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Abstract— In many countries of the world, the use of solar thermal system in the agricultural area to
conserve vegetables, fruits, coffee and other corps has shown to be practical, economical and the
responsible approach environmentally. Solar heating system is used to dry food and other corps
which can improve the quality of product while reducing the waste product. We are going to do an
analysis of the parameters that are concerned with cost and efficiency of solar dryer. We are also
going to make a design of solar dryer which would be having a critical low cost or have less cost/kg
for drying and maximum efficiency by varying some parameters.

Keywords— Solar Dryer; Forced Convection; Indirect type; Temperature; double pass
polycarbonate; Velocity; Pressure; Humidity.

I. INTRODUCTION

Solar drying is in practice since the time in memorable for preservation of food and
agriculture crops. This was done particularly by open sun drying under open the sky. This process
has several disadvantages like spoilage of product due to adverse climatic condition like rain, wind,
moist, and dust, loss of material due to birds and animals, deterioration of the material by
decomposition, insects and fungus growth. Also the process is highly labor intensive, time
consuming and requires large area. With cultural and industrial development artificial mechanical
drying came into practice. This process is highly energy intensive and expensive which ultimately
increases product cost. Solar energy is one of the most promising renewable energy sources in the
world compared to nonrenewable sources for the purpose of drying of agriculture and industrial
products.The concept of a dryer powered by solar energy is becoming increasingly feasible because
of the gradual reduction in price of solar collectors coupled with the increasing concern about
atmospheric pollution caused by conventional fossil fuels used for drying crops. Thus solar drying is
the best alternative as a solution of all the drawbacks of natural drying and artificial mechanical
drying.

Solar dryers used in agriculture for food and crop drying ,for industrial drying process, dryers
can be proved to be most useful device from energy conservation point of view. It not only save
energy but also save lot of time, occupying less area, improves quality of the product, make the
process more efficient and protects environment also. Solar dryers circumvent some of the major
disadvantages of classical drying. Solar drying can be used for the entire drying process or for
supplementing artificial drying systems, thus reducing the total amount of fuel energy required.

Solar dryer is a device which removes water content from food. In different food water
content is different. So requirement of solar Dryer is also different and drying time also different as
per moisture content. If moisture content is less then drying time is less and if the moisture content is
high then drying time also high.

I1. PRINCIPLE OF SOLAR DRYER

The basic principles employed in a solar dryer are:
e Converting light to heat: Any black on the inside of a solar dryer will improve the effectiveness
of turning light into heat.
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e Trapping heat: Isolating the air inside the dryer from the air outside the dryer makes an
important difference. Using a clear solid, like a plastic bag or a glass cover, will allow light to
enter, but once the light is absorbed and converted heat, a plastic bag or glass cover will trap
the heat inside. This makes it possible to reach similar temperatures on cold and windy days as
on hot days.

e Moving the heat to the food. Both the natural convection dryer and the forced convection dryer
use the convection of the heated air to move the heat to the food. (Figure-1)
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“Figure 1. Schematic view of solar dryer”

II1. TYPES OF SOLAR DRYER

Basically, there are two different types of solar dryer:
1. Direct type.
2. Indirect type.

3.1 Direct type Solar Dryer

In a direct mode solar dryer the crop is directly exposed to solar radiation. For this to occur
the structure containing the crop must be covered with a transparent material. The solar radiation
passes through the glazing and is absorbed by the crop and its immediate surroundings. Most of the
solar radiation is converted into heat, thus raising the temperature of the crop and its surroundings.

The direct absorption of solar radiation by the crop is the most effective way of converting
solar radiation into useful heat for drying. The final dried quality of some crop is also enhanced by
direct exposure to solar dryer.(Figure 2)

3.2 Indirect type Solar Dryer

In an indirect mode solar dryer, the crop is not directly exposed to the solar radiation. The
incident solar radiation is absorbed by the some other surface- usually a solar dryer collector — where
it is converted into the heat. The air for drying flows over this absorbed and is heated. The warmed
air is then used to transfer to the crop located within an opaque structure. (Figure 3)

High and controllable temperature can be achieved in this type of dryer if a fan is used to
move the air through the solar collector. The main disadvantage of an indirect mode solar dryer are

1

=

“Figure 2. Schematic view of direct type solar dryer” “Figure 3. Schematic view of indirect type solar dryer”
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the additional cost and complexity involved in construction. Like direct mode dryers, the capacity
can range from kilograms to several metric tons.

IV. METHODS OF SOLAR DRYING

Basically, there are two different types of solar dryer:
1. Natural Convection solar drying
2. Forced Convection solar drying

4.1 Natural Convection Solar Drying

In this method no fan or blower is used, air flows naturally. It takes more time for drying the
food, compare to active type. As the air flow is natural, there is no need of external power supply.It's
drying rate is limited. It plays vital role in drying sector because of its low cost. It has became more

popular.
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“Figure 4. Natural convection schematic diagram”
However, natural convention has a limited capacity. (Figure 4)

4.2 Forced Convection

Fan or the blowers are the main object that are used in forced convection type solar dryer.
This method is not used in many countries as it needs electricityto run the fans..It has many
advantages. This kind if solar dryer is more appropriate for drying food in ambient temperature.
Power designed a solar forced convention dryer which is fuel efficient and yields products with
better quality than those processed through open sun drying.It also takes less solar assisted drying
segmentation process that uses most attractive and cost effective materials or commonly used in
agricultural and marine sectors.They are highly efficient.Air and water based collectors are used in
this system. This method takes less time to dry the food compare to natural convection. (Figure 5)
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“Figure 5. Force convection diagram”
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V.IMPORTANT PARAMETERS THAT ARE CONCERNED WITH SOLAR DRYER.

Following are the important parameters that are concerned with solar drying system.
1. Temperature
2. Humidity
3. Velocity of air
4. Solar collector area
5. Sunshine hours
6. Pressure drop between inlet and outlet of air flow.
7. Drying Force
8. Constructonal material
9. Sun radiation
10. Air flow rate

5.1 Temperature

Each fruit and vegetable has a critical temperature above which a scorched taste develops.
The temperature should be high enough to evaporate moisture from the food, but not high enough to
cook the food. During the drying process, at first the air temperature is relatively high, that is, 150
degrees to 160 degrees F. (65 degrees to 70 degrees C.), so that moisture can evaporate quickly from
the food. Because food loses heat during rapid evaporation, the air temperature can be high without
increasing the temperature of the food. But as soon as surface moisture is lost (the outside begins to
feel dry) and the rate of evaporation slows down, the food warms up. The air temperature must then
be reduced to about 140 degrees F. (60 degrees C.).Toward the end of the drying process the food
can scorch easily.

5.2 Humidity

The higher the temperature and the lower the humidity, the more rapid the rate of dehydration
will be. Humid air slows down evaporation. If drying takes place too fast, however, "case hardening"
will occur. This means that the cells on the outside of the pieces of food give up moisture faster than
the cells on the inside. The surface becomes hard, preventing the escape of moisture from the
inside.Moisture in the food escapes by evaporating into the air. Trapped air soon takes on as much
moisture as it can hold, and then drying can no longer take place. For this reason, be sure the
ventilation around your or in your food dryer is adequate.

5.3 Humidity Velocity of air

Velocity is inversely proportional to the drying time. In the solar dryer velocity is high then
drying time is less but, if velocity is high then it will take less time to dry the product. In solar dryer
at starting where the fan is provided, velocity of inlet air is high but after covering some distance
velocity of air reduces.

5.4 Solar Collector area

Collector area is depends to product quantity. If product quantity is more then, large collector
area is needed, but we can design it like maximum area of product comes in contact with air.

5.5 Sunshine hours

Sunshine hours means maximum of daytime duration for a given location. On an average
normal day, there are up to 8 to 6 sunshine hours, but it is different in different season. In summer
sunshine hour is more than compare to monsoon and winter.

5.6 Pressure drop between inlet and outlet of air flow.

It is defined as the difference in pressure between two points of a fluid carrying network.
Pressure drop occurs when frictonal forces, caused by the resistance to flow, act on a fluid as it flows
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through the tube. In case of solar dryer when air enters in the dryer it is dry and its pressure is high.
After covering some distance it becomes wet because of absorbing the moisture from the product, so
the pressure of air reduces. High flow of velocities result in a larger pressure drop across a section of
object. Low velocity will result in lower or no pressure drop.

5.7 Dryng force

Air is commonly used in drying processes for heat and vapor transport.The heat required to
evaporate water from the product may be transferred from heating coils in the dryer to the drying
product by continuously circulation air. Evaporated water vapor from the product is removed by
replacing some of the circulating air with fresh make up air with a lower specific moisture content..

The drying force is the difference between the vapor pressure in the air and the saturation
pressure at the same temperature.

The drying force can be expressed as:
DF = Rys — By (1)
Where,

DF = Drying Force (mbar)

P, = vapor pressure (mbar)

P, s = saturation vapour pressure at the actual dry bulb temperature (mbar)

5.8 Constructonal material

Constructional material is different in different dryer but selection of material is also
important because in direct type solar dryer covering material should have high transmissivityso it
can transmit more amount of solar radiation and temperature air in dryer can become high as much
as possible .

5.9 Sun radiation

Solar radiation is radiant energy emitted by the sun, particularly electromagnetic
energy.About half of the radiation is in the visible short-wave part of the electromagnetic
spectrum.The other half is mostly in the near-infrared part, with some in the ultraviolet part of the
spectrum.

5.10 Air flow rate

The airflow or air flow is a measurement of the amount of air per unit of time that flows
through a particular device.The amount of air can be measured by its volume or by its mass.
Typically it is measured by volume, but for some applications it is necessary to measure it by mass,
as air is a gas and therefore its volume can vary with temperature.

Air flow rate(Q) = Velocity X Area
IV. TUNNEL TYPE SOLAR DRYER

In the force convection type solar tunnel dryer, air is heated inside the dryer due to
greenhouse

“Figure 6. Schematic of tunnel type solar dryer”
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effect by natural means. Increased drying process takes place by hot air flow, and the passage of an
air mass around a product represents a complex thermal process where unsteady heat and moisture
transfers occur simultaneously. Heat and moisture transfer removal rate depends on air velocity and
temperature of the circulating drying air. In force convection type dryer, air velocity depends on
created draft because of temperature difference.

VIIL. DESIGN OF TUNNEL TYPE SOLAR DRYER

7.1 Quantity of Water to Be Removed
e Mass of initial water content was calculated using following equation:

(m; X x)
M= ——
100
e Mass of bone dry product was calculated as follows:
Md =x—M
e Initial moisture content (db) was calculated as follows:

T 100
=—— X%
100 — m,

e Final moisture content (db) was calculated as follows:

M,

02 100
= ——X
100 — m,

e The mass of water to be removed during drying was calculated using following equation:
m; —mj

M. =
w 100

M,

XX

7.2 Total Energy Required for Drying
e Total energy required for drying was calculated using following equation:
Q =My X Cq X (T5-Ty) + MX Cp, X (T, = Tp) + My, X A
e Energy required per hour for drying was calculated using following equation:

Q
Q=7

7.3 Drying Rate
e Drying rate was calculated as follows:

k=—
t

7.4 Collector Area of Solar Tunnel Dryer Required for Drying

It has been found that about 68 per cent area of hemispherical shaped solar tunnel dryer
towards south is able to receive sunlight whereas remaining 32 per cent area toward north is from the
sun . It is assumed that the overall thermal efficiency of solar tunnel dryer is 40 per cent. Collector

area of solar tunnel dryer required for drying was calculated using the following equation:
_ Qt
€ Ixnx0.68

7.5 Dimensions of Solar Tunnel Dryer
e Area of solar collector equals area of hemicylindrical shape of solar tunnel dryer.

Area of hemicylindrical shape of solar tunnel dryer was calculated as follows:
a=NXrX(rXL)
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Diameter (d) of solar tunnel dryer 3.75m is kept as constant for easy entry and other

convenience. Radius of solar tunnel dryer was calculated as follows:

d
=3

Length of solar tunnel dryer was calculated as follows:
a—nr?
L=
ar
Floor area (drying area) of solar tunnel dryer was calculated as follows:

A=L=xd

7.6 Design of North Wall

Total area of transparent cover was calculated as follows:
a; = *rx(r+1L)
Since 32 percent of collector area toward north has to protect.So, total area of north wall to be
protected was calculated as follows:
ap = 0.32 a;
Arc width of cover through which energy losses was calculated as follows:

ap
W= —
L

Perimeter of solar tunnel dryer was calculated as follows:
p=1Ix*r
Since perimeter (p) covers diametrical length, m = d * [

Therefore, arc width will cover diametrical length was calculated as follows:
d*w

p
Hence, required height of protector was calculated as follows:

hp = /WZ - d12

d]z

7.7 Design of Chimney

Since airflow in the dryer takes places due to the draft caused by the density difference

between outside cold air and inside hot air, a natural draft uses the basic law that warm air rises. Air
as it is warmed expands and becomes lighter in mass. Colder, heavier air pushes in under it and
forces it up. This causes a draft. Mass of air needed for removing [1[], kg of water was calculated
using the following equation:

B (Myy, X Q)
Cax (T3 —Ty)
Mass of exit air was calculated as follows:
q =My + qa)
Density of inlet air was calculated as follows:
To
= X —
p i p 0 T1
Produced draft in chimney (Height of chimney assumed by 3.75 m) (five numbers of 0.75 m)
Dp =H xgx(p;—p,)
But actual draft was calculated as follows:

4a

D, = 0.75 X D
Velocity of exit air was calculated as follows:
2D
V= 2
Pe
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e Volume of exit air was calculated as follows:

v -
Pe
e Rate of exit air was calculated as follows:
Q
Q. = f

Thus if assumed this exit air is being carried by n number of chimney.
e Rate of exit air for single chimney was calculated as follows:

Q
Q. = Ta
e Area of chimney was calculated using following equation:
C

ac=7

e Diameter of chimney was calculated as follows:

4 X a

C
T

VIII. BENEFITS OF TUNNEL TYPE SOLAR DRYER

Dried foods are tasty, nutritious, the nutritional value and flavor of food is only minimally
affected by drying
Dried foods are high in fiber and carbohydrates and low in fat, making them healthy food choices
Vitamin A is retained during drying.
Storage space is minimal, easy-to-store.
Transportation costs are reduced; dried Products weigh only about 1/6 of the fresh food product.
The energy input is less than what is needed to freeze or can.
Easy-to-prepare; solar food drying is a very simple skill.
Protection of the drying products from contamination by animals or insects.
Protection of rain.
Protection of pollution by dust etc.
Reduction of drying time (reduces changes through spoilage).
Good product-quality.
You can have up to 50% more productivity in agriculture.
Longer storage of dried products (because of more complete drying).
IX. DISADVANTAGES OF TUNNEL TYPE SOLAR DRYER
Drying can be performed only during sunny days, unless the system is integrated with a
conventional energy-based system.
Due to limitations is solar energy collection, the solar drying process is slow in comparison with
dryers that use conventional fuels.
Normally, solar dryers can be utilized only for drying at 40-500C.

X. CONCLUSION

A force convection solar tunnel dryer was designed and constructed based on preliminary

investigation of industrial product (dibasic vegetables) drying under controlled conditions. The
designed dryer with a collector area of 35 m” is expected to dry 15 kg green chili from 70% to 75%
dry basis in two days under ambient conditions during summer and winter months. A prototype of
the solar tunnel dryer was constructed and commissioned at the factory site. The performance of
solar tunnel dryer for drying green chili was evaluated through no-load and full-load conditions tests
in the summer and winter months. The air temperature inside the solar tunnel dryer was higher than
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outside by 18-21°C. No constant rate drying period was observed. the moisture reduced
continuously with cumulative drying hours.

XI. Nomenclature
wb: Wet basis Overall thermal efficiency of solar tunnel dryer, %
db: Dry basis Global solar radiation for Udaipur region (kJ h—1 m—2)

n
1
x: Mass of selected product taken for drying, kg a: Area of hemicylindrical shape of solar tunnel dryer (m2)
m,: Initial moisture content of selected product in % (wb) r:  Radius of dryer (m)
L
A

m,: Final moisture content of selected product in % (wb) Length of dryer (m)
T,: Ambient air temperature (oC) . Drying area of solar tunnel dryer (m2)
T,: Temperature inside the solar tunnel dryer (oC) Da: Actual draft (kg m—1s—2)
T3: Temperature inside the chimney of dryer (eC) Dp: Produced draft (kg m—1 s—2)
Cp: Specific heat of water (kJ kgo—1C-1) ac:  Area of chimney (m2)
t: Total drying time (h) d.: Diameter of chimney (m)
Cq: Specific heat of product (kJ kg—1 oC—1) Q.: Rate of air flow in chimney (m3s—1)
Ca: Specific heat of air (kJ kg—1 oC—1) Qa: Rate of air required (m3 s—1)
A:  Latent heat of vaporization of water (kJ kg—1) V: Velocity of exit air (ms—1)
Density of inlet air (kg m—3) q: Mass of exit air (kg)
pi
pe: Density of exit air (kg m—3) al: Area of transparent cover (m2)
po: Density of air at 0oC (kg m—3) ap: Area of north wall to be protected (m2)
G: Gravity constant (m s—2) w:  Arc width of north wall (m)
Ty: Temperature of air at 0oC (oK) p: Perimeter of solar tunnel dryer (m)
M: Mass of initial water content (kg) d;: Diametrical length of north wall(m)
M ,: Initial moisture content in % (db) hp: Height of protector (m)
M,: Final moisture content in % (db) P,: Private
M4: Mass of bone dry product (kg) Ltd: Limited
M,,: Mass of water to be removed (kg) kW: Kilowatt
Q: Total energy required for drying of selected product (kJ) oC: Degree centigrade
Ac: Collector area of solar tunnel dryer required (m2) k: Drying rate (kg h—1)
REFERENCES

[1] A.G.M.B.Mustayen, S.Mekhilef, R.Saidur , “Performance study of different solar dryers: A review”, Renewable and
Sustainable Energy Reviews,Vol. 34 (2014) ,463—470

[2] B. K. Bala and M. R. A. Mondol, “Experimental investigation on solar drying of fish using solar tunnel
dryer,” Drying Technology, vol. 19, no. 2, pp. 427-436, 2001. View at Publisher - View at Google Scholar - View at
Scopus

[3] R. Jain, “Clean technologies: implementation and technology transfer challenges,” Clean Technologies and
Environmental Policy, vol. 9, no. 2, pp. 77-79, 2007. View at Publisher - View at Google Scholar - View at Scopus

[4] B. K. Bala and J. L. Woods, “Simulation of the indirect natural convection solar drying of rough rice,”Solar Energy,
vol. 53, no. 3, pp. 259-266, 1994. View at Google Scholar - View at Scopus

[5] El-Sebaii A, ShalabyS. “Solar drying of agricultural products : a review.” Renew Sustain Energy Rev 2012; Vol.
16: 37-43.

[6] M. S. Sevda and N. S. Rathore, “Studies on semi-cylindrical solar tunnel dryer for drying di-basic calcium
phosphate,” Agricultural Engineering International the CIGR Journal, vol. 9, Manuscript EE 07001, 2007. View at
Google Scholar

[71 F. K. Forson, F. O. Akuffo, and M. A. A. Nazha, “Natural convection solar crop-dryers of commercial scale in
Ghana: design, construction and performance,” International Journal of Ambient Energy, vol. 17, no. 3, pp. 123-130,
1996. View at Google Scholar - View at Scopus

[8] D.S. Lee and Y. R. Pyun, “Optimization of operating conditions in tunnel drying of food,” Drying Technology, vol.
11, no. 5, pp. 1025-1052, 1993. View at Google Scholar - View at Scopus

[9] H. P. Garg and R. Kumar, “Studies on semi-cylindrical solar tunnel dryers: thermal performance of
collector,” Applied Thermal Engineering, vol. 20, no. 2, pp. 115-131, 2000. View at Publisher - View at Google
Scholar - View at Scopus

@IJMTER-2016, All rights Reserved 151


http://dx.doi.org/10.1081/DRT-100102915
http://scholar.google.com/scholar_lookup?title=Experimental+investigation+on+solar+drying+of+fish+using+solar+tunnel+dryer&author=B.+K.+Bala&author=M.+R.+A.+Mondol&publication_year=2001
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0035024090&partnerID=K84CvKBR&rel=3.0.0&md5=b96e750a6b9a5c217290e4958788320a
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0035024090&partnerID=K84CvKBR&rel=3.0.0&md5=b96e750a6b9a5c217290e4958788320a
http://dx.doi.org/10.1007/s10098-007-0091-x
http://scholar.google.com/scholar_lookup?title=Clean+technologies%3a+implementation+and+technology+transfer+challenges&author=R.+Jain&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-34248401185&partnerID=K84CvKBR&rel=3.0.0&md5=b1d323699965e36a7525d08245b67e94
http://scholar.google.com/scholar_lookup?title=Simulation+of+the+indirect+natural+convection+solar+drying+of+rough+rice&author=B.+K.+Bala&author=J.+L.+Woods&publication_year=1994
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0028494644&partnerID=K84CvKBR&rel=3.0.0&md5=9624d2cf3b5ea55463bb0267e4851813
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryer+for+drying+di-basic+calcium+phosphate&author=M.+S.+Sevda&author=N.+S.+Rathore&publication_year=2007
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryer+for+drying+di-basic+calcium+phosphate&author=M.+S.+Sevda&author=N.+S.+Rathore&publication_year=2007
http://scholar.google.com/scholar_lookup?title=Natural+convection+solar+crop-dryers+of+commercial+scale+in+Ghana%3a+design%2c+construction+and+performance&author=F.+K.+Forson&author=F.+O.+Akuffo&author=M.+A.+A.+Nazha&publication_year=1996
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0030189598&partnerID=K84CvKBR&rel=3.0.0&md5=cf8b30bb798f6278b3ed8bc27f6be65f
http://scholar.google.com/scholar_lookup?title=Optimization+of+operating+conditions+in+tunnel+drying+of+food&author=D.+S.+Lee&author=Y.+R.+Pyun&publication_year=1993
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0027656985&partnerID=K84CvKBR&rel=3.0.0&md5=d71c5467b2fb410fb6d9f5f1604909ef
http://dx.doi.org/10.1016/S1359-4311(99)00017-4
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryers%3a+thermal+performance+of+collector&author=H.+P.+Garg&author=R.+Kumar&publication_year=2000
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryers%3a+thermal+performance+of+collector&author=H.+P.+Garg&author=R.+Kumar&publication_year=2000
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0033896367&partnerID=K84CvKBR&rel=3.0.0&md5=2692fc6afa045059c1cd44dce97af056

International Journal of Modern Trends in Engineering and Research (IJMTER)
Volume 03, Issue 03, [March — 2016] ISSN (Online):2349-9745; ISSN (Print):2393-8161

[I0]M. A. Hossain and B. K. Bala, “Drying of hot chilli using solar tunnel drier,” Solar Energy, vol. 81, no. 1, pp. 85-92,
2007. View at Publisher - View at Google Scholar - View at Scopus

[11]B. Bena and R. J. Fuller, “Natural convection solar dryer with biomass back-up heater,” Solar Energy, vol. 72, no. 1,
pp- 75-83, 2002. View at Publisher - View at Google Scholar - View at Scopus

[12]R. J. Fuller and W. W. S. Charters, “Performance of a solar tunnel dryer with microcomputer control,”Solar Energy,
vol. 59, no. 4-6, pp. 151-154, 1997. View at Publisher - View at Google Scholar - View at Scopus

[13]M. S. Sevda and N. S. Rathore, “Performance evaluation of the semicylindrical solar tunnel dryer for drying
handmade paper,” Journal of Renewable and Sustainable Energy, vol. 2, no. 1, Article ID 013107, 2010. View at
Publisher - View at Google Scholar - View at Scopus

[14]M. A. Hossain, J. L. Woods, and B. K. Bala, “Simulation of solar drying of chilli in solar tunnel drier,”International
Journal of Sustainable Energy, vol. 24, no. 3, pp. 143—-153, 2005. View at Publisher - View at Google Scholar - View
at Scopus

[15]H. H. Chen, C. E. Hernandez, and T. C. Huang, “A study of the drying effect on lemon slices using a closed-type
solar dryer,” Solar Energy, vol. 78, no. 1, pp. 97-103, 2005. View at Publisher - View at Google Scholar - View at
Scopus

[16] A. Esper and W. Muhlbauer, “Solar tunnel dryer,” Plant Research Development, vol. 44, pp. 16—64, 1996.View at
Google Scholar

[17]F. K. Forson, M. A. A. Nazha, F. O. Akuffo, and H. Rajakaruna, “Design of mixed-mode natural convection solar
crop dryers: application of principles and rules of thumb,” Renewable Energy, vol. 32, no. 14, pp. 2306-2319,
2007. View at Publisher - View at Google Scholar - View at Scopus

[18] W. A. Duffie and J. Beckman, Engineering of Thermal Systems, Wiley, New York, NY, USA, 1991.

[19]B. K. Bala and M. R. A. Mondol, “Experimental investigation on solar drying of fish using solar tunnel
dryer,” Drying Technology, vol. 19, no. 2, pp. 427-436, 2001. View at Publisher - View at Google Scholar - View at
Scopus

[20]R. Jain, “Clean technologies: implementation and technology transfer challenges,” Clean Technologies and
Environmental Policy, vol. 9, no. 2, pp. 77-79, 2007. View at Publisher - View at Google Scholar - View at Scopus

[21]B. K. Bala and J. L. Woods, “Simulation of the indirect natural convection solar drying of rough rice,”Solar Energy,
vol. 53, no. 3, pp. 259-266, 1994. View at Google Scholar - View at Scopus

[22]M. S. Sevda and N. S. Rathore, “Studies on semi-cylindrical solar tunnel dryer for drying di-basic calcium
phosphate,” Agricultural Engineering International the CIGR Journal, vol. 9, Manuscript EE 07001, 2007. View at
Google Scholar

[23]F. K. Forson, F. O. Akuffo, and M. A. A. Nazha, “Natural convection solar crop-dryers of commercial scale in
Ghana: design, construction and performance,” International Journal of Ambient Energy, vol. 17, no. 3, pp. 123-130,
1996. View at Google Scholar - View at Scopus

[24]1D. S. Lee and Y. R. Pyun, “Optimization of operating conditions in tunnel drying of food,” Drying Technology, vol.
11, no. 5, pp. 1025-1052, 1993. View at Google Scholar - View at Scopus

[25]H. P. Garg and R. Kumar, “Studies on semi-cylindrical solar tunnel dryers: thermal performance of
collector,” Applied Thermal Engineering, vol. 20, no. 2, pp. 115-131, 2000. View at Publisher - View at Google
Scholar - View at Scopus

[26]M. A. Hossain and B. K. Bala, “Drying of hot chilli using solar tunnel drier,” Solar Energy, vol. 81, no. 1, pp. 85-92,
2007. View at Publisher - View at Google Scholar - View at Scopus

[27]B. Bena and R. J. Fuller, “Natural convection solar dryer with biomass back-up heater,” Solar Energy, vol. 72, no. 1,
pp. 75-83, 2002. View at Publisher - View at Google Scholar - View at Scopus

[28]R. J. Fuller and W. W. S. Charters, “Performance of a solar tunnel dryer with microcomputer control,”Solar Energy,
vol. 59, no. 4-6, pp. 151-154, 1997. View at Publisher - View at Google Scholar - View at Scopus

@IJMTER-2016, All rights Reserved 152


http://dx.doi.org/10.1016/j.solener.2006.06.008
http://scholar.google.com/scholar_lookup?title=Drying+of+hot+chilli+using+solar+tunnel+drier&author=M.+A.+Hossain&author=B.+K.+Bala&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-33846120238&partnerID=K84CvKBR&rel=3.0.0&md5=278a5926ebfc4f148c146f72f3e86c84
http://dx.doi.org/10.1016/S0038-092X(01)00095-0
http://scholar.google.com/scholar_lookup?title=Natural+convection+solar+dryer+with+biomass+back-up+heater&author=B.+Bena&author=R.+J.+Fuller&publication_year=2002
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0037122466&partnerID=K84CvKBR&rel=3.0.0&md5=0871faa0e3107f1b926cca3efdb42598
http://dx.doi.org/10.1016/S0038-092X(96)00143-0
http://scholar.google.com/scholar_lookup?title=Performance+of+a+solar+tunnel+dryer+with+microcomputer+control&author=R.+J.+Fuller&author=W.+W.+S.+Charters&publication_year=1997
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0031126524&partnerID=K84CvKBR&rel=3.0.0&md5=94e89d260a0aaef447f6ee32c5f59406
http://dx.doi.org/10.1063/1.3302139
http://dx.doi.org/10.1063/1.3302139
http://scholar.google.com/scholar_lookup?title=Performance+evaluation+of+the+semicylindrical+solar+tunnel+dryer+for+drying+handmade+paper&author=M.+S.+Sevda&author=N.+S.+Rathore&publication_year=2010
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-79952491836&partnerID=K84CvKBR&rel=3.0.0&md5=77cf3001e5e499b1c09ed0e2fb24eb1c
http://dx.doi.org/10.1080/14786450500291859
http://scholar.google.com/scholar_lookup?title=Simulation+of+solar+drying+of+chilli+in+solar+tunnel+drier&author=M.+A.+Hossain&author=J.+L.+Woods&author=B.+K.+Bala&publication_year=2005
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-27144556384&partnerID=K84CvKBR&rel=3.0.0&md5=cae634ef363c3bc7584aff8c8a497376
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-27144556384&partnerID=K84CvKBR&rel=3.0.0&md5=cae634ef363c3bc7584aff8c8a497376
http://dx.doi.org/10.1016/j.solener.2004.06.011
http://scholar.google.com/scholar_lookup?title=A+study+of+the+drying+effect+on+lemon+slices+using+a+closed-type+solar+dryer&author=H.+H.+Chen&author=C.+E.+Hernandez&author=T.+C.+Huang&publication_year=2005
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-10844285300&partnerID=K84CvKBR&rel=3.0.0&md5=67d3a70b4477cea6d20503c629757883
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-10844285300&partnerID=K84CvKBR&rel=3.0.0&md5=67d3a70b4477cea6d20503c629757883
http://scholar.google.com/scholar_lookup?title=Solar+tunnel+dryer&author=A.+Esper&author=W.+Muhlbauer&publication_year=1996
http://scholar.google.com/scholar_lookup?title=Solar+tunnel+dryer&author=A.+Esper&author=W.+Muhlbauer&publication_year=1996
http://dx.doi.org/10.1016/j.renene.2006.12.003
http://scholar.google.com/scholar_lookup?title=Design+of+mixed-mode+natural+convection+solar+crop+dryers%3a+application+of+principles+and+rules+of+thumb&author=F.+K.+Forson&author=M.+A.+A.+Nazha&author=F.+O.+Akuffo&author=H.+Rajakaruna&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-34250744840&partnerID=K84CvKBR&rel=3.0.0&md5=535cf6c4619e9d83ec00b60833140532
http://dx.doi.org/10.1081/DRT-100102915
http://scholar.google.com/scholar_lookup?title=Experimental+investigation+on+solar+drying+of+fish+using+solar+tunnel+dryer&author=B.+K.+Bala&author=M.+R.+A.+Mondol&publication_year=2001
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0035024090&partnerID=K84CvKBR&rel=3.0.0&md5=b96e750a6b9a5c217290e4958788320a
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0035024090&partnerID=K84CvKBR&rel=3.0.0&md5=b96e750a6b9a5c217290e4958788320a
http://dx.doi.org/10.1007/s10098-007-0091-x
http://scholar.google.com/scholar_lookup?title=Clean+technologies%3a+implementation+and+technology+transfer+challenges&author=R.+Jain&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-34248401185&partnerID=K84CvKBR&rel=3.0.0&md5=b1d323699965e36a7525d08245b67e94
http://scholar.google.com/scholar_lookup?title=Simulation+of+the+indirect+natural+convection+solar+drying+of+rough+rice&author=B.+K.+Bala&author=J.+L.+Woods&publication_year=1994
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0028494644&partnerID=K84CvKBR&rel=3.0.0&md5=9624d2cf3b5ea55463bb0267e4851813
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryer+for+drying+di-basic+calcium+phosphate&author=M.+S.+Sevda&author=N.+S.+Rathore&publication_year=2007
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryer+for+drying+di-basic+calcium+phosphate&author=M.+S.+Sevda&author=N.+S.+Rathore&publication_year=2007
http://scholar.google.com/scholar_lookup?title=Natural+convection+solar+crop-dryers+of+commercial+scale+in+Ghana%3a+design%2c+construction+and+performance&author=F.+K.+Forson&author=F.+O.+Akuffo&author=M.+A.+A.+Nazha&publication_year=1996
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0030189598&partnerID=K84CvKBR&rel=3.0.0&md5=cf8b30bb798f6278b3ed8bc27f6be65f
http://scholar.google.com/scholar_lookup?title=Optimization+of+operating+conditions+in+tunnel+drying+of+food&author=D.+S.+Lee&author=Y.+R.+Pyun&publication_year=1993
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0027656985&partnerID=K84CvKBR&rel=3.0.0&md5=d71c5467b2fb410fb6d9f5f1604909ef
http://dx.doi.org/10.1016/S1359-4311(99)00017-4
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryers%3a+thermal+performance+of+collector&author=H.+P.+Garg&author=R.+Kumar&publication_year=2000
http://scholar.google.com/scholar_lookup?title=Studies+on+semi-cylindrical+solar+tunnel+dryers%3a+thermal+performance+of+collector&author=H.+P.+Garg&author=R.+Kumar&publication_year=2000
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0033896367&partnerID=K84CvKBR&rel=3.0.0&md5=2692fc6afa045059c1cd44dce97af056
http://dx.doi.org/10.1016/j.solener.2006.06.008
http://scholar.google.com/scholar_lookup?title=Drying+of+hot+chilli+using+solar+tunnel+drier&author=M.+A.+Hossain&author=B.+K.+Bala&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-33846120238&partnerID=K84CvKBR&rel=3.0.0&md5=278a5926ebfc4f148c146f72f3e86c84
http://dx.doi.org/10.1016/S0038-092X(01)00095-0
http://scholar.google.com/scholar_lookup?title=Natural+convection+solar+dryer+with+biomass+back-up+heater&author=B.+Bena&author=R.+J.+Fuller&publication_year=2002
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0037122466&partnerID=K84CvKBR&rel=3.0.0&md5=0871faa0e3107f1b926cca3efdb42598
http://dx.doi.org/10.1016/S0038-092X(96)00143-0
http://scholar.google.com/scholar_lookup?title=Performance+of+a+solar+tunnel+dryer+with+microcomputer+control&author=R.+J.+Fuller&author=W.+W.+S.+Charters&publication_year=1997
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0031126524&partnerID=K84CvKBR&rel=3.0.0&md5=94e89d260a0aaef447f6ee32c5f59406

