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Abstract

The agricultural products that are dried under ghe exposed to the environment, especially
high moisture crops are often unprotected fromadtssepests, unexpected rain, contamination
and are prone to fungus infection, which degra@egtiality of the products. To alleviate this, a
solar chimney dryer was developed. It is constdigtdocal materials then tested experimentally
in food stuffs drying tomatoes, pepper and biteaves. With this dryer, 50kg of tomatoes,
pepper and bitter leaves can be dried within 122, dnd 84 h, respectively giving an average
65% of the time spent for the natural sun dryinige @ryer reduces drying losses as compared to
sun drying and show lower operational costs thanatttificial drying. The color and the flavor
of the food stuffs dried with this dryer are congide to that of a high quality dried in markets.
They are free from microbiological contamination.

Keywords: Agricultural Products; Solar Chimney; Operationalos®; Microbiological
Contamination.

Introduction

The preservation of surplus crops and foodstuffs lma regarded as one of the first and most
important techniques of food processing. Among theme of the most commonly used methods
is drying. Drying is one of the most important phatvest operations for agricultural products. It
is mainly aimed in reducing the moisture content aofproduct to a level below which
deterioration does not occur and the product castte=d for a definite period. According to
Sodha et al [1] drying depends upon the rate athvthie moisture within the product moves to
the surface by a diffusion process depending upertyipe of the product. For some spices such
as chili and pepper, drying is not only for presg¢ion purposes but also for modifying the tastes
and flavors in order to increase their market valdde drying of agricultural products using the
sun has been studied. Examples of such study iachat of Anwar and Timani [2], Komilov et
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al [3], Zaman and Bala [4], Brooker et al [5], Gangd kumar [6] and Goyal and Tiwari [7] to
mention but a few.

People have been drying agricultural products liousands of years by placing the agricultural
products on mats in open air. This is consideredr@gsg under primitive condition and there is
a considerable loss due to various reasons suobdasts, birds, insects and micro-organisms.
The unexpected rain or storm further worsens theaton. Further, over drying, insufficient
drying, contamination by foreign materials like gudirt insects and micro-organisms as well as
discoloring by Ultraviolet Radiation [8, 9] are cheteristics for open sun drying. Furthermore,
open air drying is often not possible in humid @tes. In general, open sun drying does not
fulfill the international quality standards and rsfere it can not be sold in the international
market.

Solar food dryers represent a major improvemeninughis ancient method of drying foods.
Atrtificial drying is economically feasible, espeltyavhen used on large farms. Nevertheless, the
acquisition and operational costs of these dryegsificantly increase the costs of the dried
product. Therefore, since solar dryers use solarggn(a renewable and low pollutant source of
energy) to dry agricultural products, they in tpresent an interesting and promising alternative.
Many solar food dryers have been developed ovepdisefew years [10-18]

Although solar dryers involve an initial expendeeyt produce better looking, better tasting, and
more nutritious foods, enhancing both their foodlgaand their marketability. They also are

faster, safer, and more efficient than traditiohat drying techniques. An enclosed cabinet-style
solar dryer can produce high quality, dried foadfstin humid climates as well as arid climates.

It can also reduce the problem of contaminatioryiridy is completed more quickly, so there is

less chance of spoilage. Fruits maintain a higltamin C content. Because many solar dryers
have no additional fuel cost, this method of préisgr food also conserves non-renewable
sources of energy.

Since most of the modern drying technologies alkikelare expensive and not appropriate for a
developing country like Nigeria, particularly inettareas where prerequisites for these, such as
electricity are simply not available adequatelgiraple inexpensive and more scientific method
could be a useful alternative for preservationgfaultural products.

The objectives of this work are to develop a SGlaimney Dryer for crops and to investigate its
performance. This dryer is relatively low-cost cargrl to systems used in developed countries.

System Description and Operating Principle

A solar chimney drier was designed, fabricated asdalled at the Department of Physics,
Adamawa state University, Mubi, Nigeria. Figurehbws a schematic diagram of the designed
solar dryer, which basically consisted of a dryicltamber, an absorbing surface, wooden
frames, wire mesh, glass cover, chimney, a dc f@ha40 W photovoltaic module. The drying
chamber consists of an absorber plate made of alumisheet, and painted to form a matt black
surface (absorptivity of about 0.96 and emissidfyabout 0.06 from absorbed energy). The
absorber plate is insulated from the bottom to @néweat losses. Glass wool was used between
the aluminium sheet and the wooden frames at ttterhaf the drier as an insulation material to
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reduce the heat loss from the bottom of drier. Aewnesh was then placed on top of the
absorber plate serving as the drying area. A plastimney containing a dc fan was fixed on top
of the dryer. The top of the dryer is covered vdthm thick transparent glass (transmissivity of
about 0.88). The glass is tilted to the angle tifude of Mubi, Adamawa State — Nigeri8’15,

to ensure maximum transmission of solar radiatidgo the dryer. Also tilted to the latitude of
Mubi, on top of the dryer is photovoltaic module agower source to operate the fan. The
drying chamber can be opened easily for operatmmhtansportation from one place to another.
The edges of the glass are sealed with headlampsguimat the entire dryer becomes air tight.
The entire material is made of quality materialigiesd to withstand the harsh conditions
produced by sunlight and it is placed on a woodands
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Fig. 1: Schematic of the System

A part of incidence solar radiation on the glassecois reflected back to atmosphere and
remaining is transmitted inside the drying chamlbenther, a part of transmitted radiation is
reflected back from the surface of the crop onviire mesh. The remaining part is absorbed by
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the surface of the crop. Due to the absorptionotdrsradiation, crop temperature increases and
the crop starts emitting long wavelength radiatidnch is not allowed to escape to atmosphere
due to presence of glass cover unlike open sumglryfhus the temperature above the crop
inside drying chamber becomes higher. The glassrcesrves one more purpose of reducing
direct convective losses to the ambient which frrthecomes beneficial for rise in crop and

drying chamber temperature respectively. Howevenvective and evaporative losses occur
inside drying chamber from heated crop. The maastuhat is the vapor formed due to

evaporation, is taken away by the air entering itte drying chamber from one end and

escaping through the chimney provided at the tdp thie aid of the supplied dc fan as shown in
Figure 1.

Theoretical Analysis
The principal criteria usually used to evaluategeeformance of any solar drying system are the

kinetics and the drying effectiveness.

The re-absorption and the night moisture losseth@fproducts are also decisive. The drying
kinetics can be expressed by the drying equatigh [1

dM
—=-k(M,-M 1
v M, =M,) 1)
The moisture content on dries basig is the weight of the moisture present in the produyc

unit dry weight matter in the product obtainedhe equation

-m
M, = @)
d

In percentage, the moisture content can calcukded

M, :%xloo @3)
d

For instantaneous moisture content at any time
M, {(Mi +1)ﬂ} (4)
m

The nocturnal moisture re-absorption or I®Rsis defined as the ratio of the rise in moisture
content over the night period to the moisture coint@lue at the sunset of the preceding dRy.
can be calculated in percentage from equation [4]

R, :—MS;VI_MSS X100 (5)

Ss

339
Scholar Research Library



Medugu D W Arch. Appl. Sci. Res., 2010: 2 (1)336-346

Positive values dR, mean moisture re-absorption, but negative valnégate further moisture
loss.

The performance evaluation of a solar heat colteigorelated to its thermal effectiveness,

defined as the ratio of the useful energy on tredent solar radiation, for one period. This

useful energy is closely related to the thermaddssof the system and its environment, resulting
from conductive, convective and radiative exchangése thermal effectiveness can be

expressed as [19].

mC, [ (T, -T, Jt

6
A1t ©

Using Hottel-Whiller—Bliss equation, a solar dryleermal performance is expressed by [20].

Q T-T
=——=F(ra)-FU, —* 7
I7 ACIC R( ) R~ L IT ()
where
mC o
FR — A:Up ll_e&uLF /me] (8)
L

By substituting Eqg. (6) into Eq. (7), defined aicieasing temperature in the
drying chamber by

(To _Ti)= A:FR(Ta)IT _A:FRG _Ta)UL (9)
mC, mC,
(To _T|) - A:FR(Ta)IT _ A:FR(T| _Ta)lth (10)
mC, mC,
where
_ lyn(ma)
T (11)

I, is the threshold level of incident radiation [21].
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Experimental Details

The experiment consisted of measuring the massstamnei content of the products to be dried
and taking the solar insolation of the environmghere the products were dried. The materials
used for drying tests were tomatoes, peppers dtel ldaves. Before beginning of the drying
tests, each product receives a pretreatment, aongota Aguirre and Gasparino Filho [22]. The
tomatoes and peppers were cut into two parts amdeleds removed, and the leaves of bitter
leaves were removed. After these procedures, th@upts were divided into two samples. The
first sample was submitted to natural sun dryingd e second sample was dried inside the solar
chimney drier. The mass of the products is detezthioy the electronic balance throughout the
drying process. For the drying tests, 50kg of t@maatwith an initial moisture content of about
90% was used for each drying test. 50kg of peppears bitter leaves with initial moisture
contents of 80% and 60% respectively were alsoguespfor the drying test. Experimental data
are noted every three hours at regular intervaiewden 6:00 a.m. to 6:00 p.m. and the fan was
started at about 6:00 a.m. and it was stopped0&t &m. The fan was started again in the next
morning and the process was repeated until the Ieassture was reached. During these
processes, insolation was measured with a pyramon@eiodel CMP3) and data at 1 minute
intervals was recorded using a data logger. Thgdodnas a USB interface with proprietary
software for communicating with a computer. Theadats stored in a propriety binary format
and later saved as a text file that was importealencel.

Results and Discussion

The experimental tests were performed in Novenm®@08 in Mubi, Adamawa State — Nigeria.
This month is in the dry season, most of the dagssanny with sporadic clouds. The variations
of solar radiation are shown in Fig.2. Analysistis figure revels that the highest and the

lowest daily insolation measured in that month wa88.26NVm > and 872.79Vm>.

Drying tests for tomatoes, peppers and bitter leavere performed. During the test, 1kg of the
product sample was taken from the dryer and weigiteBhour interval. The products in the
dryer were stirred manually three times every aagrisure uniform drying of the products until
the desired final moisture content was reached.

The drying curve of tomatoes, peppers and biti@vde are displayed in Fig.3, Fig.4 and Fig.5
respectively. In all the tests, the time requireddrying inside the solar chimney was lower than
that required for natural sun drying. From the feg) it was observed that the moisture content
decrease on the first and second day, then ragetiyeased on the third day and slowly again on
the following days. This can be explained in tewhslrying kinetics as follows. The drying in
the first two days is a constant rate drying phd$e product surface is constantly fed out of
interstitial water by capillary forces. This phaselso called isenthalpic phase since the energy
received by the product is entirely used for theoraation of surface waters. During this phase,
all the products remain at the drying chamber teatpee. On the third day, when the surface of
the products reaches the hygroscopic thresholdhglsnters into a first step of deceleration. At
the beginning of this phase, the drying rate desggaapidly. The evaporation zone is now inside
the product. From each side of the evaporation ,ztiiere are two methods of transport.
Upstream, in the centre of each of the producesetlare always migrations of free water by
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capillarity and the temperatures of the products aways equal to hygroscopic temperature.
Downstream, the migrations are due to the diffuggbenomena (vapor) or diffusion-sorption

(water dependent) and there are increasing temypesatin this zone. In the remaining

subsequent days, the products are in hygroscoglid. fivater does not exit any more but in
dependent form and in vapor form. The drying ratesrease very slowly and tend toward zero.
These values are reached when the moisture cdmddarice of the surfaces in contact with air
are obtained. The drying processes are then fidishe

Fig.3 compares the tomato’s drying curves insidestbiar dryer with the natural sun drying (to a
final moisture content of 58%). The natural sunimyywas completed in 196 h, while the drying
inside the dryer was completed in 125 h (64% oftithhe spent for the natural sun drying).

The drying curves of the pepper are presenteddmFirhe natural sun drying occurred over a
period 165 h, while the drying of the pepper indide solar chimney dryer occurred in 62% of
this time (102 h).

Fig. 5 shows the bitter leaves’ drying curve in sum and in the solar dryer. The bitter leaves
needed 122 h to be dried when directly exposetiécstin, while the time required in the solar
chimney dryer was only 84 h, about 69% of the tregquired for natural sun drying.

Microbiological contamination of the dried produgtas not observed. All dehydrated products
presented acceptable flavor, texture and color.
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Fig. 2: Variation of solar radiation in November, 2008, when the drying testswere
performed
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Fig. 3: Variation of the moisture contents of tomatoes using the solar chimney and natural
sun drying
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Fig. 4: Variation of the moisture contents of pepper using the solar chimney and natural
sun drying
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Fig. 5: Variation of the moisture contents of bitter leaves using the solar chimney and
natural sun drying.

Conclusion

A solar chimney dryer has been developed and testddubi, Adamawa State, Nigeria. The

dryer was used to perform experimental test inndyfomatoes, pepper and bitter leaves. With
this dryer, 50kg of tomatoes, pepper and bittevdesacan be dried within 125, 102 and 84 h,
respectively giving an average 65% of the time spanthe natural sun drying. The products
being dried are completely protected from rains mseécts. Dried products of high quality are
obtained.
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A, =collector area(m®)
C, = specific hea(J/kgK)
Fr = heat removal factor of collector
|, =incident radiation(W/m?)
M = product moisture conten{%o)
M, = moisture content at sunris€%)
M ., = moisture content at sunset%)
m = weight of producikg)
m, =weight of dried producikg)
m, = weight of product to be dried at any time(kg)
m=air mass flow(kg/s)
Q, =useful energy gain of collectorW/m?)
R, = nocturnal moisture re —absorption or losse$%)
t =drying time(h)
T =temperatue(°Cor K)
U, =global heat loss coefficietflow(W / m*K)
a = absorption coefficier

r =transmissbn coefficien
n = efficiencyeffectiveresy

Subscripts
e = equilibrium
i =inlet,initial
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