SOLAR DRYING OF AGRICULTURAL PRODUCE

A DISSERTATION

Submitted in partial fulfillment of the
requirements for the award of the degree
of
MASTER OF TECHNOLOGY
in
HYDROELECTRIC SYSTEM ENGINEERING
AND MANAGEMENT (HSEM)

By

IRFFAN EFFENDY

‘A, 13 1’2’2.2'7\
Daao.g_’

DEPARTMENT OF WATER RESOURCES DEVELOPMENT & MANAGEMENT
INDIAN INSTITUTE OF TECHNOLOGY ROORKEE
ROORKEE - 247 667 (INDIA)

JUNE, 2005



CANDIDATE’S DECLARATION

Certified that the work which is being presented in the dissertation entitled "'Solar
Drying Of Agricultural Produce", in i)aftial fulfillment of the requirements for the
award of the degree of “Master of Technology” in Hydroelectric System
Engineering & Management (HSEM) at Water Resources Development &
Management (WRDM), Indian Insfitute of Technology Roorkee, India under the
supervision of Dr. S.C. Solanki, Professor in Department of Mechanical and
Industrial Eﬁgineering and Mr. Devadutta Das, Professor WRDM, Indian Institute
of Technology Roorkee.

I have not submitted the matter embodied in this dissertation for the award of any

other degree..

Date:%%. June, 2005

Place : Roorkee, India

( Irffan Effendy )

This is to certify that the above statement made by the candidate is correct to the best
of our knowledge. |

Supervisor:

Ll e Dot Dhs
(Dr S.C. Solanki) - - - Prof Devadutta Das)
Professor, Professor,
MIED, / WRDM,;
Indian Institute of Technology Roorkee Indian Institute of Technology Roorkee



ABSTRACT

Drying or dehydration of material means removal of moisture from the interior of the
material to the surface and then to remove this moisture from the surface of the drying
material. Solar drying equipment would yield clean, dust free and good quality of
agriculture produce. A dryer would make the drying process much faster as compared to
that in open field drying normally adopted by the farmers. Moreover, the damage
caused by birds, pests, rats and insects and by weather is reduced giving about 20 — 30

% higher output of crops.

Attempts have been made to increase the efficiency of cabinet dryer. Through one such
attempt, a “Reverse Absorber Cabinet Dryer” (RACD) is developed. In a RACD, the
solar energy is directed and concentrated by a parabolic reflector on to the bottom of the
absorber plate and gets absorbed. The crop is kept above the top of absorber plate (not
in contact with the absorber plate) in trays. Atmospheric air drawn in by natural
convection effect flows over the top of the absorber plate. The hot air then flows

through the crop, removing moisture from the crop.

In the present work, an experiment investigation has been carried out to study the
drying process in a Reverse Absorber Cabinet Dryer. Three different crops namely
Wheat, Peas and Paddy are tested. The mass of the crops to be dried is varied. Also
dryer system parameters viz vent width (V) and duct depth (D) are varied to study their

effect on the drying process and on the performance of the system.

- The hourly variation of temperatures of the crop, plate and fluid and moisture removed

are observed and recorded. The variation of solar radiation is also recorded. -

The instantaneous efficiency, total efficiency and daily efficiency were evaluated.
Typical trends observed are critically examined. Some of the typical characteristic

revealed are presented and discussed.
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NOMENCLATURE
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CHAPTER I

INTRODUCTION

1.1. ENERGY & RESOURCE UTILIZATION

Solar energy power frorm the sun is clean and unlimited. Capturing the freely available
sun's energy for light, heat, hot water, and electricity would, not only help in saving the
conventional energy resources but also in maintaining environment pollution free.
Whether drying crops, heating buildings, or powering a water pump, using the solar

energy can make the farm more efficient and achieve self-reliance [1].

For their drying, Exposing of crops and grains in an open field to the sun directly is one
of the oldest applications of solar energy. Traditionally, crops, even after having got
matured, are left in the open field in the sun to get dried. Not ohly it takes longer time (1 -
to 1.5 months juét to get dried), but are spoiled to the entfant of 20 to 30 % by birds, |
pest and weather. It gets mixed with dust, diﬁ and insects/pests. Solar drying equipment
can dry crops faster and more evenly than leaving them in the field after harvest, with
the added advantage of avoiding damage by birds, pests, and weather. Thus solar drying
equipment would yield clean, dust free and good quality of wﬁeat, rice and other

agricultural produce.

Commercial greenhouses often rely on the sun for lighting, but on gas of oil heaters to
maintain constant temperatures. A solar greenhouse uses building materials to collect
and store solar energy as heat. Insulation retains the heat for use during the night and on
cloudy days. To capture the most sunlight, a solar greenhouse generally faces south,
while its northern side is well insulated, with few or no windows. A gas or oil heater

may be used only as a backup.

Sunlight can also generate electricity. Photovoltaic (PV) panels are often a cheaper
option than new electric lines for providing power to remote locations. And ‘because
they require no fuel and have no moving parts, they are more convenient to operate and

maintain than diesel or gasoline generators. In some areas, the distance from a power
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source at which PV becomes more economical than new. transformers and electric lines
is surprisingly short often as little as 50 feet (15 m). PV systems are a highly reliable
and low-maintenance option for electric lights, and water pumps. Although current
prices for solar panels make them too expensive for most crop irrigation systems,
photovoltaic systems are economical for remote livestock water sﬁpply, pond aeration,
and small irrigation systems. In addition, the cost of PV is projected to decline

significantly over time, which will make more applications cost-effective.

1.2. SOLAR ENERGY

Solar energy systems from Radiantec (Fig. 1.1) use a water based antifreeze solution to
put solar energy [2] to work . In stead of water, the antifreeze solution (e.g. ethylene
glycone in water) is used necessarily in places where water in the collectors and pipe-
line gets freezed due to cold weathef condition. The freezing of water causes cracks in
the collector and pipe-lines, therefore antifreeze solutions are used in the collector
system. The only drawback of antifreeze solution is that the hot fluid from the collector
system cannot be used for drinking or cooking directly. The sun shines upon a solar
collector and the solar energy heats the antifreeze solution within the collector. Then the
heated fluid is circdated to one or more heat .exchang.ers and the solar generated heat is

put to use. The fluid then returns to the solar collectors to be reheated.

Low intensity thermal needs, such as the need for domestic hot water and the need for

space heat, make up most of a typical building's energy consumption.

To the extent that we meet these needs with solar energy, we can save money and help
the environment. Then we can save our conventional energy supplies for othér, more
difficult tasks. Solar energy systems work best when they are simple. They operate most
efficiently when they run at low to moderate temperatures. They are also most
economical when they have something to do year around. Thermodynamically also,
solar heating systems, whether hot water supply, space heating or process heat supply,

are the most efficient compared to electric heating or gas or oil burner.
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Solar Options

DOMESTIC HOT WATER FOR
YOUR HOUSHOLD NEEDS

SPACE HEATING USING
UNDERFLOOR RADIANT HEAT

LONG TERM PASSIVE SOLAR
ENERGY STORAGE

SNOWMELTING AND GARDENING

POOL OR SPA HEATING

Figure 1.1. Solar Energy System [2]

1.3. BIOMASS ENERGY

Biomass is a general term for all organic matter [1], which includes not only crops,
wood, and marine products, but also organic wastes such as sewage sludge. Biomass is
the only renewable organic resource that fixes atmospheric CO, by photosynthesis and
does not break the CO, balance on a global scale. As one of the most abundant

resources, biomass is an attractive and environmentally compatible energy source.

Recovery of Hydrocarbons from Microalgae,

The green algae, Botryococcus braunii, fix CO; -using solar energy and produce
abundant hydrocarbons. One can obtain liquid fuel from algae cells of the microalga of

inorghnic nutrients such as phosphorus and nitrogen from secondarily treated sewage by
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the process of thermochemical liquefaction. This process can also be applied to other
forms of organic wastes, such as sewage sludge, which is liquefied at high pressure and
temperature without a catalyst into oil that is nearly equivalent to "C-grade" heavy oil.

This process can help environmental preservation.

Biological Production of Electricity,
Photosynthesis by living plants and some bacteria can be considered clean solar-energy

conversion systems. The first step of biological photosynthesis is absorption of this light
energy by an organism, with subsequent photolysis of water, which generates high-
energy electrons and releases oxygen. These electrons are used to reduce carbon dioxide

and produce carbohydrates.

This technology can convert the excited electrons generated by an algal photosystem
into electricity. This technology also allows conversion of electrons generated by
oxidative degradation of carbohydrates accumulated within algal cells into electrical

energy.

The efficiency of this technology is higher than that of biomass incineration, since
electrical energy is generated directly by conversion from plant cells with no

intermittent steps and resultant loss of energy along the way.

1.4. WIND ENERGY

Wind turbines convert the energy of moving air into useful mechanical or electrical

energy.

Wind turbines need more maintenance than a PV array, but with moderate winds, 4.5
meters per second (m/s) or greater, they typically prodlice more energy than a similarly
priced array of PV modules. Like PV modules, multiple wind turbines can be used
together to produce more energy. Because wind turbine energy production tends to be
highly variable, wind turbines are often best combined with PV modules or a generator
to ensure energy production during times of low wind speeds. This section focuses on

small wind turbines with ratings of 10 kW or less.



Wind Turbine Components,

The components common to most wind turbines are shown in figure 1.2. The blades

capture

the energy from the wind, transferring: it via the sh;ﬁ to the generator. In small wind
turbines, the shaft usually drives the generator directly. Most small wind turbines use
permanent magnet alternators as generators. These produce variable- frequency “wild”
AC that the power electronics convert into DC electricity. The yaw bearing allows a
wind turbine to rotate to accommodate the changes in wind direction. The tower

supports the wind turbine and places it above any obstructions.

Nl
WIND
WIND TURBINE
 TURBI
1 BLADE | C
2 HUB ;
3IPITCH |e——
CHANGE _\ § .
4 MOUNTING . 1 N 6 5T STRUCTURE
5 NACELLE
6 PINTLE AND
DRIVE
, 7 TOWER
8 FOUNDATION
U 9 CONTROL
" | . BUILDING
E-3
e e e — ———— -
Is 3 HIS .
-3 -_Transmission
Speed Increaser ]

Driver Shaft add Bearing Brake
Clutch and Coulping.
B—Electrical )
Generator
Control and indicators (at ground level)

Figure 1.2. Diagram of Wind Energy [3]



1.5. SOLAR RADIATION

1.5.1. Solar Radiation Qutside the Earth’s Atmosphere [4, 5]

The characteristics of the sun’s energy available outside the earth’s atmosphere
are first, considered . The sun [4] is a large sphere of very hot gases, the heat being
generated by various kinds of fusion reactions. Its diameter is 1.39 x 10° km,
" while that of the earth is 1.27 x 10* km. The distance between the two is 1.496 x
10® km. Although the sun is large, it subtends an angle of only 32 minutes at the
earth’s surface. This is because it is also at a very large distance. Thus, the beam
radiation received from the sun on the earth is almost parallel. The brightness of
" the sun varies from its center to its edge. However, for engineering célculations, it

is customary to assume that the brightness all over the solar disc is uniform.

The solar constant [g., is the rate at which energy is received from the sun on a
unit area perpendicular to the rays of the sun, at the mean distance of the earth

from the sun. The value of the solar constant is 1367 W/m>.

.The radiation coming from the sun is essentially equivalent to blackbody radiation.

Using the Stefan-Boltzmann law, the equivalent backa)dy temperature can be
shown to be 5762 K for a solar constant of 1353 W/m” and 5779 K for a solar
constant of 1367 W/m” [4, 5. '

1.5.2. Solar Radiation At The Earth’s Surface [4, 5]

Solar radiation is received at the earth’s surface in an attenuated form
because it is subjected to the mechanisms of absorption and scattering as it

passes through the earth’s atmosphere (Fig. 1.3).

Solar radiation received at the earth’s surface without change of direction, i.e. in
line with the sun, is called ‘beam’ or ‘direct radiation’. The radiation received at

the earth’s surface from all parts of the sky’s hemisphere (after being subjected
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to scattering in the atmosphere) is called ‘diffuse radiation’. The sum of the beam

and diffuse radiation is referred to as ‘total or global radiation’.

o

Solar radiation Scattered radiation
reflected back to space

N1t/

Upper limit
oP a?tmosphere

Scattering

Absorption
— Earth’s atmosphere

Beam or

direct radiatio Diffuse radiation (Scattered

radiation reaching earth’s
surface)

Earth’s surface\

Figure 1.3. Schematic Representation of (i) the Mechanisms of Absorption and
Scattering, and (ii) Beam and Diffuse Radiation Received at the Earth’s Surface

[4]

1.5.3. Instruments For Measuring Solar Radiation And Sunshine [4,5]

The instruments used for measurement of Solar radiation is usually are

pyranometer , pyrheliometer and sunshine recorder.

1. A ‘pyranometer’ (also called ‘Solarimeter’) is an instrument which measures
either global or diffuse radiation over a hemispherical field of view. Basically
the pyranometer consists of a black’ surface which heats u;i when exposed to
solar radiation. Its temperature increases until the rate of heat gain by solar
radiation equals the rate of heat loss by convection, conduction and reradiation.

The hot junctions of a thermopile are attached to the black surface, while the .



cold junctions are located in such a way that they do not receive the

radiation.

2. A ‘pyrheliometer’ ( also called ‘Actinometer’ [5] ) is an instrument which
measures beam radiation. In contrast to a pyranometer, the black absorber plate
(with the hot junctions of a thermopile attached to it) is located at the base of
tube. The tube is aligned with the direction of the sun’s rays with the help of
a two-axis tracking mechanism and an alignment indicator. Thus the black
plate receives only beam radiation and a small amount of diffuse radiation

falling within the acceptance angle of the instrument.
3. Sunshine Recorder

The duration of bright sunshine in a day is measured by means of a sunshine
recorder. The sun’s rays are focused by a glass sphere to a point on a card strip

held in a groove in a spherical bowl mounted concentrically with the sphere.

Whenever there is bright sunshine, the image formed is intense enough to burn a
spot on the card strip. Through the day as the sun moves across the sky, the image
moves along the strip. Thus, a burnt trace whose length is proportional to the

duration of sunshine is obtained on the Strip.

1.5.4. Solar Radiation Geometry [4, 5]

In order to find the beam energy falling on a surface having any orientation, it is
necessary to convert the value of the beam flux coming from the direction of the sun
to an equivalent value corresponding to the normal direction to the surface.

Relationships for making this conversion will now be given.

The latitude ¢ of a location is the angle made by the radial line joining the
location to the center of the earth with the projection of the line on the equatorial
plane. By convention, the latitude is measured as positive for the northern

hemisphere. It can vary from —90° + 90°.

The declination. o is the angle made by the line joixiing the centers of the sun and
the earth with its projection on the equatorial plane. It arises by virtue of the fact
that the earth rotates about an axis which makes an angle of approximately 66.5°

with the plane of its rotation around the sun. The declination angle varies from a
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maximum value of +23.45° on June 21 to a minimum value of —23.45° on
December 21. It is zero on the two equinox days of March 21 and September 22.

Cooper has given the following simple relation for calculating the declination,

5 (in degrees) = 23.45 sin [ 360 x 283%2] a.1)

where n is the day of the year. Equation (1.1) is plotted and its accuracy of
prediction is adequate for engineering purposes.

The surface azimuth angle 7 is the angle made in the horizontal plane between
the line due south and.the projection of the normal to the surface on the horizontal
plane. It can vary from —180° to +180°. We adopt the convention that the angle is

positive if the normal is east of south and negative if west of south..

The hour angle @ is an angular measure of time and is equivalent to 15° per hour.
It also varies from —180° to +180°. We adopt the convention of njeasuring it from
noon based on local apparent time (LAT), being positive,-in the morning and

negative in the afternoon. (The term “local apparent time’ will be defined later.)

The slope P is the angle made by the plane surface with the horizontal are shown

in Fig. 1.4.

It can be shown that [4],

cos B = sin ¢ (sin 8 cos B + cos d cos Yy cos ® sin B) '(1.2)
+ cos ¢ (cos & cos @ cos B - sin & cos y sin B) + cos & sin y sin ® sin B

Simpler versions of Eq (1.2) are normally required. Some of these are as follows,

Vertical surface,v B=90°,

cosO=sindcosdcosycos®-cosdsindcosy+ c‘os d sin ysin @ (1.3)

Horizontal surface p =0°,

cos O =sin ¢ sin & + cos ¢ cos O cos ® (1.4)

Surface facing'due south y= 0°,

cos 0 = sin ¢ (sin & cbs B+ cos & cos o sin B)+ cos ¢ (cos d cos @ .cos B- sin & sin B)

cosO=sindsin(p— B)+cosdcoswcos (¢—P) (1.5)
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76 Solar Energy

Tilted plane

Horizontal
plane

A /
Nomal to ,’

tited plane # Horizontal line
south

Figure 1.4. Diagram Illustrting the Angle of Incidence 0 , The Zenith Angle 6z ,
The Solar Altitute Angle aa , The Slope B , and The Surface Azimuth Angle y [4]

Vertical surface facing due south p = 90° y=10°,
cos 6 = sin ¢ cos 8 cos ®- cos ¢ sin J, . (1.6)

The angle of incidence @ can also be expressed in terms of 0z the zenith angle, B the
slope, y the surface azimuth angle and ys the solar azimuth angle. Braun and

Mitchell* have shown that,

cos 0 = cos 6z cos B + sin 0z sin f cos (vs - 7), : ! W)

The solar azimuth angle v is the angle made in the horizontal plane between the
line due south and the projection of the line of sight of the sun on the horizontal
plane. Thus it gives the direction of the shadow cast in the horizontal plane by a

vertical rod. By convention, the solar azimuth angle is taken to be positive if the
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projection of the line of sight is east of south and negative if west of south. In

order to use Eq. (1.7), it is necessary to first calculate 6 zand ;.
0z is obtained from Eq. (1.4), while y; is obtained from the expression
Cos ys = (cos Ozsin ¢ - sin §) / (sin 6z cos ¢), : (1.8)

Sunrise, Sunset and Day Length :

The hour angle corresponding to sunrise or sunset (®s) on a horizontal surface can be
found from Eq. (1.4) if one substitutes the value of 90° for the zenith angle. We

obtain
cos s = - tan ¢ tan §
s = cos”' (-tan ¢ tan d) (1.9)

Equation (1.9) yields a positive and a negative value for os , the positive value
corresponding to sunrise and the negative to sunset. Since 15° of the hour angle is

equivalent to 1 ﬁour, the corresponding day length (in hours)
Smax = 2/15 cos™ (-tan ¢ tan §) (1.10)
Local Apparent Time :

The time used for calculating the hour angle ® is the local apparent time, this
can be obtained from the standard time observed on a clock by making two
corrections. The first correction arises because of the difference between the
longitude of a location and the meridian on which the standard time is based. The
correction has a magnitude of 4 minutes for every degree difference in longitude.
The second correction called “the equation of time correction” is due to the fact that
the earth’s orbit and rate of rotation are subject to small fluctuations and equation of
time for each day of a year[5] is given by Eq.(1.11). It can be taken from the Figure
1.5.

Local apparent time = Standard time

+ 4 (Standard time longitude — longitude of location)

+ (Equation of time correction) (1.11)
The negative sign in the first correction is applicable for the eastern hemisphere,

while the positive sign is applicable for the western hemisphere.
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Figure 1.5. Equation Of Time Correction

1.5.5. Empirical Equations for Predicting The Availability of Solar Radiation [4, 6] .

Since measurement of solar radiation is often not available, attempts have been
made by many investigators to establish relationships linking the value of
radiation (global or diffuse) with meteorological parameters like number of

sunshine hours, cloud cover, and precipitation.

1. Monthly Average Daily Global Radiation

The first attempt at estimating solar radiation was due to Angstrom who suggested

that it could be related to the amount of sunshine by a simple linear relation of the

form,
H S } ‘
g
—=a+b| = (1.12)
oo
where,
H g = monthly average of the daily global radiation on a horizontal surface at a
location (kJ/mz- day),
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H_ = monthly average of the daily global radiation on a horizontal surface at the

same location on a clear day (kJ/m? -day),

S = monthly average of the sunshine hours per day at the Tocation (h),

S = monthly average of the maximum possible sunshine hours per day at the
location, i.e. the day length on a horizontal surface (h),

a, b = constants obtained by fitting data.

2. Monthly Average Daily Diffuse Radiation

Based on a study of data for a few countries, Liu and Jordan* showed that the daily
diffuse-to-global radiation ratio could be correlated against the daily global to extra-

terrestrial radiation ratio. The correlation was expressed by the equation ,

Hy

H, |
=1411-1.696| = (1.13)

g o

3. Monthly Average Hourly Global Radiation

A number of studies have also been conducted with the objective of obtaining
relations for predicting the diurnal variation of the monthly average hourly-global
radiation at a location. Collares-Pereira and Rabl have developed the following

relation ,

=2 =22 (a+bcosw) (1.14)
H, H, |

m] ~i

Where,

a = 0.409 + 0.5016 sin (o - 60°),

b = 0.6609 - 0.4767 sin (ws - 60°),

I, =monthly average of the hourly global radiation on a horizontal surface
(kJ/m? - h),

lo, = monthly average of the hourly extra-terrestrial radiation on a horizontal

surface (kJ/m*-h).
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4. Monthly Average Hourly Diffuse Radiation

In a manner similar to that adopted for developing Eq. (1.14), the following

relation for estimating the monthly average hourly-diffuse radiation

(1.15)

o 1o
H, H,
1.5.6. Solar Radiation On Tilted Surfaces [4, 5]

From the preceding sections, it is seen that very often measuring instruments give
the values of solar radiation falling on a horizontal surface. The same is also true of
the empirical equations. But most solar equipments (e.g. flat-plate collectors), for
absorbing radiation, are tilted at an angle to the horizontal. It therefore becomes

necessary to calculate the flux which falls on a tilted surface.

Tilt Factor for Beam Radiation, “7,’:

The ratio of the beam radiation flux falling on a tilted surface to that falling on a

horizontal surface is called the tilt factor for beam radiation. It is denoted by the

symbol r,. For the case of a tilted surface facing south (ie. y = 0°),
cos O =sin & sin (¢ - B) + cos dcos @ cos (¢ - PB) -

While for a horizontal surface

cos 0,=sin ¢ sind+ cos pcosdcos

cos 0

Hence, rp, = (1.16)

cos 0,

Tilt Factor for Diffuse Radiation ‘r;’:

The tilt factor ‘r;’ for diffuse radiation is the ratio of the diffuse radiation

flux falling on the tilted surface to that falling on a horizontal surface. The value
of this tilt factor depends upon the distribution of diffuse radiation over the

sky and on the portion of the sky dome seen by the tilted surface. Assuming that’
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sky and on the portion of the sky dome seen by the tilted surface. Assuming that

the sky is an isotropic source of diffuse radiation, we have for a tilted surface with a-

slope B,

rgy =(1+cosB)/2 .17

since ,

(1 +cos P)/2 isthe radiation shape factor for a tilted surface with respect to the sky.

Reflected Radiation ¢7,.” :

since (1 + cos B)/2 is the radiation shape factor for a tilted surface with respect to
the sky, it follows that (1 - cos B)/2 is the radiation shape factor for the surface
with respect to the surrounding ground. Assuming that the reflection of the beam
and diffuse radiations falling on the ground is diffuse and isotropic, and that the

reflectivity is p, the tilt factor for reflected radiation is given by

rr=p(1_—62.m—l-3—) (1.18)

where, p =reflectivity ( p =0.2 for ground ).

Flux on Tilted Surface, ‘Iy’ :

The flux Ir falling on a tilted surface at any instant is thus given by
Ip=Ipyrp + Igrg+(Ip+ Ig) 1y - (L.19)

where the values of 7,, r; and 7., are as given in Eqs (1.16), (1.17) and (1.18). It

should be noted that Eq. (1.16) is valid only for a tilted surface with y= 0°, whereas
Eqgs (1.17) and (1.18) are valid for any tilted surface with a slope . Dividing both
sides of Eq. (1.19) by /,, we obtain the ratio of the flux falling on a tilted surface

at any instant to that on a horizontal surface.

—=( —id—]rb+%‘—rd+r,. _ . (1-20)

g g
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Where ,
rp =(1l+cosB)/2
rp,=p(l-cosfP )/2

The daily radiation falling on such a surface ( Hy) to the daily global on horizontal

surface (H g) 1s given by an equation having a form similar to Eq. (1.20). Thus

_EL:( __{iri}f”@ﬁﬁﬁ, (1.21)
Hg Hg Hg
Where ,

r, =(1+cosP)/2

n=p(l-cosB )/2
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CHAPTER II

SOLAR DRYING BASIC & LITERATURE REVIEW

Drying of agricultural products [7] to optimum moisture content results in safe storage
of the product over a long period. India has been blessed with good sunshine. Hence as
an alternative to the existing energy sources such as mechanical and electrical powdered ‘
systems for drying of agricultural commodities, Natural convection portable solar dryer
has been introduced in the post harvest technology. From the farm'ers; economy point of
view, recent emphasis is on development of natural convection solar dryers of low

initial cost and also of low running cost.

Solar energy is all the more effective for food dryihg because of following reasons [8]:

(a) Solar energy is diffuse in nature and provides low grade heat. This characteristic of
solar energy is good for the drying at low temperature, high flow rates with low

temperature rise.

(b) The intermittent nature of solar radiation will not effect the drying performance at
.low temperature. Even the energy stored in the product itself will help in removing

excess moisture during this period.
(c) Solar energy is available at the site of use and saves transportion cost.

(d) The high capital cost of solar dryiers can be compensated if the dryer is used for
drying other products also or at least is put to other multiple uses such as space

heating, etc.

2.1. BASICS OF SOLAR DRYING

Drying or dehydration of material means removal of moisture from the interior
of the material to the surface and then to remove this moisture from the
surface of the drying material. In natural sun drying where the product is
directly exposed to the sun in the open air, the necessary heat required for
moisture removal is supplied from the sun a£1d a little. from the ambient air

and the wind and the natural convection disperse water vapour.
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The drying of product is a complex heat and mass transfer process which
depends on external variables such as temperature, humidity and velocity of the
air stream and -internal variables which is a function of dfying material and
depends on parameters like surface characteristics (rough or smooth surface),
chemical composition (sugars, starches, etc.) physical structure (porosity, den-
sity, etc.), and size and shape of the product. The rate of moisture movement
from the product inside to the air outside differs from one product to another
and very much depends weather the material is hygroscopic or ‘non-
hygroscopic. Non-hygroscopic materials can be dried to zero moisture level
while the hygroscopic materials like most of the food products will always have
a residual moisture content. This moisture in hygroscopic material may be a
bound moisture (remained in the material due to closed capillaries or due to
surface forces) and unbound moisture which remained in the material due to

surface tension of water (Fig.2.1).

Equilibrium moistura curve
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Figure 2.1. Moisture in the Drying Material [8]

The equilibrium moisture content (EMC) will soon reach when the vapour pressure of
water in the material becomes equal to the partial pressure of water in the surrounding
air. The equilibrium moisture content in the drying is therefore important since this is

the minimum moisture to which the material can be dried under a given set of drying

conditions.
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A series of drying characteristic curves can be plotted. The best is if the average

moisture content M of the material is plotted versus time as shown in Fig.2.2.
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Figure 2.2. Rate of Moisture Loss {8]
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Figure 2.3. Drying Rate with Time Curve [8]

Another curve can be plotted between drying rate i.e. dM/dt versus time t as shown in
Fig.2.3. But more information can be obtained if a curve is plated between drying rate

dM/dt versus moisture content M as shown in Fig.2.4. As is seen from Fig.2.4 for both
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non-hygroscopic and hygroscopic materials, there is a constant drying rate terminating
at the critical moisture content followed by falling drying rate. The constant drying rate
for both non-hygroscopic and hygroscopic materials is the same while the period of

falling rate is little different.
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Figure 2.4. Typical Drying Rate Curve [8]

2.2. TYPES OF SOLAR DRYERS [9]

The three modes of drying are: (i) open sun, (ii) direct and (iii) indirect in the
presence of solar energy. The working principle of these modes mainly depends
upon the method of solar energy collection and its conversion to useful thermal

energy.

1. Open Sun Drying (OSD)

Figure 2.5. shows the working principle of open sun drying (OSD) by using
solar energy. The short wavelength solar energy [I(t)] falls on the uneven crop
surface having an area of A;. A part of this energy is reflected back and the
remaining part is absorbed by the surface depending upon the colour of crops.
The ‘absorbed radiation is converted into thermal energy and the temperature of
crop [T.] starts increasing. This results in long wavelength radiation loss from
the surface of crop to ambient air through moist air. In addition to long

wavelength radiation loss there is convective heat loss too due the blowing
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wind through moist air over the crop surface. Evaporation of moisture takes

place in the form of evaporation losses and so the crop is dried.

In open sun drying, there is a considerable loss due to various reasons such as
rodents, birds, insects and micro-organisms. The unexpected rain or storm further
worsens the situation. Further, over drying, insufficient drying, contamination by
foretgn materialé like dust, dirt, insects, and micro-organisms as well as discolouring
by UV radiation are characteristic for open sun drying, In general, open sun drying
do not fulfill the international quality standards and therefore it can not be sold in

the international market.

Long wawvelength radiation
loss to ambient
. "\ Short wawelength

solar raciation Reflected

High convective +

evaporative heat (
Heat absorbed o

Crop

Conductive losses

Figqré 2.5. Working Principle of Open Sun Drying [9]

2. Direct Solar Drying (DSD)

The principle of direct solar crop drying is shown in Figure 2.6. This is also called
cabinet dryer. A part of incidence solar radiation on the glass cover is reflected back
to atmosphere and remaining is transmitted inside cabinet dryer. Further.” A part. of

transmitted radiation is reflected back from the surface of the crop.

The remaining part is absorbed by the surface of the crop. Due to the absorption of
solar radiation, crop temperature increases and the crop starts emitting long
wavelength radiation which is not allowed to escape to atmosphere due to presence
of glass cover unlike open sun drying. Thus the temperature above the crop inside

chamber becomes higher.

The glass cover serves one more purpose of reducing direct convective losses to the
ambient which further becomes beneficial for rise in crop and chamber temperature

respectively. However, convective and evaporative losses occur inside the chamber
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from heated crop. The moisture (the vapor formed due to evaporation) is taken away
by the air entering into the chamber from below and escaping through another

opening provided at the top as shown in Figure 2.6.

Short wavelength Low convective
solar radiation ., ‘heat losses '
Transpar
Reflected K cover o
.\\._ -""’-‘ : ~ Air
~ T " Long out
. " wavelength
-::‘:. radiation
r‘-' ‘\‘\.\ . P crOp
2 /J } .

Figure 2.6. Working Principle of Di;'ect Solar Drying [9]

3. Indirect Solar Drying (ISD)

In this case, the crop is not directly exposed to solar radiation to minimize
discolouration and cracking on the surface of the crop. Goyal and Tiwari (1990)
have proposed and analysed reverse absorber cabinet dryer (RACD) as shown in

Figure 2.7.
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Figure 2.7. Reverse Absorber Cabinet Dryer (RACD) [9]

2.3. PARAMETER OF SOLAR DRYER [10]
The parameters influencing dryer performance are:
1. Physical features of the dryer

These refer to the type, weight, dimensions and construction materials of the
dryer. Wood and metals are the common construction materials. Solar collectors
are usually constructed as bare-plate absorbers made of aluminium, galvanized
iron or steel, and painted. with a non-reflecting (matt finish) black paint.

Selectively coated absorber sheets are used when the required temperature rise
exceeds 40'C.

2. Drying Time

The duration of the drying process is the most important parameter to be
considered in evaluating a dryer. It is estimated from the time when the dryer is
loaded with fresh product until when the product dries to the required moisture

level, usually given as hours or days.
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3. Drying air temperature and relative humidity

Increasing the temperature of the drying air will increase the drying rate in two
ways. First, this increases the ability of drying air to hold moisture. Secondly,
the heated air will heat the product, increasing its vapor pressure. This will

drive the moisture to the surface faster.

4. Airflow rate

Alt'flow is another important parameter that influences the drying process. As the
airflow rate is increased, the conduction and radiation losses may be small due to the
smaller temperature rise. Drying efficiency may suffer at high airflow rates since air

may not have adequate contact time with the food to increase its moisture content.

5. Dryer efficiency

Drying (or system) efficiency indicates the overall thermal performance of the
drying system. The system efficiency of a solar dryer is a measure of how
effectively the input energy (solar radiation) to the drying system is used in drying
the product.

. Drying efficiency is commonly used to represent dryer performance. Major
factors affecting drying system efficiency include air temperature rise in the
drying chamber, airflow rate, wind speed and collector/dryer design, which

_ directly or indirectly relate to overall thermal losses in the system.

6. Quality of dried products

Drying usually affects the physical properties of the product and results in
changcs in size, shale, colour and texture. Many chemical and enzymatic
conversions also take place during dehydration. Although these conversions are
not always undesirable, some may make the product 'unpalatable. Quality
comparison between solar dryers is necessary' as it could vary widely,
depending on the drying temperature, dryer design, airflow rate and other

parameters,
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. 2.4. LITERATURE SURVEY

R.K. Goyal and G.N. Tiwari [11] in their work presented the concept of a reverse
absorber plate collector has been used as a heating of air for drying agricultural products
in a cabinet dryer. The result concluded that: (i) The crop temperature decreases with an
increase of the number of air changes, as expected. The crop temperature is higher in
the RACD than in the nbrmal cabinet dryer due to maximum utilization of solar energy
in the RACD. (ii) The crop temperature decreases with an increase of crop capacity
during sunshine hours, whereas the trend reverses during off sunshine hours due to the
storage effect. (iii) The RACD can be operated for more time in comparison to the
normal cabinet dryer. (iv) The drying of crop in the RACD will be more uniform
compared to the normal cabinet dryer because the crop is not directly exposed to solar

radiation.

A. Hachemi, B. Abed énd A. Asnoun [12] in their work brought out the necessity of
drying the certain agricultural products (fruits, fodder, cereals, etc.) in order to avoid
deterioration when they are exposed to the elements. Solar air collectors have been
optimized in previous studies resulting in a clear enhancement of their thermal
performances in relation to the flat plate. The result concluded that the solar dryer
presents a greater advantage, from the point of view of time of drying and quality of
product, than natural drying where crops is directly laid out to the ambient air and solar
radiation. It avoids the deterioration of the product when it is exposed to the elements.

The flat-plate collector is used as a heat source to dry the wet crops.

R.K. Goyal and G.N. Tiwari [13] presented the thermal performance of the RACD. The
proposed dryer is analyzed by solving the various energy balance equations. An attempt
has been made to optimize the vent area of the dryer for speedy flow of humid air from
the drying chamber to the atmosphere. The result concluded that (a) The crop and
chamber temperatures are less than the plate and fluid temperatures during sunshine
hours as shown in figure 2.8, and the crop temperature remains a little higher than the
other temperatures during periods of no sun. This 1s because of the thermal storage
effect of the crop. (b) The crop temperature in the reverse absorber cabinet dryers is
more than for normal cabinet dryers because of the maximum utilizéfcion of the available
solar energy and minimum heat loss. (¢) There is 51gruﬁcant variation in crop
temperature with heat capacity of the crop, as temperature decréa_ses with an increase of

crop capacity as shown in figure 2.9. Further, it is higher in the case of RACD and
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remains almost the same in the late hours because of the storage effect. And the effect
of mass of crop on the overall system efficiency is significant in both cases, it decreases
with increase of crop capacity as shown in figure 2.10. Therefore, these systems can be

used for small crop capacity.

‘20 T | 4 v R L 4

Temperature (OC)
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~ Fig. 2.8. Hourly Variation of Different Temperatures (Crop, Fluid, &Plate) [13] .
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Figure. 2.9. Effect of Crop Capacity on Hourly Temperature [13]
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Figure. 2.10. Effect of Mass of Crop Capacity on Overall Efficiency [13]

D.R. Pangavhane, R.L. Sawhney & P.N. Sarsavadia [14] presented a multipurpose
natural convection (indireét mode) dryer which was developed for drying of agricultural
produce mainly horticulture and vegetable crops using solar energy. It consisted of flat
plate collector and a drying chamber with five drying trays. The result concluded that
the developed dryer is capable of producing average temperature between 50 to 55 °C,

which is optimum for dehydration of the grapes as well as for most of the fruits and
vegetables. The drying time in natural convection indirect type dryer for the grapes is
also reduced by nearly half that of the open sun drying. It produces better quality

raisins.

«

Pradip Vishnu Bhosale, Ghanasham B. Vidhale and Bhushan G. Malandkar [7] in their
work studied the drying the agricultural commodities such as Chilli and Potato flakes
in a natural ponvectidn Natural convection portable solar dryer. During the first
drying day of Chilli and Potato tlakeé, the maximum temperature attained in Natural

convection portable solar dryer were 40°C and 39°C respectively. .

M. Augustus Leon, S. Kumar and S.C. Bhattacharya [10] presented a detailed review of
parameters generally used in testing and evaluation of different types of solar food

dryers. The parameters significantly influencing dryer perfonﬁance are: 1. drying air

characteristics (drying air temperature, humidity and airflow rate); 2. product variables
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(initial and final moisture contents, product size and size distribution); and 3.
dimensional variables (width, length, height or diameter of the dryer, number of passes

and dryer configuration).

Saber Chemkhi, Fethi Zagrouba and Ahmed Bellagi [15] presented the main application
for solar energy in southern Mediterranean countries in agriculture is the drying of
agricultural crops. The optimisation of dryers necessitates complete knowledge of the
whole drying process, thus leading to energy savings and avoiding environmental
pollution by using renewable sources of energy. In this study we present an analysis of a
drying convective pilot-using solar energy. This solar dryer is essentially composed of
three parts: a solar plen collector, a dryiﬁg box and a chimney. The experimentation by
using 1. Experimental device to take the climatic data (ambient temperature, solar
radiation and wind speed), the distribution of the temperature on the collector (under the
cover, on the internal face of the insulator, on its external face and along the absorber)
and the two input and output air temperatures. 2. Test of the collector in free out-flow to
make several measurements for different days‘in order to be able to get an idea on the
behaviour of our collector, its outlet temperature and its efficiency for different climatic
conditions. For the first regime of out-flow, studied different climatic agent effects on
the efficiency of our collector. 3. Test in forced out-flow worked in forced outflow to
put in evidence the effect of the mass flow of the circulating air in the heater. For a
climatic factor effect such as in free out-flow, noted the existence of a direct
relationship between the outlet temperature of the collector and the climatic factors,

especially solar radiation.

Dilip R. Pangavhane, R.L. Sawhney and P.N. Sarsavadia [16] presented Mechanical
drying is an energy consuming operation in the post-harvesting technology of
agricultural products, so more emphasis is given on using solar energy sources due to
the high prices and shortages of fossil fuels. Solar dryers are now being increasingly
used since they are a better and more energy efficient option. Sun shines in India over
an average 3000-3200 h per year, delivering about 2000 kWh/m2-year of solar
radiation on the horizontal surface. This abundantly available solar energy can be used
for the drying of agricultural products. During the five days of the experiment, the
diurnal variation of the ambient air temperature, solar irradiance, collector outlet air
temperature and dryer outlet air temperature for the solar dryer were plotted and are

shown for April 1998 in Fig. 2.11. From these figures it is observed that the rise in air
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temperature due to the generated air flow rate in the collector were sufficient for the
purpose of grapes drying. For the inlet air temperature of 38°C, the maximum air
temperaturé at the dryer inlet at no load conditions was recorded as 69.5°C at the solar
irradiance level of 909 W/m2. The maximum temperature gain in the collector during
the peak afternoon hours on all the days was around 30°C (varying between 25.9 and
33.5°C). During the 5 days, the daily mean values of air temperature at the dryer inlet
vary from 51.9°C to 64.6°C and for solar radiations it varies from 605 to 673 W/m2.

1200 = - 120
Date: 8/4/1998

10(!)-1 - 100
¢ o
2 600- 60 5
Q9 &
o o
E  400- L40 £
g i
w4 L 20

_0 ) T T Y v 0

(-]
[
—
(=]
o
N
-k
4

—
16 18 20
Drying hours

Fig. 2.11. Variation of the solar irradiance —, Collector outlet air temperature [J , Dryer
outlet air temperature A , ambient air temperature (dry) O and ambient air temperature

(wet) -*-

2.5. PROBLEM FORMULATION

It is observed that the conventional drying method by natural convection in solar
cabinet dryers has certain draWbacks:. 1) Direct exposure of material to the solar
radiations resulting in poor quality of the dried product. 2) The transmissivity of the
glass cover is reduced because of moisture condensation on it. 3) The absorptivity of
the absorber plate is reduced as part of the solar radiation is reflected from the
uneven crop surface and part of it absorbed by the crop before it reaches the
absorber. The above problem have been solved by the indirect natural convection
solar drying systems, which gencrally consists of a flat plate solar air heater -

connected with the drying chamber. The drying chamber is used for keeping the
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crop in wire mesh tray. A downward facing absorber (reverse absorber) is fixed
below the drying chamber at a sufficient distance (0.05m) from the bottom of
the dry'ing chamber. A cylindrical reflector is placed under the absorber to
reflect the solar radiation on to the bottom of the absorber plate. The crop is
“placed above the absorber plate in wire mesh trays. Studies on the peffbrmance
of reverse absorber cabinet dryer have been reported in the literature survey.
But none of studies has considered the effect of variation of the crops such as :
wheat (3kg), peas (2kg, 3kg, 4kg) and paddy (3kg, 4kg, Skg), and at various values of
the parameters vent width (V) and duct depth (D) on the performance of ihe system.
There is a need for thorough investigation on these parameters. In the present work an
attempt has been made to fabricate a test facility for Reverse flat plate absorber cabinet
dryer and investigation on effect of the variatioﬁ of the parameters on the performance
of the system. It is expected that this study will generate data for the efficient of reverse
flat plate absorber cabinet dryer. '

2.6. OBJECTIVES OF THE PRESENT STUDIES

The objective of the present work is (1) to review and compile the literature and work
on solar dryihg and (2) to conduct experiments to evaluate performance of a solar dryer
reverse flat plate absorber cabinet dryer for drymg some agricultural produce like
paddy, wheat, and peas. It is expected that this study will generate data for &rying

some agricultural produce.
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CHAPTER I

EXPERIMENT TO EVALUATE PERFORMANCE OF SOLAR
DRYER o

3.1. INTRODUCTION

The conventional method of crop drying, in most of the developing countries [13], is to
spread the agricultural produce on the ground and allow it to dry in the open suh. Such
studies have been conducted by many workers, and it has been reported that open sun
drying. has the following disadvantages: (i) it requlres both a large amount of space and
long drying times; (ii) the crop becomes damaged because of hostile weather conditions;
(iii) contamination of crop from foreign materials; (iv) the crop is subject to insect
infestation and (v) the crop is susceptible to reabsorption of moisture if it is left on the

ground during periods of no sun which reduces its quality.

In order to overcome some of these problems, the reverse flat plate absorber as the air
heating medium could be introduced. In the present study, an attempt has been made to
develop a model using both a reverse flat plate absorber as the heating medium and a
cabinet dryer as the drying chamber. The whole unit is termed a reverse absorber
cabinet dryer (RACD).

3.2. EXPERIMENT SET UP
3.2.1. Design of The Set up

The drying experiment with a reverse absorber cabinet dryers With the variation of the -
crops is placed inside the dryer (as shown in Figure 2.7). The drymg has been carried
out for a period of five hours from 1_0:06 AM to 3:00 PM, with various values of the
parameters vent width (V) and duct depth (D) and the variation of the crops such as :
wheat (3kg), peas (2kg, 3kg, 4kg) and paddy (3kg, 4kg, 5kg). At every one hour interval
of time, four samples of 60 gram for Wheat, 55 gram for Peas and 60 gram for Paddy
are taken and decrease in moisture is measured with the help of a digital weighing
machine. The ambient temperature is measured with help of digital thermometer. The
temperatures of fluid air Ty, crop T, and absorber plate T, are measured with the help of

thermocouples. The global and diffuse radiations are measured on a. horizontal surface
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using a pyranometer and shading ring. The hourly and daily efficiency are calculated
using the suitable formulae. Thus drying is carried out with variation of the crops and
various values of the parameters vent width (V) and duct depth (D) and their effect on

the performance of the drying unit is studied.

3.2.2. Drying area calculation

To obtain the area A4 required to dry a given mass of crop, we should know in prior
the mass of water to be evaporated from the given quantity, the latent heat of

vaporation and efficiency of the drying unit.

The area required for drying is evaluated as follows [9]:
Total weight of crop in dryer, for paddy w= 4 kg

Initial moisture content, M; =30 %

Final moisture content, Ms = 13 %

, Maximum crop temperature while drying = 50° C

Therefore, at the crop temperature 50° C from the steam table [17] 1s obtained the

latent heat of vaporation L, = 2.3829 MJ/kg.

And mass of water to be evaporated from paddy w= 4 kg is given by [18],

_wiMi M)
v= ‘ (.1
(00— 11 /)
M, = 1k (30-13)
(100 - 13)
M,=0.7816 kg ,
hence the energy required to vaporize 0.7816 kg of water is given by,
Q= Myx Ly - (3.2)

Q =0.7816 kg x 2.3829 MJ/kg

Q=1.8625 MJ
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From solar radiation data handbook [19], the daily average beam radiation on a

horizontal surface at Roorkee is hy,= 12.24 MJ / mz,

So, the beam radiation o.n a tilted surfaced at an angle B with horizontal [4],

Hpt=hpz X 10, (3.3)
where, 1, = ratio of beam radiation on tilted surface to that on horizontal surface.

_ sind sin(q) - B) + cosdcos ® cos(¢ - B)

34
sin 8 sin ¢ + cos & cos ® cos ¢

the latitude ( ¢ ) at Roorkee =29.85 °

the solar radiation is calculated for a tilted surface, § = 45 °

let the be March 21, 2005 and the number of the day in this year, n = 31+28+21 = 80,
time = 12 noon, |

the hour angle (@ ) is an angular measure of time and is equivalent to 15 ° per hour

w = 15°x(12;t) (3.5)
t=time=12:00 w = 15%x(12—12) = 0° |

284+ n

therefore, the declination, & = 23.45 sin [360 x ] (3.6)

& =23.45 sin [360xw] = -0.40.3°
365

sin—0.4036 sin(29.85 — 45)+ cos—0.4036 cos 0cos(29.85 — 45)
sin—0.4036 sin 29.85 + cos— 0.4036 cos 0 cos 29.85

Iy =

= 1.1195
Hp = 1224 MJ /m® x 1.1195
Hy = 13.7027 MJ / m?,

~ Assuming the efficiency of drying unit n = 31.5% .
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3 . o :
Drying efficiency, n = 3.7
Ag Hyy

Q
n Hy,

- The area of the dryer, Ay =

Ag= 1.8625 MJ/(0.315x 13.7027 MJ /m? )

Ag= 04314m? =~ 0.43 m?

3.2.3. Details of Set up
3.2.3.1. Drying Chamber

Since the drying area, Ag = 0.43m> , the dimensions of the chamber according to
standard guidelines [11] recommended for construction of solar drying chamber, the
length of the chamber chosen to be three times 'the width to avoid shading effect are as

follows:
Width of the chamber, B = 0.38m
Length of chamber, L = 1.14m

Drying chamber is shown in figure 3.1.

l_____ Vent

Perforated wire mesh tray

Figure 3.1. Drying Chamber

From the economy point of view, the material of the chamber is selected to be light

plywood of thickness 12 mm. For holding the product to be dried, a wire mesh tray is
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fixed at the bottom of the chamber. A vent is provided along lengthwise at the top of the

chamber such that its width can be varied for moist air to escape.

3.2.3.2. Absorber Plate

The absorber plate is painted with lamp black for maximum absorptions. It is made of

mild steel with dimensions as follows:
Width of the absorber plate, B = 0.38m
Length of absorber plate, L = 1.14m

A glazed cover is fixed on the absorber plate maintaining a gap of 0.04m with the help

of wooden frame as shown in figure 3.2.

Absorber plate

Glass cover

Figure 3.2. Absorber Plate

3.2.3.3. Cylindrical Reflector

The cyhndncal Reflector is placed under the glazed absorber plate to introduce solar

radlatlon from below. It is shown in figure 3.3.

An aluminium sheet with dimensions 1.14m x 0.91h of thickness 1.5 x 10 m is bent

into cylindrical shape such that its radius of curvature is 0.38m and the included angle

is 135° . The sheet is supported with plywood on rear side in order to have rigidity.
The reflecting mirrors with size 0.02m x 0.02m are fixed on the sheet, so that they
reflect the incoming beam radiation on the absorber plate and the aperature area of

reflector is 0.43 m?.
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Aluminium sheet

Glass cover

Figure 3.3. Cylidrical Reflector

3.2.4. Principle of Working of a Reverse Flat Plate Absorber Cabinet Dryer

The principle of a reverse flat plate absorber cabinet dryer [11] is shown in Fig. 3.1. The
absorber plate is horizontal and downward facing. A cylindrical reflector is placed
under it to introduce solar radiation from below. The area of the aperture is the same as
that of the absorber plate. The cabinet dryer is mounted on top of the absorber plate,
maintéining a gap of 0.03 m for air to flow above the absorber plate, where it gets
heated, and enter the dryer from the bottom. Unlike a conventional dryer it is not
insulated from the bottom, but it does not allow insolation from the top. The bottom
area of the dryer is equal to the absorber plate area. The length to width ratio of the
dr}'ler 1s taken as 3:1 to avoid the shading effect.

Firstly, hot air heats the crop spread over the wire mesh, and then moisture starts .
moving from the interior of the crop kernel to its surface due to diffusion. Then, the heat
transfer takes place from the crop surface to the chamber air by convection and
evaporation. The convective heat loss is controlled by the buoyancy force. Thése
convective and evaporative heat losses are, generally, governed by Lewis' relation in the
pfocess of mass transfer from the crop surface to the chamber air. Further, the moisture
laden air leaves the chamber through the vent due to the vapour pressure difference
between the chamber and outside in a natural convective mode of operation. The
advantage of this assembly is that a selective coating can be used for the absorbing
surface, which is not possible in the case of a conventional cabinet dryer. As the crop is
subjected to much direct contact with solar radiation, its quality is better then the

conventional natural convection dryer.
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CHAPTER 1V

DATA COLLECTION AND REDUCTION

4.1. INTRODUCTION

The drying experiment was carried out in the RACD (Reverse Absorber Cabinet Dryer)
as shown in figure 4.1. The solar beam radiations are first transmitted by the glass cover
on the reflector and then the cylindricél surface reflects these radiations towards the
glazed absorber plate. After absorption, the absorber emits long wavelength radiation,
which is trapped between the absorber and glazed cover. In this case, the convection and
radiation heat losses is suppressed due to hot plate facing downward. Ambient air enters
the duct and flows over the absorber plate and gets heatéd due to convection heat

transfer from the absorber and air exits the chamber trough the vent.

Figure 4.1. RACD (Reverse Absorber Cabinet Dryer) for Experiment

4.2. DATA COLLECTION

The drying was carried out in the Reverse Absorber Cabinet Dryer and the instruments
used in recording the data are shown in figure 4.2, with the variation of the crops such

as : wheat (3kg), Peas (2kg, 3kg, 4kg) and paddy (3kg, 4kg, 5kg). At various values of
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the parameters vent width (V) and duct depth (D), the experiment of data is collected
and shown in the tables 4.1 to 4.26.

=

Figure 4.2. Instruments used in recording the data

4.2.1. The Instruments Used in Recording the Data
1. Digital Temperature Meter |
Model : 155-6 SNO. 151
Range : 0t0 199.9 °C
Power supply : 230 V £10 %, AC, 50 Hz
T:ademark : India — National Instrument Limited.
2. bigital Micro-Volt Meter
Model : DMV — 02 (AERO - 93)

Accuracy : +0.1 °C
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Trademark : India — Electromek.
3. Solari Meter (Pyranometer)
Model : DD -048-7B (0582)
Calibration Factor : 13.52 uv/ w/ mz_
Trademark : India — Naﬁonal Instrument Limited.
4. Shading Ring
Model : SL-NO-26 (1981)
Trademark : India — National Instrument Limited.
5. Selector Switch
Range : 24 points (double poles)
Trademark : Roorkee — Electrotech.
6. Digital Temperature
Accuracy : 0.1 °C
Trademark : Flake
7. Thermocouple (copper-constantan)
8. Digital Weighing Machine
Accuracy : 1 ‘gram

Trademark : India — National Instrument Limited.

-

4.3. DATA PROCESSING

The processing of the measured data is carried out with the parameters vent width V,

duct depth D and the variation of the crops, in the following steps :
1. In order to find the beam radiation & the diffuse radiation falling on a tilted surface :

the latitude ( ¢ ) at Roorkee [4] =29.85 °

the solar radiation is calculated for a tilted surface, § = 45 °.



284 +n
365

the declination & [4] is calculated from equation , 8 =23.45 sin [360 x ]

where n = the number of the day in the year.
the hour angle (@ ) is an angular measure of time and is equivalent to 15 ° per hour
w=15%%(12-t), t=time.

Tcl+Tec2 + Te3 + Te4
y -

. Average Crop Temperature Tc (avg) =

2

From the steam table [17] is obtained the latent heat of vaporation Lv at Tc (avg).

. Using the solari metér ( pyranometer ) and shading ring one can measure the total
radiation ( Hy; ) and the diffused radiation ( Hg; ) in millivolts ¢onverted into MJ / m’
using the calibration factor of the solari meter constant which is equal to :

1 mez = 13.52 pV
So, the Beam radiation ( Hy, ) can be calculated [4]:
Hyz = Hi; - Hq

. The beam radiation on a tilted surfaced at an angle § with horizontal at place [4] with

the Iatitudé (o ) is given by: Hyy=hp, x 13, -

where, 1, = ratio of beam radiation on tilted surface to that on horizontall".surface, .

_ sind sin(¢p — B) + cos & cos o cos(p — B)
sind sin ¢ + cos & cos ® cos ¢

The diffuse radiation on tilted surfaced at angle =45 % with horizontal ,
Hy=Hgz x 14, |

r4, for diffuse radiation is the ratio of the diffuse radiation flux falling on the tilted
surface to that falling on the horizontal surface, o

_ I+cosB

T
a 2

Neglecting the inclination of the top glass cover and considering the top surface

(which is horizontal) which receives the radiation,
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Hi, = the total or global radiation on a horizontal surface
He =Hp, cos 6 + Hy,
where: cos 6 =sin & sin (¢ - B) + cos dcos @ cos (¢ - B) .
5. The hourly efficiency or instantaneous efficiency is calculated from equation,

_ Mvx Ly
Hx A

where, Mv = moisture evaporated (removal)
Lv = latent heat of §aporation of moisture
H = solar radiation intensity
A = area of the dryer.
6. Finally, the Daily Efficiency is obtained from the equation, -

_ Myvx Lvig,)
AxTH

n

where, Ly, avg) = average of latent heat of vaporation of moisture

~

Y. H = total solar radiation intensity

4.4. SAMPLE CALCULATION

A calculation for one set of data is given for the solar drying carried out with the
parameters as follows:

Dated : 21-03-200S, at 10 : 00 AM (Table: 4.15)

Tel+Tc2+Tec3+Tc4
4
Tc (avg) = (24.3+23.8+24.24+24)/4 = 24.0°C

a. Average Crop Temperature (Tc) =

From the steam table is obtained the latent heat of vaporation Lv
at Tc (avg) = 2.4449 MJ / kg
b. Mv = Moisture removed from the crop by drying process

Mo = Initial weight of sample
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d.

Wi = Final weight of sample
W = Total weight of crop in the dryer

_ Wo —-Wi
= —x
w

Mv w

At10: 00 AM, W=42kg, Wo=60gram, Wi=Wo =60 gram

60 gram — 60 gram _ o &ram

60 gram gram

Moisture removal =

Total mass of crop in the dryer = 4.2 kg (in the morning at 10 : 00 AM)
So, Total moisture evaporated (removal),

Mv=0x42kg = 0 kg

. Using the solari meter ( pyranometer ) and shadmg ring one can measure the total

radiation ( Hy, ) and the diffused radiation ( Hg, ) in millivolt converted into MJ / m?

using the calibration factor of the solari meter constant which is equal to
1W/m? = 1352 uV

So, the beam radiation ( Hy, ) can be calculated :

Hp, = Hiz - Hg, |

Hbz = 981 mV-4.85mV = 496 mV ( clouds were present )

the solari meter constant, 1 W/m?* = 13.52 pV

2
Hy = 2707 496 x 107wV = 366.86 W / m?

13.52 v

Gain of energy in 0 hour = 366.86 W/ m? x 0second = 0 MJ/m?

In order to find the beam energy and the diffuse energy falling on a tilted surface:

the latitude ( ¢ ) at Roorkee = 29.85 °

the solar radiation is calculated for a tilted surface, B = 45 °
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let the be March 21, 2005 and the number of the day in this year, n=31+28+21= 30,

therefore, the declination, 8 = 23.45 sin [360 x 229:6; I ], n=80

_284—'*'80_] = .0403°

d =23.45sin [360 x
‘ 365

at 10 : 00 AM,

the hour angle (@ ) is an angular measure of time and is equiw./alent to 15 ? per hour
= 15%%(12-t), t=time=10:00AM

w=15%%(12-10) = +30°

So, the beam radiation on a tilted surfaced at an angle B with horizontal,

On the below area of the reverse flat plate absorber cabinet dryer :

Hyt=hpx1p,

where, 1, = ratio of beam radiation on tilted surface to that on horizontal surface.

_ sind sin($p —B) + cos & cos o cos(¢p—PB)
sindsind+cosScoswcosd

- sin—0.4036 sin(29.85 — 45) + cos— 0.4036 cos 30 cos(29.85 — 45)
P sin—0.4036 sin 29.85 + cos— 0.4036 cos 30 cos 29.85

= 1.121
Hy=0MJ/m? x 1.121 = O MJ/m?*

and the tilted factor, ry, for diffuse radiation is the ratio of the diffuse radiation flux

falling on the tilted surface to that falling on the horizontal surface,

_ I+cosB ,B:450

T
I 2
1+ cos 45
rg= ——
2
rqs= 0.8536

the diffuse radiation on tilted surfaced at angle p=45° with horizontal ,
Ha = Hg, X 14,
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2 .
where: Hog=4.85mV = 2V /™" © 485103 v = 35873 W /m?

13.52uV

Gain of energy in 0 hour = 358.73 W /m?* x 0second = 0 MJ/m?

Hy=0MJ/m? x 0.8536 = OMJ/m? .

On the top area of the reverse flat plate absorber cabinet dryer:

Neglecting the inclination of the top glass cover and considering the top surface
(which is ho;izontal) which receives the radiation,

H¢, = the total or global radiation on a horizontal surface

Hy, = Hp, cos 6 + Hdz ,

where: cos 6 =sin 3 sin (¢ - B) + cos 8 cos ® cos (¢ - B)

cos 0 =sin —0.4036 sin_ (29.85 - 45)+cos —0.4036 cos 30 cos (29.85 - 45)A=>0.8378
Hp, = 366.86 W/ m?, Hg= 358.73 W/ m?

So, Hz= (366.86 W/m"x 0.8378) +358.73 W/m’ = 666.08 W/ m’

Gain of energy in 0 hour = 666.08 W /m? x 0 second = 0 MJ/m?

e. The hourly efficiency or instantaneous efficiency is caléulated from equaition_:,

_ Mv x Lv
Hx A

where, Mv = moisture evaporated (removal)
Lv = latent heat of vaporation of moisture
H = solar radiation intensity
A = area of the dryer

On the top area of dryer, A;=L; x W,

Where, L = length of the drying chamber = 1.14 m
W1 = width of the drying chamber = 0.38 m

A;=1.14mx.38m = 043 m?



On the bottom area of dryer, Az =L;x W»

o

Where, L, = length of the cylindrical reflector = 1.14m
W, = width of the cylindrical reflector = 0.38 m

A;=1.14mx .38m = 0.43 m?

So.at 10 : 00 AM . Mv = 0 kg . Lv =2.4449 MJ/kg

n= 0 Kg x 2.4449 MJ / kg < 100 %
(Al x th)+(A2 bez)+ (AZ X Hdz)
n = : 0 Kg x 2.4449 MJ / kg + 100%
= . 9%
(0.43m2x0 MI /m? )+(0.43m2x0 MT /m2 )+ (0.43m2x0 MJ /m?)
n=0 %
At11: 00 AM
a. Average Crop Temperature (Tc) = Tel + Te2 : Te3+Ted _ 24.7 °C

From the steam table is obtained the latent heat of vaporation Lv
at Tc (avg) =2.443 MJ / kg

_ Wo -Wi
=—x
w

b. Mv W, W=42kg, W;=60gram, W;; =55 gram

Mvioa1 = 0.3500 kg
¢. Hyz; = Hy - Hg, |
Hp, = 10.24 mV —5.01 mV = 523 mV (clouds were present)'
Hy, = 386.83 W/ m®
Average Hy, = (386.83 +366.86) / 2 = 376.85 W/ m?
Gain of energy in 1 hour = 376.85 W/ m’ x 3600 second = 1.3567 MJ/m?>.

d. In order to find the beam energy and the diffuse energy falling on a tilted surface:
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the latitude ( ¢ ) at Roorkee=29.85°% B = 45° & = -0.40.3°,
w=15%%(12-11) = +15°
So, the beam radiation on a tilted surfaced at an angle B with horizontal,

On the below area of the reverse flat plate absorber cabinet dryer :

Ho = hez X T, 1= 1.1097

Hp: = 1.1097 x 1.3567 MJ / m? = 1.5190 MJ / m? |

and the tilted factor, rg, = 0.8536

the diffuse radiation on tilted surfaced at angle B =45 ® with horizontal ,
Hy=Hg x14,

where: Hg,=5.01mV = 370.56 W/m?

Average Hg, = (370.56 +358.73 )/ 2 = 364.64 W/ m? '

Gain of energy in 1 hour = 364.64 W/ m> x '3600 second = 1.3127 MJ/m®
Ha=1.3127MJ/m? x 0.8536 = 1.1205 MJ/m* .

On the top area of the reverse flat plate absorber cabinet dryer:

Hi, = Hp,cos 6 + Hy, ,

At 10.00 AM , cos 6;9=0.8378

He= (366.86 W/ m?>x 0.8378) + 358.73 W/m’ = 666.08 W /m’
At11.00 AM, cos 6;;=0.9342
H,= (376.85 W/ m?x 0.9342) + 364.64 W/m?> = 716.70 W/ m’

Average H, = 691.39 W/ m®
Gain of energy in 1 hour = 691.39 W /m?* x 3600 second = 2.4890 MJ/ m’
e. The hourly efficiency or instantaneous efficiency is calculated from equation,

0.3500 Kg x 2.443 MJ / kg ‘
(0.43 m2x(2.4890 + 1.1205 + 1.5190) MJ /m? )

n= x100%. =38.49%
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At12 : 00 AM

Tel+Te2+Te3+ Tc4d
4

= 31.0°C

a. Average Crop Temperature (Tc) =

From the steam table is obtained the latent heat of vaporation Lv
at Tc (avg) = 2.4283 MJ/kg

Wo — Wi
i
W

b. My W,  W=42kg, Wio=60gr, Wi;=55gr, Wia=51.3 gr

Moisture removal after 1 hour = Mvy1.12 = 0.2864 kg

Moisture removal after 2 hours = Mvyg.12 = 0.6125 kg
c.Hy, = He - He,

Hpz, = 9.74 mV —4.42 mV = 5.32 mV ( clouds were present )

Hy, = 393.49 W/ m? o |

Average Hy, = (386.83 + 393.49)/ 2 = 390.16 W/ m*

Gain of energy in 2 hours = 390.16 W/ m? x 7200 second = 2.8092 MJ / m?.
d. In order to find the beam energy and the diffuse energy falling on a tilted surface:

the latitude ( ¢ ) at Roorkee =29.85° B = 45° 8 = -0.403°,
w=15%%(12-12) = 0°

So, the beam radiation on a tilted surfaced at an angle B with horizontal,

On the below area of the reverse flat plate absorber cabinet dryer :

Hy=hpX1p, rp= 1.1195

Hyo= 1.1195 x 2.8092 MJ / m® = 3.1449 MJ /ma® ~

and the tilted factor, rq4, = 0.8536

the diffuse fadiation on tilted surfaced at angle 3 =45 O with h’orizonta; .
Hgt=Hgz X 14,

where: Hy, =4.42mV = 32692 W/m’

Average Hg, = (370.56 +326.92)/ 2 = 348.74 W/ m?
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Gain of energy in 2 hours = 348.74 W /m? x 7200 second = 2.5109 MJ / m*
Hy =2.5109 MJ /m? x 0.8536 = 2.1433 MJ/m* .

On the top area of the reverse flat plate absorber cabinet dryer: '

Hy = Hp,cos 0 + Hy, ,

At11.00 AM, cos 6;; =0.9342

Hy,= (376.85 W /m?x 0.9342) +364.64 W/m? = 716.70 W /m?

At 12.00 AM, cos 0;2=0.9671

726.07 W/ m?

 He= (390.16 W/ m’x 0.9671) + 348.74 W /m’
Average th =721.38 W/m?
Gain of energy in 2 hours = 721.38 W/ m? x 7200 second =.5.1940 MJ/m?® .
e. The hourly efficiency ér instantaneous efficiency is calculated from eqﬁation,

For : My (1412

"= 0.2864 Kg x 2.4283 MJ / kg
0.43 m2x(5.1940 + 2.1433+ 3.1449) MJ / m?

) x100% =1531%

For : My 10-12)

"= 0.6125 Kg x 2.4283 MJ / kg

x100% =32.75%
0.43m2x(5.1940+ 2.1433+ 3.1449) MJ / m? )

At13:00 AM

a.’Average Crop Temperature (Tc) = Tel + Te2 : Te3+Ted _, 34.7°C

From the steam table is obtained the latent heat of vaporation Lv
at Tc (avg) =2.4190 MJ/kg

_ Wo—-Wi
=—x
/4

b. Mv W, W=42 kg, WIO =60 er, W12 =51.3 er, W13 =47.5 gr

Moisture removal after 1 hour = Mvj.3 = 0.3073 kg

Moisture removal after 3 hours = Mvyg.13 = 0.8750 kg
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c.Hp; = Hy - Hyg
Hp, = 1048 mV —4.71 mV = 5.77mV ( clouds were present )
Hy, = 426.78 W/ m’
Average Hp, = (426.78 +'393.49)/ 2 = 410.13 W/m?*
Gain of energy in 3 hours = 410.13 W/ m? x 10800 second = 4.4294 MJ/m?.
d. In order to find the beam energy and the diffuse energy falling on a tilted surface:
the latitude ( ¢ ) at Roorkee =29.85°, B = 45°, 8 = -0.40.3°,
w=15%%(12-13) =-15°
So, the beam radiation on a tilted surfaced at an angle B with horizontal,

On the below area of the reverse flat plate absorber cabinet dryer :

Hy=hpx 15, n= 11197

Hy = 1.1197 x 4.4294 MJ / m* = 4.9596 MJ / m?

and the tilted factor, rg, = 0.8536

the diffuse radiation on tilted surfaced at angle B =45 9 with horizontal ,
Hat=Hgz x 14,

where: Hyg, =4.71mV = 34837 W/m®

Average Hy, = (348.37+326.92)/ 2 = 337.65 W/ m?

Gain of energy in 3 hours = 337.65 W /m? x 10800 second = 3.6466 MJ/m?
Hy = 3.6466 MJ / m® x 0.8536 = 3.1127 MJ/m> .

On the top area of the reverse flat plate absorber cabinet drver:

Hg =Hp, cos 6 + Hy,,
At 12.00 AM, cos 8;,=0.9671

He= (390.16 W/ m?x 0.9671) + 348.74 W / m>

726.07 W/ m?
At 13.00 AM, cos 013=0.9342
Hy= (410.13 W/m?x 0.9342) + 337.65 W /m? = 720.79 W /m’

Average H, = 723.43 W/ m*
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Gain of energy in 3 hours = 723.43 W/ m? x 10800 second = 7.8131 MJ/m?

e. The hourly efficiency or instantaneous efficiency is calculated from equation, ’

For : My (1213

N 0.3073 Kg x 2.4190 MJ / kg
(0.43m2x(7.8131+ 3.1127 + 4.9596) MJ / m?

) x100% =10.80%

For : My (10.13)

n= 0.8750 Kg x 2.4190 MJ / kg

x100% =30.76%
0.43 m2x(7.8131+3.1127 +4.9596) MJ / m? )

o

At14:00 AM

a. Average Crop Temperature (Tc) = Tel+Te2+Te3+Ted 32.7°C

4

From the steam table is obtained the latent heat of vaporation Lv
at Tc (avg) = 2.4240 MJ/kg

Wo — Wi
= x
W

b. Mv W, W=42 kg, Wlo =60 ar, W|3 =47.50 ar, W14 =45 er

Moisture removal after 1 hour = Mvy3.14 = 0.2211 kg

Moisture removal after 4 hours = Mvjg.14 = 1.0500 kg
c. Hpz = Hi - Hg,

Hpz = 10.51 mV —4.32mV = 6.19mV ( clouds were present )

Hp, = 457.84 W/ m?

Average Hp, = (426.78 + 457.84)/ 2 = 44231 W/m?

Gain of energy in 4 hours = = 44231 W/m” x 14400 second = 6.3692 MJ/ m>.
d. In order to find the beam energy and the difﬁ,lse energy falling on a tilted surface:-

the latitude ( ¢ ) at Roorkee =29.85°% B = 45° 8 = -0.40.3°,

w=15"%(12-14) = -30°
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So. the beam radiation on a tilted surfaced at an angle B with horizontal,

On the below area of the reverse flat plate absorber cabinet dryer :

Hbt=hbzxrb, = 1.121
Hp=1.121 x6.3692 MJ/m? = 7.1399 MJ / m?
and the tilted factor, rq, = 0.8536

the diffuse radiation on tilted surfaced at angle § =45 ® with horizontal ,

-~

Hgt=Hez X149,

where: Hg=4.32mV = 319.53 W/m’
Average Hy, = (348.37 +319.53 )/ 2 = 33395W/ m>

Gain of energy in 4 hours = 333.95 W/ m? x 14400 second = 4.8089 MJ/m?>
Hy = 4.8089 MJ/m’ x 0.8536 = 4.1049 MJ/m” .

On the top area of the reverse flat plate absorber cabinet dryer:

Hy,=Hpzcos 6 + Hy,,

At 13.00 AM, cos 013 =0.9342

Hy,= (410.13 W/ m?x 0.9342) + 337.65 W/m? = 720.79 W /m>

At 14.00 AM , cos 0;4= 0.8378

Hy= (44231 W/ m?x 0.8378) +337.65 W/m?> = 704.52 W/ m?

Averége Hy, = 712.65 W /m?

Gain of energy in 4 hours = 712.65 W/m? x 14400 second = 10.2622 MJ / m?
e. The hourly efficiency or instantaneous efficiency is calculated from equation,

For: My 3.4

0.2211 Kg x 2.4240 MJ / kg

= vx100% =5.75%
i (0.43m2x(10.2622+ 4.1049+7.1399) MJ / m? ) ’ ’
For : My 0.1

"= 1.0500 Kg x 2.4240 MJ / kg

: x100% =2732%
0.43 m2x(10.2622+ 4.1049 +7.1399) MT / m? ) o
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At15: 00 AM

Tel+Te2+Tce3+ Tc4d
4

= 31.9°C

a. Average Crop Temperature (Tc) =

From the steam table is obtained the latent heat of vaporation Lv
at Tc (avg) = 2.4260 Ml/kg

Wo — Wi
= - x

b, Mv
W

W, W=42kg, Wip=60gr, Wi3=45gr, Wis=44¢gr

Moisture removal after 1 hour = Mvyais = 0.0933 kg
Moisture removal after 5 hours = Mvyg.15= 1.1200 kg
¢. Hy; = Hy - Hg,
Hy, = 9.92mV -4.86 mV = 5.06 mV ( clouds were present )
Hy, = 374.26 W/ m’ |
Average'Hbz= (37426 +457.84)/ 2 = 416.05 W /m’
Gain of energy in 5 hours = = 416.05 W/ m? x 18000 second = 7.4889 MJ /m>.
d. In order to find the beam energy and the diffuse energy falling on a tilted surface: |
the latitude ( ¢ ) at Roorkee =29.85°% B = 45°% 8 = -0.40.3°,
w=15%%(12-15) = -45°
So, the beam radiation on a tilted surfaced at an angle B with horizontal,

On the below area of the reverse flat plate absorber cabinet drver :

Hpt=hpz X 10, o= 1.1223

Hy = 1.1223 x 7.4889 MJ/m’ = 8.4048 MJ / m’

and the tilted factor, rg, = 0.8536

the diffuse radiation on tilted surfaced at angle p=45° with horizontal ,
Hat = Haz X 14,

where: Hy, =4.86mV = 359.47 W /m?
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Average Hy, = (359.47 +319.53.)/ 2 = 339.50 W/ m*
Gain of energy in 5 hours = 339.50 W/ m’® x 18000 second = 6.1109 MJ/m*
Hy=6.1109 MJ/m? x 0.8536 = 52163 MJ/m’ .

On the top area of the reverse flat plate absorber cabinet dryer:

Hi=Hpzcos 0 + Hg; ,

At 14.00 AM, cos 4914 =0.8378

Hyp= (44231 W/m?x0.8378) +337.65 W/m® = 704.52 W/’

At 15.00 AM, cos 0;5=0.6844

Hy= (416.05 W/ m?x 0.6844) +339.50 W/m? = 624.24 W/m?

Average Hy, = 664.39 W / m’

Gain of energy in 5 hours = 664.39 W/ mz. x 18000 second = 11.9588 MJ / m?
e. The hourly efficiency or instantanéous efficiency is calculated from equation,

For : My a4.15

o= 0.0933 Kg x 2.4260 MJ / kg
(0.43 m?x(11.9588 + 5.2163 + 8.4048) MJ / m? )

x100% =2.04%

For : My q0.15)

n=q 1.1200 Kg x 2.4260 MJ / kg

x100% =24.52%
0.43m2x(11.9588+5.2163 +8.4048) MJ /m? ) ™

f. Finally, the Daily Efficiency is obtained from the equation,

_ Mvx Lvigy)

Nd szﬁ

2.4449+ 2.443+ 24283+ 2.419+ 2.424 4+ 2.426
Ly (average) = 5 = 2.4 MJ/kg

1
—2—[H,0 +2H ) +2H 3+ 2H 3+ 2H 4 + H}5)

-
> 5
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Table 4.1 Measured Data: 21-2-05(D=0.06m,V=0;03m), wheat: 3kg & on wet 4.05kg, 1%day

Time: 8:30, Wind Velocity (Daily Average: 5.2 Nauts & Instantaneous: 0 kmph) & Direction: NE

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
Ta (°C) 20.9 24.5 25.3 25.8 269 | 248
Try 21.6 25.3 26.6 26.6 24.8 25.3
Tra 21.6 25.3 26.6 26.6 24.8 252
Tr (°C) Tes 224 26.1 27:4 27.4 25.6 26.0
Trs 21.7 25.4 26.7 126.7 24.9 25.3
Tk avg) 21.8 25.5 26.8 26.8 25.0 25.5
Tey 17.1 19.3 22.6 22.9 21.3 23.4
Tey 16.6 18.8 22.1 23.4 21.8 22.9
Tc (°C) Tes 17.0 19.2 22.5 23.0 214 23.3
Tes 16.8 19.0 22.3. 232 21.6- 23.1
Te @vg) 16.9 19.1 223 232 | 215 232
Tp; 21.5 30.1 - 31.6 319 29.6 29.4
Tpz 223 30.9 323 | 327 30.4 30.2
Tp (°C) Tp3 21.7 30.2 31.7 32.1 29.8 29.6
Tpq 21.6 30.1 31.6 31.9 29.6 29.5
Toag | . 21.8 30.3 31.8 322 29.8 29.7
Hy, (mV) 9.37 9.25 8.31 8.91 8.12 8.96
Hy, (mV) 4.56 5.01° 4.82 4.76 4.13 5.23
Hy, (mV) 4.81 4.24 3.49 4.15 3.99 3.73
S, 60 56 52 50 47 46
S, 60 56 52 50 46 46
Sample =g 60 56 52 50 47 26
- (grams)
: S4 60 56 52 50 47 47
S @) 60.0 56.0 52.0 50.0 46.8 46.3
N % (1 hou) 0.00 30.16 16.81 6.19 7.96 1.60
M % 0.00 30.16 31.37 26.81 27.04 23.32
MNa % 2247
My.1_hour (k) 0.00 02700 | 02893 | 0.1558 | 02633 | 0.0650
M, (e 0.00 02700 | 05400 | 0.6750 | 0.8944 | 0.9450
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Table 4.2 Measured Data: 22-2-05(D=0.06m,V=0.03m), wheat: 3kg & on wet 3.17kg, 2"'day

Time: 8:30, Wind Velocity (Daily Average: 3.9 Nauts & Instantaneous: 0 kmph) & Direction: WN

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, (°C) 18.9 235 | 262 25.7 24.2 22.5
Te 19:4 20.0 27.4 23.2 24.6 22.8
Tey 19.4 20.0 27.4 232 24.5 22.8
Te (°C) Tes 20.2 20.8 28.2 24.0 25.4 23.6
Trq 19.6 20.2 27.6 23.4 24.8 23.0
Tk (ave) 19.7 20.3 27.7 235 24.8 23.0
Ter 147 14.7 22.4 20.9 22.1 20.4
Tey 14.9 14.8 22.6 20.7 21.9 20.6
Tc (°C) Tcs 14.9 14.9 22.7 20.7 21.9 20.6
Tes 15.1 15.1 229 20.4 21.7 20.8
Te (ave) 14.9 14.9 22.6 20.7 21.9 20.6
Tpy 20.3 24.8 33.5 28.8 30.3 275
T, 19.9 24.4 33.1 28.4 29.9 27.1
Tp (°C) Tps 20.3 24.7 33.5 28.8 30.2 27.5
Tpa 20.1 24.5 333 28.6 30.0 273
Tp ave) 20.1 24.6 33.3 28.6 30.1 27.4
Hy, (mV) 8.62 8.34 7.45 7.76 8.46 .8.78
H,, (mV) 423 - 4.62 3.22 5.56 3.83 431
Hy, (mV) 4.39 3.72 423 2.20 4.63 4.47
S, 47 45 44 43 42 42
S, 47 45 43 43 42 42
Sample S, 47 44 43 42 42 42
(grams) |—
S, 47 44 43 42 42 42
S @vg) 47.0 44.5 433 425 42.0 42.0
N % ¢t houn 0.00 20.72 5.66 2.48 1.22 0.00
M % 0.00 20.72 16.08 13.72 11.06 8.23
Na % 8.63
My.1_hour g 0.00 0.1686 | 00890 | 0.0550 | 0.0373 | 0.0000
Moo 0.00 0.1686 | 02529 | 03035 | 03372 | 03372
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Table 4.3 Measured Data: 24-2-05(D=0.05m,V=0.03m), wheat: 3kg & on wet 4.05kg, 1"day

Time: 8:30, Wind Velocity (Daily Average: 2.8 Nauts & Instantaneous: 0 kmph) & Direction: WS

Time (hours) 10.00 11.00 12.00 | 13.00 14.00 15.00
Ta (°C) 200 | - 221 25.9 26.3 24.5 23.4
Try 23.1 27.7 28.1 27.9 27.5 27.7
Tra 223 26.9 27.2 27.1 26.6 26.8
Tr (°C) Trs 22.8 274 27.7 27.6 27.1 27.3
Tra 22.5 27.1 274 27.3 26.8 27.0
Tk ave) 22.7 273 27.6 27.5 27.0 27.2
Tey 16.9 19.7 22.3 24.2 23.8 24.0
Tca 17.0 19.8 22.4 24.1 23.6 241
Tc (°C) Tes 17.5 20.4 22.9 23.5 23.1 24.7
Tes 17.6 20.4 23.0 23.5 23.0 24,7
Tc (avg) 17.2 20.1 22.6 23.8 23.4 24.4
Tpy 22.5 32.3 32.5 32.8 32.0 31.6
Tpa 229 32.6 32.9 33.1 324 31.9
Tp (°C) Tps 23.1 32.9 33.1 33.4 32.6 32.2
Tps 22.5 322 32.5 32.8 32.0 31.6
Tp (ave) 22.7 32.5 32.8 33.0 322 31.8
Hy, (mV) 9.89 9.75 8.24 8.14 8.85 8.81
Hg, (mV) 4.88 5.13 4.72 4.12 4.52 4.71
Hy, (mV) 5.01 4.62 3.52 14.02 4.33 4.10
S 60 56 53 50 47 46
S, 60 56 52 50 47 46
Sample =g~ 60 56 52 50 a7 26
(grams) .
S 60 56 52 50 47 46
S tave). 60.0 56.0 52.3 50.0 47.0 46.0
N % (1 hou) 0.00 29.65 14.82. 7.98 721 1.83
N % 0.00 29.65 29.50 28.49 27.28 22.83
Mg % . 2228 ,
My.1_hour (ke) 0.00 02784 | 02628 | 0.1938 | 02340 | 0.0756
M, gy 0.00 02784 | 05231 | 0.6919 | 0.8859 | 0.9450

Iv-21




Table 4.4 Measured Data: 25-2-05(D=0.05m,V=0.03m), wheat: 3kg & on wet 3.17kg, 2"dday

Time: 8:30, Wind Velocity (Daily Average: 4.2 Nauts & Instantaneous: 0 kmph) & Direction: WS

Time (hours) 10.00 11.00 12.00 13.00, 14.00 15.00
T, (°C) 19.8 23.4 26.5. 24.5 24.9 234
Try 212 273 279 29.0 28.4 279
Tey 21.6 27.7 28.3 29.4 28.8 28.3
Te (°C) Trs 20.8 26.8 274 28.6 28.0 27.5
: Tra 21.0 27.0 27.6 28.7 28.1 21.7
Tk (avg) 212 27.2 27.8 28.9 28.3 27.8
Ter 16.5 20.4 232 24.9 243 25.4
T 16.3 202 .23.0 25.1 24.5 25.1
Tc CC) Tcs 15.8 19.7 22.6 25.6 25.0 24.7
Tea 15.7 19.6 224 25.7 25.1 24.5
Tc vy 16.1 20.0 22.8 25.3 24.8 249
Tpi 212 324 33.1 . 34.8 33.9 32.6
Tp, 20.9 32.1 32.7 34.4 33.5 322
Tp (°C) Tps 20.9 32.1 32.8 34.5 33.6 32.3
Tps 21.6 32.8 33.4 35.1 34.2 329
Tp @vg 21.1 32.4 33.0 34.7 33.8 32.5
Hr, (mV) 10.95 9.87 8.12 781 8.75 8.92
Hg, (mV) 4.85 5.12 4.65 435 4.37 4.68
H,, (mV) 6.10 4.75 3.47 3.46 4.38 4.24
S, 47 44 43 42 42 42
S, 47 44 43 42 42 42
(S;’:rils S, 47 45 43 43 42 42
S, 47 44 43 42 42 42
| S (v 47.0 443 43.0 0.3 42.0 420
N % (1 houy 0.00 18.37 4.98 2.33 0.59 0.00
1 % 0.00 18.37 15.01 13.49 10.68 8.09
Na% 7.92
M1 hour kg 0.00 0.1855 | 0.0895 [ 0.0553 | 0.0188 | 0.0000
M, g 0.00 0.1855 | 02698 | 03204 | 03372 | 03372
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Table 4.5 Measured Data: 28-2-05(D=0.06m,V=0.03m), peas: 2kg & on wet 2.47kg, 1*day

Time: 8:30, Wind Velocity (Daily Average: 4.2 Nauts & Instantaneous: 0 kmph) & Direction: NE

Time (hours) 1000 | 1100 | 1200 | 1300 | 1400 | 15.00

T, (C) 2500 | 2850 | 2040 | 2980 | 2750 | 27.10

Toy 2684 | 3094 | 3206 | 3196 | 2858 | 27.49

T 2680 | 3090 | 3203 | 3193 | 2855 | 2745

T.CC) | Tm 2759 | 3160 | 3281 | 3271 | 2933 | 2824

Trq 2691 | 3101 | 3213 | 3203 | 2865 | 2755

Treg | 2703 | 3113 | 3226 | 3216 | 28.78 | 27.68

Tey 2107 | 2342 | 2700 | 2775 | 2470 | 2536

Tey 2059 | 2294 | 2651 | 2824 | 2518 | 2487

TeC) | Te 2100 | 2335 | 2693 | 2783 | 2477 | 2528

Tea 2079 | 23.04 | 2671 | 28.04 | 2498 | 25.07

Tews | 2086 | 2321 | 2679 | 2796 | 2491 | 25.15

To; 2678 | 3680 | 3803 | 3834 | 3407 | 3205

Toy 2757 | 3759 | 3881 | 39.12 | 3486 | 3283

T,CC) | Tr 2696 | 3698 | 3820 | 3852 | 3425 | 3223

Tog 2681 | 3683 | 3805 | 3837 | 3410 | 3208

Trag | 2703 | 3705 | 3827 | 3859 | 3432 | 3230

Hy, (mV) 5.52 9.56 1094 | 1053 9.58 9.51

Hy, (mV) 2.80 3.12 245 242 221 232

H,, (mV) 272 6.44 8.49 811 737 719

S, 5500 | 5000 | 4595 | 4400 | 41.00 | 40.00

S, 5500 | 5000 | 4600 | 4400 | 41.00 | 4000

(Sampk; S, 5500 | 5000 | 4602 | 4400 | 41.00 | 40.00

Srms Sa 5500 | 5100 | 47.00 | 4400 | 4200 | 40.00

Swg | 5500 | 5025 | 4624 | 4400 | 4125 | 40.00

% 0 o) 000 | 3093 | 1009 | 367 3.76 1.59

1 % 000 | 3093 | 2014 | 1513 | 1504 | 1429
Ne% 14.03

My.1 our (o 000 | 02133 | 0.1969 | 0.1198 | 0.1544 | 00748

Mg 000 | 02133 | 03933 | 04940 | 06175 | 06736
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Table 4.6 Measured Data: 1-3-05(D=0.06m,V=0.03m), peas: 2kg & on wet 1.86kg, 2"'day -

Time: 8:30, Wind Velocity (Daily Average: 3 Nauts & Instantaneous: 2 kmph) & Direction: W -

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
Ta (°C) | 255 29.5 29.8 30.5 28.0 27.4
Ty 26.8 31.5 32.6 33.0° 30.1 29.2
Tgy 26.8 314 32.5 33.0 30.1 29.2
Tr (°C) Tes 27.6 32.2 33.3 33.7 30.9 30.0
Tes - | 269 31.5 32.7 33.1 30.2 29.3
Tr @ave) 27.0 31.6 32.8 33.2 30.3 - 29.4
Ter 21.1 23.8 27.4 28.7 26.1 26.9
Tey 21.6 24.5 26.9 29.2 26.6 26.4
T (°C) Tcs 21.0 23.7 27.4 28.8 26.1 26.8
Teq 21.8 24.9 27.1 29.0 . 26.4 26.6
T ave) 214 24.2 27.2 28.9 26.3 26.7
Tp) 26.8 37.4 386 | 396 35.9 34.1
Tp, 27.6 38.2 39.4 40.4 36.7 34.8
Tp (°C) Tps 27.0 37.6 38.8 39.8 36.1 34.2
Tps . 26.8 37.4 38.7 39.6 35.9 34.1
Tp (ave) 27.0 37.7 38.9 39.8 36.1 343
Hy, (mV) 7.41 8.79 10.32 10.83 5.59 5.42
H, (mV) - 3.44 2.61 2.56 3.42 3.88 3.91
H,, (mV) 3.97 6.18 7.76 7.41 1.71 1.51
S, 42 39 37 35 34 33
S, 41 39 37 36 35 34
Sample S, a1 38 37 36 35 34
(grams)
S, 42 39 37 35 34 34 .
S (ave) 41.5 38.7 37.0 35.5 34.5 33.8.
N % (1 how) 0.00 15.97 451 2.41 1.55 1.45
M % 0.00 - 15.97 10.84 8.59 9.27 12.47
Na% 845
M,.-1 hour (ke) 0.00 0.1233 0.0839 0.0754 0.0524 | 0.0404
M, o) 0.00 0.1233 0.2017 0.2689 03137 | 0.3473
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Table 4.7 Measured Data: 3-3-05(D=0.06m,V=0.03m), peas: 3kg & on wet 3.7kg, ls‘day

Time: 8:30, Wind Velocity (Daily Average: 4.3 Nauts & Instantaneous: 0 kmph) & Direction: WE

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, (°C) 25.2 28.1 29.2 30.1 28.4 27.3
Te 25.3 29.9 30.5 30.9 27.1 26.0
Tro 25.3 29.9 30.5 30.9 27.0 25.9
Te (°C) Trs 126.1 30.7 31.2 31.7 27.8 26.7
Tra 25.4 30.0 30.6 31.0 27.1 26.0
TF (avg) 25.5 30.1 30.7 31.1 27.3 26.2
Ter 19.9 22.7 25.7 26.8 23.3 24.0
Te 19.4 222 252 273 23.8 23.5
Tc (°C) Tcs 19.8 22.6 25.6 26.9 23.4 23.9
Tea 19.6 22.4 25.4 27.1 . 23.6 23.7
Tc ave) 19.7 22.5 25.5 27.0 235 23.8
Tpy 25.2 35.6 36.2 37.1 32.3 30.3
Tpy 26.0 36.4 36.9 37.9 33.0 31.1
Tp (°C) Tps 25.4 35.8 36.3 37.3 32.4 30.4
Tps 25.3 35.6 36.2 37.1 32.3 30.3
Tp (avg) 25.5 35.8 36.4 37.4 32.5 30.5
Hy, (mV) 8.25 -8.74 10.21 10.67 8.82 8.25
H,, (mV) 3.16 2.65 2.14 2.82 2.53 2.67
H,, (mV) 5.09 6.09 8.07 7.85 6.29 5.58
S, 55 52 48 45 42 41
S, 55 51 47 45 42 40
Sample s, 55 52 47 45 22 40
(grams)
S, 55 51 47 44 42 41
S (ave) 55.0 51.5 47.3 44.8 42.0 40.5
1N % (1 hown 0.00 28.74 16.39 -6.31 5.82 3.15
N % 0.00 28.74 27.98 22.23 22.39 23.24
Na%
M. hour (k) 0.00 0.2355 0.3053 0.1958 02274 | 0.1321
M, (g 0.00 0.2355 0.5214 0.6895 0.8745 0.9755
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Table 4.8 Measured Data: 4-3-05(D=0.06m,V=0.03m), peas: 3kg & on wet 2.78kg, Z"dday

Time: 8:30, Wind Velocity (Daily Average: 1.9 Nauts & Instantaneous: 0 kmph) & Direction: SW

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
Ta °C) 25.5 27.9 28.6 30.4 29.4 28.9
Tey 26.9 31.4 32.6 33.0 30.1 29.2
Tr, 26.8 31.4 32.6 33.0 30.1 29.2
T (°C) Trs 27.6 32.2 33.3 33.5 30.9 30.0
Trs 26.9 31.5 32.7 33.1 30.2 29.1
Tk ave) 27.1 31.6 32.8 - 33.1 30.3 29.4
Ty 21.1 23.8 27.4 28.7 26.1 269
Tco 21.6 24.4 26.9 29.2 26.6 26.4
Te (°C) Tcs 21.0 23.7 27.4 28.8 26.1 26.9
- Tca 21.8 24.9 27.1 29.0 26.4 26.6
Te @ve) 21.4 24.2 272 28.9 26.3 26.7
Tpy 26.8 37.4 38.6 38.9 36.0 34.1
Tpy 27.6 38.2 39.4 404 36.7 34.8
Tp CC) Tps 27.0 37.6 38.6 39.8 36.1 34.2
Tps 26.8 37.4 38.7 | 396 35.9 34.1
Tp (ave) 27.0 37.7 38.8 39,7 36.2 34.3
Hr, (mV) 7.32 8.81 10.31 10.84 5.80 5.64
H,, (mV) 3.42 2.40 2.55 3.44 3.73 3.84
Hy, (mV) 3.90 6.41 7.76 7.40 2.07 1.80
S, 4] 39 38 37 36 36
S, 41 40 39 38 37 36
Sample [~ 41 40 39 38 37 35
(grams)
S, 42 40 39 37 36 36
S @) 413 39.8 38.8 37.5 36.5 35.8
N% thowy 0.00 13.26 3.78 2.89 2.18 1.99
1 % 0.00 13.26 9.11 8.14 9.40 12.88
T4% 9.00 ,
My.1_bour k) 0.00 0.1011 | 0.0699 | 0.0897 | 0.0741 | 0.057
My 0.00 0.1011 | 0.1685 | 02527 | 03201 | 0.3707
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Table 4.9 Measured Data: 9-3-05(D=0.06m,V=0.01m), peas: 4kg & on wet 4.93kg, ls'day

Time: 8:30, Wind Velocity (Daily Average: 1.6 Nauts & Instantaneous: 4 kmph) & Direction: EN

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, (°C) 27.1 28.4 30.2 31.5 32.7 32.4
Ty, 28:0 29.3 31.7 32.5 333 32.9
Tr 27.9 29.3 31.7 32.4 333 32.9
T; (°C) Tes 28.7 30.0 32.5 33.2 34.1 33.7
Trq 28.0 29.4 31.8 32.5 334 33.0
Tt v 282 29.5 31.9 32.7 33.5 33.1
Tl 21.9 2.2 26.7 28.2 29.0 30.2
Te, 214 21.7 26.3 28.7 29.5 29.8
Tc (°C) Tes 21.9 2.1 26.7 28.3 29.1 30.2
Tes 21.6 21.9 26.5 28.5 29.3 30.0
T¢ g 21.7 22.0 26.5 284 | 292 30.0
Ty, 27.9 34.8 37.7 39.0 39.8 38.4
Tp 28.7 35.6 384 39.7 406 | 392
TCC) | Tp 28.1 35.0 378 .| 39.1 40.0 38.6
Trs 27.9 34.9 37.7 39.0 39.8 385
T (ave) 28.2 35.1 379 39.2 40.0 38.7
Hy, (mV) 8.42 10.57 10.32 10.83 9.85 9.71
Hy, (mV) 2.04 2.61 2.41 2.56 2.64 2.35
H,, (mV) 6.38 7.96 7.91 8.27 7.21 7.36
S, 55 52 48 45 43 41 -
S, 55 52 48 46 43 41
Sample S, 55 52 48 45 43 41
(grams) :
Ss 55 52 48 46 43 41
S (@vg) 55.0 52.0 48.0 45.5 43.0 41.0
N% (1 hous) 0.00 30.11 18.71 8.16 6.69 493
N% - 0.00 30.11 30.95 27.05 26.56 26.97
Ma % 25.49 .
M,.1_tour o 0.00 02689 | 03792 | 02568 | 02709 | 02293
Mg 0.00 | 02689 | 06275 | 08515 | 1.0756 | 1.2549
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Table 4.10 Measured Data: 10-3-05(D=0.06m,V=0.01m), peas: 4kg & on wet 3.77kg, Z"dday

Time: 8:30, Wind Velocity (Daily Average: 3.2 Nauts & Instantaneous: 0 kmph) & Direction: N

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, (°C) 27.3 28.5 29.9 31.5 33.4 30.2
| Tey 28.1 29.6 321 32.8 335 32.0
Te, 28.1 29.5 32.1 32.7 33.5 32.0
Tr (°C) T 28.9 30.3 32.9 33.5 34.2 32.8
" Ty 28.2 29.6 32.2 32.9 33.6 32.1
TF ave) 28.3 29.8 32.3 33.0 33.7 32.2
Te 22.0 22.4 27.0 28.5 29.1 29.4
Tc, 21.6 21.9 26.6 29.0 29.6 28.9
Tc (°C) Tes 22.0 22.3 27.0 28.6 29.2 29.4
Tes 21.8 22.1 26.8 28.8 29.4 29.1
Tc avg) 21.8 22.2 26.8 28.7 - 29.3 29.2
Tp, 28.1 35.2 " 38.1 39.3 40.0 374
Tp, 28.9 35.9 38.9 40.1 40.8 38.2
Tp CC) Tps 28.2 35.3 38.3 39.5 40.1 37.6
Tes 28.1 35.2 38.1 39.4 40.0 37.4
Tp (avg) 28.3 35.4 38.3 39.6 .40.2 37.6
Hy, (mV) 8.42 10.65 10.32 10.73 10.38 9.65
H,, (mV) 2.04 2.61 2.41 2.75 2.44 2.43
H,, (mV) 6.38 8.04 7.91 7.98 7.94 722
S, 42 41 39 38 37 37
S, 42 41 40 38 38 37
Sample S, 2 40 39 38 37 36
(grams)
Ss 42 40 39 38 37 37
S (avg) 42.0 40.5 39.3 38.0 37.3 36.8
N% 1 how) | 0.00 15.07 5.73 3.84 1.82 1.07
N % 0.00 15.07 12.16 11.49 10.40 9.94
MNa% 52
M| hour (kg) 0.00 0.1346 0.1164 | 0.1201 0.0744 | 0.0506
M, (g 0.00 0.1346 0.2468 0.3590 0.4264 | 04713
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Table 4.11 Measured Data on 14-3-05(D=0.06m, V=0.02m), peas: 4kg & on wet 4.93kg (IStdayj

Time: 8:30, Wind Velocity (Daily Average: 2.2 Nauts & Instantaneous: 0 kmph) & Direction: -

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, CC) 27.0 28.6 30.1 31.3 32.4 32.3
Tpy 28.4 294 | 326 34.0 34.1 33.0
Te 28.3 29.4 32.5 34.0 34.0 33.0
T; (°C) Tps 29.1 30.2 33.3 34.8 34.8 33.8
Trq 28.4 29.5 32.7 34.1 34.1 33.1
Tk (avg) 28.6 ©29.6 32.8 342 34.3 33.2
Ty 222 223 274 | . 296 29.6 30.3
Tey 21.7 21.8 26.9 30.1 30.1 29.8
T (°C) Tcs 222 222 274 29.7 29.7 30.3
Te 21.9 22.0 27.1 29.9 29.9 30.0
Te @vg) 22.0 22.1 272 29.8 29.8 30.1
Tp; 28.3 35.0 38.6 40.8 40.6 38.6
Tpy 29.1 35.8 39.4 41.6 41.4 39.4
Tp (°C) Tes 28.5 35.1 38.8 41.0 40.8 38.7
Tpa 28.4 350 38.7 40.8 40.7 38.6
Tp (avg) 28.6 352 38.9 41.1 40.9 38.8
Hr, (mV) 9.32 10.42 10.18 10.83 9.46 9.65
H,, (mV) 2.43 2.61 2.74 2.55 2.64 235
Hy, (mV) 6.89 7.81 7.44 8.28 6.82 7.30
Sy 55 52 47 45 43 41
S, 55 52 48 45 43 41
Sample S, 55 51 47 45 2 40
(grams) : '
S, 55 52 48 46 42 41
S (ave) 55.0 51.8 475 453 425 40.8
N % (t how) 0.00 31.56 20.38 7.61 7.65 4.56
n % 0.00 31.56 33.84 28.47 28.60 28.71
M¢% ‘ 26.56
My.1_hour ke) 0.00 02913 | 0.4049 | 02335 | 02996 | 0.2030
My gy 0.00 02013 | 06723 | 08740 | 1.1205 | 12773

IV-29




Table 4.12 Measured Data: 15-3-05(D=0.06m,V=0.02m), peas: 4kg & on wet 3.77kg, Z"f’day

Time: 8:30, Wind Velocity (Daily Average: 1.4 Nauts & Instantaneous: 0 kmph) & Direction: SW

Time (hours) 10.00 |- 11.00 12.00 13.00 14.00 15.00
T, (°C) 27.1 28.6 29.7 31.7 33.2 30.3

Ty 28.6 29.6 32.9 34.2 34.3 33.2

Tr 28.5 29.6 32.9 34.2 34.3 33.2

Ty (°C) Trs 29.3 30.4 33.6 35.0 35.1 33.9
Tra 28.6 29.7 33.0 34.3 34.4 33.3

Tk (avg) 28.8 29.8 33.1 34.4 34.5 33.4

Ty 22.4 22.4 27.7 29.8 29.9 30.5

Teo 21.9 22.0 27.2 30.3 30.4 30.0

T (°C) T 223 22.4 27.6 29.9 29.9 30.4
Tes 22.1 222 27.4 30.1 302 30.2

Te @vg) 222 222 27.5 30.0 30.1 30.3

Ty 28.5 352 39.0 41.1 40.9 38.7

T, 29.3 36.0 '39.8 41.8 417 39.5

Tp (°C) Tps 287 35.4 39.2 41.2 41.1 38.9
Tps 28.6 . 35.2 39.0 41.1 41.0  38.8

Tp (g 28.8 35.5 39.3 41.3 41.2 39.0

 Hp, (mV) 8.64 10.76 10.12 10.83 - 9.85 9.72
Hy, (mV) 221 2.68 2.52 2.56 2.55 237 .

H,, (mV) 6.43 8.08 7.60 8.27 7.30 7.35

S 42 41 39 37 37 37

S, 42 40 39 38 37 36

(Saml’f; s, 42 40 39 38 37 36

— S, 42 40 39 38 37 37
S @avg) 420 |- 403 39.0 37.8 37.0 36.5

N % (1 hou 0.00 17.56 5.86 3.94 1.89 1.12
L2 0.00 17.56 13.48 12.44 11.33 10.89

M4 % 10.21

My.1_hour (ke) 0.00 0.1571 | 0.1171 | 0.1208 | 0.0749 | 0.0509
M, 4 0.00 0.1571 | 02693 | 03815 | 04488 | 0.4937
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Table 4.13 Measured Data: 16-3-05(D=0.06m,V=0.03m), peas: 4kg & on wet 4.93kg, ls'day

Time: 8:30, Wind Velocity (Daily Average: 1.8 Nauts & Instantaneous: 0 kmph) & Direction: SW

Time (hours) 1000 | 1100 | 1200 | 13.00 | 1400 | 15.00
T, (C) 279 306 322 33.7 34.6 34.1
T, 289 299 33.6 34.0 34.7 341
Try 28.9 299 336 34.0 346 34.0
TeCC) | Tm 296 30.7 344 34.8 35.4 34.8
Tra 29.0. 300 337 34.1 347 34.1
Trag | 291 | 301 33.8 3422 349 343
Tey 22.6 227 283 296 302 312
Tes 2.1 222 2738 30.1 30.7 308
TeC0) | To 2.5 226 282 297 303 312
~ Ton 223 224 280 20.9 305 31.0
Tewn | 224 2.5 28.1 29.8 30.4 31.0
To; 288 356 399 408 414 39.8
| Try 296 36.4 407 41.6 421 405
T,CC) | Tes 200 35.8 20.1 41.0 415 39.9
Tos 28.9 35.6 39.9 40.8 414 39.8
Trawg | 291 | 358 20.1 1.1 41.6 40.0
Hy, (mV) 931 1033 | 1020 | 1075 | 1010 | 944
H,, (mV) 2.45 2.64 2.75 2.40 275 2.34
H,, (mV) 6.86 7.69 7.45 8.35 735 7.10
s, 55 51 47 45 42 40
S, 55 51 47 4 ) 41
Sample S, 55 51 47 45 42 40
(grams) ‘
S, 55 52 43 45 2 41
Swg | 550 513 473 44.8 42.0 405
N% 0 sow) 000 | 3677 | 1955 857 7.62 3.90
n % 000 | 3677 | 3530 | 3019 | 2932 | 28.79
Ne% 26.99 |
My pou o 000 | 03361 | 03848 | 02608 | 03030 | 0.1761
Moo 000 | 03361 | 06947 | 09188 | 1.1653 | 1.2997
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Table 4.14 Measured Data: 17-3-05(D=0.06m,V=0.03m), peas: 4kg & on wet 3.77kg, 2"day

Time: 8:30, Wind Velocity (Daily Average: 1.3 Nauts & Instantaneous: 0 kmph) & Direction: N

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
Ta CC) 27.0 28.5 30.0 31.6 33.4 31.0
Tr, 29.1 30.1 33.9 34.2 34.8 34.2
Tr 29.1 30.1 33.9 34.2 34.8 34.1
Tr (°C) Trs 29.9 30.9 34.7 35.0 35.6 34.9
Trq 29.2 30.2 34.0 34.3 34.9 34.2
TF @avg) 29.3 30.3 34.1 34.4 35.0 34.4
Te 22.8 22.8 28.5 29.8 30.3 31.3
Tey 22.3 22.3 28.1 30.3 30.8 30.8
Tc CO) Tcs 22.7 22.7 28.5 29.9 30.4 31.3
Tcq 22.5 22.5 28.3 30.1 30.6 31.0
Tc (avg) 22.6 22.6 28.3 30.0 30.5 31.1
Tpy 29.1 35.8 40.3 41.1 41.5 39.9
Tp, 29.9 36.6 41.1 41.8 42.3 - 40.7
T, (°C) Tps 29.3 36.0 40.4 41.2 41.7 40.0
Tpy 29.1 35.9 40.3 41.1 41.6 39.9
T (avg) 29.3 36.1 40.5 41.3 41.8 40.1
Hy, (mV) 9.12 10.23 10.00 10.72 9.50 9.23
Hg, (mV) 2.25 2.10 2.64 2.50 2.95 2.15
Hy, (mV) 6.87 8.13 7.36 8.22 6.55 7.08
S 42 40 39 37 36 36
S, 42 40 38 37 37 36
Sample S, 42 40 39 38 37 36
(grams)
S4 42 40 39 38 37 37
S (ave) 42.0 40.0 38.8 37.5 36.8 36.3
1 % (1 nown) 0.00 19.94 6.07 4.06 1.96 1.19
n % 0.00 19.94 15.04 13.48 12.24 11.95
MNa % 10.99
My.1_hour (ke 0.00 0.1795 0.1178 0.1216 0.0754 0.0513
M, g 0.00 0.1795 0.2917 0.4039 0.4713 0.5161
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Table 4.15 Measured Data: 21-3-05(D=0.06m,V=0.03m), paddy: 3kg & on wet 4.2kg, 1*'day

Time: 8:30, Wind Velocity (Daily Average: 1.3 Nauts & Instantaneous: 2 kmph) & Direction: NE

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, (°C) 30.1 32.0 35.4 38.3 36.5 34.5
Te 31.0 33.0 37.2 39.4 372 35.1
- Tr 31.0 33.0 37.1 39.4 372 35.0
Te (°C) Trs 31.8 33.7 37.9 40.2 38.0° 35.8
Trq 31.1 33.1 37.2 39.5 37.3 35.1
TF (avg) 31.2 33.2 37.4 39.6 37.4 353
Tep 24.3 24.9 31.2 34.5 32.5 32.1
Te, 23.8 24.4 307 | 350 33.0 31.7
Tc (°C) Tes 24.2 24.8 31.1 34.6 32.5 32.1
Tes 24.0 24.6 30.9 34.8 32.8 31.9
Te (ave) 24.0 24.7 31.0 34.7 32.7 31.9
Tp; 31.0 39.3 44.1 47.4 44 .4 40.9
T, 31.8 40.0 449 48.1 452 41.7
Tp (°C) Tes 31.2 39.4 44.3 47.5 44.6 41.1
Trq 31.0 39.3 442 474 44.4 41.0
Tp (avg) 31.2 39.5 44 .4 476 44.6 412
Hy, (mV) 9.81 10.24 9.74 10.48 10.51 9.92
H;, (mV) 4.85 5.01 4.42 4.71 4.32 4.86
H,, (mV) 4.96 523 5.32 5.77 6.19 5.06
S, 60 55 51 47 45 44
S, 60 55 52 48 45 44
Sample S, 60 55 51 48 45 44
(grams)
S4 60 55 51 47 45 44
S (avg) -60.0 55.0 51.3 47.5 45.0 44.0
N % (1 houn 0.00 38.49 15.31 10.80 5.75 2.04
n % 0.00 38.49 32.75 30.76 27.32 24.52
Na% 23.97
M,.1_hour (ke) 0.00 0.3500 0.2864 0.3073 0.2211 0.0933
M, e 0.00 0.3500 0.6125 0.8750 1.0500 1.1200
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Table 4.'16 Measured Data: 22-3-05(D=0.06m,V=0.03m), paddy: 3kg & on wet 3.19kg, Z"dday

Time: 8:30, Wind Velocity (Daily Average: 4 Nauts & Instantaneous: 2 kmph) & Direction: W

“Time (hours) 1000 | 1100 | 1200 | 1300 | 1400 | 15.00
T, (C) 300 32.4 35.0 38.1 36.1 34.3

o 308 327 370 392 369 349

T 308 32.7 36.9 392 369 348

T.CO) | Ta 316 335 37.7 39.9 377 | 356
Tre 309 32.8 37.0 393 | 370 34.9

Tk (g 31.0 32.9 37.2 39.4 37.1 35.1

Ter 241 2.7 31.0 34.3 322 32.0

Tey 236 242 305 | 348 327 315

.0 | Ta 24.0 24.7 309 343 323 31.9
Toy 238 244 307 34.6 325 317

Tewn | 239 245 30.8 34.5 325 | 318

Tor 308 38.9 439 47.0 441 40.7

Try 31.6 39.7 447 478 44.9 415

T,CC) | Tr 31.0 30.1 44.1 472 443 40.9
Tpe 30.8 39.0 439 471 | 441 40.7

Trem | 310 3922 4.1 473 | 443 40.9

Ho, (mV) 9.9 1046 | 1028 | 1093 | 1072 | 973
Hy, (mV) 477 493 4.62 438 4.66 481
H,, (mV) 5.15 5.53 5.66 6.55 6.06 492

S, 46 45 24 42 2 41

S, 45 44 43 43 42 0

Sample S, 46 44 43 43 22 42

(grams)

S, 45 44 43 42 2 2

Seng | 455 443 433 2.5 2.0 418

N% o) 0.00 9.50 374 1.86 0.94 0.41

N % 0.00 9.50 8.18 7.07 6.17 573
Ne% 548 | |
Mo pow g 000 | 00876 | 00721 | 00553 | 0.0375 | 0.0190
M, 1 000 | 00876 | 0.1577 | 02103 | 02454 | 02629
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Table 4.17 Measured Data: 23-3-05(D=0.06m,V=0.03m), paddy: 3kg & on wet 3.01kg, 3"day

Time: 8:30, Wind Velocity (Daily Average: 1.6 Nauts & Instantaneous: 2 kmph) & Direction: NW

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, (°C) 30.2 32.5 35.2 38.1 36.3 33.5
Tr 30.7 32.6 36.9 37.2 36.9 34.8
Te2 30.7 32.6 36.8 372 36.9 34.7
T °C) Trs 31.5 33.4 37.6 38.0 37.6 35.5
Tra 30.8 32.7 36.9 37.3 37.0 34.8
TF (ave) 30.9 32.8 37.1 374 37.1 35.0
Ter 24.0 24.7 30.9 32.5 32.2 31.9
Te 23.5 24.2 30.4 33.0 32.7 314
Te (°C) Tes 23.9 24.6 30.9 32.6 32.3 31.8
Tes 23.7 24.4 30.6 32.8 32.5 - 316
Tc (ave) 23.8 24.4 30.7 32.7 32.4 31.7
Tpy 30.7 38.8 43.8 44.7 44.0 40.6
Tes 31.5 39.6 44.5 45.5 44.8 41.4
Tp (°C) Tps 30.9 39.0 43.9 44.9 44.2 40.8
Tps 30.7 38.9 43.8 44.7 44.1 40.6
Tp (ave) 30.9 39.1 44.0 44.9 44.3 40.8 -
Hy, (mV) 9.72 10.11 10.12 10.39 10.02 | 1091
H,, (mV) 4.35 4.39 4.02 3.91 3.49 3.75
H,, (mV) 537 572 6.10 6.48 - 6.53 7.16
S 43 42 42 41 41 41
S, 43 43 42 42 41 40
Sample S 23 42 a1 a1 40 40
(grams)
S4 43 42 42 41 41 40
S (ave) 43.0 42.3 41.8 41.3 40.8 40.3
N % (1 hour) 0.00 5.84 1.89 1.25 0.97 0.80
N % 0.00 5.84 4.64 425 4.17 4.18
N % 4.12
M1 hour (ke) 0.00 0.0525 0.0356 | 0.0360 | 0.0365 0.0369
M, 0.00 0.0525 0.0875 0.1225 0.1575 0.1925
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Table 4.18 Measured Data: 24-3-05(D=0.06m,V=0.03m), paddy: 3kg & on wet 2.94kg, 4"'day

Time: 8:30, Wind Velocity (Daily Average: 1.7 Nauts & Instantaneous: 2 kmph) & Direction: NE

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
Ta C) 29.9 32.5 352 37.8 37.2 34.2
Tr, 30.7 32.5 368~ | 372 36.8 347
Try 30.6 324 36.8 37.2 36.8 34.6
Ty (°C) Trs 31.4 332 37.6 379 37.6 35.4
Trs 30.7 32.5 36.9 37.3 36.9 34.7
Tk avgy 30.9 32.7 37.0 37.4 37.0 349
Tey 24.0 24.5 30.9 32.5 322 31.8
T, 23.5 24.1 30.4 33.0 32.6 31.3
T (°C) Tes 23.9 24.5 30.8 32.5 32.2 31.7
Tes 23.7 24.3 30.6 32.8 324 31.5
Te @ 23.8 24.3 30.7 327 | 324 31.6
Tpy 30.6 38.6 43.7 44.6 44.0 40.5 .
Tpy 31.4 39.4 44.5 454 44.8 412
Tp (°C) Trs 30.8 38.8 43.9 44.8 442 40.6
Tps 30.7 38.7 43.7 447 .| 440 40.5
Th ave) 30.9 38.9 43.9 44.9 442 407
Hr, (mV) 9.32 10.21 10.38 10.46 10.68 10.95 -
H,, (mV) 4.32 4.27 4.10 3.82 3.96 391
Hy, (mV) ©5.00 5.94 6.28 6.64 6.72 7.04
S, 42 42 41 41 40 39
S, 42 41 41 40 40 40
Sample | Tg- 42 41 a1 20 40 40
(grams)
S 42 42 41 41 40 40
S (ave) 42.0 41.5 41.0 40.5 40.0 39.8
N % (1 houn 0.00 3.99 1.86 . | 123 0.94 0.39
N % 0.00 3.99 3.68 3.59 3.61 3.33
M4 % 332 , .
M,.1_hour (ke) 0.00 0.0350 | 0.0354 | 0.0359 | 0.0363 | 0.0184
Mo 0.00 0.0350 | 0.0700 | 0.1050 | 0.1400 | 0.1575
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Table 4.19 Measured Data: 28-3-05(D=0.06m,V=0.03m), paddy: 4kg & on wet 5.6kg, IStday

Time: 8:30, Wind Velocity (Daily Average: 1.3 Nauts & Instantaneous: 0 kmph) & Direction: N

Time (hours) 1000 | 1100 | 1200 | 1300 | 1400 | 15.00
T, (C) 300 322 353 386 36.4 342
Ty 304 324 362 386 3622 34.1
Try 304 323 362 | 386 36.2 34.0
T.CC) | Te 312 33.1 370 394 36.9 34.8
Trg 30,5 324 363 38.7 36.3 34.1
Trag | 306 32.6 364 38.8 36.4 343
Tor 238 %5 304 33.8 31.6 312
Tey 233 24.0 299 343 32.0 30.8
T.C0) | Ta 237 24.4 303 338 31.6 312
Ter 235 242 301 341 31.8 31.0
Toas | 236 243 302 340 318 31.0
Toy 304 38.5 43.0 264 432 39.8
Ty 312 393 4338 472 44.0 205
T,CC) | Tm 306 38.7 432 465 434 39.9
| Toa 304 38.5 530 | 464 132 39.8
Trwg | 30.6 38.8 433 366 | 434 40.0
Hy, (mV) 081 | 1024 | 974 | 1048 | 1051 | 992
Hg, (mV) 485 5.01 442 471 432 4.86
H,, (mV) 4.96 523 532 577 6.19 5.06
S, 60 56 52 43 26 44
S, 60 56 52 43 46 45
Sample S, 60 55 52 43 45 44
(grams)
S, 60 55 51 13 45 44
Swg | 600 55.5 518 480 | 455 4.3
N% 0 vow) 000 | 4695 | 2057 | 1452 | 775 345
n % 000 | 4695 | 41.87 | 40.08 | 3594 | 3296
Ne% 32.05
M, 1 rou () 000 | 04200 | 03784 | 04058 | 02917 | 0.1538
M, og 000 | 04200 | 07700 | 1.1200 | 13533 | 1.4700
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Table 4.20 Measured Data: 29-3-05(D=0.06m,V=0.03m), paddy: 4kg & on wet 4.32kg, 2“dday

Time: 8:30, Wind Velocity (Daily Average: 2.7 Nauts & Instantaneous: 2 kmph) & Direction: NW

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
Tx CC) 29.9 33.0 35.5 37.8 36.2 33.5
Tr 30.3 32.3 36.0 38.6 36.2 34.1
1 Tr 303 322 36.0 38.6 36.2 34.0
Te (°C) Tes 31.1 33.0 36:8 39.4 36.9 34.8
Trq 30.4 323 | 361 38.7 36.3 34.1
TF (ave) 30.5 325 36.2 388 | 364 34.3
Tey 23.7 24.4 30.2 33.8 31.6 31.2
Tey 232 23.9 29.8" 34.3 32.0 30.8
T (°C) Tes 23.6 243 30.2 33.8 31.6 31.2
Tes 23.4 24.1 30.0 34.1 31.8 31.0
Te (g 23.5 242 30.0 34.0 31.8 31.0
Tpr 30.3 38.4 28 464 | 432 | 398
| Tpy 31.1 39.2. 43.5 472 44.0 40.5
Ty °C) Tps 30.5 38.6 429 | 465 43.4 39.9
Tps 30.3 38.4 428 | 464 432 39.8
Tp (avey 30.5 38.6 43.0 46.6 43.4 40.0
Hy, (mV) 9.92 10.46 10.28 1093 | 1072 | 9.73
H,, (mV) 477 4.93 4.62 438 4.66 4.81
H,, (mV) 5.15 5.53 5.66 '6.55 6.06 4.92
S 46 45 44 43 43 42
S, 47 45 44 43 42 42
Sample S5 46 44 e e 43 42
(grams)
S, 46 44 44 43 42 42
S (ave) 46.3 445 | 438 ' 43.0 42.5 42.0
N % (1 houn 0.00 18.03 3.84 253 | 1.29 1.13
M % 0.00 18.03 12.32., 10.38 9.00 . 8.86
My % 8.44
M. hour (ke) 0.00 0.1635 0.0728 | 0.0741 | 0.0502 | 0.0508
M, (g 0.00 0.1635 0.2335 0.3036 | 0.3503 0.3970
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Table 4.21 Measured Data: 30-3-05(D=0.06m,V=0.03m), paddy: 4kg & on wet 4.11kg, 3rdday

Time: 8:30, Wind Velocity (Daily Average: 2.7 Nauts & Instantaneous: 4 kmph) & Direction: W

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T4 (°C) 30.0 31.2 34.9 39.0 37.0 34.1
Ty 30.2 32.2 35.9 38.4 35.9 33.8
Trs 30.2 32.1 35.9 38.3 35.9 33.8
Tr (°C) Trs 31.0 32.9 36.7 39.1 36.7 34.6
Trs 30.3 322 36.0 38.4 36.0 33.9
Tk ave) 30.4 32.4 36.1 38.6 36.1 34.0
Ter 23.6 24.3 30.2 33.5 31.3 31.0
T 23.1 23.8 29.7 34.0 31.8 30.5
Te CC) Tes 23.6 24.2 30.1 33.6 31.4 30.9
Tes 23.3 24.0 29.9 33.8 31.6 30.7
Tc (avg) 23.4 24.1 30.0 . 33.7 31.5 30.8
Tpp 30.2 38.3 42.6 46.1 42.9 39.5
T, 31.0 39.1 43.4 46.8 43.7 40.2
Tp (°C) Tps 304 38.5 42.8 46.2 431 39.6
Tpa 30.2 38.3 42.7 46.1 42.9 39.5
Tp ave) 30.4 38.5 42.9 46.3 43.1 39.7
Hry, (mV) 9.10 9.60 11.90 10.30 10.20 9.80
H,, (mV) 2.50 2.80 2.10 2.60 2.40 2.50
H,, (mV) 6.60 6.80 9.80 7.70 7.80 7.30
S, 44 44 42 42 41 41
S, 44 43 42 41 41 41
(Samf’:; S, 44 43 D) 41 41 40
sram Ss 44 43 43 42 41 4]
S (@ve) 44.0 433 42.3 41.5 41.0 40.8
N % (1 hour) 0.00 8.38 4,89 2.36 1.31 0.58
N % 0.00 8.38 8.42 - 7.56 7.40 7.05
Mq% 6.51
My.1 hour (ke) 0.00 0.0701 0.0950 0.0730 0.0495 0.0251
M, () T 10.00 0.0701 0.1635 0.2335 0.2802 0.3036
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Table 4.22 Measured Data: 31-3-05(D=0.06m,V=0.03m), paddy: 4kg & on wet 4.01kg, 4'hday

Time: 8:30, Wind Velocity (Daily Average: 4.3 Nauts & Instantaneous: 4 kmph) & Direction: N

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T (°C) 31.0 33.4 36.5 38.4 37.5 34.0
Te 30.1 32.1 35.8 383 35.8 - 33.7
T 30.0 32.0 35.8 38.2 35.8 33.7
T (°C) Tes 30.8 32.8 36.6 39.0 36.6 34.5
Tr4 30.1 32.1 35.9 38.3 35.9 33.8
Tr v 303 | 323 36.0 385 360 | 339
Tey 23.5 24.2 300 |. 334 31.2 30.9
Teo 23.0 23.8 29.6 33.9 31.7 30.4
Tc °C) Tcs 23.4 24.2 30.0 33.5 31.3 30.8
Tea 23.2 24.0 29:8 33.7 31.5 30.6
Te @ave) 23.3 24.0 29.9 33.7 31.5° 30.7
Tpy 30.0 38.2 42.5 459 42.8 39.3
Tpy 30.8 38.9 43.3 46.7 43.5 40.1
Tp (°C) Tps 30.2 38.3 42.7 46.1 42.9 39.5
Tpa 30.0 1382 42.5 46.0 42.8 39.4
Th (ave) 30.3 38.4 42.8 462 43.0 39.6
Hy, (mV) 9.10 10.70 11.90 11.80 11.10 10.30
H,, (mV) 3.30 3.10 3.20 2.90 2.80 3.10 -
H,, (mV) 5.80 7.60 8.70 8.90 8.30 7.20
S 43 42 41 41 41 41
S, 43 43 42 41 41 41
Sample S, 3 43 » 4 a1 41
(grams) -
S, 43 42 42 42 41 40
S g 43.0 42.5 41.8 413 410 40.8
N % (1 bow) 0.00 5.35 3.49 1.47 0.58 0.53
n % 0.00 5.35 5.74 5.00 4.47 4.53
MNa % 4.21
My.1_hour (ke) 0.00 0.0466 | 0.0708 | 0.0480 | 0.0243 | 0.0245
M, g . 000 .| 0.0466 | 01166 | 0.1632 | 0.1865 | 0.2098
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Table 4.23 Measured Data: 4-4-05(D=0.06m,V=0.03m), paddy: Skg & on wet 7kg, 1*day

Time: 11:00, Wind Velocity (Daily Average: 2.1 Nauts & Instantaneous: 2 kmph) & Direction: SW

IV-41

Time (hours) 10.00 11.00 -12.00 13.00 14.00 15.00
TA (°C) 30.2 32.5 35.6 38.4 . 36.5 34.5
Tr) 29.9 32.0 35.7 38.1 35.7 33.6
Try 29.9 31.9 35.7 38.1 35.6 33.5
Te (°C) T3 30.7 32.7 36.5 38.9 36.4 343
Trq 30.0 32.0 35.8 382 | 357 33.6
Tr (avg) 30.1 322 35.9 383 35.9 33.7
Tcy 23.4 242 300 | 333 31.1 30.8
Tey 22.9 23.7 29.5 33.8 31.6 30.3
T (°C) Tes 233 24.1 29.9 33.4 31.2 30.7
Tes 23.1 23.9 29.7 33.6 31.4 30.5
Te (avg) 232 24.0 29.8 33.5 31.3 30.6
Tpy 29.9 38.0 42.4 45.7 42.6 39.2
Tp, 30.7 38.8 432° 46.5 43.4 39.9
Te (°C) Tps 30.0 382 42.6 459 42.8 39.3
Tpq 29.9 38.1 42.4 45.8 42.6 39.2
Tp (ave) 30.1 38.3 42.6 46.0 42.8 39.4
Hy, (mV) 9.40 10.60 10.50 10.80 10.50 | 9.90
H,, (mV) 2.50 2.30 2.20 2.10 2.50 2.10
H,, (mV) 6.90 8.30 8.30 8.70 8.00 7.80
S, 60 56 52 49 46 45
S, 60 56 52 48 46 45
Sample | ™—¢- 60 56 52 29 46 45
(grams)
S, 60 56 53 48 46 46
S ve) 60.0 56.0 52.3 48.5 46.0 45.3
N % (1 hous) 0.00 53.49 24.65 17.24 9.56 2.66
N % 0.00 53.49 47.55 46.05 4327 40.09
Na% 37.29
Myt bour (ke) 0.00 0.4667 | 04688 | 0.5024 | 03608 | 0.1141
M, tg) 0.00 04667 | 09042 | 1.3417 | 1.6333 1.7208




Table 4.24 Measured Data: 5-4-05(D=0.06m,V=0.03m), paddy: Skg & on wet 5.48kg, 2“dday

Time: 11:00, Wind Velocity (Daily Average: 4.6 Nauts & Instantaneous: 4 kmph) & Direction: NE

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
T, (°C) 300 | 335 36.0 375 36.0 34.6
Tr 29.4 31.9 35.6 38.0 35.6 33.4
Tr 29.8 31.8 35.6 380 | 355 | 334
T (°C) Tes 30.6 32.6 36.4 38.8 36.3 34.2
Trq 29.9 31.9 35.7 38.1 35.6 33.5
Tk (avg) 29.9 32.1 35.8 382 35.8 33.6
T 233 24.1 29.9 332 [ 31.0 30.7
T 22.8 23.6 29:4 33.7 31.5 30.2
Tc (°C) Tes 23.2 24.0 29.8 33.3 31.1 30.6
Tes 23.0 23.8 29.6 335 31.3 30.4
Tc g 23.1 23.9 297 | 334 31.2 30.5
Tpy 298 | 379 423 45.6 425 39.0
T, 30.5 38.7 43.0 46.4 43.2 39.8
Tp °C) Tps 29.9 38.1 42.4 458 | 426 39.2
: Tpa 29.8 37.9 423 45.7 425 39.1
Tp avg) 30.0 382 42.5 45.9 4.7 39.3
Hy, (mV) 9.90 10.60 .| 10.50 10.60 10.80 10.50
H,, (mV) 2.40 2.30 2.50 2.10 2.30 2.20
H,, (mV) 7.50 8.30 8.00 8.50 8.50 830
S, 47 45 44 43 43 43
S, 47 45 | 44 44 43 42
(Sa‘:gg S, 47 45 45 a4 3 42
= S 47 45 44 43 43 43
Say | - 470 45.0 44.3 43.5 43.0 425
N % (1 houn 0.00 25.97 479 3.22 1.67 1.44
M % 0.00 2597 | 1682 | 1414 | 1235 | 1185
e % 11.27 ‘
Y 0.00 02332 | 0.0913 | 0.0929 | 0.0630 | 0.0637
Y 000 | 02332 | 03206 | 04081 | 04664 | '0.5247
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Table 4.25 Measured Data: 6-4-05(D=0.06m,V=0.03m), paddy: Skg & on wet 5.25kg, 3"day

Time: 11:00, Wind Velocity (Daily Average: 2.4 Nauts & Instantaneous: 4 kmph) & Direction: NE

Time (hours) 10.00 11.00 12.00 13.00 14.00 15.00
Ta (°C) 31.0 32.0 34.5 38.5 37.6 34.2

Ty 29.7 31.8 35.5 37.9 35.5 33.3

Tea 29.7 31.7 35.5 37.9 35.4 33.3

T (°C) Trs 30.5 32.5 36.3 38.7 36.2 34.1
Trs 29.8 31.8 35.6 38.0 35.5 33.4

Tk (avg) 29.9 32.0 35.7 38.1 35.7 33.5

T 2322 24.0 29.8 | 331 30.9 30.6

Tes 22.8 23.5 29.3 33.6 31.4 30.1

Te (°C) Tes 23.2 23.9 29.7 33.2 31.0 30.5
Tes 23.0 23.7 29.5 33.4 31.2 30.3

Te (avg) 23.0 23.8 29.6 33.3 31.1 30.4

Tpy 29.7 37.8 42.1 45.5 42.3 38.9

Te, 30.4 38.6 42.9 46.3 43.1 39.7

Tp (°C) Tps 29.8 38.0 42.3 45.7 42.5 39.1
Tps 29.7 37.8 42.2 45.5 42.4 38.9

To@y | 299 38.0 42.4 45.7 42.6 39.2

Hr, (mV) 19.10 10.50 10.30 10.30 10.20 9.80

Hg, (mV) 2.50 2.80 2.30 2.60 2.80 2.90

Hy, (mV) 6.60 7.70 8.00 7.70 7.40 6.90

S 45 43 42 42 42 41

S, 45 44 43 42 2 | &

Sample S5 45 43 43 42 2 |
(grams) _ :
S, 45 43 | 43 43 42 42

S () 450 | 433 42.8 42.3 42.0 41.8

N % (1 how) 0.00 24.10 3.26 2.18 0.86 0.75

N % 0.00 24.10 14.12 11.41 9.69 9.09

MNa % 8.48

My.1_hour (kg) 0.00 02042 | 0.0607 | 0.0614 | 0.0311 | 0.0313
M, e 0.00 02042 | 02625 | 03208 | 03500 | 0.3792
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Table 4.26 Measured Data: 7-4-05(D=0.06m,V=0.03m), paddy: Skg & on wet 5.02kg, 4"‘day

Time: 11:00, Wind Velocity (Daily Average: 2.8 Nauts & Instantaneous: 4 kmph) & Direction: E

Time (hours) 10.00 11.00 12.00 | 13.00 14.00 15.00
T, (°C) 31.2 33.5 37.0 38.5 38.0 34.5
Ty 29.5 31.7 35.5 37.9 35.4 33.3
Try 29.5 31.7 35.4 37.8 35.4 33.3
Tr (°C) Tes 30.3 32.5 36.2 38.6 36.2 34.0
Trq 29.6 31.8 35.5 37.9 35.5 33.4
TF (ave) 29.7 31.9 35.7 38.1 35.6 335
Tey 23.1 24.0 29.8 33.1 30.9 30.6
T 22.6 23.5 29.3 33.6 31.4 30.1
T (°C) Tes 23.0 23.9 29.7 33.1 30.9 30.5
Tea 22.8 23.7 29.5 334 312 30.3
Te avg) 229 23.8 29.6 33.3 31.1 30.4
Tpp 29.5 37.7 42.1 45.4 423 38.9
Tp, 30.2 38.5 429 46.2 . 431 39.6
Tp (°C) Tps 29.6 37.9 42.2 45.6 42.5 39.0
Tps 29.5 37.7 42.1 45.5 423 38.9
Tp (aves 29.7 38.0 423 45.7 425 39.1
Hy, (mV) 9.10 10.80 11.80 11.90 11.70 10.30
H,, (mV) 2.50 2.80 230 2.60 2.40 2.50
. H,, (mV) 6.60 8.00 9.50 9.30 - 9.30 7.80
S, 43 41 4] 40 40 - 40
S, 43 41 41 40 40 40
Sample S, 43 a1 40 40 40 40
(grams)
Ss 43 ily) 41 41 40 39
S (ave) 43.0 41.3 40.8 40.3 40.0 39.8
N % (1 houn - 0.00 23.87 3.05° 1.93 0.75 0.68
N % 0.00 23.87 13.18 10.04 8.43 8.23
MNa% 7.71
M,.1_howr (kg) 0.00 0.2043 0.0608 0.0616 0.0312 0.0314
M, (kg) 0.00 0.2043 0.2627 0.3210 0.3502 0.3794
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CHAPTERV

RESULTS AND DISCUSSION

The drying experiment with a reverse absorber cabinet dryers was carried out with
various crops such as : wheat (3kg), peas (2kg, 3kg, 4kg) and paddy (3kg, 4kg, Skg),
and with different vent width (V) and duct depth (D), in sun. The solar radiations
variation from the morning to evening during the day was noted. The wind velocity was
also noted (taken from the meteorological data, obtained from site: www.iiﬁ.emet.in ).

The different parameters used in the study are reported in the Table 5.1.

Table 5.1. Various parameters used in the experiment

Pameter Value
Paddy | 3kg, 4kgand 5 kg
Peas 2kg,3 kg, and 4 kg
Wheat 3kg
A" 0.01-0.03 m
(vent width)
D : 0.05-0.06 m
(duct depth)
Ay 0.43 m*
(area of the dryer)
L 1.14m
(length of the dryer)
B 0.38 m
(width of the dryer)




5.1. UNCERTAINTY ANALYSIS

The uncertainty analysis as proposed. by Kline and McClintock [18] is used for the
evaluation of uncertainties associated with the measurements and instruments used in
the experiments, based on observations of the scatter in the raw data used in calculating
the result. The details of the analysis are given in Appendix A. The following values

give the uncertainty in the values of important parameters as shown in Table 5.2.

Table 5.2. The uncertainty in the values of important parameters

Parameter Uncertainty ( % )
M, +0.3
(moisture evaporated)
n; +1.6
(instaﬁtaneous efficiency)

5.2. REPRODUCIBILITY OF DATA

The experiment was repeated twice with wheat (3kg) to check the reproducibility of
measurement. It is shown in Figure 5.1 to 5.3 (Table 4.1, 4.3) for wheat. The trend of
variation is observed to be the same for the two sets. The difference in the two sets is
. basically due to the difference in the duct depth D, which were 0.06m for first set and
0.05m for second set. Had this parameter D kept séme, it would have given the closer
variation between' the two sets. Hence the measurement shows a good reproducibility of

the data.

5.3. THE RESULTS & DISCUSSION
5.3.1. Variation of Temperatures of the Crop, Plate and Fluid

The hourly variation -of various temperatures, namely temperatures of the crop, plate
and fluid Wifh drying time at a fixed duct depth (D=0.06m) and vent width (V=0.03m)
are shown in Fig. 5.4 (Table 4.1) for Wheat (3kg), in Figs. 5.5 (Table 4.7) & 5.6 (Table
4.13) for Peas (3kg & 4kg respectively), in Figs. 5.7 to 5.9 (Table 4.15, 4.19 and 4.23)
for Paddy (3kg, 4kg and 5kg respectively). During the sunshine hours, the crop and

fluid temperatures are less than the plate temperature in the reverse absorber cabinet
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for Paddy (3kg, 4kg and Skg respectively). During the sunshine hours, the crop and
fluid temperatures are less than the plate temperature in the reverse absorber cabinet
dryer. From these figures, it is observed that the crop temperature increases rapidly from
11:00 am to 13:00 hours and thereafter it starts decreasing slowly upto 15:00 hours. The
sharp increase of the crop temperature is due to the fact that the ambient temperature

(hence inlet air temperature) increases sharply.

Figs. 5.5 and 5.6 show the trend of variation of the crop temperature (in this case Peas
for 3kg and 4kg) is different. In Fig. 5.5 (Table 4.7), it is seen that there is rapid
decrease of the temperature of crop between 13:00 hours (when it is maximum) and
14:00 hours, while in Fig. 5.6, the crop temperature (Peas 4kg) keep rising slowly with
Very little and slow drop in later hours (14:00 to 15:00 hours). On criticaily observing
the environment data (Table 4.7 and 4.13) namely the ambient temperature and the solar
radiation on the days of these measurement (i.e. dated 3-3-2005 for 3kg Peas and 16-3-
2005 for 4kg Peas), it is seen that there is a sharp drop of solar radiation on 3-3-2005
between data 13:00 hours and 14:00 hours when 3kg Peas experiment was performed.
This r_esulted into the sharp decrease of crop temperature as observed in Fig. 5.5. While
in Fig. 5.6 (for 4 kg Peas, dated 16-3-2005 Table 4.13), the continuous increase of crop
temperature from 13:00 hours to 14:00 hours is observed which may the due to the fact
that the ambient temperature is higher (as compared to that on 3-3-2005. for 3kg Peas).
Decrease of the ambient temperature and the solar radiation from 13:00 hours to 15:00
hours for 4kg Peas is small. The energy absorbed by Peas at temperature is higher, thus
resulting into the type of variation observed in Fig. 5.6 (Table 4.13).

5.3.2. Effect of Various Parameters on Temperature Variation
5.3.2.1. Variation bf Plate Temperature

It is shown in Fig. 5.10 to 5.13,

a. with duct depth : D= 0.06m & 0.05m,

for Wheat 3kg and V= 0.03m is shown in Fig. 5.10 (Table 4.1 and 4.2).

It is seen from the Fig. 5.10, that when the inlet duct depth D is increased, the plate
temperaturé falls throughout the drying time.

V-3



b.1. Peas : 2kg & 3kg,

at V=0.03m and D= 0.06m is shown in Fig. 5.11 (Table 4.5 and 4.7).

" b.2. Paddy : 3kg, 4kg & Skg, o

at V=0.03m and D= 0.06m is shown in Fig. 5.12 (Table 4.19 and 4.23).

Fig. 5.11 (for Peas) and Fig. 5.12 (for Paddy) reveal that as the mass of the crop to be

dried is increased, the plate temperature decreases.
c. with vent size : V=0.01m, 0.02m & 0.03m,
for Peas 4kg and D= 0.06m is shown in Fig. 5.13 (Table 4.11 and 4.13).

It is seen from Fig 5.13, that thé normal trend is as the vent size V increases the plate
temperature increases. It may be due to air escaping fast at higher vaiues of V. The
unusual observation at 13:00 hours, for V= 0.02m and V= 0.03m, the plate temperature
coincides. It is not common that it will occur like this. The unusual value of wind
velocity or uneven crop spreading or other environmental factors may havg resulted in

variation like this.

5.3.2.2. Variation of Fluid Temperature

It is shown in Eig. 5.14 to 5.17,

a. with duct depth : D= 0.06m & 0.05m,

for Wheat 3kg and V= 0.03m is shown in Fig. 5.14 (Table 4.1 and 4.3).

It is seen from the Fig. 5.14, that when the inlet duct depth D is increased, the fluid
temperature falls throughout the drying time.

b. with mass of crops

b.l. Peas : 2i(g & 3kg,

at V= 0.03m and D= 0.06m is shown in Fig. 5.15 (Table 4.5 and 4.7).
b.2. Paddy : 3kg, 4kg & Skg,

| at V= 0.03m and D= 0.06m is shown in Fig. 5.16 (4.15, 4.19 and 4.23). -

Fig. 5.15 (for Peas) and Fig. 5.16 (for Paddy) reveal that as the mass of the crop to be

dried is increased, the fluid temperature decreases.
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Fig. 5.15 (for Peas) and Fig. 5.16 (for Paddy) reveal that as the mass of the crop to be

dried is increased, the fluid temperature decreases.
¢. with vent size : V=0.01m, 0.02m & 0.03m,
at V= 0.03m and D= 0.06m is shown in Fig. 5.17 (4.9, 4.11 and 4.13).

It is seen from Fig 5.17, that the normal trend seen is as the vent size V increases the
fluid temperature increases. It may be due to air escaping fast at higher values of V. The
unusual observation at 13:00 hours, for V= 0.02m and V= 0.03m, the fluid temperature
coincides. It is not common that it will occur like this. The unusual value of wind

velocity or uneven crop spreading or any other environmental factors may have resulted

like this.

5.3.2.3. Variation of Crop T eméerature

It is shown in Fig. 5.18 to 5.21,

a. with duct depth : D= 0.06m & 0.05m,

for Wheat 3kg and V= 0.03m is shown in Fig. 5.18 (Table 4.1 and 4.3).

It is seen from the Fig. 5.18, that when the inlet duct depth D is increased, the crop
temperature falls throughout the drying time.

b. with mass of crops

b.1. Peas : 2kg & 3kg,

at V= 0.03m and D= 0.06m is shown in Fig. 5.19 (Table 4.5 and 4.7).

b.2. Paddy : 3kg, 4kg & Skg,

at V= 0.03m and D= 0.06m is shown in Fig. 5.20 (Table 4.15, 4.19 and 4.23). _

Fig. 5.19 (for Peas) and Fig. 5.20 (for Paddy) reveal that as the mass of the crop to be

dried is increased, the crop temperature decreases.
¢. with vent size : V=0.0lm, 0.02m & 0.03m,
at V= 0.03m and D= 0.06m is shown in Fig. 5.21 (Table 4.9, 4.11 and 4.13).

It is seen from Fig 5.21, that the normal trend is as the vent size V increases the crop

temperature increases. It may be due to air escaping fast at higher values of V. The
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velocity or uneven crop spreading or any other environmental factors may have resulted

like this.

5.3.3. Variation of Moisture Removed (Every 1 Hour)

The variation of moisture removed (every 1 hour) of the crop with the drying time at
varying duct depth, vent width and the variation of the crops are shown in Figure 5.22 to

5.30, till no more moisture removal or very little moisture removal is observed,
a. Wheat :

From Fig. 5.22 (Table 4.1 and 4.2) and Fig. 5.23 (Table 4.3 and 4.4), for 3 kg sample of
Wheat but with D=0.06m and D=0.05m respectively, it is observed that the moisture
removal on the second day is much less compared to that on the first day and that at
15:00 hours on the second day, no more moisture removal occurs, indicating that the

drying process is complete.

It is generally observed, as it is logical, that the moisture present in the crops decreases
as the drying progresses. The drying process was continuously carried out for 2 days
(for Peas and Wheat) and for 4 days (for Paddy), keeping the sample left in the dryer
overnight, The next day (or days) drying continued.

b. Peas :

From Fig. 5.24 (Table 4.5 and 4.6) and Fig. 5.25 (Table 4.7 and 4.8) for 2 kg and 3 kg
samples of Peas for 2 days drying: It is seen that though the moisture removal éontinues
on the 2™ day, it becomes a slow process and the moisture removal is very slow. At the
end of the 2™ day, the total moisture removal is 38.6 % for 2 kg Peas and 35 % for 3 kg

Peas (the details of the calculation are given in Appendix B).

Variation of moisture removal for 4 kg Peas, with different vent openings (V= 0.01m,
0.02m and 0.03m) are plotted in Fig. 5.26 (Table 4.9, 4.11 and 4.13) for 1* day and Fig.
5.27 (Table 4.10, 4.12 and 4.14) for 2" day.

It is seen that for all values of vent. openings experimented, the moisture removal

amount and its rate converge and become the same on the second day (Fig. 5.27). -

¢. Paddy :



c. Paddy :

From Fig. 5.28 (Table 4.15, 4.16, 4.17" & 4.18), Fig. 5.29 (Table 4.19, 4.20, 4.21 &
4.22) and Fig. 5.30 (Table 4.23, 4.24, 4.25 & 4.26) for 3 kg, 4 kg and 5 kg samples of

Paddy for 4 days drying: Time required for drying Paddy is more as compared to those -

for Wheat and Peas. The drying process was carried out continuously for 4 days, leaving
the sample after a day in the dryer itself open to the night environment. In general each
crop gains some moisture during the night. Paddy also gains some moisture during the
night. The drying process was continued on the next day, till 4 days at the end of which

no more or little moisture removal is observed.

5.3.4. Variation of Total Moisture Removed

The variation of moisture removed from the crop with the drying time at varying duct
depth, vent width and the variation of the crops are shown in Figure 5.31 to 5.39. The

following observations are noticed.
a. Different Crops :

a.l. Wheat :

(i). Wheat 3kg (D= 0.06m),

~ Total moisture removal for 3kg (D= 0.06m) Wheat sample observed in Figure. 5.31
(Table 4.1 and 4.2) is: 22.8 % (say 23 %) on 1 day and 10.6 % on 2" day.

(if). Wheat 3kg (D= 0.05m),

Total moisture removal for 3 kg (D= 0.05m) Wheat sample observed in Figure. 5.32
(Table 4.3 and 4.4) is: 23.3 % (say 23 %) on 1* day and 10.6 % on 2™ day.

The above results thus show that there is no effect of inlet duct depth D on the total
moisture removed. It is observed from Fig. 5.31 & 5.32 that:

(i) the total moisture removed increases with time on the first day of drying and the rate

of moisture removal is fast.

(ii) while on the second day, the rate of moisture removed is high from 10:00 am to

11:00 am, but later on it is low and from 13:00 hours to 15:00 hours, it becomes
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(i). Peas 2kg,

Total moisture removal for 2kg Peas sample observed in Figure. 5.33 (Table 4.5 and

4.6) is: 27.3 % on 1* day and 18.6 % on 2™ day.

-+

(ii). Peas 3kg,

Total moisture removal for 3 kg Peas sample observed in Figure. 5.34 (Table 4.7 and

4.8)is: 26.4 % on 1% day and 13.3 % on 2™ day.

a.2.1. Effect of mass of crop

The abové results thus show that there is very small effect of mass of crops of Peas 2kg
and 3kg on the total moisture removed on 1% day, but on the 2" day, total moisture
removed is 13.3 % for 3 kg Peas and 18.6 % for 2kg Peas. It may be due to the different
solar radiation (Table 4.5 and 4.7).

a.2.2. Rate of moisture removal
It is observed from Fig. 5.33 & 5.34 that:

(i) the moisture removed increases with time on the first day of drying and the rate of

moisture removal is fast.

(ii) while on the second day, the rate of moisture removed is high from 10:00 am to
11:00 am, but later on it is low and from 13:00 hours to 15:00 hours, it becomes
almost constant. By the end of the second day, leaving apart the moisture which

remains in the crop, the drying process can be taken as complete.
Similar trends of drying are observed for wheat shown in Fig. 5.31 and 5.32.
a.3. Paddy :

From Fig. 5.35 to Fig. 5.37 for 3 kg, 4 kg and 5 kg samples of Paddy for 4 days drying.
It takes nearly 4 days for drying Paddy crop, while Wheat and Peas dry in 2 days.

(i). Paddy 3kg,

Total moisture removal for 3 kg Paddy sample observed in Figure. 5.35 (Table 4.15,
4.16, 4.17 & 4.18) is 26.7 % on 1% day, 8.1 % on 2™ day, 6.3 % on 3" day and 5.2 %
on 4™ day.
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(i). Paddy 3kg,
Total moisture removal for 3 kg Paddy sample observed in Figure. 5.35 (Table 4.15,

4.16, 4.17 & 4.18) is 26.7 % on 1* day, 8.1 % on 2™ day, 6.3 % on 3" day and 5.2 %
on 4™ day.

(ii). Paddy 4kg,

Total moisture removal for 4 kg Paddy sample observed m Figure. 5.36 (Table 4.19,
420,421 & 422) is 26.1 % on 1% day, 9.3 % on 2™ day, 7.3 % on 3" day and 5.1 %
on 4™ day.

(iii). Paddy Skeg,

Total moisture removal for-5 kg Paddy sample observed in Figure. 5.37 (Table 4.23,
424,425 & 4.26) is 24.5 % on 1% day, 9.6 % on 2™ day, 7.1 % on 3" day and 7.4 %
on 4™ day. : ' '

a.3.1. Effect of different crops

It is observed that total moisture removed on the 1* day for 3kg of Wheat is 23.3 % (say
23 %), for 3kg of Peas is 26.4 (say 26 %) and for 3kg of Paddy is 26.7 % (say 26 %).

Thus for Peas and Paddy the total moisture removed on the 1* day is nearly same, while -

for Wheat it is less.

The different values of the moisture removed for Wheat, Peas and,Paddy are basically
due to: (i) The ambient temperature (which is lower for wheat test day), and due to (ii)
the solar radiation intensity (Table: 4.1, 4.7 and 4.15).

a.3.2. Effect of mass of crop (Paddy)

There seems to the very little effect of mass of crop (Paddy) on the rate of total moisture
removed. The difference is caused due to different ambient temperature and solar

radiations.

The marked increased in total moisture removed 7.4 % for 5kg Paddy on the 4™ day
compared to the those (5.2 % and 5.1 %) for 3kg and 4kg Paddy has resulted due to
marked increased in solar radiatioh (Table 4.18, 4.22 and 4.26); it is 6.60 to 9.50 mV
(average: 8.03 mV) for Skg Paddy, 5.80 to 8.70 mV (average: 7.37 mV) for 4kg Paddy
and 5.00 to 6.28 mV (average: 5.73 mV) for 3kg Paddy.
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Unlike Wheat, in Peas & Paddy, total moisture removal does not reach a constant value,

1e. drymg, though very little, still occurs.

There is very little or no difference observed for 3™ and 4™ day drying rates.

b. with Vent Size :

The effect of vent size on the total moisture removed and rate of total moisture removed
is shown on Fig. 5.38 (Table 4.9, 4.11 & 4.13) and 5.39 (Table 4.10,4.12 & 4.14) for 1%

day and 2™ day of drying respectively. The following observatlons are noted:
1. Peas 4kg (V= 0.01m),

Total moisture removal for 4kg (V= 0.01m) Peas sample observed (Table 4.9 & 4.10)
is: 25.5 % on 1% day and 12.4 % on 2™ day.

- 2. Peas 4kg (V= 0.02m),

Total moisture removal for 4 kg (V= 0.02m) Peas sample observed (Table 4.11 & 4.12)
is: 25.8 % on 1* day and 13.1 % on 2™ day

3. Peas 4kg (V= 0.03m),

Total moisture removal for 4 kg (V= 0.03m) Peas sample observed (Table 4.13 & 4.14)
is: 26.4 % on 1% day and 13.6 % on 2™ day.

It is seen from these Figures 5.38 and 5.39 that when vent size is higher, the total
moisture removal is higher for 1% day as well as for 2" day of drying (the details of the

calculation are given in Appendix B).

5.3.5. Variation of Instantaneous Efﬁciency (Every 1 Hour)

The variation of Instantaneous Efficiency (every 1 hour) of the crop with' the drying
time at varying duct depth, vent width for various crops are shown in Figure 5.40 to
5.48.

The Instantaneous Efficiency becomes zero. This means that no more moisture removal
occurs and the drying process is complete. It may be noted that the Instantaneous

Efficiency is defined here as :
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The Instantaneous Efficiency becomes zero. This means that no more moisture removal
occurs and the drying process is complete. It may be noted that the Instantaneous

Efficiency is defined here as :

Heat utilized in drying (1' .. Moisture removed x Latent heat of evaporation of water)

N Solar Radiation Incidenton the dryer operation area

So, when no more moisture removal occurs, the instantaneous efficiency reduces to

Zero.

5.3.5.1. General Observation :
From Fig. 5.40 to 5.48, it is seen that :

(i) The instantaneous efficiency is increases from 10:00 am to 11:00 am and it reaches
peak at 11:00 am for all the crops and all days of drying process. It means the
maximum removal of moisture occur at 11:00 am for all the crops and all days (i.e.

during the first hour of operation of drying).

(ii) After reaching the peak value the instantaneous efficiency starts falling and
become minimum on a particular day of drying. That implies the moisture removal
is falling down initially (after 11:00 .am) sharply and then slowly. Hence the
instantaneous efficiency is falling as seen an Fig. 5.40 to 5.48. - |

(iii) At 15:00 hours on the 2™ day of drying for wheat, the instantaneous efficiency
- becomes zero (Fig. 5.40 - Table: 4.1 & 4.2 and Fig. 5.41 — Table: 4.3 & 4.4) and
for Peas, it reduces to a very low value (1.12 to 1.99 %) i.e. nearly zero. For Paddy,

it takes 4 days for drying process to complete, the instantaneous efficiency for
~Paddy reduces to a very low value too (0.39 to 0.68 %) onk the 4™ day at 15:00

hours.

Thus it implies that for Wheat drying process is complete on 2™ day and for Peas is
nearly complete on 2™ day too. For Paddy, it takes 4 days for almost complete drying.
But at the end of 3™ day itself, the drying process may be considered as complete (for
3" day, n= 0.80 % for 3kg, 0.58 % for 4kg and 0.75 % for 5kg as compared to for 4%

~ day values 1 =0.39 % for 3kg, 0.53 % for 4kg and 0.68 % for 5kg). In conclusion, for
Wheat and Peas, it takes 2 days for Paddy 4 days for drying process to complete.
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5.3.5.2. Variation of the Instantaneous Efficiency with vent size:

Variation of the Instantaneous Efficiency with vent size is shown on Figure 5.44 (Table:
4.9, 4.11 & 4.13) and Figure 5.45 (Table: 4.10, 4.12 and 4.14) for 1** day and 2™ day
| respectively for Peas 4kg and inlet duct size D= 0.06m.

It is seen that in the initial hours of drying process for 10:00 am to 12:00 noon, there is
variation of the instantaneous efficiency with vent size (36.7 % to 30.1 %) but later on
for 12:00 hours to 15:00 hours, the instantaneous efficiency does not depend on the vent
size on both days of drying.

5.3.6. Variation of Total Efficiency
5.3.6.1. General Observation :

The variation of the total efficiency with drying time at varying duct depth, vent width
and the variation of the crops are shown in Figure 5.49 to 5.57. The hourly efficiency in
all the cases is higher at the beginning of drying and the efficiency gradually decreases
as the drying progresses. This is due to the reason that in early hours of drying the
moisture removed is more and hence the energy utilized is higher resulting in higher
efficiency. But in later hours, when the moisture in the crop is decreased the energy
utilized is lesser leading to lower total efficiency at various hours. Also the heat lost

increased as the plate and crop temperatures increases causing drop in efficiency.

On the first day of drying, the total efficiency is higher as compared to that on the

subsequent days for all the crops and for all values of inlet duct depth and outlet vent

size.

The peak of the total efficiency occurs at 11:00 am just after initial one hour of drying
for all the crops and for all conditions. Thereafter the total efficiency falls.

For Paddy, there is small difference between the values of the total efficiency on the 31
and 4™ days of drying. 5

5.3.6.2. Variation of The Total Efficiency with Vent Size :
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5.3.6.2. Variation of The Total Efficiency with Vent Size :

Figure 5.53 and 5.54 show the variation of the total efficiency with drying time for
various vent sizes for two days of drying process. It shows that the vent size increases,

the total efficiency is higher.

5.3.7. Variation of Daily Efficiency

The Variation of Daily Efficiency with Drying time (1% day, 2" day, 3° day & 4™ day)
is shown in Fig. 5.58 to 5.62.

5.3.7.1. General Observation :

The daily efficiency is higher on the 1% day of drying for all crops as compared to that

on subsequent days.

The daily efficiency for 1* day as shown in Fig. 5.58 for (i) Paddy 3kg is 23.97 % (ii)
Wheat 3kg is 22.47 % and (iii) Peas 3kg is 21.19 %, i.e. highest for Paddy and lowest
for Peas, though the difference is small which may be basically due to environmental

factors like solar radiation.

5.3.7.2. Effect of Mass of Crop :

The effect of mass of the crop of Peas and Paddy on daily efficiency is shown on Fig.
5.60 and 5.62 respectively. It is seen from these Figures that the daily efficiency is
higher for larger mass of the crop for both Peas and Paddy. But as the drying process

progresses for subsequent days, the difference reduces.

5.3.7.3. Effect of the Vent Size :

The effect of the vent size on daily efficiency is shown on Fig. 5.61. for 4 kg sample of -
Peas. Though the variation of daily efficiency due to vent size is small, it is seen that as

the vent size increases, the daily efficiency increases.
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