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Abstract: This paper presents the design, construction and performance evaluation of a shallow solar tunnel dryer
for agro and industrial products. In the shallow solar tunnel dryer, there are three separate units viz.: an air heating
unit, drying unit and air diversion unit. Total area of the solar tunnel dryer was 21 m2. The heated air from a separate
solar air heating zone is passed through a product bed, and at the same time, the drying tunnel bed absorbs solar
energy directly through the transparent UV stabilized plastic sheet used as covering material. This dryer was not
required any external sources of the power to operate the electrical fan. The system was designed to operate at a
temperature of 50 to 60°C. The system was installed at the institute and initial testing was conducted. After that the
system was also demonstrated at the actual potential user’'s site. The results obtained during the test period
revealed that the temperatures inside the tunnel drying zone and solar air heating zone were much higher than the
ambient air temperature during most hours of the day-light. The temperature rise inside the drying tunnel was up to
67.4C at peak hour’s period (noon). The drying rate and thermal efficiency of the collector were 1.73 kg/h and
26.0% respectively. The high outlet temperature indicated the scope of loading the dryer further.
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INTRODUCTION considerable attention over the past 35 years éass
1989). Solar dryer are found to be technically and
economically feasible for many industrial and agki
tural products. Several models of solar dryersjrwav
natural or forced convection air circulation modes,
have been developed at a number of places to water
the growing need for quality products (Phikp al.,

Solar air heater is simple device to heat air lijzirg
solar energy and employed in many applications
requiring low temperature below 65°C, such as crop
drying and space heating (Kurtbas and Turgut, 2006)
Drying processes play an important role in the
preservation and long term storage of agricultaral

industrial products.Many agro and industrial praduc 2003). Solar dryers with natural convection may be
P icts.Many ag A prae relatively slower in operation compared to forced-
need to be dried in order to reduce their moisture

content for a variety of purboses. While oben Sunvection systems and hence are mainly used for small
drvina or traditional dryin rr?a pbe thé most in p'ee scale operations only. Forced circulation basddrso
rying 'ying may : AR dryers provide good control over operating pararsete
simplest and extensively used option for many ef th A Lo

; : : . and result in high quality final product, but theme
products in developing countries. Some disadvastage

X : ° e more expensive to own and operate (Phéipal.,
of open air drymg are. e?<posure of the agrolmulallst 2003). As for many products, a less sophisticatgdrd
products to rain and dust; uncontrolled drying;expe

: . ) ; X would suffice; a few low cost tunnel dryers haverbe
:)grg-lirr?gltjstsrlig“grg dl\j\::t'zls(?hingzstzggﬁsl;r?ki)rlwieiia;)me developed. A walk in type solar tunnel dryer devel
by animals; etc (MathEJpat al., 2002). In order to oped by Rathoret al. (2002 and 2003) has been in use

) o . . to dry Dibasic Calcium Phosphate (DCP) in an indus-
improve traditional drying, solar dryers which hake try in Rajasthan since many years. Solar tunngsr

gpstzgt'glng zibsé?mga”gnregyrc'g% er al;](;vee- 'mrae'cﬂg. o ({jave also been developed in other Countries to meet
Isadv 9 P : ying, v v ery specific applications (Eddgt al.,1991 and Jogt
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al., 2001). Solar dryers of the forced convection typeered with UV stabilized plastic sheet of 200 micron
can be effectively used. They however need eléfstric  thickness. Six DC fans with a total airflow poiahbf
which unfortunately is non-existent in many rural a 1000 to 1250 rthr are provided at the outlet of the
eas, to operate the fans. Even when electricitgtexi drying zone. For loading and unloading of products,
the potential users of the dryers are unable tofpaiy provision was made for opening the plastic cover.
due to their very low income. Forced convection-dry Detailed specifications of the solar tunnel dryee a
ers are for this reason not going to be readilie@p  given in Table 1.

ble on a wide scale in many developing countrieg, B FABRICATION AND SYSTEM DETAILS

this problem was solved by using the solar photo-Supporting structure: Supporting structure (Fig. 1)
voltaic panel for producing the electricity on thige. consisted of legs, frames and side plates. MS angle
When the solar intensity is high, it will produceoma  structures of 30 “ 30 * 5 mm size were used tadaty
electricity and fan could rotate very fast. Forced the basic supporting frame. Ten such frames, eb2h o
circulation solar dryer with PV modules are thereféthe m ~ 1 m size and one frame of 2 m ~ 0.5 m weredfixe
most applicable to the rural areas in developingit@s,  together to form the complete supporting structure.
where the electricity is the major constraints. This supporting structure was mounted on twenty-fou
Solar drying may be classified into direct, indirend legs that had height adjusting facility for leveithe
mixed-modes. In direct solar dryers the air heaterdryer. Twenty-four side plates made of 3 mm thick M
contains the agro-industrial products and solarggne sheets were fixed to the supporting structure teeco
passes through a transparent cover and is abdoyltbd  the sides.

agro-industrial  products. Essentially, the heatAbsorber: Ten rectangular boxes of size 2 m” 1 m~
required for drying is provided by radiation to the 0.05 m and one of 2 m ~ 0.5 m ”~ 0.05 m size were
upper layers and subsequent conduction into the- agr fabricated using Galvanized Iron(Gl) sheet of 14 m
industrial bed. thickness and black, selectively coated coppertshee
In indirect dryers, solar energy is collected iseparate  were fixed on top as absorber to trap solar enérgy.
solar air heater and the heated air then passesgthr reduce heat losses from the back of the systemmré0
the agro-industrial product bed, while in the mixadde  thick Polyurethane Foam insulation was provided.
type of solar dryer, the heated air from a sepasal@  These absorber units were fixed horizontally on the
air heating zone is passed through a agro-industriasupporting structure.

bed, and at the same time, the drying tunnel alssorbAir heating, drying and diversion units: The 21 m?
solar energy directly through the transparent doger absorber was divided into three parts namely 7.5fm?
material. Therefore, the objective of this studytas  air heating unit, 12.5 m? drying unit and 1 m? déien
develop a shallow solar tunnel dryer in which the unit. The 4 mm thick glass used to separate the ai
agro-industrial products are dried simultaneously b heating and drying units acted as a transparentamed
both direct radiation through the transparent gigzf to trap solar radiation to heat the drying unitaifless
the tunnel and by the heated air from the solar airsteel wire mesh was used for holding products for
heating unit. The performance of the solar tunmgéd  drying in the drying unit. Three baffles of 20 ceidht
was also evaluated. After studying various modelswere provided in the diversion unit for smooth apan
already developed, a shallow solar tunnel dryer forin the direction of airflow from heating unit toyiing
drying agricultural products was designed at SPRERI

with the following features to meet the local needs  [=Cg L h

) The dryer be low cost, portable and modular infEeg _ _i;;;__'u A -
nature, ii) Low cross-sectional area to minimizathe 1

losses in order to obtain high operating tempeeatur - ”L:.;_u, Mllllﬂ-"—'—fw

iii) Air flow through the product for better heaahsfer " B ﬂ“ e
and consequently better drying efficiency, iv) Grid||f = ——ﬁ' lz?&“
independent operation for applications in remotasr
not connected to power grid.

MATERIALS AND METHODS

Dryer design: A modular design approach was
adopted for the tunnel dryer so as to be ableadteaqp ’
the system to meet varied requirements. This systelf:
consisted of an air heating unit, drying unit amdaé :
diversion unit. Glass partition was used to sepate
air heating and drying units of the dryer to allpas-
sage of solar radiation. All the three units weow-

Fig. 1. Dryer supporting structure.
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unit (Fig. 2). These baffles were also blackenedto
sorb maximum solar radiation.

Glazing: Air heating, drying and diversion units were
covered with UV (Ultra Violet) stabilized plastibeet
of 200 micron thickness fixed to glazing suppaticture
made of 12.5 mm diameter Gl pipes. Both ends of th
pipe were fixed to the side plates with nut andt bo

arrangement. Glazing was fixed on side plates withP@rt load conducted

the help of U shaped rubber gripper to facilitadsye
opening and closing for loading and unloading.

Air flow arrangement: At the air inlet, a wire mesh of
0.168 m ~ 0.15 m size was provided to restrictyeafr
dust, birds, insects etc. in to the dryer. At thalet
end of the drying unit, six DC fans of 10 cm diaenet
were installed in such a way as to flow hot ainfrair
heating unit into the drying unit and pump out theist
air. Two 30 W Solar Photovoltaic (SPV) modules were
installed facing south to power the six DC fang(B).
The DC fans would operate whenever the solar aelis
able to provide adequate output to operate the fhmis
arrangement ensured fan operation only when the su
was shining and the tunnel dryer was warm.

Fig. 2. Three baffles fixed in diversion unit.

Table 1. Technical specifications of shallow solar tunnefedr

Sci. 9 (4): 2461 - 2468 (2017)

RESULTS AND DISCUSSION

Performance evaluation: The shallow solar tunnel
dryer shown in Fig. 4 was tested in the months of
November and January of the winter season to etealua

é’ts performance. Testing of the shallow solar tuinne
| dryer involved no load temperature test and tegh wi

in about four months time.
Temperature at the inlet end of heating unit andebu
were monitored along with ambient temperature at
regular interval of half an hour between the hoafrs
10:00 and 16:00 local time. Solar insolation on
horizontal plane was measured by means of a pertabl
pyranometer. Test results obtained for one daynduri
the different months is shown in Table 2a and 2_.

the dryer was not loaded, the whole dryer functibne
as air heater and about 15 to 18°C gain in air ¢zatpre
was obtained by the time air reached the end of the
heating unit. This gain was found to be adequate fo
drying many agro products, the same was also pezken
Ry Philipet al.(2003) and Philip (2003).

More elaborate tests were conducted subsequerdly an
the system was found to function as per expectsition
More temperature sensors were installed inside the
tunnel dryer to obtain the temperature gain asaihe
moved through the dryer. Sensors were placed at the
inlet, outlet and at four positions in between. each
point, two T type thermocouple sensors were pldoed
improve the data accuracy. Besides this, airflow tiu

the DC fans operated on solar cells was monitored
with the help of hand held anemometer. Temperature
data and thermal efficiency obtained during no load
tests conducted on a day in March are shown ineTabl
3. Intermediate air temperature obtained at differe
positions inside the solar dryer for a whole day is
shown in Fig. 4. As can be seen from the tablestlaad
graph, the air temperature inside the dryer ina@as
till about 1 pm ad there after started to decrebmsthe
dryer, without load, the temperature gain continued
throughout the length of the dryer with the maximum

S.No. Parameters Dimensions and characteristics
1 Total surface area 21 m?
Air heating area 7.5 m?
Drying unit area 125 m?
Diversion unit area 1m?
2 Loading capacity 60 to 100 kgs per batch
3 Absorber material Selectively coated copper she@tdomm thickness
4 Cover material 200 micron UV stabilized plasticethe
S Air flow rate 1000 to 1250 Phr
6 Air flow arrangement Six DC fans operating on SPy¥dues
7 Insulation 50 mm thick Polyurethane Foam
8 Partition between Air heating and drying unit 4 riinitk glass sheets
9 Product holder Stainless steel wire mesh
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dryer temperature touching close to 70°C. It can betemperature throughout the heating unit and ithredc
seen from Fig. 4 that at the inlet to the dryingmber  maximum above 60°C at solar noon. The role of msid
the maximum temperature was about 60°C which isheated air was to refresh the product through iogat
appropriate for most agro products. draft. Similar temperature behavior for drying diffnt

It was observed that during the day, the insiddilga crops in the tunnel drying was also presented by
unit temperature exceeded due to black paintedRathoreet al. (2002 and 2003).

absorber rapidly, which increases the inside air

Table 2a. Performance data of the solar tunnel dryer withoad (November).

Time Ambient Solar Temperature °C Temperature gain
(hrs) Temperature radiation W/ Inlet End of heating Outlet °C
°C m? unit
10:00 295 446.3 30.3 45.1 50.2 19.9
10:30 30.3 521.4 317 46.7 53.4 21.7
11:00 31.9 583.5 32.9 51.3 55.8 22.9
11:30 334 626.7 33.3 515 57.5 24.3
12:00 34.1 650.6 34.7 52.3 61.6 26.9
12:30 34.9 666.6 34.5 53.3 64.9 30.4
13:00 36.1 691.8 35.3 54.9 66.1 30.8
13:30 36.5 633.7 36.2 54.1 65.8 29.7
14:00 37.1 590.9 37.0 55.6 64.1 271
14:30 37.5 527.0 374 54.9 62.0 24.6
15:00 37.6 454.6 36.6 53.2 58.4 21.8
15:30 38.0 377.6 35.2 50.0 55.2 20.0
16:00 37.4 279.7 35.5 47.4 52.5 17.1
Table 2b.Performance data of solar tunnel dryer without IGEthuary).
Time Ambient Solar Temperature °C Temperature gain
(hrs) Temperature radiation W/ Inlet End of heating Outlet °C
°C m2 unit
10:00 18.3 406.3 20.2 32.9 37.1 16.9
10:30 20.2 501.2 21.6 34.1 39.3 17.7
11:00 21.9 553.8 225 36.3 41.3 18.8
11:30 22.8 606.4 23.2 37.6 42.4 19.2
12:00 24.2 640.2 25.3 38.1 46.1 20.8
12:30 25.3 665.9 25.9 40.3 48.5 22.6
13:00 26.7 689.2 26.9 42.9 50.2 23.3
13:30 27.9 644.2 28.2 45.1 53.3 25.1
14:00 28.5 599.9 29.0 46.6 54.4 254
14:30 28.9 501.6 29.3 45.9 52.5 23.2
15:00 29.1 465.3 29.6 45.1 50.3 20.7
15:30 28.6 389.8 28.9 42.2 46.9 18.0
16:00 27.5 306.1 28.0 41.8 43.0 15.0
Table 3. Temperature, air flow and efficiency during no ldast in March month.
Time Solar Ambient tem- Dryer Relative humidity Air flow  Efficiency
insolation perature °C _temperature, °C % rate %
W/m? Inlet  Outlet  Inlet  Intermediate  Outlet m°/ hr
10:00 570.67 28.00 30.90 55.00 61.00 51.00 48.00 5.929 16.53
10:30 671.07 29.50 31.90 56.50 48.00 43.00 39.00 7.861 25.11
11:00 758.25 32.00 31.20 58.20 57.00 41.00 42.00 6.353 25.26
11:30 811.09 32.50 33.30 63.75  55.00 41.00 38.00 6.353 26.63
12:00 862.61 34.00 34.50 62.95 53.00 37.00 38.00 1.839 25.81
12:30 871.86 35.00 36.90 66.15  50.00 37.00 34.00 6.353 23.80
13:00 875.82 36.00 36.10 66.80 45.00 37.00 29.00 4.8385 25.72
13:30 866.57 38.00 36.20 67.40 41.00 36.00 35.00 0.848 22.90
14:00 834.87 37.00 35.60 63.30 41.00 36.00 33.00 9.349 21.91
14:30 797.86 38.00 35.30 62.35  39.00 35.00 33.00 0.848 21.56
15:00 715.96 37.50 34.80 60.45  37.00 35.00 32.00 0.848 22.78
15:30 532.36 38.00 33.30 52.00 37.00 35.00 33.00 6.820 18.90
16:00 546.85 37.50 34.80 50.50 36.00 35.00 34.00 6.820 18.40
16:30 437.25 37.50 33.80 4495  40.00 36.00 38.00 3.8%4 14.97
17:00 297.22 37.00 32.80 41.30 41.00 36.00 41.00 7.9%4 5.60
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Table 4.Performance data during drying trial on solar tuminger Product : 26 kg Green Chilly.

Time Solar insolation Ambient Dryer temperature °C Relative humidity, %  Air flow  Product mois-
W/m? temperature®C rate ture content,
m® hr % (wb)
Inlet Outlet Inlet Outlet
First day (March month)
11:00 830.90 31.50 36.50 63.70 31.00 27.00 332.74 6.258
13:00 927.34 34.00 39.40 71.60 40.00 31.00 443.88
15:00 724.40 37.00 37.60 56.70 39.00 37.00 436.36
17:00 311.75 36.00 34.40 42.60 39.00 40.00 203.45 4.254
Second day (March month)
10:00 570.67 28.00 30.90 55.00 61.00 48.00 29592 2913
12:00 862.61 34.00 34.50 62.95 53.00 38.00 591.84
14:00 834.87 37.00 35.60 63.30 41.00 33.00 499.36
16:00 546.85 37.50 34.80 50.50 36.00 34.00 406.89
17:00 297.22 37.00 32.80 41.30 41.00 41.00 447.96  0.001
Table 5.Products evaluated in the SPRERI solar tunnel dryer.
S(r)'_ Product Form No. of experiments
1. Tomato Vertically cut into eight pieces 2
2. Chili Without cutting 1
3. Fish (Bombay Duck) Soaked in saline water fof hauir, hung with pins as single 2
piece.
4. Onion Cut into thin slices 1
5. Amla Boiled for half an hour and cut into 6 to 7 pieces 2
6. Sweet Amla Sugar treated for seven days & cut into 6-7 pieces 3

Table 6. Summary of the experimental results.

Weight (kg) . . .
Sr. Product during each Percentage moisture content (W.B.)  Drying duration
No. . . . (hrs.)
experiment Initial Final
1. Tomato 39.90 88.50 10.0 18.50
2. Chili 40.00 85.50 12.00 12.50
3. Fish (Bombay Duck) 32.00 90.00 16.50 15.50
4. Onion 55.26 60.00 12.30 28.00
5 Amla 68.00 65.00 9.00 12.50
6. Sweet Amla Candy 60.00 45.00 28.00 7.00

Drying trail was conducted on the solar tunnel diye
loading fresh green chillies in the shallow solamrtel
dryer in the month of March. Whole chillies loaded [
were found to dry in two sunny days but resulted i
slight colour variation. The drying data obtaine@ a
given in Table 4. The tunnel dryer was able to reeno
moisture, wet basis, (from initial moisture conterfit
about 87% to 10% final moisture content) from 26 kg
of green chillies in two days of 15.00h drying time
which is about 1.73 kg/h drying rate. In the other
words, the samples were dried in the two days atedic
ing drying rate of about half a kg of water per sg.
area per day. The high outlet temperature indictite
scope of loading the dryer further.

The dryer was loaded with whole green chilliesdkn
layer average thickness) and its weight was medsure Fig. 3.SxDC fansand solar photovoltaic modules.
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Table 7.Data collected on sweet Amla drying experiments.

Time (IST) Temperature °C Temperature gain, ° Relative humidity, %
Inlet Air heater outlet Dryer outlet C Inlet Outlet

Experiment 1
9:45 23.8 32.3 26.5 2.7 45 71
10:15 24.1 33.6 32.2 8.1 44 72
10:45 24.1 35.7 33.2 9.1 53 64
11:15 26.7 374 34.2 7.5 50 62
11:45 28.7 38.5 37.2 8.5 50 60
12:15 29.8 39.8 38.5 8.7 48 58
12:45 311 41.2 39.8 9.4 45 57
13:15 31.3 41.6 40.7 8.0 45 55
13:45 32.9 42.6 40.9 7.6 44 54
14:15 31.7 40.5 39.3 7.2 44 52
14:45 31.8 40.6 39.0 5.2 44 52
15:15 29.1 39.5 34.3 4.1 44 52
15:45 29.3 38.7 334 4.1 44 55
16:00 29 37 30.5 15 44 54

Experiment 2
9:45 20.1 32.3 22 1.9 45 68
10:15 23.1 36 31 7.9 44 65
10:45 23.2 34.7 35.2 12 50 55
11:15 24.7 35.2 37 12.3 48 54
11:45 27.1 38.3 41.1 14 45 51
12:15 30.1 40.5 44.8 14.7 43 50
12:45 304 44.8 45.3 14.9 43 49
13:15 30.5 41.8 46.7 16.2 40 47
13:45 315 415 47.4 15.9 40 47
14:15 321 39.1 45.2 13.1 39 47
14:45 31.3 39.1 45.6 14.3 39 47
15:15 30.3 38.8 45.2 14.9 39 47
15:45 29.6 38.5 44.8 15.2 39 47

Table 8.Products dried at M/s. Mashika Agritech, Itola.

Sr. . . Quantity Drying duration
No. Item dried Quantity (kg) Recovered (kq) (hours)
1 Coriander 40 2.8 5-6
2 Fenugreek leaves 38 2 6-7
3 Drumstick leaves 56 5.2 5-6
4 Neem leaves 80 6 5-6
5 Capsicum (Simlamirch) 10 800 gm 12-13
6 Ginger 25 2.2 24-25
7 Potato Wafers 10 1 7-8
at the start and at the end of each drying day=difie 7 = % (1)
ter. Knowing the initial weight and the final wetgt ¢ Adr

the point when no further weight loss of greenligsl ~ Where, i = thermal efficiency of the collector

was attained, the weight loss was used to calctiate % Q, = Heat gain by the air

moisture removed in kg water/kg dry matter at inter A, =Collector area, m?

vals as the chillies dried. The dryer performan@s w |1 = Total solar radiation incident on the top suefac
evaluated using the drying rate and collector igfficy

[Joyet.al. (2001) and Philigt.al. (2003)]. The thermal dM _ fMi—My o

efficiency of the collector was computed using equa  zr — (T) x 100%

tion (1) and the drying rate, which is the quantty (2
moisture removed from the food item in a given time The construction of the tunnel dryer was found to
was computed from equation (2) below: facilitate easy loading and unloading of the pradac

drying. The height of the system permitted a person
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average built to operate the dryer without difftgul  ture content of the processed Amlawas about 45%
The temperature obtained in the dryer indicated it' (w.b.) and desired final moisture content was about
suitability for drying many agro products. 25%. Complete drying took about seven hours for
After conducting preliminary experiments to ensure bringing the moisture content down to the desired
smooth operation, the setup was used for conductindgevel. Table 7 gives the detail drying data colecby
drying experiments to obtain essential data fotuatiag M/s. Rasbihari Enterprise at the institute.
the performance of solar tunnel dryer with diffdaren Meanwhile the system has been transferred to M/s.
products. Performance of the dryers for load cimdlit MashikaAgritech Pvt. Ltd., at village Itola, forrfher
in different seasons was also studied. A totalieé f field evaluation. The user is engaged in the bissine
different products were evaluated from April to De- of growing and selling of Oyster Mushroom and
cember. Table 5 lists the products dried, the fofm preparation of different mushroom based Ayurvedic
product and the number of experiments conducted fomedicines using SPRERI designed forced convention
each product. Table 6 gives the information abbat t solar dryer and wished to expand their activity dor
drying parameters. few more products. Fig. 5 shows the SPRERI solar
tunnel dryer installed on the terrace at users aitd
DEMONSTRATION the system in loaded condition with Neem leaves.
After successful Compl_etlon of the testing of solar USER’S FEEDBACK
tunnel dryer for a few important products, one user
M/s. Rasbihari Enterprises Ltd., a sweet amla candyThe user tested the system for a few selected ptedu
producer, showed great interest for installing esyst  during the month of October-November. Results are
for their work. It was decided to conduct some pre- tabulated as shown in Table 8.
liminary experiments on the system at SPRERI itself COST ECONOMICS

to generate scientific information on amla candy-dr
ing; system was to shift at their site after signin Cost economics of the SPRERI solar tunnel dryer has
been worked out and was compared with a similar ca-

proper agreement with the institute. The user va&s s
isfied with the system performance and is plang  pacity electrical dryer working at M/s. Rasbihanité -
prises, for drying sweet Amla candy.

install a dryer to meet their requirements. Initiais-

Sr. No. Description Solar Tunnel Dryer Electrical Dryer
1 Cost,Rs. 70,000 37,500
2 Useful life, years 10 10
3 Loading capacity, kg/day 60 60
4 Working day per year 250 300
5 Product dried, kg/year 15,000 18,000
6 Blower capacity, hp 0 0.6
7 Electrical heater, kW 0 6
8 Operation time of heater, hr/day 0 8
9 Electricity consumption, kWh 0 48
10 Annual interest rate, % 12 12
11 Salvage value, % of the cost 10 10
12 Annual repair and maintenance,% of cost 3 5
ANNUAL COST, Rs.

13 Interest on average cost 8,400 4,500
14 Depreciation @ 9% 6,300 3,375
15 Repair and maintenance 2,100 1,875
Sub Total  Rs./year 16,800 9,750
Rs./day 67.2 325
OPERATING COSTS, RS./DAY
16 Electricity @ Rs. 4.5/kWh 0 216
17 Labour @ Rs. 150 75 75
Sub Total Rs./day 75 291
COST OF DRYING
Rs./day 142.2 3235
Rs./kg 2.37 5.391

Savings/year: Rs. 46,215/-; Payback period : 1.5%ea
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—a—After35m
—»—Drying chamber inlet11.0 m
—e—Drying chamber outlet 21.0m

—e—Airheater inlet
—a—After7.5m
—x—After 16.0m
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Fig. 4. Temperature profile in the tunnel dryer during no
load test .

Conclusion

A solar tunnel dryer of 21 m? are divided into two
parts, one for air heating and the other for logdin
product has been successfully developed and demo
strated at user site also. The system has beegnéesi

in a modular fashion for easy scaling up. An intedim
ate zone called diversion unit is built betweentibat-

ing and drying zones and this can be used to inted
a thermal backup for the dryer if it becomes nemgss

for a specific application. The temperatures olethim
the dryer indicate the possibility of using thetsys for

many agro products. The cost of the system alsatan
ford by the community farmer as well as paybackoger

is also less than two years. This system can geaify
used for drying purposes in remote areas, far dwoay
the main electricity or areas without reliable eyesup-
plies or in farmers field itself due to grid indegent
operation of the system.The tunnel dryer was able-t
move moisture, wet basis, (from initial moisturentemt
of about 87% to 10% final moisture content) fromkgg
of green chillies in two days of 15.00h drying timdnich
is about 1.73 kg/h drying rate. In the other wortis,
samples were dried in the two days indicating dyyate
of about half a kg of water per sq. m. area per dag
high outlet temperature indicated the scope ofitmpthe
dryer further.
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