
the simulated tray positions, obtained by the 2 different techniques,

do not compare too well. Fig. 23 shows a plot, of the input and output
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temperafures to and from each of the 10 trays, found by both com-
putational and experimental means. The computed dry-bulb temperatures
are consistently lower than those obtained experimentally. Also
significant was the absence, in the experimental results, of the
saw-tooth-like change in temperature with time (or position). These
discrepancies are probably explained by the fact that initial control
of the wet- and dry-bulb temperatures was not as good as it could have

been.

Clearly, further work should be done, to develop both the
computational and experimental simulation techniques, to an extent
that the results obtained from either method are applicable to the
design of the industrial dehydrator.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

This. investigation into apple ring dehydration yielded inform-
ation of theoretical and practical value. Drying rate curves, for any
specific apple ring thickness, were successfully normalized (to give a
single curve) by an equation of the form:

dw
] dat . C
£0.01(Hr*-Hr)ps B AXp (10)

This type of equation can be used to calculate the drying
rate of apple rings, for a particular slice fhickness, for any feasible
value of driving force or total moisture content. Furthermore, Eqn. (10)
may be used to obtain design and operation information for the develop-

ment of a more efficient and economic industrial dehydrator.

The equilibrium moisture content curve was found and the
resultant fitted curve facilitates the calculation of the equilibrium
moisture content at any value of air relative humidity (providing that

cases are considered at a wet-bulb temperature of 37.8°C).

Trends, illustrating the effect of velocity, tray surface and
apple slice thickness on drying rates, were established. Of particular
interest was the fact that drying on an open tray surface, such as a
plastic-coated wire tray, is far superior to drying on a solid tray
surface, such as a wooden tray. The drying rates found for the former
type of tray surface, at any value of air humidity, are much higher than
those obtained for the latter case. A further advantage, of the plastic-
coated wire tray, is that the product apple rings do not stick to the
tray as they do with the industrially used wooden tray. Thus, if a
cheap, light, but structurally sound plastic-coated wire tray céuld be
developed for industrial drying purposes, it would be a great improve-

ment on the existing wooden trays.

6.2 RECOMMENDATIONS

There are a number of recommendations that can be made with
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regard to future experimental work and improvements that could be made
on exiéting equipment. If sufficient reliable data, oriented towards
practical application, is accumulated it will eventually lead to
complete optimization of the design and operation of the industrial

dehydrator.
Some recommendations are:

(i) A more comprehensive investigation should be made into
the effect of apple slice thickness on drying rates. This will enable
correlation of slice thickness with drying rate, total moisture content
and driving force. The effect of the number of layers of apple rings,

spread on the tray, also deserves attention.

(ii) Additional experimental work needs to be done on the
effect of humidity on drying, especially at elevated dry-bulb temperatures.
Coupled with this, attention should be paid to the effect of wet-bulb
temperature on the drying characteristics of apple rings. Certainly,
the influence of the wet-bulb temperature on the equilibrium moisture

content curve should be established.

(iii) More knowledge, on the effect of air valocity on

drying rates, is required.

(iv) There are a host of variables, concerned with the
preparation of the apple rings, that warrant investigation; for example:
sulphur dioxide penetration into the apple rings, the best concentration
of sodium metabisulphite to use in the preparation solution, the
optimum periods for dipping and draining the prepared apple rings, the

sulphur dioxide loss from the rings during drying, etc.

(v) The drying characteristics of different varieties of

apples should be determined.

(vi) More work is necessary on the experimental simulation
of the industrial drying process. It is recommended that the on-off
wet-bulb control system be replaced by a more effective controller,

which will control steam input into the wind-tunnel.
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NOMENCLATURE

constant
constant
constant
constant
constant

constant

bone~dry weight of apple sample taken for vacuum oven

analysis, g bone~dry apple.

bone-dry load of apple rings on tray, g bone-dry apple/mz.

driving force, mm. mercury pressure.

latent heat of vaporization of water, cal/g.

drying rate of apple rings, g/m2sec.

weight of dish used in vacuum oven analyses (of

moisture content of apple rings), g.

weight of dish plus samples, before

vacuum drying, g.

weight of dish plus sample, after vacuum drying, g.

constant
constant

constant

absolute humidity, g water/g bone-dry air.

input absolute humidity to a simulated tray section,

g water/g bone-dry air.

output absolute humidity from a simulated tray section,

g water/g bone-dry air.

any value of absolute humidity in an adiabatic process,

g water/g bone-dry air.

percentage relative humidity of air
percentage relative humidity of air
apple rings of equilibrium moisture
constant

partial pressure of water vapour in
potential partial pressure of water
would exert if‘they Wwere allowed to

the air at a total moisture content

equilibrated with
content, XT*.

the air, mm. mercury.
that apple rings
equilibrate with

(in the fruit) of XT
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- vapour pressure of water, mm. mercury.

resistance to mass transfer in apple rings.

air temperature, c. '

input temperature to a simulated tray section, °c.

output temperature from a simulated tray section, °c.

any value of air temperature in an adiabatic process, °c.
time, hr.

weight of apple sample taken for vacuum oven analysis, g.
final load of product apple rings on tray, g/m?2

load of apple rings on tray at any time during drying,
g/m2.

free moisture content, g water/g bone-dry solid.

total moisture content, g water/g bone-dry solid

final moisture content of product apple rings. on tray,

g water/g bone-dry apple. )
equilibrium moisture content, g water/g bone-dry solid.

mole fraction of water vapour in the air, dimensionless.
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APPENDIX

A.

EQUILIBRIUM MOISTURE CONTENT DATA

Below is tabulated data on equilibrium moisture contents,

XT*, obtained at different air percentage relative humidities, Hr#,

at a wet-bulb temperature of 37.8°C.

on the graph in Fig. 11.

These data points are plotted

Hr* X
100 6.809
- 100 6.530
100 7.210
100 6.628
au 0.817
80 0.328
70 0.229
60 0.176
50 0.133
50 0.126
40 0.084
40 0.102
30 0.060
30 0.061
30 0.079
20 0.0u2
20 0.0uY
20 0.056
10 0.028
10 0.034




Ty

- B-1 -~

APPENDIX B

CALCULATION OF TOTAL MOISTURE CONTENT

B.1l SAMPLE CALCULATION USED IN MOISTURE CONTENT ANALYSES

Whenever a load of apple rings was analysed for moisture
content, 3 samples were taken. The results of the 3 moisture. content

analyses were averaged to give the value used in further calculations.
A sample calculation of moisture content is given below:
Each analysis involves 3 weight readings, typical values of
which are: | '
Weight of empty drying dish, E;: 45.010 g
Weight of dish + sample, prior to vacuum drying, Eo: 61.696 ¢

'Weight of dish + sample, after vacuum drying, Ej: 59.748 g

The total moisture content, XT, is given by:

E; - Ej3

XT = -E—B-—_—ﬁ- ‘ {Bl)

Substituting the above weights into Egn. (Bl1), yields:

61.696 - 59.748

X, = = 0.132 [g water/g bone-dry apple]

T 59.748 - 45.010

B.2 CALCULATION OF TOTAL MOISTURE CONTENT OF THE APPLE RINGS DURING
DRYING:

Consider the situation where, after 3 hours of drying, the
load of apple rings on the drying tray was 1835.7 g/m2. In addition,
when drying was terminated the load of apple rings, W;, on the tray
was 670.5 g/m2. Compute the value of total moisture content after
3 hours of drying, if the moisture content of the product apple rings,
XTI’ was 0.132 [g water/g bone-dry apple]

From Eqn. (15), the bone-dry weight, D, of the apple load is:

Wy

1+ XT1 (15)

Dy

670.5
1+ 0.132

D, = 592.3 [g bone-dry apple/m2]
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The value of total moisture content at any time during drylng may be
calculated from Eqn. (14):

Wy - D
T D; " (14)
Thus after 3 hours of drying (in case mentioned above), the total
moisture content of the apple ring load was:
1835.7 - 592.3

Xp = 5573 = 2.099 [g water/g bone-dry apple]
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APPENDIX C

DRYING RATE COMPUTATION AND TABULATION

C.1  SAMPLE CALCULATION OF DRYING RATE

Below is given a sample calculation of a drying rate (of apple
rings), given 5 typical data points of weight of the apple load (in

g/m?) versus time (in hours).

TIME WEIGHT
0.50 4709.1
0.75 4144.3
1.00 3633.7
1.25 3204.9
1.50 2818.3

These results are taken from Table C.13 in Appendix C.
A second order equation was fitted to 5 data points at a time.

The form of the equation was:

W = a+ bt + ct? (c)
The coefficients of Eqn. (C), using the data above, were found to be:
a = 6028.7
b = =~2890.0
c = 500.8

The value of the weight of the load, at 1 hour, as computed

from the fitted curve, is:
W = 3639.5 [g/m2]

The drying rate at 1 hour is given by the slope of the fitted

curve at 1 hour and is:
dw

dt

or dw

dt

i

-1888.4 g/m2hr.

"

-0.5246 g/m?sec.
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The total moisture content, corresponding to the load on the
tr;ylafter 1 hour of drying, may be calculated by the method shown in
Appendix-B. Thus weight data versus time may be converted to drying
rates versus total moisture contents - these quantities form the basic

ingredients for further calculation and discussion.

C.2  TABULATION OF DRYING RATE RESULTS

Experimental measurements and calculations, referring to drying
rate determinations under different conditions, are tabulated in Tables
C.1l to C.24. 1In these tables, drying times are given'in hours,; apple
load weight in [g/m2], drying rates in [g/m2sec], moisture contents
in [g water/g bone-dry apples] and humidities ape expressed in terms of

percentage relative humidity.

All results were obtained using the same wet-bulb temperature
of 37.8%. Most results were obtained using a packed length of apple
rings of approximately 230 mm, except for results given in Table C.24 -

here, a packed length of 131% mm was used.



- C.3 ~

TABLE C 1

Run No. l

Air relative humidity 10 percent

Air velocity 244 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray

. TIME ., WEIGHT RATE XT X (Hp* - Hr)

0.00 | wu3su.u 6.337 6.315 90.00
0.75 3498.2 '0.9123 L4.89y 4,872 89.90
0.50 1 2712.7 0.7657 3.571 3.549 89.49
0.75 2118.3 0.6190 2.569 2.547 88.88
1.00 1630.6 0.4858 1.747 1.726 87.80
1.25 1253.8 0.3739 1.113 1.091 85.72
1.50 958.7 0.2645 0.615 0.594 80.61
1.75 771.7 0.1748 0.300 0.279 67.75
2.00 681.6 0.0932 0.149 0.127 45,97
2.50 634.5 0.0280 ﬂ 0.069 0.0u7 20.21
3.00 624.8 0.0092 0.053 0.031 13.22
4.00 616.5 0.0018 -0.039 0.017 © 6.83
4.50 615.1 0.036 0.015 ‘5.44
5.50 ' 613.7 0.034 0.012 4.52
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TABLE C 2

Run No. 2

Air relative humidity 20 percent

Air velocity 238 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray
TIME WEIGHT RATE X X (Hr% ~ Hr)
0.00 4276.8 6.895 6.851 80.00
0.25 3690.8 0.6956 5.813 5.769 80.00
0.50 3122.7 06223 4,765 4,720 79.87
0.75 2567.2 0.5491 3.739. 3.695 79.56
1.00 2112.8 0.4747 2.900 2.856 79.13
1.25 1724.9 0.3985 2.184 2.140 78.u48
1.50 1407.6 0.3356 1.599 1.554 77.47
1.75 1126.4 0.2708 1.079 1.035 75.53
2.00 §801.9 0.2093 0.665 0.620 71.49
2.50 662.2 0.1078 0.223 0.178 49.45
3.00 597.1 0.0483 0.102 0.058 22.77
4,50 575.0 0.0038 0.061 0.017 6.75
5.25 572.2 0.056 0.012 4.56
6.00 572.2 0.056 0.012 4.56
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TABLE C 3

Run No. 3

Air relative humidity 40 percent

Air velocity | 232 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray
TIME | WEIGHT RATE X, X (Hr* - Hr)
0.00 4809.9 7.090 6.992 60{00
0.25 | uug3.y 0.4303 6.557 6.460 60.00
0.50 4111.9 0.4066 5.915% 5.818 60.00
0.75 3760.7 0.3830 5.325 5.228 59.99
1.00 3428.2 0.3583 4,766 4,669 59.87
1.25 3111.7 0.3382 4,233 4,136 59.73
1.50 2824 .1 0.3152 3.750 3.652 59.56
1.75 ] 2540.8 0.2949 3.273 3.176 59.35
2.00 2295.1 0.2717 2.860 2.763 59.10
2.50 1845.6 0.2300 2.104 2.007 58.38
3.00 1461.2 0.1898 1.458 1.360 57.00
3.50 1156.2 0.1480 0.945 0.847 54.64
4,50 779.0 0.0656 0.310 0.213 38.54
5.00 711.1 0.0407 0.196 0.09% 25.43
5.50 683.6 0.150 0.053 16.25
6.25 , 666.3 0.121 0.023 8.67
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TABLE C u

Run No, L

Air relative humidity 10 percent

Air velocity 244 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tfay
TIME WEIGHT RATE XT X j-(Hr* - Hr)
0.00 4509.1 7.043 7.021 90.00
0.05 4345.0 1.0967 6.776 6.754 90.00
0.10 4148.1 1.0763 6.422 6.400 90.00
0.15 3958.3 1.0559 6.083 6.062 90.00
0.20 3768.6 1.0242 5.740 5.718 90.00
0.25 3584.5 0.9870 S.414 5.392 90.00
0.30 3413.2 0.9402  5.106 5.084 89.95
0.35 3247.7 0.8958 4.811 4.789 89.88
0o.40 - { 3080.8 0.8593 4,528 4,506 89.81
0.45 2939.5 0.8225 4,258 4,237 89.74
0.50 2793.9 0.7785 3.996 3.975 89.65
0.75 2164.7 0.6351 2.866 2.84Y4 89.11
1.00 1658.1 0.5134 1.958 1.936 88.17
1.25 1251.4 0.3962 1.227 1.205 86.27
1.50 940.4 0.2813 0.665 0.6u43 81.49
1.75 740.6 0.1727 0.303 0.281 67.98
2.00 647.8 0.130 0.108 41.23
2.25 670.7 0.084 0.063 26.18




-C.7 -

TABLE C §

Run No. 5

Air relative humidity 30 percent

Air velocity 235 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray
TIME ' WEIGHT RATE XT X (Hr* -~ Hr)
0.00 4461.6 7.532 7.463 70.00
0.05 4429.8 0.5070 7.485 7.416 70.00
0.10 4346.0 0.5333 7.325 7.256 70.00
0.15 4239.,1 0.5597 7.121 7.051 70.00
0.20 4133.5 0.5725 6.919 6.849 70.00
0.25 4032.4 0.5572 6.725 6.656 70.00
0.30 3934.1 0.5420 6.535 6.465 70.00
0.40 3743.3 0.5259 6.170 6.100 70.00
0.45 3647.9 0.5107 5.985 5.915 70.00
0.50 3555.4 0.5020 5.808 5.738 70.00
0.55 3471.6 0.4305 5.647 5.578 70.00
0.80 3040.9 0.4569 4,821 4.751 69.88
1.00 2721.5 0.4260 4.210 4.141 69.72
1.25 2354.4 0.3850 3.508 3.439 639.46
1.50 2030.6 0.3441 2.886 2.817 69.12
1.75 1737.2 0.3083 2.322 2.253 68.64
2.00 1481.4 0.2725 1.836 1.766 67.96
2.25 1241.5 0.2359 -1.374 1.305 66.83
2.75 890.3 0.703 0.633 62.08
3.00 770.3 0.473 0.404 56.95
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TABLE C 6

Run No. 6

Air relative humidity 20 percent

Air velocity 238 m/min

Apple slice thickness 7.9 mm

Type of tray plastic~coated, wire tray
TIME WEIGHT RATE XT X { (Hr® - Hr);
0.00 5158. 2 6.941 6.897 80.00 |
0.25 4490.3 0.7748 5.913 5.868 80.00
0.50 3832.6 0.6834 4.900 4,856 79.90
0.75 3239.0 0.5919 3.987 3.942 .79.65
1.00 2789.9 0.5031 3.295 3.250 79.36
1.25 ‘ 2348.0 0.4278 2.615 2.570 78.92
1.50 1 2014.0 0.3712 2.101 2.056 78.37
1.75 1701.9 0.3147 1.620 1.575 77.52
2.00 1442,3 0.2703 1.221 1.176 76.24
2.25 1217.7 0.2223 0.875 0.830 74,06
2.50 1038.8 0.1750 0.601 0.5586, 70.32
2.75 902.7 0.1287 0.390 0.345 63.52
3.00 812.3 0.0862 0.251 0.206 52.95
3.50 736.5 0.0360 0.134 0.089 32.26
4.00 711.7 0.096 0.051 20.59
4.50 701.5 0.080 0.035 14.63
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TABLE C 7

Run No. 7

Air relative humidity 20 percent

Air velocity 238 m/min

Apple slice thickness 7.9 mm

Type of tray plastic-coated, wire tray
TIME | WEIGHT RATE Xo X (Hr* - Hr)
0.00 5147.5 6.781 6.738 80.00
0.25 4459.5 0.7162 5.741 5.696 80.00
0.50 3860.7 0.6399 4.836 4.791 79.89
0.75 3294.9 0.5635 3.980 3.936 79.65
1.25 2444, 2 0.4243 2.695 2.650 78.98
1.50 2091.6 0.3693 2.161 2.117 78.45
1.75 1782.1 0.3194 1.694 1.649 77.69
2.00 1517.2 0.2740 1.293 1.246 76.54
2.25 12941 0.2300 0.956 0.911 74.73
2.50 1102.6 0.1833 0.667 0.622 71.52
2.75 954, 4 0.1396 0.443 0.398 65.85
3.00 862.2 0.0958 0.303 0.259 58.00

 3.50 761.5 0.0430 0.151 0.106 36.56

4.00 729.8 0.0191 0.103 0.058 23.04
4,50 719.7 0.0071 0.088 0.043 17.65
5.00 711.1 0.075 0.030 12.63
5.50 706.8 0.068 0.024 9.75




Run No.
Air relative humidity
Air velocity

Apple slice thickness
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8

TABLE C

8
40 percent
232 m/min

7.9 mm

Type of tray plastic-coated, wire tray
TIME | WEIGHT " RATE Xp X (Hr* - Hr)
0.00 5239.7 6.942 6.845 60.00
0.25 4928.0 0.4003 6.469 6.372 60.00
10.50 4571.9 0.3829 5.930 | 5.833 60.00
0.75 u242.2 0.3651 5.430 5.333 1 60.00
1.00 3915.2 0.3u54 4,935 | 4.837 | s9.91
1.25 3613.2 0.3271 4,477 4.380 f 59.80
1.50 3331.9 0.3008 4.050 3.953 59.67
1.75 3061.8 0.2829 3.6u41 3.544 { 59.52
2.00 2837.14 0.2652 3.301 3.204 | 59.36
2.50 2369.1 0.2352 2.5g1 2.494 58.90
3.00 1983.9 0.2080 2.007 1.910 58.24
3.50 1626.5 0.1757 1.465 1.368 | s7.11
4.00 1336.9 0.1441 1.027 0.929 55,21
5.50 | 111.1 0.1092 0.684 0.587 51.80
5.00 ouy.9 0.0758 0.432 0.335 45,43
5.50 839.6 0.0453 0.273 0.175 35.27
5.75 806.3 0.0331 0.222 0.125 29.41
6.00 782.8 0.0225 0.187 0.089 | 23.81
6.25 767.5 0.163 0.066 19.23
6.50 757.8 0.149 0.052 16.09
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TABLE C 9

Run No 9

Air relative humidity 40 percent

Air velocity 232 m/min

Apple slice thickness 7.9 mm

Type of tray plastic-coated, wire tray
TIME WEIGHT RATE X X (Hr® - Hr) |
0.00 5218.1 6.559 6.462 60.00
0.25 4925.9 0.3873 6.136 6.039 60.00
0.50 4588.1 0.3735 5.647 5.550 60.00
0.75 4267.4 0.3597 5.182 5.085 59.96
1.00 3922.5 0.3408 4.682 4,585 59.85
1.25 3640.3 0.3188 4,274 4.176 59.74
1.50 3368.0 0.2949 3.879 3.782 59.61
1.75 3110.0 0.2815 3.506 3.408 59.46
2,00 2860.6 0.2676 3.1y 3.047 59.28
2.50 2404.5 0.2341 2.483 2.286 58.80
3.00 2026.8 0.2010 1.936 1.839 58.13
3.50 1680.4 0.1691 1.434 1.337 57.02
4.00 1413.9 0.1391 1.0u48 0.951 55.35
4,50 1188.7 0.1080 0.722 0.625 52.35
5.00 1020.58 0.0794 0.478 0.381 47.13
5.50 905.1 0.0526 0.311 0.21y4 38.62
6.00 840.9 0.0312 0.218 Q.l2l 28.87
6.50 805.3 0.0166 0.167 0.069 19.99
7.00 789.6 0.1u4y 0.047 14.88
7.50 781.1 0.132 0.03u4 11.78
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TABLE C 10

Run No. 10

Air relative humidity 40 percent

Air velocity 232 m/min

Apple slice thickness 9.5 mm

Type of tray plasticlcoated, wire tray

' TIME WEIGHT - RATE X X | (Hp* - Hr) |

0.00 6152.7 6.780 | 6.683 | 60.00
0.25 5806.1 0.4058 6.469 6.371 ‘ 60.00
0.50 5551.4 0.3880 6.020 5.923 60.00
0.75 5207.8 0.3702 5.586 5.488 | 60.00
1.00 4882,2 0.3545 5.174 5.077 59.96
1.25 B574.,7 | 0.3368 4,785 4,688 59.88
1.50 4272.6 0.3210 4,403 4,306 1 59.78
1.75 3997.0 0.3060 4.054 3.957 59.67
2,00 . 3726.8 0.2895 3.713 3.616 59.85
2.50 3229.4 0.2581 3.084 2.987 59.25
3.00 2801.3 0.2301 2,542 2.445 58.85
3.50 2420.3 .0.2011 2.061 1.963 “ 58.32
4.00 2060.1 0.1746 1.605 1.508 57.48
4,50 1790.0 0.1493 1.264 1.166 56.42
5.00 1544.7 0.124]1 0.953 0.856 S4.71
5.50 1334.2 0.1021 0.687 0.590 51.85
6.00 1170.7 0.0774 0.480 0.383 47.19
6.50 1058.5 0.0541 1 ©0.339 0.241 40.57
7.00 986.4 0.0354 0.247 0.150 32.59
7.50 939.3 0.0219 0.188 0.091 24.05
8.00 911.6A 0.0127 0.153 0.056 16.97
8.50 899.1 0.137 0.040 { 13.10
9.00 892.2 0.128 0.031 10.68
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TABLE C 11

Run No. 11

Air relative humidity 40 percent

Air velocity 232 m/min

Apple slice thickness 9.5 mm

Type of tray plastic-coated, wire tray
TIME ) WEIGHT RATE XT X (Hr* - Hr)

! .

0.Q0 6054.3 | 6.666 6.569 60.00
0.25 5773.2 0.3962 6.310 6.212 60.00
0.50 5417.7 0.3784 5.860 5.762 60.00
0.75 5089.2 0.3606 S.4u4y 5.346 60.00
1.00 4778.3 0.3427 5.050 4.9853 59.93
1.25 4470.1 0.3279 4.660 4.563 59.85
1.50 B184.9 0.3133 4,299 4.201 59.75
1.75 3910.5 0.2958 3.951 3.854 59.64
2.00 36u48.3 0.2805 3.620 3.522 59.51
2.50 3177.9 0.2515 3.024 2.926 59.21
3.00 2744 .0 0.2251 2.47y4 2,379 58.79
3.50 2368.2 0.1987 1.999 1.901 58.23
4,00 2027.6 0.1726 1.567 1.470 57.39
4.50 1747.8 0.1475 1.218 1.116 56.21
5.00 1500.4 0.1230 0.900 0.803 S54.28
5.50 1304.4 0.0981 0.652 0.554 51.27
6.00 1142.2 0.0737 0.446 0.349 45.98
6.50 1043.5 0.0513 0.321 0.224 39.37
7.00 967.8 0.225 0.128 29.79
7.50 930.0 0.178 0.080 22.25
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TABLE C 12

Run No. 12

Air relative humidity 20 percent

Air velocity 239 m/min

Apple slice thigkness 9.5 mm

Type of tray plastic-coated, wire tray
TIME : WEIGHT RATE XT X (Hr* - Hr)
0.00 5880.1 6.330 6.285 | 80.00
0.25 5216.2 0.7299 5.502 5.458 80.00
0.50 4586.0 0.6545 4,717 4.672 79.86
0.75 4039.8 0.57%0 4.036 3.991 79.67
1.00 3549.7 0.5054 3.425 3.380 79.43
1.25 3129.0 0.4428 2.900 2.856 : 79.13
1.50 2767.1 0.3862 2.449 2.405 78.77
1.75 2438.6 0.3432 2.040 1.995 78.29
2.00 2156.8 0.3055 1.689 1.644 77.67
2.50 1665.3 0.2345 1.074 1.030 "~ 75.50
3.00 1308.2 0.1665 0.631 0.587 70.91
3.50 1073.7 0.1040 0.338 0.294 60.56
4.00 955.6 0.0638 0.189 O0.1u4y 44,19
4.50 910.8 0.0301 0.129 0.084 30.87
6.00 873.1 0.082 0.037 15.41
6.50 862.7 0.075 0.031 - 12.63
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TABLE C 13

Run No. 13

Air relative humidity 20 percent

Air veloéity 238 m/min

Apple slice thickness 9.5 mm

Type of tray plastic-coated, wire tray
TIME . WEIGHT . RATE X, X { (Hr* - Hr)
0.00 5891.6 6.737 6.693 80.00
0.25 5350.3 0.7483 5.909 5.865 80.00
0.50 4709.1 0.6723 5.081 5.036 79.94
0.75 Liyy .3 0.5962 4.352 4,307 79.76
1.00 3633.7 0.5246 3.693 3.648 78.54
1.25 3204.9 0.4592 3.139 3.094 79.28
1.50 2818.3 0.4021 2,640 2.595 78.94
1.75 2485.8 0.3566 2.210 2,165 78.51
2.00 2183.7 0.3136 1.820 1.775 77.93
2.50 1692.8 0.2434 1.186 1.141 76.08
3.00 1308.9 0.1742 0.690 0.646 71.89
3.75 878.0 0.0821 0.264 0.220 S4.43
4.00 932.8 0.0615 0.205 0.160 46.83
4.50 877.1 0.126 0.082 30.12
5.00 855.0 0.104 0.059 23.34
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TABLE C 1u'

Run No. 14

Air relative humidity 20 percent

Air velocity 238 m/min

Apple slice thickness 3.2 mm

Type of tray plastic-coated, wire tray
TIME WEIGHT RATE XT X (Hr* - Hr)
0.00 2550.7 6.912 - 6.868 80.00
0.25 1915.1 0.7108 4.940 4.896 79.91
0.50 1354.,2 0.5660 3.201 3.156 79.31
0.75 902.8 0.4213 1.800 1.756 ?7.90
1.00 | 575.6 0.2754 0.785 0.741 73.15
1.25 408.7 0.1457 0.268 0.223 54.77
1.50 361.9 0.0565 0.123 0.078 29.14
1.75 | 353.9 0.0154 0.098 0.053 21.22
2.00 348.6 0.0047 0.081 0.037 15.09
2.25 345.9 0.073 0.028 11.78
2.50 34y.6 0.069 0.024 10.16




= Cnl? had

TABLE C 15

Run No. 15

Air relative humidity 40 percent

Aip velocity 232 m/min

Apple slice thickness 3.2 mm

Type of tray plastic-coated, wire tray
TIME WEIGHT RATE X7 X (Hr* - Hp)
0.00 2599, 4 6.701 6.604 60.00
0.25 2272.2 0.4116 5,732 5.635 60.00
0.50 1915.6 0.3762 4.675 4.578 59.85
0.75 | 1599.1 0.3408 3.738 3.641 59.56
1.00 1300.4 0.3044 2.853 2.755 59.10
1.25 1046.2 0.2658 2.100 2.003 58.37
1.50 821.8 0.2206 1.435 1.338 57.02
1.75 647.1 0.1717 0.902 0.805 54.30
2.00 509.6 0.1219 0.510 0.413 48.10
2.25 429.8 0.0746 0.274 0.176 35.35
2.75 379.8 0.125 0.028 9.83
3.50 374.4 0.109 0.012 4.98
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TABLE C 16

Run No. 16

Air relative humidity 40 percent

Air velocity 232 m/min

Apple slice thickness 6.4 mm

Type of tray _ closed, solid tray
TIME . WEIGHT RATE Xo . X
0.00 . 4522.9 6.601 6.504
0.25 4328.8 | o0.2872 6.275 6.177
0.50 4071.5 | 0.2772 5.842 . 5.745
0.75 | 3833.3 | o0.2671 1 5.442 5.345
1.00 3590.6 | 0.25u6 5.034 \ 4.937
1.25 1 3367.2 0.2432 4.659 4.561
1.75 2958.4 1 0.2174 3.972 3.874
2.50 2448.8 0.1863 3.065 2.968
3.00 2092.3 0.1647 2.516 2.420
3.50 | 1818.9 | o0.1u4u0 2.057 1.959
4,25 1479.2 0.1151 1.486 1.389
4.50 1 1376.3 0.1065 1.313 1.216
5.00 1199.8 0.0906 1.016 0.919
5.50 1052.8 0.0745 0.769 0.672
6.00 937.2 | 0.567 0.469
7.00 774.9 | 0.302 0.205
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TABLE C 17

Run No. 17

Air relative humidity 40 percent

Air velocity 232 m/min

Apple slice thickness 6.4 mm

Type of tray closed, solid tray
TIME WEIGHT RATE Xp X
0.00 4429.4 6.580 6.483
0.25 4265.0 0.2908 6.299 6.201
0.50 4017.0 0.2793 5.874 5.777
0.75 . 3766.2 0.2677 5.445 5.3u48
1.00 3525.2 0.2578 5.032 4.935
1.50 3050.4 0.2300 4.289 4,191
2.00 2697.5 0.2042 3.616 3.519
2.50 2360.3 0.1807 3.039 2.942
3.75 1918.6 0.1486 2,283 2.186
‘3.75 1665.0 0.1300 1.849 1.752
4.00 1559.1 0.1208 1.668 1.571
4.50 1354.,3 0.1032 1.318 1.226
5.00 1184.3 0.0875 1.027 0.930
5.50 1042.2 0.0720 0.784 0.686
6.00 928.0 0.0577 0.588 0.491
6.50 834.6 0.0443 0.428 0.331
7.00 769.1 0.316 0.219
7.50 723.1 0.238 0.140
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TABLE C 18

Run No. 18

Air relative humidity 20 percent

Air velocity 238 m/min

Apple slice thickness 6.4 mm

Type of tray closed, solid tray
TIME WEIGHT RATE X; X
0.00 4393.2 6.863 6.818
0.25 3965.4 0.4851 6.097 6.053
0.50 3560.0 0.4380 5.372 5.327
0.75 | 3175.4 0.3909 4.683 4.639
1.00 2848.0 | 0.3505 4.097 4.053
1.25 2562.4 0.3126 3.586 3.541
1.50 2289.3 0.2804 3.097 3.053
1.75 20482 0.2533 2.666 2.621
2.00 1843.4 0.2239 2.299 2.255
2.50 1482.5 0.1804 1.653 1.609
3.00 1193.5 0.1432 1.140 1.095
3.75 884.8 0.0899 0.584 0.539
4.00 | 809.5 0.0750 0.449 0.404
4.50 710.6 0.272 0.227
5.00 652.1 0.167 0.122
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TABLE C 19

Run No. 19

Air relative humidity 20 percent

Air velocity 238 m/min

Apple slice thickness 6.4 mm

Type of tray closed, solid tray
TIME WEIGHT RATE XT X
0.00 4287.3 6.939 6.894
0.25 3871.2 0.5154 6.168 6.123
0.50 3429.3 0.4625 5.350 5.305
C.75 3033.1 0.4095 4.616 4.572
1.00 2699.5 0.3603 3.999 3.954
1.25 2393.1 0.3163 3.431 3.387
1.50 2128.C 0.2802 2.940 2.896
1.75 1895.7 0.2474 2.510 2.466
2.00 1687.8 0.2190 2.125 2.080
2.50 1341.2 1.484 2.439

- 3.00 1067.6 0.977 0.932
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TABLE C 20

Run No. 20

Air relative humidity 20 percent

Air velocity 183 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray
TIME | WEIGHT RATE XT X
0.00 4326.6 7.341 7.287
0.05 4216.9 0.6401 7.130 7.085
0.10 4102.6 0.6472 6.910 6.865
0.15 3984.0 0.6543 6.681 6.636
0.20 3865;3 0.6576 6.452 6.407
0.25 ' 3746.7 0.6567 6.223 6.179
0.30 3629.5 0.6518 5.987 5.953
0.35 3510.8 0.6382 5.769 5.724
0.40 3396.6 0.6213 5.549 5.504
0.45 3288.3 0.6040 5.340 5.295
0.50 3181.5 0.5850 5.134 5.089
0.55 3074.8 0.5780 4.928 4.883
0.60 2976.9 0.5676 4,739 4.695
0.70 2769.2 0.5422 4,339 4,294
0.75 2677.2 0.5292 4.162 4.117
1.00 2233.8 0.4612 3.307 3.262
1.25 1845.,2 0.u4050 2.557 2.513
1.50 1511.4 0.3479 1.914 1.869
1.80 1i64,3 0.2800 1.245 1.200
2.25 : 795.0 0.1690 0.533 0.u488
2.50 668.9 0.290 0.245
2,75 608.1 0.172 0.128




- C.23 -

TABLE C 21

Run No. 21

Air relative humidity 40 percent

Air velocity 183 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray
TIME WEIGHT RATE XT X
0.00 4612.0 7.127 7.030
0.05 4595.2 0.3931 7.097 7.000
0.10 4524,2 0.3909 6.972 6.875
0.15 Lysy, 5 0.3886 6.849 6.752
0.20 4384,8 0.3870 6.727 6.629
0.25 4315.2 0.3855 6.604 6.507
0.30 4245.5 0.3785 6.481 6.384
0.35 4177.2 0.3661 6.361 6.264
0.40 4113.1 0.3576 6.248 6.151
O.45 4051.8 0.3522 6.140 6.043
0.50 3986.3 0.3545 6.024 5.927
0.55 3923.6 0.3560 5.914 5.817
0.60 3858.2 0.3499 5.798 5.701
0.65 3795.5 0.3452 5.688 5.591
0.70 3735.5 0.3401 5.582 5.485
0.75 3674,2 0.3444 5.474 5.377
1.00 3366.3 0.3323 4,932 4.835
1.25 3073.7 0.3147 4.416 4,319
1.50 2802.0 0.2974 3.937 3.840
1.75 2540.1 0.2801 3.476 3.379
2.00 2294.8 0.2640 3.044 2.947
2.50 1851.7 0.2319 2.2863 2.166
3.00 1468.6 0.1947 1.588 1.401
3.55 1098.0 0.1499 0.935 0.838
4.25 809.5 0.427 0.329
4,75 702.2 0.237 0.140

J
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TABLE C 22

Run No. 22

Air relative humidity 20 percent

Air velocity 122 m/min

Apple slice thickness 6.4 mm

Type of tray plastic~coated, wire tray
TIME WEIGHT RATE XT X
0.00 | L468.4 7.044 6.3999
0.05 4y32.2 0.5212 6.978 6.934
0.10 4337.5 0.5156 6.808 6.763
0.15 haun.1 0.5101 6.640 6.535
0.20 B157.7 0.5078 6.884 6.440
0.25 4063.0 0.5078 6.314 6.269
0.30 3971.0 0.5070 6.148 6.104
0.35 3880.5 0.5016 5.985 5.941
0.40 3792.7 0.4862 5.827 5.783
0.45 ‘ 3700.7 0.4892 5.662 5.617
0.50 3614.3 0.4807 5.506 5.461
0.55 3529.3 C.471y 5.353 5.308
0.60 3445,7 0.4590 5.203 5.158
0.65 3360.7 0.4435 5.050 5.005
0.70 3285.5 0.4427 4.914 4,870
0.75 3210.3 0.4420 4,779 4,734
G.80 3122.5 0.4466 4.621 4,576
0.85 30u4.4 0.4412 4.480 4.436
0.90 2955.4 0.u4257 4,340 4.295
0.95 2891.2 0.u204 4.204 4.160
1.00 2815.9 0.4173 4.069 L.024
1.25 2450.9 0.3900 3.412 3.367
1.50 2112.3 0.3571 2.802 2.758
1.75 1805.7 0.3225 2.551 2.206
2.00 1531.3 0.2861 1.757 1.712
2.75 1280.2 0.2483 1.323 1.278
2.50 1082.6 0.2076 0.949 0.90u
2,75 812.6 0.1636 0.643 0.598
3.00 785.8 0.1197 0.415 0.370
3.25 702.2 0.264 0.219
3.50 649.3 0.169 0.124
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TABLE C 23

Run No. 23

Air relative humidity 40 percent

Air velocity 122 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray
TIME WEIGHT RATE X X
0.00 4873.9 7.271 7.174
0.10 4806.3 0.2675 7.156 7.659
0.15 47545 0.2727 7.068 6.971
0.20 4705.4 0.2779 6.985 6.888
0.25 4660, 3 0.2794 6.908 6.811
0.30 4603.2 0.2801 6.811 6.714
0.35 4554, 1 0.2823 6.728 6.631
0.40 4506. 4 0.2750 6.647 6.550
0.45 HYSY. 6 0.2763 6.559 6.462
0.50 4405.5 0.2778 6.476 6.379
0.60 . 4306.0 0.2745 6.307 6.210
0.65 4256.9 C.2680 6.224 6.126
0.70 4207.8 0.2602 6.140 6.043
0.75 4162.7 0.2602 6.064 5.967
0.80 4118.9 0.2609 5.989 5.892
0.85 4067.1 0.2654 5.902 5.804
0.90 4020.7 0.2676 5.823 5.726
0.95 3972.9 0.2588 5.742 6.645
1.00 3925.2 0.2557 5.661 5.564
1.10 3837.6 0.2507 5.512 5.415
1.25 3700.9 0.2505 5.280 5.183
1.50 3474,0 0.2472 4.895 4.798
1.75 3253.7 0.2373 4.521 4,424
2.00 3042.7 0.2254 4.163 4.066
2.67 2545,1 0.2059 3.319 3.222
3.00 2290.3 0.1953 2.887 2.789
3.50 1348.0 0.1808 2.306 2.708
4.00 1644.1 0.1578 1.790 1.693
4.50 1373.4 0.1348 1.331 1.233
5.00 ©1157.1 0.1074 0.964 0.866
5.50 978.0 0.0802 0.660 0.562
6.40 822.7 0.396 0.299
8.90 - 656.8 0.115 0.017
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TABLE C 244

Run No. oL

Air relative humidity 10 percent

Alr velocity 244 m/min

Apple slice thickness 6.4 mm

Type of tray plastic-coated, wire tray
TIME WEIGHT RATE XT X
0.00 4619.9
0.05 Lhyy . n 1.2618 7.000 6.978
0.10 4216.4 1.2208 6.722 6.700
0.17 3929.8 1.1662 6.327 6.305
3.20 3801.2 1.1343 5.830 5.809
0.25 35390.6 1.0808 5.238 5.216
0.30 3400.6 1.02703 4,904 4,882
0.35 3231.0 0.9539 4.610 4,588
0.45 2903.5 0.8614 4,043 4.021
0.50 2748.5 0.8114 3.770 3.7u48
0.75 2114.0 0.6418 2.666 2.644
1.00 1602.3 0.5074 1.775 1.753
1.25 1207.¢6 0.3821 1.086 1.064
1.50 918.1 0.2609 0.580 0.558
1.75 735.8 0.1550 0.261 0.239
2.00 663.7 0.129 0.107
2.75 637.4 0.084 0.062
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APPENDIX D

EXPLANATION OF THE COMPUTER PROGRAM USED TO SIMULATE THE DEHYDRATOR
DRYING PROCESS

The time allocated for each simulated tray was one
tenth of the total drying time. Furthermore, this period was divided
into 500 equal intervals and drying considered during these short time
intervalg. The program had the facility to compute the drying rate in
each of any number of imaginary sections into which the tray was sub-
divided (the number of tray sections used, was set by program input
specifications). Thus drying could be considered over a differential

length of tray.

Since the drying tunnel being simulated is virtually adiabatic,
the heat content of one gram of gas remains constant throughout the

tunnel length:
Ti(0.24 + 0.46 Hai) + D Hai = constant (D.1)

Thus, by substituting the input conditions, to a section, of
absolute humidity, Ha;, and temperature, T;, as well as the output
humidity, Ha,, the value of the output temperature, T,, from that

section, could be determined.
T,(0.24 + 0.46 Hap) + D Hap = T3(0.24 + 0.46 Ha;) + D Ha,

T1(0.24 + 0.46 HA) - D(Ha, -~ Haj)
(0.24 + 0.46 Hay)

or Ty = (D.2)

Before Eqn. (D.2) may be applied, the output absolute humidity has to
be evaluated; it is done as follows:

Hap = Ha; + (accumulation due to drying) - (D.3)

To determine the value of the accumulation term in Eqn. (D.3),

the drying rate, %%, had to be computed from an equation of the form:

c
T

dw
at

The values of the coefficients A, B and C are given in section

= A[0.01(Hr* - Hr)ps]B X (9)

5.5, for different apple slice thicknesses.

The vapour pressure, ps (mm mercury), for any dry-bulb



[ el

£

equation:

_D_2_

temperature, T (degrees centigrade), was calculated from the following

o = exp.[ -313L.uS
P P-L T3293.15

The value of the total moisture content of the apple rings,

+ 20.3967 ] (D.4)

XT’ was known and Hr®* was calculated from:

% %2
356.06XT‘ + 5494.7XT

1+ 6.123XT* + su.437xT*2

Hr# = (13)

Since the air humidity was expressed as an absolute humidity,

Ha[g water/g dry air], the percentage relative humidity, Hr, for

Eqn. (9) was computed from the mole fraction of water in the air, y,

the vapour pressure of water, ps, and the atmospheric pressure (taken as)

760 mm mercury)..

. Hr = (y760/ps)100 (D.5)

but y = 0.0555 Ha/(0.0555Ha + 0.03u5) (D.6)
substituting Eqn. (D.6) into (D.5) gives

Hr = 4218 Ha/[(0.0555Ha + 0.0345)ps] (D.7)

Thus the values of X_,, Hr, Hr* and ps may be substituted in

T’
Eqn. (9) to give the drying rate, §¥3 of the tray section being

considered. The accumulation term of Eqn. (D.3) is then given by:

accumulation (of:water) due to drying = (%%)(tray section area)/
- (air mass flow rate) (D.8)
The moisture content of the apple rings after the drying

interval is given by:

X =X - (gﬂ)(time interval)/D (D.9)
T. T. dt
1+1 1

Note, D is [g bone-dry apple/m2].

" Therefore the output absolute humidity, Hap;, and the air
temperature, T,, may be computed by the above technique, as well as
the total moisture content of the apple rings, after the drying

interval.

In this manner, drying is considered 500 times for each tray

section and for all of the 10 simulated tray positions.





