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Abstract

Slica sand is sand that is used for molding processes. When a catalyst is added to it, it
develops the bonding characteristics of the raisin, which binds the silica sand together.
Its moisture content (17.24% initial and 0.5% final moisture content) is extremely critical
sand additive that can be greatly impact casting quality. In this study flat plate solar
collector was used because, it is the most important type of solar collector and it issimple
in design, has no moving parts and requires little maintenance. The analysis of heat
transfer coefficient (losses) through flat plate collector was discussed and the techniques
that used to reduce these losses also mentioned (by using insulation). Mathematical
modeling of solar dryer and drying chamber was described. This paper presents designs
and performance evaluation of solar dryer for silica sand with its cost estimation. In the
dryer, the heated air from a separate solar collector is passed through a tray, and at the
same time, vertical blackened wall of the drying chamber, which is exposed to solar
radiation. The results obtained during the test period revealed that the temperatures,
moisture removed, drying rate and drying efficiency through dying chamber were
decreasing during its upraise path. Initial cost of model solar dryer was estimated (2805
ETB). The number of dryer required is eleven so the total cost is equal to 30855ETB.
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CHAPTER ONE

1.1 General Introduction

With the rapid rise in the population and the lyistandards, the world seems to engulf
into major crisis, called energy crisis. If thisogith continues with the same speed the
condition would go from bad to worse. The reverseamventional source of energy like
coal, petroleum and natural gas are depletingvatyafast rate to fulfill the demand of the
growing population. So there is a need to looksmme other energy sources that could
meet this growing demand. One such source is solargy, which is cheap available in
abundance [7].

Drying is a common technique for preservation aidfaand other products; including

fruits and vegetables. In many rural locations iinica and most developing countries,
grid-connected electricity and supplies of othen-nenewable sources of energy are
either unavailable, unreliable or, for many farméo® expensive. Thus, in such areas,
crop and other product drying systems that emplamtonzed fans and/or electrical

heating are inappropriate. The large initial anghing costs of fossil fuel powered dryers
present such barriers that they are rarely addpyesimall scale farmers. The traditional
open sun drying utilized widely by rural farmersshiaherent limitations: high product

losses ensure from inadequate drying, fungal attacksects, birds and rodents
encroachment, unexpected down pour of rain androtleathering effects. In such

conditions, solar-energy dryers appear increasirtglybe attractive as commercial

propositions [16].

Climatic conditions have a great influence on thdemt of product losses and
deterioration during sun drying. If a climate isrmaand dry, product can be held dried.
For this to be feasible, the ambient relative hutyiduring the harvest period must be
low enough to ensure that the sample, when driéis tquilibrium moisture content, can
be stored safely.

The basic essence of drying is to reduce the nreistontent of the product to a level that
prevents deterioration within a certain period iofiet, normally regarded as the "safe
storage period".

Generally Akaki spare part is the largest industrgroduction of spare parts in Ethiopia.
Thus for production of these spare parts it usesingatechnology. To produce these
spare parts molding sand is primary raw materiaaMwhile molding sand (silica sand)
is washed and dried to improve its quality andcedficy of production. Therefore this
thesis (work) focuses on solar energy dryer whgchised for drying this washed silica
sand to improve the quality and production (efficy) of the casting technology



Solar energy has been utilized in many applicati®mne of its thermal applications are
as follows [7]

N o o bk o DdNRE

Water heating

Space heating

Power generation

Space cooling and refrigeration
Distillation

Drying, and

Cooking

1.2  General Objective.

The general objective of this thesis is to evaluat performance of solar dryer and
feasibility of the dryer for the molding sand drgimechanism.

1.3  Specific Objective

1.

2.

To have higher quality of production
To dry the sand at lower drying time
To have clean, attractive and pleasant work place.

To reduce the number of labors those are involaedtying mechanism (as a
result it minimizes the cost).

To enhance the competitiveness of the company.

To reduce loss (waste) of molding sand by usingrsiilying technique.

. To simulate performance of solar dryer by using NLAB program.

To analyze cost of solar dryer.



1.4  Background of the Study

A lot of research work has been carried out througtthe world to investigate and
analyze the thermal performance of air heatersriéf beview of literature is presented
here [7].

The H.P. Garg, Rakesh Kumar and G.Datta develops a comprehensive simulation
model of thermal performance solar tunnel dryere Dasic objective of this paper is to
develop a comprehensive simulation model of thentaé performance of solar tunnel
dryer. The model is useful in system design as gensitive to the design parameters of
air collector and dryer (like, length, radius, tehrtilt, etc.). It is also useful in
determining the drying behavior of high-moistur@gucts (vegetables, fruits, etc.) as
well as low-moisture products (barely, wheat, et€he performance of the dryer has
been estimated for a natural convection mode flaviransient one-dimensional model
was developed for the dryer and the numerical taicms were made for the climate of
Delhi. It is observed that a large quantity of bgribout 2135 kg can be dried in this
dryer within two days of operation up to an equilim moisture content. (1998 John
Wiley & Sons Ltd).

S.Youcef Ali and J.Y. Desmus in 2005 propose Simulation of a new concept of an
indirect solar dryer equipped with offset rectamgudlate fin absorber-plate. A simulation
code was developed to predict the indirect solgemdperformance of the thin beds of
discs of potato, subjected to time-varying air gbods. Two mathematical models are
developed separately; the first allows the deteation of the thermal performances of
the solar collector with offset rectangular plate dbsorber-plate and the second, allows
to determine the kinetics of drying for the datpunof the air at the exit of the collector.
The latter takes into account calorific losses ulgfothe walls of the dryer and shrinkage
of discs. Experimental results of the solar dryarinal performances, using sunlight in
Valenciennes (in the North of France), was compaved the results obtained by the
theoretical model suggested.

P. A. Potdukhe and S. B. Thombre In 2008studied the Development of a new type of
solar dryer: Its mathematical modeling and expentale evaluation. Under their
investigation they observe the drying period aslasel the quality of dried products.
Thermic oil was used as a storage material. Tha wigective of the study was to reduce
the drying period and enhance the quality of dpeatiuct mainly chillies and fenugreek
leaves. The products were laid in a single layée mass of thermic oil needed in the
absorber and mass of product to be dried in tragsevoptimized using simulation
techniques. The maximum drying air temperature irequfor drying agricultural
products was around 6&: The ambient conditions at the location were 25°@; 16—
43% RH and solar radiation 105-1024\¥/Experimental studies based on temperature

3



and humidity measurements were performed on therdihe research concluded that
the desired drying air temperature was achievednaaidtained for a longer period. The
length of operation of the solar air heater anddffieiency of the dryer were increased,
and better quality of agricultural products in teraf colour value was obtained compared
with open sun drying.

Abdullah Akbulut and Aydin Durmus in 2009 propose thin layer solar drying and
mathematical modeling of mulberry. In this studgyidg parameters of mulberry grown

in Elazing were investigated as experimental aedrtttical using solar dryer system. The
drying experiments were conducted at seven diffedeging mass flow rates varied

between

0.0015 and 0.036 kgs As results of the drying experiments were coneldictt different
drying mass flow rates, it was shown that the dyytime was decreased with the drying
mass flow rate. This paper also presents a newemettical modeling of thin layer solar
drying of mulberry samples.

Bolaji Bukola .O and. Olalus Ayoola proposes Performance Evaluation of a Mixed-
Mode Solar Dryer; Abeokuta, Ogun Statggeria; 2008. This paper presents the design,
construction and performance evaluation of a mixedle solar dryer for food
preservation. In the dryer, the heated air frone@agate solar collector is passed through
a grain bed, and at the same time, the drying ealinsorbs solar energy directly through
the transparent walls and roof. The results obththeing the test period revealed that the
temperatures inside the dryer and solar collecterewmuch higher than the ambient
temperature during most hours of the day-light. Témaperature rise inside the drying
cabinet was up to 74% for about three hours immelgiafter 12.00h (noon). The drying
rate and system efficiency were 0.62 kg/h and 57rB%pectively. The rapid rate of
drying in the dryer reveals its ability to dry foodms reasonably rapidly to a safe
moisture level.

Assefi Hossein and Atikol. U discussed on Performance Potential of Flat Platar 3\ir
Heaters in Tehran [2009]. In this paper the resafis parametric study on using solar air
heaters in Tehran is presented. Simulations wererpged for a typical small building
by writing a computer program in FORTRAN. It is falithat as the mass flow rate of air
decreases the outlet temperature increases irxgenge of decreasing efficiency. On the
other hand, as the air channel depth is changedebat12 mm and 24 mm the useful
energy gain is almost unaltered. Moreover, the Ktran program is extended to
evaluate the performance of solar air heaters typiaal winter day under the climatic
condition of Tehran, where solar heating collectesbarely used.

Rajkumar Perumal [2007] proposed Comparative Performance of Solar Cabinet,
Vacuum Assisted Solar and Open Sun Drying Meth®ts.sun drying has been used for
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the preservation, it is a slow process and theityuafl the dried product is often inferior
due to contaminations. Therefore, a lab model scddinet and vacuum assisted solar
dryers were developed to study the drying kinet€domato slices (4, 6 and 8 mm
thicknesses) and the results were compared indilhdwith open sun drying under the
weather conditions of Montreal, Canada. The dnyietics using thin layer drying
models and the influence of weather parameters asi@mbient air temperature, relative
humidity, solar insulations and wind velocity otyidig of tomato slices were evaluated.

Forson.F.K.Nazha, M.A.A.Akuffo F.O. and Rajakaruna.H (2007). A mixed-mode
natural convection solar crop dryer (MNCSCD) desiyand used for drying cassava and
other crops in an enclosed structure is preseAt@dototype of the dryer was constructed
to specification and used in experimental dryirggjgeThis paper outlines the systematic
combination of the application of basic design apts, and rule of thumb resulting from
numerous and several years of experimental stussesl and presents the results of
calculations of the design parameters. A batchassava 160 kg by mass, having an
initial moisture content of 67% wet basis from whitO0 kg of water is required to be
removed to have it dried to a desired moisture exnof 17% wet basis, is used as the
drying load in designing the dryer. A drying timé 80-36 h is assumed for the
anticipated test location (Kumasi; 6.71N, 1.61W)thwian expected average solar
irradiance of 400W/m2 and ambient conditions ofl€5and 77.8% relative humidity. A
minimum of 42.4m of solar collection area, according to the desigmequired for an
expected drying efficiency of 12.5%.



CHAPTER TWO

Literature Review

2.1 Solar Dryer Theory

Solar dryers have the principal advantage of usiolgr energy a free, available, and
limitless energy source that is also non-polluti@glar dryers use the energy of the sun to
heat the air that flows over the product in theedrAs air is heated, its relative humidity
decreases and it is able to hold more moisture Vdry air flowing through the dryer
carries away the moisture that evaporates fronsuinces of the product.

2.2  Drying Mechanism

Drying involves the extraction of moisture from {@duct by heating and the passage of
air mass around it to carry away the released vdpnder ambient conditions, these
processes continue until the vapor pressure ofmthisture held in the product equals that
held in the atmosphere. Thus, the rates of moisdesorption from the product to the
environment and absorption from the environmentnisquilibrium, and the sample
moisture content at this condition is known as éeilibrium moisture content. Under
ambient conditions, the drying process is slow, ancénvironments of high relative
humidity, the equilibrium moisture content is infstiently low for safe storage .The
objective of a dryer is to supply the product wittore heat than is available under
ambient conditions, thereby increasing sufficiertttg vapor pressure of the moisture
held within the product and decreasing significattie relative humidity of the drying air
and thereby increasing its moisture carrying cdpaand ensuring a sufficiently low
equilibrium moisture content .

Drying preserves silica sand by removing enoughstaoce from silica sand to prevent
casting defect and increase quality of manufacguproducts by removing the moisture
to safe level.

Solar dryer is working on the principle that hatadsorbs more moisture than cooled air.
Air is heated by specially designed solar collectand passed through a chamber for
drying.

2.3 Classfication of Solar Dryers

All drying systems can be classified primarily actng to their operating temperature
ranges into two main groups of high temperatureedryand low temperature dryers.
However, dryers are more commonly classified brpadtording to their heating sources
into fossil fuel dryers (more commonly known as wemtional dryers) and solar-energy
dryers. Strictly, all practically-realized desigofshigh temperature dryers are fossil fuel
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powered, while the low temperature dryers are eitbssil fuel or solar-energy based
systems.

2.3.1 High TemperatureDryers

High temperature dryers are necessary when vetyfgsg is desired. They are usually
employed when the products require a short expasutee drying air. Their operating
temperatures are such that, if the drying air resiaén contact with the product until
equilibrium moisture content is reached, seriousrarying will occur.

2.3.2 Low TemperatureDryers

In low temperature drying systems, the moisturaemnof the product is usually brought
in equilibrium with the drying air by constant viation. Thus, they do tolerate
intermittent or variable heat input. Low temperatdrying enables products to be dried
in bulk and is most suited also for long term ggerasystems. Their ability to
accommodate intermittent heat input makes low teatpee drying most appropriate for
solar-energy applications. Thus, some conventidngtrs and most practically-realized
designs of solar-energy dryers are of the low teatpee type.

24 Clasdfication of Solar-Energy Drying Systems

Solar-energy drying systems are classified primagcording to their heating modes and
the manner in which the solar heat is utilized.

In broad terms, they can be classified into twoangjoups,

24.1 Active Solar-Energy Drying Systems

Active solar drying systems depend only partly atasenergy. They employ solar-

energy and/or electrical or fossil-fuel based mEpsystems and motorized fans and/or
pumps for air circulation. All active solar dryeasge, thus, by their application, forced-

convection dryers. Major applications of activéasaryers are in large-scale commercial
drying operations in which air heating solar-enecgylectors supplement conventional

fossil-fuel fired dehydrators, thus reducing them conventional energy consumption,
while maintaining control of the drying condition.warm enough, the solar-heated air
could be used directly for the drying process; otiee the fossil-fuel fired dehydrator

would be used to raise the drying air temperataréné required level, thus avoiding the
effects of fluctuating energy output from the satatlector, since the fossil-fuel system

can be controlled automatically to provide the regioptimum drying conditions. These

active solar dryer types that incorporate dehydsatior supplemental heating are

commonly known as "hybrid solar dryers” [15 16].



Three distinct sub-classes of active are:-

1. Integral-type (direct) solar dryers
2. Distributed-type (indirect) solar dryers
3. Mixed-mode solar dryers

Solar radiation

g Air exit
—
| Trays  x |
' / "l Insulation
. . l l
Solar radiation  Solar air / |
collector — \
Drying chamber

Fan

Figure 21 Schematic Diagram of a Forced Circulation, Mibhddde Solar Energy
Dryer

2.4.2 Passive Solar Drying Systems

Natural-circulation solar-energy dryers depend tioeir operation entirely on solar-
energy.

In such systems, solar-heated air is circulatealtin the sample to be dried by buoyancy
forces or as a result of wind pressure, actingeeisimgly or in combination. These dryers
are often called passive. Similarly like activeasalrying system there are three distinct
sub-classes of passive solar drying systems wianhoe identified mainly in their design
arrangement of system components and the modelia&tion of the solar heat, namely
[15 16].

1 Integral-Type (direct) Solar Dryers

In integral-type natural-circulation solareegy dryers (often termed direct solar dryers),
the product is placed in a drying chamber with gparent walls that allow the insulation
necessary for the drying process to be transmifieds, solar radiation impinges directly
on the product. The heat extracts the moisture fthen product and concomitantly
(alongside) lowers the relative humidity of theidest air, thereby increasing its moisture
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carrying capability. In addition, it expands the @ the chamber, generating its
circulation and the subsequent removal of moisélwag with the warm air.

Solar radiation

Ambient air IN —»
—>

Solar radiation

Glazing

A

A
Moist air OUT

Figure2.2
Dryer

2 Distributed-Type (indirect) Solar Dryers

Schematic Diagram of a Natural Circulation, Dirbtidde Solar Energy

These are often termed indirect passive sbigrs. Here, the sample is located in trays
or shelves inside an opaque drying chamber anedhdmt circulating air, warmed during
its flow through a low pressure drop thermos phoswtar collector. Because solar
radiation is not incident directly on the silicandait is not over heated.

A typical distributed natural-circulation solar-egg dryer would be comprised of the

following basic units:

1. An air-heating solar-energy collector;

Appropriate insulator;

2
3. A drying chamber; and
4

. A chimney



/\

& aa
Air exit

Chimney

Insulation

Solar radiation  Solar air 1 / | '\
collector '

Drying chamber

Figure 2.3 Schematic Diagram of a Natural Circulation, Indirbtode Solar Energy
Dryer

3 Mixed-Mode Solar Dryers

These dryers combine the features of the rnatefdirect) type and the distributed
(indirect) type natural-circulation solar-energyehs. Here the combined action of solar
radiation incident directly on the product to béedrand pre-heated in a solar air heater
furnishes the necessary heat required for the dryrocess. A typical mixed-mode
natural- circulation solar-energy dryer would hatie same structural features as the
distributed-type (i.e. a solar air heater, a sepatlaying chamber and a chimney), but in
addition, the walls of the drying chamber are gthge that the solar radiation impinges
directly on the product as in the integral-typeeisy
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Solar radiation A
Air exit
Chimney
. Trays =« |
: / ' Insulation
Solar radiation | |
Solar air | / | '\
collector !
{ Drying chamber

Figure2.4 Schematic Diagram of a Natural Circulation, BtixMode Solar Energy
Dryer

2.5 Introduction to Solar Collectors

In any solar-thermal collection device, the priteipsually followed is to expose a dark
surface to solar radiation so that most of thersaldiation is absorbed and converted heat
energy. A part of this heat energy is then tramsteto a fluid like water or air. When no
optical concentration of radiation is done, theidewn which the collection is achieved is
called the flat plate collector. In other words, emhthe area of interception of solar
radiation is same as that of absorption then tHeeatmn device is called flat-plate
collector else it is concentrating collector. Thet plate collector is the most important
type of solar collector because it is simple inigieshas no moving parts and requires
little maintenance. It can be used for variety pplaations in which temperature of
required heat energy ranges from 40-10G7].

2.5.1 Concentrating Collector

Concentrating collectors use mirrored surfaces dncentrate the sun's energy on an
absorber called a receiver as shown in figure bef@ncentrating collectors also achieve
high temperatures, but unlike evacuated-tube dolitecthey can do so only when direct
sunlight is available. The mirrored surface focuseslight collected over a large area
onto a smaller absorber area to achieve high teatypess. Some designs concentrate solar
energy onto a focal point, while others concentthéesun's rays along a thin line called
the focal line. The receiver is located at the Fquzint or along the focal line. A heat-
transfer fluid flows through the receiver and absoheat. These collectors reach much
higher temperatures than flat-plate collectors. ey, concentrators can only focus
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direct solar radiation, with the result being thia¢ir performance is poor on hazy or
cloudy days.

Concentrating collector

Adjustable Bracing

Reflecting Parabola
Absorber Pipe

Figure2.5 Schematic Representation of Concentrating Collector
There are four basic types of concentrating cadlect
1. Parabolic trough
2. Parabolic dish
3. Power tower
4. Stationary concentrating collectors

25.2 Flat-Plate Collectors

Flat-plate collectors are very common and are allgl as liquid based and air-based
collectors. These collectors are better suitedhfoderate temperature applications where
the demand temperature is 30D and/or for applications that require heat duting
winter months.

The air-based collectors are used for the heatinguddings, ventilation air, and for
drying crop and industry products. In this typecoliector a flat absorber plate efficiently
transforms sunlight into heat. To minimize heatapstg, the plate is located between a
glazing (glass pane or transparent material) anidsariating panel. The glazing is chosen
so that a maximum amount of sunlight will pass tifou and reach the absorber. Figure
below represents the constructional features opftte collectors.
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Solar radiation
p Fluid ouilet

“~Absorber

- Insulation

Fluid infet

Figure2.6 Represents the Constructional Features of Flat Rlallectors.

2.5.3 Optimization of Collector

Apart from the effect of characteristics of theledlor itself, the output of solar collector

strongly depend on the inclination angle of sotatector. [16]

Table 2.1 Orientation of Tilt Angle for Selected Months.

Latitud | Best collector tilt in:
e June Orientatio | Sept./march( Orientation| December| Orientatio
(degree) | n degree) (degree) |n
50 26.5 S 50 S 73.5 S
40 16.5 S 40 S 63.5 S
30 6.5 S 30 S 53.5 S
20 3.5 N 20 S 43.5 S
15 8.5 N 15 S 38.5 S
10 13.5 N 10 S 33.5 S
Equator| 23.5 N Equator =0 | - 23.5 S
=0
10 33.5 N 10 N 135 S
15 38.6 N 15 N 8.5 S
20 43.5 N 20 N 3.5 S
30 53.5 N 30 N 6.5 N
40 63.5 N 40 N 16.5 N
50 73.5 N 50 N 26.5 N

The largest yield is obtained when the collectoalisays oriented perpendicular to the
sun. However, the optimal tilt angle for the calteovaries according to the season, as the
sun is higher in the sky in summer than in winfes.a general rule the optimal angle of
tilt is equal to the degree of latitude of the sBait the minimum angle of the collector

should be 15 degree to assist the thermo sipheotdft6].
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2.6 Application Flat Plate Collector
2.6.1 Solar Water Heater

In Solar water heater, water is heated by the tiselar energy. Solar heating systems are
generally composed of solar thermal collectorduia fsystem to move the heat from the
collector to its point of usage. The system may elsetricity for pumping the fluid, and
have a reservoir or tank for heat storage and suiese use. The systems may be used to
heat water for a wide variety of uses, includingniep business and industrial uses.
Heating swimming pools, under floor heating or gyanput for space heating or cooling
are more specific examples

2.6.2 Solar Air Heater

A solar air heater is a simple device to heat wiutiizing solar energy, which has many
applications in drying agricultural products, suel seeds, fruits and vegetables,
industrial products and as a low-temperature ensmgyce. Also, solar air heaters are
utilized for heating buildings with auxiliary heedeto save energy in winter-time. Solar
air heaters can also be used for industrial pugpdRadiation energy of sun is absorbed
by an absorber plate and then transferred to diis Tieated air can be used further
according to our requirement. Different configusa8 are possible for air flow in the

passage. Solar air heaters are simple in desigmaimdenance.

2.7 Heat Transfer Analysisfor Flat Plate Collector

2.7.1 Heat Loss Coefficient of Flat Plate Collector

It is useful to develop the concept of an ovel@dk coefficient for a solar collector to
simplify the mathematics. Consider the thermal woekwfor one-cover system shown
below.
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Figure 2.7 Thermal Network for One-Cover System
Heat is lost to the surroundings from the platetigh:

The glass cover (referred as top loss), and thalatisn (referred as bottom and edge
loss) [1].
|. Top Loss Coefficient
The top loss coefficient of flat plate collectoramalyzed by considering three different
heat transfer methods as follows.
A. Convective Heat Transfer Coefficient

a) From Plateto Glass Cover

TR
h, = NU C (2.1)

Nu the Nusselt number-the ratio of the convectieathtransfer to the conductive heat
transfer.

The Nu can be obtained from the expression (Holktndl. (1976)) [1].

+ : 16 % +
NU =1+ 144 1- 1708 . 1_17083|n(1.8[>’) +[(Ra cos,B)l,3 _1} 2.2)
Ra* cosf Ra* cosf 5830

“+” exponent means only the positive value of teem in square bracket is to be
considered. Zero is to be used for negative values.

15



The Rayleigh number Ra is given by:

goAL’

V2

R, =Grl *Pr= Pr (2.3)

b) From Glass Cover to Ambient
h,, =28+3*V (2.4)

Where: V is the wind velocity in m/s, over the ealior

B. Radiative Heat Transfer Coefficient
a) From Plateto Cover

h is the coefficient of radiative heat loss fromleotor plate to the cover, expressed as:

(T, +273* - (T, +273*

h, = €40
Tp _Tg

(2.5)

The effective emissivity of plate-glazing systengigen by:

PRI S (2.6)

i+i_1

€ &

b) From Glazing Cover to Ambient.
The sky temperatureyd, given by:
Ty~T,-6 (2.7)
The radiative heat transfer coefficient is exprdsas

T, +273* - (T, +273*
r=Ega(g 3" - (Tyy +273 2.8)
T, -T.

h,

The total heat transfer coefficient from collegpdaite to cover is expressed as the sum of
hlc and hlr.

h =h, +h, (2.9)
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The total heat transfer coefficient from the comeambient is expressed as:
h2 = hZC + h2r (Q)l
The effective top heat transfer coefficient froratplto ambient is given by:

1
Ut—1 : (2.11)

H h,

Finally the rate of heat loss from the top per anga can be given as:
qlosstop :Ut (Tp _Ta) (212)

1. Back Loss Coefficient

Heat is lost from the plate to ambient by conductihrough the insulation and
subsequently by convection and radiation from thigolon surface casing.

The bottom loss coefficient is given by:

_ 1
+
Kin hb
The magnitude ofL'— andh—are such that the second term in the Equation 2sl3
in b
negligible. Therefore
Kin
u, = L (2.14)

[l. EdgeLoss Coefficient

Energy lost from the side of the collector casingyrbe taken to have exactly the same
value as that from the back, if the thickness ef ¢dge insulation is the same as that of
the back insulation (Tabor, 1958). The edge logsviesn as:

A
U,=U,|—= 2)15
i {Aj @
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IVV. Overall Heat L oss Coefficient

The overall heat loss coefficierif, is the sum of the top, bottom and edge loss
coefficient. That is:

U, =U, +U, +U, (2.16)

The overall heat lost by the absorber to the amipen unit area per unit time can be
expressed as:

q =V (T, -T,) (2.17)
The useful energy gained by the collector is exqgdsas:
Q, =arNA, - AU, (T, - T,o) (2.18)
Therefore, the energy per unit area (qu) of theectur is:
Q, =ardN-U (T, -T,,) (2.19)

If the heated air leaving the collector is at odiibe temperature, the heat gained by the air
Qqis:

Q, = m* Cpa(Tpo - Tajo) (2.20)

The collector heat removal factor, FR, is the giathat relates the actual useful energy
gained of a collector, to the useful gained byameTherefore,

r.n* Cpa(Tpo - TajO)

R= (2.21)
CH’INAC - A\:UL(TpO _TajO)
Or
Q, =A * FRlodIN -U (T, - T,,)) (2.22)
The thermal efficiency of the collector is defihas:
e = % (2)23
Ay
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2.8 Introduction to Solar Radiation

In spite of abundant availability of solar energythe tropics the determination of the
guantity of energy available at any location hasegovarious challenges [19]. This is
because the quantity of solar energy availableiwitiiese regions are dependent on the
latitude, hour of the day, day of the year, al@udnd clearness of the sky and these
values need to be determined and evaluated fosdlz radiation incident at a location
itself. In addition, the amount of global solarutetion at a place could be established by
measurements, which is a tedious process, and owrsumers of such information lack
the tools to carry out physical measurements (éslhedn developing country such as
Ethiopia). Besides, the common practice has beatetelop models which can predict
the energy incident at a particular location at ame. Such energy can then be used as
an input variable in the design of solar energyliapfion systems such as solar air and
water heaters, and solar dryers among other uses.

2.8.1 Solar Energy Measurement

The annual, monthly, daily and hourly records af &mount of solar radiation received at
any given location over the earth’s surface aremss for the design of solar energy
systems. Therefore, solar radiation measuremeetsnade continuously at monitoring
stations of country [1].

Measurements may include, direct component at narmaence, diffuse component at
a horizontal surface, global radiation on a hortabsurface, total radiation on an inclined
surface, ground reflected radiation, and spectrsiridution over certain wavelength
bands.

A variety of instruments are used for the measurgnoé solar radiation. They are
categorized into two groups: pyranometers and pignineters. Pyranometers are used to
measure the total radiation, incident on a horialostirface from the entire sky. They can
also measure the diffuse component if covered bgmpropriate shade band. Operation
of most pyranometers is based on measurement gietature difference between black
and white elements using a thermopile.

Pyrheliometers measure the intensity of the dismdar radiation at normal incidence.

Most pyrheliometers used for routine (practice) sseaments operate on the thermopile
effect so are similar to pyranometers in this respehey differ in that mechanically they

must follow the sun to measure the direct sunlagtly and avoid the diffuse component.

In practice, direct solar radiation is measuredtigching the instrument to an electrically
driven equatorial mount for tracking the sun.

Apart from the direct solar radiation records, ¢hemay be records of bright sunshine
hours and approximate cloud cover for the locatinder interest. Sunshine recorders are
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devices that measure hours of bright sunshinegnetgy. These devices are sensitive
only to the direct component of solar radiation witas above some imprecise threshold.
The Campbell sunshine recorder is the classic decavidely used throughout the world.

Empirical formulas are required for estimation @idiation, for locations at which
insufficient or no measurements are available. Alariclimatological parameters such as
humidity, temperature, rainfall, number of sunshimmurs and total amount of cloud
coverage have been used in developing empiricatioels as substitutes for the direct
measurement.

Three basic problems can be clearly identified astmelevant when estimation of
radiation components arriving on a collector swfac

1.Evaluation of the global radiation from other metdogical variables such as percent
sunshine hours, extent of cloud cover, relative idity etc.

2.Conversion of daily radiation components into hpwdlues.

3.Conversion of the horizontal components of the athoin into equivalent inclined
components.

Radiation data on hourly basis may be estimatedh foaily records although such
computation may not be accurate and may even beletety misleading. The reason is
that different combinations of cloudy periods amshrsy hours may result in the same
daily total radiation The hourly solar radiation on a horizontal surfaedound to be
dependent on the sunset hour angle.

2.9 Solar Radiation for Addis Ababa

The performance of solar dryer is significantly elegs on the weather condition of the
location (Addis Ababa) which means the heat reguiceremove the moisture from the
product to be dried is only from solar energy. Be weather conditions have a biggest
influence on the capacity of product that can beddwith certain time period.

Since measurements of radiation components regex@snsive equipment that is costly
to operate as well as maintain, reliable measuréesmame undertaken at only a limited

number of stations. Thus the Ethiopian Meteorolaigigervice collects solar radiation

data for some cities of the country. Hence in Adlisba this solar radiation data can be
used as an input variable in the design of solgerdrfor molding sand of Akaki Spare

Part and Hand Tools Share Company.
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29.1 Extraterrestrial Irradiance

The extraterrestrial irradiance on a surface atabincidence (&) may be expressed as

G, =G_|1+ 003300{2—”]) (2.28)
365

variation of extraterrestrial solar radiation with time of the year
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Figure2.8 Variation of Extraterrestrial Solar Radiation wikihme of the Year

Where n is the number of the day in the year wathudry 1st representing a value of 1
and December 31 a value of 365.

The extraterrestrial irradiance incident on a hmmtal plane at an arbitrary angle of
incidence is also of interest and is given by,

G, =1y [1 + 0033005%) * (cosrpcosd cosw+ singsin 5) (2.29)

When it is given hourly

24* 3600
T

H =

0

[1+ 0033cos%)* (cospcosd cosw+singsind) (2.30)
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2.9.2 Declination Angle

The time of the year is represented by the solelirdgion anglé, which is defined as the
angle between the earth’s equatorial plane anddhté sun line.

Because of the earth’s elliptic orbit around th@ sad the variation in the sun-earth
distance, the solar declination angle varies frasitive 23.48 north equator on the 21st
June to negative 23.%5south of equator on the 21st December. It is cnatiby
approximated by,

(2.31)

5= 23.453in(277284+ ”j

365
Where n is the number of the day in therye

variation of declination angle with time of the year
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Figure2.9 Variation of Declination Angle with Time of the ¥e

2.9.3 Hour Angle

The time of the day is expressed in terms of the hoglex. It is taken to be zero at local

solar noon, increases by“1fr each hour before local solar noon and deceeas¢he
same rate after solar noon.

w=(ST -12)*15° (2.32)
Where: - ST is the local solar time in hours
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Solar radiation data was simulated for respectiggsdat which the experiment was
conducted. This data was obtained from Addis Abghale) Metrology which is the

nearest location for the site.

Global, Beam and Diffused Solar radiation for May23
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Figure 2.10 Global, Beam and Diffused Solar radiation for M&y 2
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Global, Beam and Diffused Solar radiation for May24
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Figure 2.11 Global, Beam and Diffused Solar radiation for May 2

Global, Beam and Diffused Solar radiation for May25

Global Radiation

Beam Radiation

600

200 -

(cw/m)uoireipel Jejos

time(hr)

Figure 2.12 Global, Beam and Diffused Solar radiation for M&y 2
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CHAPTER THREE

M olding sand

3.1 Introduction

The Sand Casting molding process utilizes a ctigelalf) and drag (bottom half) flask
set-up. The mold consists of sand, (usually silic@$in and catalyst. When the catalyst is
added it develops the bonding characteristics efr#isin, which binds the silica sand
together. When applying pressure to the mold natérican be compacted around a
pattern, which is either made of metal or woodptoduce a mold having sufficient
rigidity to enable metal to be poured into it t@quce a casting. The process also uses
coring to create cavities inside the casting. Aftey casting is poured and has cooled the
core is removed.

The material costs for the process are low ands#imel casting process is exceptionally
flexible. A number of metals can be used for cgstim sizes from ounces to many
thousand pounds. The mold material is reclaimadid, between 90 and 95% of the sand
being recycled, although new sand and additions raqeiired to make up for the
discarded loss. These features, combined withdlaive ease of mold production, have
ensured that the silica sand molding process hasined as the principal method by
which castings are produced.

3.2 Sand

The size and distribution of sand grain are extignmeportant in controlling the surface
finish of the casting. The characteristic also ciftle ability of the mold to promote the
evacuation of gases formed during the transformatid water to steam and the
decomposition organic constitute of the core biaderd silica sand additives. The correct
sand distribution is also critical in reducing thezurrence of sand expansion defect.
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Figure 3.1 washed silica sand

3.3 Patterns

Making a pattern is similar to making the piecevimod, with some differences of course.
The first difference is that the pattern must belenbigger than the final piece. When the
metal melts it expands, and it will contract afteing poured into the mold.

Another difference is that any vertical surfaceyi@sved when the pattern is in the mold,
must be tapered. The taper is required to makasiee to remove the pattern from the
mold.

3.4 Making mold

The mold is made in a box called a flask. A flask made with two or more
interconnecting parts. Figure below shows a twd-flask. The following figure shows
that piece on the left is the bottom and it isexhithe drag. The piece on the right is the
top, and it is called the cope. When the partgatdogether the pegs in the cope will fit
into the sockets on the drag. This assured thk §ass together the same way each time.
The edges of the cope and drag shown in the piciteenvhere the parting line of the
mold will be.
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Figure 3.2 cop and drag of molding sand

went

Figure 3.3 schematic diagram of making mold.
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Terms that are shown in the above figure are desdras follows.

1.  Pouring cup: This is where the metal is poured the mold.

2.  Sprue: The vertical channel from the top ofri@d to the gating and riser system.
Also, a generic term used to cover all gates, risaed risers.

3.  Runner: The portion of the gate assembly tbanhects the sprue to the casting in
gate or riser.

4.  Gate: The end of the runner in a mold wherdgenainetal enters the mold cavity.

5. Riser: Areservoir of molten metal providecctompensate for the contraction of the
metal as it solidifies.

6. Mold cavity: The impression in a mold produd®dthe removal of the pattern.
When filled with molten metal it forms a casting.

7.  Cope: Upper or top most section of a flask,dhasl pattern.

8.  Parting line: A line on a pattern or castingresponding to the separation between
the parts of a mold.

9. Drag: Lower or bottom section of a flask, mofdattern

3.5 Moisture Measurement of Silica Sand in Foundry.

Moisture is extremely critical sand additive tiean be highly affect casting quality and
the operation of sand preparation system. It wasn slearned that low moisture
contributed to deformed castings. High moisture ttoe other hand, caused the sand to
aggregate, and produced combustible hydrogen windtemiron entered the sand mold.

R

Figure 3.4 Moisture Balance for Silica Sand Dry Basis.
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CHAPTER FOUR

4.1 Design of Solar Collector

Standard guidelines recommended by the Brace Résbetitute for the construction of
Solar cabinet dryers include:

1. An optimal angle of slope for the glazing as a fiorc of the local latitude
(applicable to sites both north and south of theaéay).

2. The exterior walls should be painted black;

3. The sample trays should be placed reasonably ath@veabinet or to ensure a
reasonable level of air circulation under and adbtlne product;

4. The top cover glazing should be treated againstadieggon under UV radiation;
and

5. The choice of construction materials should be rdeteed by local availability
and the desired level of dryer sophisticate.

411 Sand Property

The following characteristics of sand were estalelisexperimentally and some of their
values were taken from the literature.

Table4.1 Sand Characteristics

| Location | Addis Ababa (Akaki)
Product Moulding silica sand
Sand porosity 40-60%

| Bulk density |  1500kg/m"3
Initial moisture content(%) wet basis 17.76%
Desired final moisture content(%)wet basis %0.5
Maximum permissible drying temperature 80
Ambient relative humidity 60.3%
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4.1.2 Design Calculation

The heat gained by the dryer per unit time, Qgvsmgby [5]
Q, =A[INra-U (T, -T,) (4.1)
where, f= area of transparent cover (mz2)
IN= incident insulation (W/m 2)
U = overall heat loss for the collector (W)
a = solar absorbance
T = transmittance
Jio = temperature of incoming air
Ta = temperature of ambient air

Since the dryer draws the ambient air directly, gt term on the right-hand side
vanishes and the rate of energy collection is gimpécause temperature of incoming air
is equal to temperature of ambient air.

Qi =Alma (4.2)
If the mass of air leaving the dryer per unit timen, the heat gained by the air Qu is:-

Q, =My (Tap ~Taro) (4.3)
where, G,= specific heat capacity of air (KJ/kg 0C)

Too = temperature of out-going air

A simplified energy equation for the dryer ig ©Q,, i.e.
Qd = macpa(Taoo _Taio) (44)

Therefore, the required surface area of the tramspa&over, which determines the size
and dimensions of the dryer, is obtained from:

A= =t (4.5)
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The total energy required for drying a given quigntf sand item can be estimated using
the basic energy balance equation for the evajporafiwater.

M hy, =mye . (T

a~pa\'ao

0 _Taio) (4.6)

where, hy, = specific latent heat of vaporization of watemfrthe silica sand surface
(kJ/kg)

Mw = mass of water evaporated from the food iterg (¥).

The mass of water is estimated from the initial shoe content Mi and the final desired
moisture content Mf. The total quantity of moisttwebe removed from the silica sand to
bring it to the desired moisture from the initiabisture content is used to determine the
total mass flow of air required for drying. The qtity of moisture to be removed (Mw)
depends on the silica sand and can be found frerfotltowing relationship [6].

M =M (Mi_Mf)
WM (4.7)
100-M,

whereM,.: - is the mass of the wet sand (kg/ s).

During drying, water from the surface of the substaevaporates and water in the inner
part migrates to the surface to get evaporated.eBise of this migration depends on the
porosity of the substance and the surface aredahlai Other factors that may enhance
quick drying of substances are: high temperaturgh vind speed and low relative
humidity.

To determine the size of collector and drying heds obvious to know the amount of
silica sand that has gone to be dried. Thus themooonsumption of new silica sand is
21*10° kg/month (this figure is taken from ASPSC). So from thisuel the annual
consumption is:-

=21*1910

21*1bkg/year

In this thesis work 25% of total silica sand is sidered for the purpose of evaluation
Thus 21*10-0.25=52.5*16kg/year of silica sand is dried.

Out of thesevalue 15% is clay content which must be removeavhater during washing
processes. But during this processes mass of sifind is increased because of mass of
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water is added to it when washed by water. Thussnedshew washed silica sand is
calculated as:-

If 100 gm washed silica sand goes 82.24 gm drikchssand (from test conducted on
silica sand),the amount of wet sand processes

?x  =52.5*BBg/year
So x=52.5*88100./82.24
=63830Kkg/year wet sand.

Out of these value 15% is clay content which mestdmoved by water during washing
processes.

X=63837.55kg /year wet sand*0.1&yatontent
= 9575.63kg/year of lost duelay content
Net washed sand = 63837.55-9575.63
54262 kglyear
Daily amount of sand to be dried is 54262/3083:9kg/day
From equation (6.7) the amount of water to be rezdas calculated as:-

M. =1809 (1776~ 05)]
10C-05

=31.38kg/day of water to be removed

The total energy required for drying a given qugnif sand items can be estimated using
the basic energy balance equation for the evaporafi water is

Q, =M,h, 4.8)
Whereh,, is latent heat of vaporization J/kg which is given
h,, = 4186*10°(597- 056T, ) (4.9)
Tp -maximum allowable temperature {8p

h,, =2.43*10"6J/kg
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Qg =3k8/day* 2.43*10"6J/kg
76:25M J/day
Let assume maximum daily sun shine time is 8hr
So energy required per second is
76.25M J/8* 3600s=2647.7J/s

The effective total area surface of the dryer foltecting incident radiation is related to
the overall system drying efficiencygdj, which is given by

_M.hg (4.10)
My = | At :
Where Ac is the total area of the dryer receivimgdent radiation (the total surface area
of the primary and secondary collectors), t thealtdime, Ky the latent heat of
vaporization and; the intensity of radiation incident on a tilted fae.

The overall drying efficiencies of solar dryers agpd in the literature have been shown
to vary widely depending on the loading densitied weather conditions .Typical values
reported for natural convection solar crop dryeaisge from 10% to 15% .To achieve an
optimal design, an average overall efficiency valti&2.5% can be assumed[13].

_ M thg

@)1
L7741

769MJ/ day

= e on ———  26.7m’
80G/ i * 8* 3606* 0.12&

A

This calculation is done for maximum values of yaiblar radiation and sunshine time.
This is because, to overcome over size which resultost reduction.

But as it was stated above the effective areadddtal surface area of the primary and
secondary collectors. Thus the above result is g of primary (collector) and
secondary (black wall of chamber) collectors. Thmeahsion of model solar dryer on
which experiment was conducted is given as: prynailector is 2rfiand secondary
collector is 0.5 Thus the sum is equal to 2.5rTo determine number of such dryer
divide the numerical value to the model size oasdryer. 26.7/2.5=10.68 is number of
dryers is required

Therefore the number of such model dryer is appnakely eleven (11).
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Total size of primary collector =11*2=2Zm
Total size of secondary collector =11*0.5=5%5m

4.1.3 Sizingthe Solar Dryer (Primary and Secondary Solar Collector)

The solar air heater serves to provide the pringugply of energy to the dryer.
Essentially, the absorber within the air heaterveots direct and diffuse solar radiation
into heat, which is then transferred to the aiwfly through it. Taking the ratio of the
length of the air-heater (solar collector) to thdtv as 3:1, which fulfill the length of the
cabinet should be at least three times its widtimioimize shading effects of the side
panels. Thus [5]

A =L*w
But L=3*w
22=3w* W Implies that w=2.71m
L=8.12m
The breadth of the drying chamber, B, is made emuide width (W) of the air-heater.
Thus, the length of the drying chamber, Ls, is aeteed from the relation

5.5 =B *Ls, but B=2.%tom above analysis (B=w of collector)

5.5 =2.71*5” Ls =2.03m

But the above dimension is reduced by multiplyingmber of tray in each drying
chamber. Thus number of trays were five the sizelrging chamber reduced by five
times.

The dimension of model solar dryer on which tess wanducted given as, length (L=2m)
and with (w=1m). For drying chamber dimension soajiven as, breadth (B=w=1m) and
length (Ls=0.5m).

4.1.4 Areaof Drying Bed

The effective drying bed area;&is obtained from first principles by relating thelid
density of the wet material to its mass and theesmonding volume as

A =— 4.12)
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Where: M, Is the mass of the sand to be dried,
£ The bulk density of the crop on wet basis,

h, The layer drying bed thickness,

Determination ofh, The layer drying bed thickness is analyzed as\l

: volume, 178 oo
density 150C

volume=

The above result is total volume of sand be dWgden mass of silica sand for one dryer
Is 16.22Kg which means the number of model dryerevid from above discussion and

number of tray is five for each dryer.

Thus the volume of silica sand on each tray isga® [21].

1622
1500 5(number oftays)

=0.0022n°

volume,,, =

From model solar dryer Ais 0.4nf (area of tray or drying bed)rhus total bed (tray)
area=11*5*0.4=22rh

volume,,, = A, *h = h = volume _ 0.3(122: 0.0054n

ray
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CHAPTER FIVE

5.1 Modeling of Solar Dryer

The transient thermal performance of the solarectdlr is evaluated by applying energy
balance on its components.

The solar radiation energy incident on the collestaface which is inclined at an angle
[ to the horizontal, defined in terms of the glotadiation Gr, the diffuse radiation Dr,

the beam radiation factor Rb and the ground refliegtfactor p (=0.2), is given by:[1]
I, =R,(G, —D,)+ 051+ cospB)D, + 05p(1- cosB)G, (5.1)
Then the flux collected per unit time is calted as:
I =1y(r,a,) (5.2)

Before calculating all the above formulas let aket some assumption for analysis as
follows:

Nearest location= Addisaba

Latitudez() = 9.02

Collector facing south £0°

Then starting from equation (5.1) it is clear thfa¢ value ofl, is determined after

finding each of the necessary components that eanvolved inside it as follows.

First calculate the beam radiation factor by usiregformula:

&:F%aj (5.3)

cosd,

Then find the value of each component to get thelevheam radiation factor as follows.
cosd, =codg — )cosacosd +sindsin(g - ) 45

From this the unknowns are the hour andle)(declination anglgd) and the collector
slope  (B) which is calculated as follows.
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a)Z(ST—lZ) *15  From equation (2.32)
Where ST=solar time
Then the value of the collector slope is assumed as
p=15

Finally we can find the value of the declinatiorglenfor each day of the year starting
from day one of the year which is January 1 as n=1.

5= 2345sir 277224t N
365

J From equation (2.31)
Then the value of the incidence angle is determibgdusing the above parameters
calculated above.

Then the remaining angle which is going to findthe angle of Zenith by using the
following formula, which uses the parameters thas walculated for finding the value of
incidence angle.

C0YJ, =C0SECOSLCOD +Sindsing (5.5)

5.1.1 Energy Balance on Each Component of Solar Drier

A solar air heater is a flat plate collector with@bsorber plate, a transparent cover at the
top and insulation at the bottom and on the sides.

The figure for solar drier looks like this:

=12
D

p== TR =

Inswlation

Figure5.1 Schematic of Diagram Solar Air Heater

37



Energy balance on the absorber plate, the airmstiesad the glass cover are performed
based on the thermal circuit indicated in sectiid)(

5.1.2 Absorber Plate

Energy balance on the absorber plate is expressed a

(rncp)p d(:::[P = A\;lc _ACU pg(Tp _Tg)_A:Ua{Tp _Taj '*2'Tao:|_A:U pab(Tp _Ta)
T, +T (5.6)
- AU p a_T
Al pae[ 2 aJ

Where A = p* DE -collector perimeter x depth of the edge.

Then the unknown values in the above equation & ftllowing sections can be
determined.

U, = the overall heat transfer coefficients from thate to the glass by convection and

radiation are given by empirical equation as fokow

— )8 Ka 1/3 2 2
U, —{0.06— 001745 1<+ Cu ve ot +T72)T, +T,) (5.7)

2

gﬁ(Tp _Tg) K

Where:- G, = 5 (5.8)
%
g=gravitational acceleration
v= kinematic viscosity of the air
The value of 8 is volume expansion coefficient calculated as
2
 —— 5.9
'8 (Tai +Tao) ( )

A distance between the collector panel and glasercg,, = 0.02 m is the best choice.
Then the overall emittance facter, for the absorber plate and the glass cover is

obtained from the relation.
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1
Eqgi =11 From equation (2.6)

Then the rest are obtained from the standard thplaising the equation which is
evaluated at the film temperatdre given by:

T, =—2 2 5.10
f ) (5.10)
Then the heat transfer coefficiddt, of the air is defined as:

025
K
U, = 0664—=2 PG, cosp (5.11)
L | P +0.9524

V. Cc.V
whefe =2 ="
e a K

a a

Then we have to find the value,, [heat transfer coefficient from collector plateaio

heat transfer coefficient in the bottom side].

U e :% From equation (2.14)

wherek-, =thermal conductivity insulation.
L, =Thickness of insulation.

Then find the value &f . [heat transfer coefficient from the plate to #iethrough the

edge].
U =U pab(%j , where, = p* tge

Finally if DE=tzg then results in:-
A =p*DE=p*ty (5.12)

Due to the transient nature of the radiant and eotive heat transfer coefficients,
absorber plate energy balance equation is a neasliaquation and its solution requires
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an integration scheme that line arises the givéferdntial equation within a given time
step.

The plate-temperature at time+A7 ) is evaluated from available data at time t and
incident solar radiation and thermal losses dutimg intervalA7

The temperature of the plate at timierA7 ) in terms of the absorbed useful incident
radiation on the surface of the plate, the heasdsshrough the glass cover and the
collector edge, the quantity of heat absorbed leydin stream and temperatures of the
collector components at time t is obtained from #iwsorber plate energy balance
equation:

— Aclc AtU pg A:Ua AtU pab AtU pae A:
T, = AT+|1- + + A *T
), { [(rmp)p (me,), g JA}T ((mc,,)p} '

(ot 2

5.1.3 Air Stream

(5.13)

Considering heat transfer from the collector ptat¢he air-stream, heat transfer from the
air-stream to the glazing and heat transfer taathentering the collector, energy balance
on the stream vyields:

dT T +T T +T
(me, ). £°:Au{j;-ﬂ2 “}—AU4:“2aO—Rj—@ma*%Lﬁ$—tg(51®

Where the mass flow rate of air at exit from thdembor, m, is determined from the

solar flux collected per unit area, Ic, the tempeaeadifference between the heated air at
Tao0 and the ambient (incoming) air temperatufea#d as:

Ac(qab -U, (TpO _TaOO)J

m=
Cpa (T aoO_TaiO )

(5.15)

The temperature of the air stream entering ther saoldector at the ambient conditions at
time t gains energy from the incident radiant egeom the collector plate. The
temperature of the air-stream at outlet from théector at (+ A7) is determined from
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AT AT

Taol ={1_m[p&ua +mfra* Cpa }Tao +(m_p)2[rnrra* Cpa - '%Ua]TaiO
AT AT
i 2 o1

514 GlassCover
Energy balance on the glass cover yields:

(rmp)g dd%z A3| N[l_ T9]+ AiU P9 (TP _Tg)_ AcUga(Tg _Ta) (517)

The glazing temperature at time t in relation te #bsorbed incident radiation on the
surface of the glass, the heat losses from theatoll plate to the glazing and heat losses
from the glazing to the surrounding at tinhe A7) is given by:

Al

Tgl = _(Epigr_g) AT+ {1—(%); [Atu g + Atu ga]}TQO + [(I’T‘CA:); Atu Py :|TP0 +
{(%)_ Abu ga:|Ta0

(5.18)

5.2 Energy Balance Equation for the Drying Process

It is needed to find the drop in temperature ashisated air from solar air heater rises
through the drying chamber. The vertical blackeskdet absorbs about 20% of solar
radiation [2].

5.2.1 Heat and Mass Balance on the First Tray of Drying Chamber

(m,c,),(Tadl-Td) + 02A,1, =M h (5.19)

The temperature of the air stream out going framst tiray of the drying chamber at the
ambient conditions at time ¢ A7) gains energy from the incident radiant energyhen
collector plate and black wall of drying chambethe first tray is determined from:

Y
Td =Taol- —M s pnr 4 020NN o p;

(macp)a (macp)a (520)
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5.2.2 Heat and Mass Balance on the Second Tray of Drying Chamber
(m,c,),(Td =Tr) + 02A,1 =M ,hg, (5.21)
The temperature of the air stream out going frooosé tray of the drying chamber at the

ambient conditions at time ¢ A7 ) gains energy from the incident radiant energyhen
collector plate and black wall of drying chambethe second tray is determined from:

M,,h
Tr=Td — w20 w p 7y O20A o 5, (5.22)
(macp)a (man)a

5.3 Equilibrium Moisture Content

The equilibrium moisture content (EMC) is the morstcontent at which the silica sand
IS neither gaining nor losing moisture; this, hoegvis a dynamic equilibrium and
changes with relative humidity and temperature.

The rates of moisture desorption from the prodoiché environment and absorption from
the environment is in equilibrium, and the siligaad moisture content at this condition is

known as the equilibrium moisture content. The Eopuum moisture contentie) is the
Chung-Pfost equation taken from the ASAE Standandkis given by [12]:

M, =0.33872- 0.05897n((6 + 30205 In(RH)) (5.23)

Where; -6 is silica sand (grain) temperature

RH s relative humidity
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Figure5.2 determination of moisture content of silica sargezimentally

During drying, water at the surface of the silieand evaporates and water in the inner
part migrates to the surface to get evaporated.eBise of this migration depends on the
porosity of the silica sand and the surface aredlable. Other factors that may enhance

quick drying of sand are: high temperature, highdwspeed and low relative humidity.
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CHAPTER SIX
6.1 Simulation of Solar Dryer Using M atlab

Simulation of plate temperature, glass temperatirgemperature and mass follow rate
of solar dryer for selected (representative daysnubnths was simulated by mat lab

software as shown in the following figures.

The variation of tempraturesTp1,Taol,Tgl and Ta for January17

\ \ T
plate temp
glass temp —|
air outlet temp
ambient temp

Temperatue im degree celcius

TIME IN HOURS

Figure6.1 Variation of Temperature of Plate, Glass and AiMafdel Solar Dryer for

January 17
Variation of mass flow rate for Januaryl7
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Figure6.2 Variation of Mass Flow Rate of Model Solar Dryer January 17
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The variation of tempraturesTpl,Taol,and Ta for April 15

air outlet temp

plate temp
glass temp

ambient temp | |

Taol

snI9j92 aalbap wi anyesadwa |

TIME IN HOURS

Figure 6.3 Variation of Temperature of Plate, Glass and AiMufdel Solar Dryer

for April 15.

Variation of the mass flow rate for April 15
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Figure6.4 Variation of Mass Flow Rate of Model Solar Dryer fpril 15
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The variation of tempraturesTpl,Taol,Tgl and Ta for May15
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Figure 6.5 Variation of Temperature of Plate, Glass and AiMaddel Solar Dryer

for May 15

Variation of mass flow rate for May15
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Figure6.6 Variation of Mass Flow Rate of Model Solar Dryer May 15
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The variation of tempraturesTpl,Taol,Tgl and Ta for Oct 15
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Figure 6.7 Variation of Temperature of Plate, Glass and &AiModel Solar Dryer

for Oct 15

Variation of mass flow rate for Oct 15

0.02

s/63 Ul a1l MO|) Ssew

15

10
TIME IN HOURS

Figure6.8 Variation of Mass Flow Rate of Model Solar Dryer Oct 15
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CHAPTER SEVEN

Experimental Setup and I nstrumentation

7.1 Instruments

To investigate effects of environmental and opegaparameters on the performance of
the dryer, various measuring devices were used [2].

1. Pyranometerswere placed on the solar collectors to measugg satliation on the
south-facing side of the collector.

2. Thermocouples of type K were used to measure air temperaturdésernlet air to
the dryer, out let air ducts and drying chambers.

3. Hot wire anemometers were employed to monitor the air speed in theectdr
and in the air ducts. This anemometer was also tsseabnitor the ambient wind
speed.

4. Hygrometer — were used to measure relative humidity of antbeémand drying
air periodically.

But in this test only thermocouple were used forasuging temperature and the rest
measurement was taken from metrology nearest tocédr the site (Addis Ababa).

7.2 LabVIEW

LabVIEW is a graphical programming language tha&susons instead of lines of text to
create applications. In contrast to text-based narogiing languages, where instructions
determine program execution, Lab VIEW uses datafpomgramming, where the flow of
data determines its execution [24].

1 How DoesLabVIEW Work?
Every Lab VIEW program (V1) uses functiongtimanipulate input from the user
interface or other sources and display that infeienaor move it to other files or
other computers.

2 DataFlow
Lab VIEW follows a dataflow model for runningls. A block diagram node
executes when all its inputs are available. Wherode completes execution, it
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supplies data to its output terminals and passestitput data to the next node in
the dataflow path as shown in block diagram.

supplies data to its output terminals and gmé$ise output data to the next node in
the dataflow path as shown in block diagram.

7.21 A VI Containsthe Following Three Components

1.

Front Panel:-Interactive user interface of a VI. Front pan@pearance imitates

physical instruments, such as oscilloscopes andimeikrs. The following figure

shows the font panel of Lab VIEW which helps theru® check or to see how

reading is going on.

Murmeric

0 ;],j Temperature_4 m Y
Temperature_3 -
Temperature_5 m
Temperature_& m

Waveform Graph Plot 4 m ﬂ

26_

25-

24-
i
g 23-

£ 22-
L=
21-

zl:l_

Figure7.1 The Front Panel of Lab VIEW

Block Diagram:-Pictorial description or representation of a pewg or algorithm.
The block diagram consists of executable icon®dallbdes and wires that carry data
between the nodes. The block diagram is the saade for the VI.
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Figure7.2 The Block Diagram of Lab VIEW

L

3 Icon and connector pane

Connector Pane:-Region in the upper right corner of a front panelblock diagram
window that displays the VI terminal pattern. Itfides the inputs and outputs you can
wire to a VI.

I con: - Graphical representation of a node on a blocgrdia.

7.3 Experimental Set Up of Solar Dryer

Outer side black painted steel sheet of 0.8 mnkthid 4 mm thick glass were used for
the construction of the chamber body. The solalectr is parallel piped shape with
dimension of L=2 m x W =1 m x 0.14 m having 80 miragnel depth, 20 mm gap
between the absorber plate and glass, and on ttienb®0 mm thick fiber glass
insulation. The collector is inclined at an angfel8® with the horizontal. The absorber
plate consists of 1 mm thick steel flat sheet d@ekd on the sun facing side. The cover
material of the collector is 4 mm thick commergkdss [22].

Drying chamber: - in side drying chamber five nunsbef trays were prepared. The trays
were manufactured from aluminum sheet metal. The thie trays were length (L=0.96m)
and width (w=0.4m) which is less than the insidaelision of drying chamber. Since the
trays were not in wire mesh form (it is flat alumm sheet metal) the air is forced by
natural convection to flow through the trays inzag fashion. The following figure
shows how trays were placed in drying chamber.
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Figure 7.3 Picture Which Shows How Trays Were Placed iniiyy¥Chamber

7.4 Sensor s Positioning
To conduct an experiment the sensors are positiahedht place in right time for right

purpose. Thus the following figure shows how semstwcated on the dryer to collect the
information that was needed.
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Figure 7.4 Schematic Diagram of Sensor Positioning for Experital Set Up.

7.5 Experimental Procedure

The daily drying rate was estimated by measurireggweight loss of the product after
each day of drying. The relative humidity and sotadiation data was obtained from
Addis Ababa metrology. The working procedure addfte taking the observations is as
follows.

1. Solar dryer orientation was set with its solarhaater facing south.

The product was loaded in three trays in the drghgmber at 10.00AM hours.
The doors of the drying chamber were closed.

3. Readings were taken at intervals of 1 min (fromAMto 5 PM) in the following
sequence:
* Inlet air temperature of solar dryer Outlet tempameof solar dryer and
* Variation of temperature in drying chamber

4. The above readings were noted in a specially peepbdatasheet (excel).

5. The final readings were taken at 5 PM. The proawad then removed from the
drying chamber, taken in plastic bags and theighteivas noted.
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6. The experiments were performed with new silicadimg sand until they were
reduced to safe moisture level, which is favordbtenolding application.

7.6 Experimental Result and Discussion

7.6.1 Air Temperature Variation in Drying Chambers.

The test was conducted on three trays. The fiagt lower tray) was positioned at 0.01m
from insulation and the rest tray positioned at flane distance (0.01m) above each
other. The percentage weight reduction in masslioasand was greatest when spacing
between trays was minimum as much as possible.

The following figures shows varaition output tenmgiare of drying chamber and inlet
(ambient temperature to dryer) and outlet (inlettamperature to drying chamber) air
temperature of solar dryer.
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tempe variation through drying chamber & inlet & outlet of air heater results expirementally May 23
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Figure 7.5 Temperature Variation through Drying Chamber anidtland Outlet of
Air Heater Results Experimentally on May 23.

tempe variation through drying chamber & inlet & outlet of air heater results expirementally May 24
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Figure7.6 Temperature Variation through Drying Chamber ardtland out let Air
Heater Results Experimentally on May 24.

54



tempe variation through drying chamber & inlet & outlet of air heater results expirementally May 25
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Figure7.7 Temperature Variation through Drying Chamber babet and Outlet of
Air Heater Results Experimentally on May 25.

Discussion

As observed from the above figures it was cleartiidated that the temperature variation
through drying chambers and inlet (ambient tempegato dryer) and outlet (inlet air
temperature to drying chamber) air temperaturelairgiryer. This means

1. Outlet temperature (inlet air temperature to drysh@mber) is higher because of
incoming air temperature to the drying chambereatéd by solar radiation in the
air heater and additionally heated by the vertldackened wall of the drying
chamber, which is exposed to solar radiation.

2. Outlet temperature of first tray is lower than etittemperature (inlet air
temperature to drying chamber) because it absorbistune from silica sand
loaded on first tray.

3. The outlet temperature of second tray is lower than first tray temperature
because since it absorbs moisture of silica sandhwis loaded on the second
tray.

4. Finally it was concluded from the above result ttfs temperature is lowers
upraise through drying chamber and also drying (@eerease) and drying period
(increase). This is due to temperature variatioaugh drying chambers.
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1. Comparison Between Experimental and Theor etical Result

The following figures indicate the comparison betweexperimental and theoretical
results for the selected days. These figures shibatstest was conducted on inlet and
out let temperature of solar air heater and vamatif temperature of drying chamber in
each trays.

comparison of outlet temp of air heater b/n theoretical & expiremental results May 23
45

| | ‘ ‘

1 1 } } theoretical temp
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Figure 7.8 Comparisons between Experimental and TheoretiealRof Outlet
Temp of Solar Air Heater May 23
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Figure 7.9 Comparisons between Experimental and TheoreticalilRef Outlet

Temp of First Tray May 23.
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Figure7.10 Comparison between Experimental and TheoreticaiRef Outlet

Temp of Second Tray May 23.
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comparison of inlet temp of air heater b/n theoretical & expiremental results May 23
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Figure 7.11 Comparisons between Experimental and TheoreticalilRef Inlet Temp
of Solar Air Heater May 23.

Discussion

1. From the result it is also observed that the themetemperature is higher than
experimental temperature, this is because of thsel that were considered in the
theoretical part is less, because it is difficdtapply these losses as it is in the
practical case (losses occur during manufacturing).

2. In actual case once the drying chamber attain heghperature, it maintain its
temperature even when outside temperature dropspfoe time period. Because the
heat is absorbed by chamber and even by the sahgilevas placed in the chamber
to dry. But in theoretical case this situation ¢td@ attained.

3. The variation of temperature between experimental theoretical is not much
significant as shown in the figure above.
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7.6.2 Massof Moisture Removed

The dryer was loaded with silica sand (0.54 mmrdyyed thickness) and its weight was
measured at the start when it was loaded at 10.0@Adfinal weight was measured at
5.00PM. The weight loss was used to calculate thistore removed in Kg water/Kg dry

matter at intervals as the silica sand dried. I$ whserved (from figure below) that the

moisture removal decrease due to decrease in tatapein drying chamber from bottom
to top of trays.

This is because of air evaporates moisture fronptbduct. This lowers the temperature
of the air and finally results in low moisture revabof upraise of drying chamber [2, 3].

variation of moisture removal through drying chambe each tray for selected
0.35 ‘ |

-June 21

0.3 0 May 23
] May 24

0.25 I May 25
-June 20

0.2

0.15

0.1

amount of moisture removed (kg)

0.05

Figure7.12 Mass of Moisture Removed Experimentally (Kg/daypoying
Chamber for the Selected Days on May 23, 24 and@® 20 and 21.

7.6.3 Moisture Content

Moisture content (Mc) is the quantity of water ained in silica sand (called sand
moisture). Water content is used in a wide rangsca@ntific and technical areas, and is
expressed as a ratio, which can range from O (cetelyl dry) to the value of the
materials' porosity at saturation. And it is alsmeasure of wetness or dryness of silica
sand. It can be calculated on either a wet or dsish The wet basis moisture is the ratio
of mass of water in silica sand to wet mass ofstraple that is [17].
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The dry basis moisture is the ratio of the maswatkr in silica sand to the mass of the
dry matter, that is:

Mod =-—_w d (72)

Variation of moisture content thrugh drying chambareach tray for selected days
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Figure 7.13 Variation of Moisture Content through Drying Chaenlon each Tray
for Selected Days (May 23, 24 and 25 and June d@ahn

7.6.4 Drying Rate

Drying rate is a rate of mass transfer processistmg of the removal of water moisture
or moisture from another solvent, by evaporatiemfisolid, silica sand. To be considered
"dried", the final product must be solid as powfitem in silica sand.

Drying rate, which  is the quantity of moisture @rmad from the product in a given
time, was computed numerically as:

M, M
am :( B J 100 (7.3)
dt t
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Variation of drying rate through drying chamber on each tray for selected days
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Figure7.14 Variation of Drying Rate through Drying Chambereach Tray for
Selected Days.

7.6.5 Drying Efficiency

The drying efficiency was defined as the ratio wioaint of heat needed to evaporate the
moisture content in the silica sand in one dayht golar radiation falling on the solar
dryer. The efficiency was calculated for all thetseconducted.

Which is given by (from egeution 6.10)

n, :Mw—hfg*mo (7.4)
Al t

Where: - M, is mass of moisture removed
lyis latent heat of vaporization of water
A area of solar collector
{total solar radiation incident on absorber and

tis time.
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Variation of drying efficiency through drying chaaron each tray for selected
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B June 21
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Figure 7.15 Variation of Efficiency through Drying Chamber omoh Tray for
Selected Days (May 23,24and25, June 20 and 21)

Discussion

1 The mass of moisture removed were varies from one teawnother tray. This
variation is due to temperature variation througlyirdy chamber. As discussed
previously, temperature is decrease through upiskying chamber, which affect
moisture removal. Therefore moisture removal isaly depends on the temperature
of the air.

2 The sun dried control samples were weighed for @ispn (Initial mass= 1.402Kg,
Final mass =1.248Kg.Then amount of moisture rem@edday on open sun were
0.154Kg). When compared from this result with dnyes less efficient.

3 But in the rest of the days it was observed thgihdrrate, moisture content, moisture
removed and drying efficiency decrease from bottoays to the top as result of
temperature variation through drying in upraiseiorot

4 Finally it was concluded from the above result tiet temperature is lowers upraise
through drying chamber and also drying rate (desseand drying period (increase).
This is due to temperature variation through dryghgmbers.
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CHAPTER EIGHT
Feasibility Analysis
8.1 Introduction

Although the resource of a solar energy systent,ithdhe solar irradiation, is free, the
equipment required to collect it and convert itugeful form (heat or electricity) has a
cost. Therefore, solar energy systems are genalafiyacterized by high initial cost and
low operating costs. Thus, the economic problentoiscompare an initial known
investment with estimated future operating costsjuding both the cost to run and
maintain the solar energy system and auxiliary ggnerssed as backup. A cost analysis
based on the local market conditions was made tim&® the value addition to the
product, by the solar dryer (Schirmer et al., 198%)

Since the availability of solar energy is inter@itt and unpredictable, it is generally not
cost effective to provide 100% of the energy reguients of a thermal system with solar
energy year round. This is because, when the sysatisfies fully the requirements under
the worst operating conditions, it will be greatlyersized during the rest of the year,
requiring the dumping of thermal energy, whichas cost effective.

8.2 LifeCycleCosting

In life cycle analysis, both the initial cost arigetannual operating costs are considered
for the entire life of the solar energy system.this thesis primarily initial cost and
operating were considered.

8.2.1 Initial Cost

Initial Costs are necessary to prepare the prdmcservice. These costs include the
purchase price, installation costs and chargesrigimeering work that must be done
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Table8.1

Part list

Equipment Cost for Model Solar Dryer

Dimension (unit) Thickness(mm) Quantity

Total
cost(birr)

(@)

"
o

N
&

=
N
o

Purchase  Glass 1*2(m2) 5.0 1
cost or cover
— — -
' steel sheet 1*2(m2) 0.8 3

e plate
Silicon bottle spray 2
rubber
Black kg 1
paint
Bolton and M6 26
nut
Legs Dia=30"30[mm2] 2.0 1
(RHS)
Skeleton  Dia=20*20[mm2] 1.5 1
(RHS)
Aluminum__ 1*2(m2) 0.8 1
sheet
Insulation  1*1.2(m2) 25 2
cost
(fibber
glass)

720 Installation
costs

Engineering
Cost

2805
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In order to obtain 178.4Kg/day dried silica sarfte total cost required was estimated as
follow. Initial cost for model drier was 2805ETBdrleven (11) such drier were required to
dry the required amount of silica sand thereforgt ob drier will be (11*2805=30855ETB).
Installation cost and Engineering cost are negtediecause of it doesn't require any
additional cost since it was done by their emplsykat have their own salary.

8.2.2 Operating Cost

Utilization (operating) costs are those required anroutine basis for operating and
maintaining the project. These include maintengneglacement of broken glass). Operating
costs can be direct or indirect. Direct costs idelulabor and materials for routine
maintenance. Indirect costs are the costs nottiratiributable to the project, but in this
work indirect cost was ignored because this worlesdd require any supervisor, and
cleaning supplies.

Table 8.2 Operating Cost for Model Solar Dryer

Operating | Direct cost Labour 200birr

cost Material 500Dbirr

Indirect cost Salaries for supervisor -

Cleaning cost -

Total OGCbirr

8.2.3 Cost Saving

As calculated in design part of this work the tamaérgy required to dry the given amount of
silica sand per day is 76.25MJ/day. In a day dryerks for eight (8hr) hours thus the
amount of power in kilowatt hour is given as:-

Power=energy/time (8hr)=76.25*10J/8*3600=26.48KWhr

If this energy is supplied from EPCO, it chargestcper day according to the KWhrs
ranges.
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Data collected from EPCO for self contained systandustrial-low voltage, the multiplying
factor for the tariff is 0.5778cent. As assumedha design part of solar dryer, the dryer
works for 300days (because by considering holydays)

Therefore the cost required per year when we essrig is calculate as
=0.5778*26.48(KWhrs)*3004590birr/year. (Saved cost by using solar dryer)

To calculate yearly cash flow, let as assume ecanparameters:-
Interest rate (i) = 10%
Number of year (n) =6years.
Initial cost = 30855birr (cost of the dryer)
Operating cost (O) = 700birr (operating cost ofdinger)
Present cash flow (P) = 4590birr (the cost of eleenergy saved by using solar dryer)
Future cash flow is given as:
F=P@+i)" (9.1)

Table 8.3 Yearly Cash flow Analysis.

Interest Operating cost Future cost at Net Cash flow

rate(i)% at year n(ETB) year n(ETB) at year n(ETB)

5049 4279

10 847 5553.9 4706.9

10 932 6109.29 5177.29

10 1025 6720.219 5695.219

10 1127 7392.24 6265.24

10 1240 8131.46 6891.46
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8.2.4 Payback Period

Determines the number of years required to recawvemitial investment through project
returns. Based on compound interest analysis agrshiothe above table the payback period
lasts given as follow. [25]
t=pb
0=—P+ZNCFI(P/F,i,t) (9.2)

t=1

Table 8.4 Cash Flow for Payback Period Analysis

End of year, 0 1 2 3 4 5 6

Net Cash | -30855 4279 4706.9 5177.3 5695.2 6265.2 6891.5
Flow(birr)

Cumulative| -30855 | -26526| -21869.1 -16691.8 -10996.6 -4731.4 6051
Value(birr)

From above table cumulative value at beginning"bf/@ar is positive. Thus payback period
is calculated from above table as; [25]

Ph=5+_ 41314 =5.48years.
47314+516(
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CHAPTER NINE
Conclusion and Recommendation

Conclusion

Solar dryer for silica sand were simulated andetksErom experiment it were seen that
solar dryer was best efficient in terms of drymage, drying efficiency, moisture removal

and variation of temperature through drying chamthan open sun drying technique. In

solar dryer during rainy season it takes two dagryolkg of silica sand but in the sunny day
it takes 1 day to dry the same quantity of siliaadsbut in open sun drying it takes three to
four days. From this argument it was seen thatneféhe weather condition was rainy

(summer), silica sand was dried in solar dryer teetndemand, but in open sun drying
method, it is difficult to dry silica sand durinigi$ weather condition. In addition to this open
sun drying have its own draw back such as contaiomavith dusts materials and other

impurities with silica sand were increased. Thé&ahcost for solar dryer were high but once
it was installed it has less operating cost andl fiselong period of time without any energy

consumption or by using free available solar enefgydry 178.4kg/day of silica sand, the

required dimension solar dryer was designed.

Recommendation

To take the measurement of temperature througlirglhng beds or trays the number of

sensors available was not enough. Because of hkigdading were taken from selected
number of trays. But to see all effects it was dyeto take the reading through all trays.

Therefore for future work it better to conduct thgeriment by adding the number of sensor
to reading in all trays.

From the observation that were seen from the exygan, it was recommended that to use
solar dryer to dry silica sand in order to maintdieir productivity throughout the year even

if its initial cost is high instead of using opamddrying technique.

Weather condition during this test was a littlevldrst, for better result it was recommended
to conduct the experiment in winter (sunny) season.
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Appendix A

Results Observed During Test

Table A-1 Shows Daily Data Recorded During Experiment.

No Days of test| Trays Mass of Moisture Drying Efficiency
conducted water content (wet | rate(gm/sec) | (%)
removed basis)
(gm)
1 May 23 1 226 0.18 0.89 14.08
2 189 0.15 0.75 11.8
3 100 0.08 0.4 6
2 May 24 1 125 0.1 0.5 7
2 106 0.084 0.42 6.6
3 97 0.08 0.38 6.04
3 May 25 1 348 0.25 1.38 21.7
2 154 0.1 0.611 10
66 0.051 0.26 4.01
4 June 20 1 186 0.186 0.74 13.2
2 184 0.184 0.73 13.04
3 168 0.168 0.67 11.91
4 141 0.141 0.56 10
5 140 0.140 0.55 9.9
5 June 21 1 78.5 0.091 0.311 5.61.13
2 60 0.07 0.24 4.3
3 57 0.069 0.23 4.04
4 54 0.066 0.214 2.83
5 16 0.02 0.0635 1.13
6 open sun drying (May25) 154 0.11 0.611




Appendix B

Tﬂlﬁlmﬂ

Figure B-2 Temperature Reading on Lab View Experimentally
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Figure B-4 Experimental Investigation of Moisture Content

74



	cover page
	AAiT

