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عمان في للتمور افف النفقي الشمسي واداء تطوير تقييم  

وعثمان الرحمن شفيع ومحمد البلوشي عيسى ومحمد الحنظلي حمد وحامد بسيونيا علي محمد
محجوب

طوله تصميم نفق تم في عمان ، الريفية المناطق في للمزارعين المحدودة التمور والإمكانات حصاد طريقة الاعتبار بعين الأخذ الخلاصة: بعد
المرة في حديثاً المحصودة التمور من كيلوجرام ١٨٠-٢٠٠ حوالي ليجفف النفق هذا صمم وقد ، التمور تجفيف بغرض متران وعرضه ١٢مترا
يتم للتمور. كمجفف استخدامه تم الاخر والنصف الهواء كصفيحة معدنية تستخدم كقاعدة لتسخين النفق نصف الواحدة. استخدم
التمر حيث يوجد الشمالي النصف في التجفيف منطقة الجنوبي إلى النصف في منطقة التجميع من مروحة بواسطة الجاف دفع الهواء
٣٠ درجة الى ٥ بين ما الشمسي حرارة النفق درجة رفع بمكان السهل من وكان الدائري. نصف التصميم ذو في النفق التجفيف لغرض
من كجم ١٩٠,٢ باستخدام اختبار النفق تم ثانية. / متر ٠,٥ من يقرب بما للهواء المتدفق تسارع مع الخارجي المحيط حرارة درجة فوق مئوية
التمر لدرجة تجفيف تم في التجفيف. النفق كفاءة وذلك لتقييم الرطب) الوزن ٣٢,٨٪ (من قدره أولية بمحتوى رطوبة حديثاً المحصود التمر
الشمس). أشارت العينة لأشعة تعرض من ساعة حوالي عشرين (أي غضون يومين في الرطب) الوزن ١٨,٦٪ (من قدرها نهائية رطوبة
الشمس أشعة تحت الطلق الهواء في التجفيف الطبيعي أسرع من تأثير كان له النفق الشمسي باستخدام التجفيف أن إلى النتائج
باستخدام ساعة)  ٢٠) يومين من أقل قدرها فترة خلال للتخزين في الآمن الرطوبة إلى مستوى محتوى الوصول  أمكن حيث المباشر،
و نوعية أن التحسن في التجربة وأكدت الطلق. الهواء في الشمسي الطبيعي للتجفيف يوماً ٥-٧ ب النفق الشمسي مقارنة  مجفف

ملموساً واللمعان كان حيث اللون من اففة التمور .جودة

الرطوبة مستوى ، شمسي تجفيف نفق التمور ، ، مفتاحية: التجفيف كلمات

ABSTRACT: Taking into consideration the date harvesting and landholding capacities of the marginalized rural farmers in Oman, a 12 meter long 
and 2 meter wide tunnel was designed and constructed to dry about 180-200 kg of freshly harvested dates per batch. Half of the tunnel base was 
used as a flat plate air heating solar collector and the other half as a dryer. The drying air was forced from the collector region (South side) 
to the drying region (North side) of the half circled tunnel where the product is to be dried. The drying temperature could be easily raised by 
some 5-30 oC above the ambient temperature inside the tunnel at an air velocity of approximately 0.5 m/sec. The test was conducted with 
190.2 kg freshly harvested dates with initial moisture content of 32.8% (wet-basis) to analyze the performance of the dryer. The dates were 
dried to a final average moisture content of 18.6% (wet-basis) within two days (20 hours). The results indicated that the drying was faster in 
a solar tunnel dryer than the natural open air sun drying. It was possible to reach the moisture content level for safe storage within less than 
two days (20 hrs) with a solar tunnel dryer and 5-7 days in open air natural sun drying. The improvement in the quality of dates in terms of 
color and brightness was distinctly recognized. 
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Introduction
Drying is very important because it is the cheapest, easiest 
and most common method of preserving and storing of 
perishable agricultural products. There are various methods 
and techniques to dry grain and other agricultural products. 
Each method has its own advantages and limitations. Dried 
products are becoming a common alternative to freshly 
harvested products due to many advantages (Lutz et al., 
1987). 

Annual production of dates in Oman is estimated about 
200,000 tones (Ampratwum, 2003). Most of the dates are 

still dried by the traditional method of open air natural sun 
drying. This method of drying normally takes 14 to 21 days in 
Oman (Ampratwum, 2003). The traditional open air natural 
sun drying methods often yield poor quality dried products. 
In most cases the drying yard is not properly fenced. The 
product is not protected against dust, rain and wind, or even 
against insects, birds, rodents and domestic animals during 
the drying process. Thus, the final product is contaminated 
with microorganisms and infection with disease-causing 
germs. The dates dried in this way have a short shelf-life 
and may not be free from contamination. The solar drying 
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facilities combine the advantages of traditional and 
industrial methods, namely low investment costs and high 
product quality. 

Ampratwum (2003) reported the construction 
procedures and test results of a natural convection solar 
date dryer at Sultan Qaboos University, but due to low 
drying rates and capacity, it had not gained popularity in 
Oman. 

A successful new solar tunnel drier was designed and 
developed at the University of Hohenheim, Germany, to 
meet the drying requirements of small farmer cooperatives 
(Lutz et al., 1987; Esper et al., 1994, 1996).  This dryer 
is classified as a solar dryer that has been successfully 
tested under field conditions in about 30 countries under 
different climatic conditions in drying various agricultural 
products (Schirmer et al., 1996; Mastekbayeva et al., 
1998; Bala and Mondal, 2001; Basunia and Abe 2001a, 
2001b; EI-Sebaii et al., 2002; Bala et al., 2003). This new 
dryer design eliminated the dependence on grid electricity 
since the power consumption of the fan could be supplied 
by batteries or solar PV panels. Unfortunately, the solar 
tunnel dryer has not yet been tested here in Oman where 
solar energy is abundant and can be used for drying of 
dates and other agricultural products. 

The original design of the dryer (20 × 2 m), however, 
had a capacity that is suitable for use in a large farm. In 
order to adapt its design for small and medium scale rural 
farmers of Oman, a scaled down (12 × 2 m) prototype 
of the tunnel dryer was designed and fabricated for 

the experiment at the Department of Soils, Water and 
Agricultural Engineering at Sultan Qaboos University, 
Oman. 

Materials and Methods
The prototype solar tunnel dryer consists of a flat plate 
air heating solar collector and drying tunnel, fabricated 
as a single unit (Fig. 1). The tunnel is 2.0 m wide, with 
a collector and dryer length of 6.0 m, respectively. The 
light-weight aluminum frames were used as the upper 
structure for the entire tunnel to support the transparent 
plastic cover. The tunnel was placed on concrete block 
substructures 700 mm above the ground surface. The 
plywood planks (0.9 × 2.0 m) of 4 mm thickness were 
used as the bed both for the dryer and collector parts of 
the tunnel to make the base of the tunnel almost air-tight. 
Over the wooden base, black painted metallic sheets (0.9× 
2.0 m) of 0.25 mm thickness were used as the absorber 
plate in the collector section of the tunnel. The steel wire 
mesh net was spread over the wooden dryer base to dry the 
desired product. A 0.2 mm thick UV stabilized colorless 
polyethylene sheet was used as the transparent cover over 
the entire tunnel (collector and dryer area). The entire 
tunnel became almost air-tight except the inlet opening 
(south side) for fixing a fan and the exit side (north side) 
for the moist air. The light weight (30 × 1 mm) aluminum 
flat bars were cut into pieces, each having a length 3140 
mm and were bent to half-circles before being fixed onto 
the wooden base of the tunnel. 

Figure 1. A rough sketch of a solar tunnel dryer used in this study without plastic cover and part of wooden base of 
the tunnel (1- Air inlet to the collector, fan, 2- South side wooden cover, 3- Collector part (12 m2), 4- Light weight 
aluminum frame, 5- Dryer part (12 m2) 6- Air outlet from the dryer, 7- Concrete block sub-structures, 8- Wooden frame 
to support  bends and base of the tunnel; 9- Metallic wire mesh net over wooden base in the dryer part, 10- Absorber 
plate (black painted metallic sheet over wooden base, not visible in figure, 12 m2)  
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A solar-powered fan of 40 watt capacity was installed 
at the holes made on the wooden cover plate, 150 mm 
above the metallic absorber sheet at the air input side of the 
tunnel. Thus, the drying air was forced from the collector 
region to the dryer region where the product is to be dried. 
The fan has an air handling capacity of 7.3 m3/min against 
a maximum static pressure of 157 Pa (16 mmH2O). The 
design of the dryer was based on the consideration that 
the temperature of air heated in the collector and forced 
to pass through the dryer section would not exceed 60 oC. 
This is based on the principle of low temperature drying of 
agricultural crops. The maximum permissible temperature 
for fruits and vegetable drying is about 60oC to maintain 
the optimum quality of the dried product; the temperature 
at the outlet of the collector and at the entrance of the dryer 
should not exceed this limit. 

Prior to the operation of the dryer, thermocouples were 
installed to record the temperatures at different locations 
within the tunnel. Nine thermocouples were connected 
within the tunnel, three at each of the mid-points of the 
collector, the dryer and of the whole tunnel. The copper 
constantan thermocouples were used to measure the 
temperature by fixing them inside the tunnel. The dry-
bulb temperatures in the collector part of the tunnel were 
measured at  50 mm above the surface of the black metallic 
sheet, 50 mm below the inner surface of the transparent 
plastic cover and at the mid point (500 mm above the 
absorber plate) of these two surfaces along the lengthwise 
center of the tunnel. Similarly, the thermocouples were 
connected at the mid-points of the dryer part and the 
tunnel, respectively, to measure the temperature profiles 
both in the vertical and horizontal directions of the entire 
tunnel. Also, two thermocouples were used to measure 
the dry- and wet-bulb temperatures of the ambient air. 
Thus, in total, eleven thermocouples were used to measure 
the temperatures at different locations. So the dry-bulb 
temperatures in the collector and dryer represented the 
average of three readings, respectively. The temperature 
inside the tunnel represented the average of nine readings. 
The thermocouples used for measuring the temperatures 
had an accuracy of ±0.5 oC. An anemometer was used to 
measure the velocity at the exit of the dryer. A pyranometer 
of Moll – Goregynstic type was used to measure the solar 
radiation incident on a horizontal surface. The sensitivity 
of pyranometer was 10.5 mV/(cal.cm2.min). The thermo-
couple probes, anemometer and pyranometer were 
connected through an interface of an AD (analog to digital) 
converter then to a personal computer for data collection. 
The temperatures, air velocity and solar radiation data 
were recorded simultaneously at  intervals of 30 minutes. 
Experiments were conducted to evaluate the performance 
of the dryer at no-load and full-load conditions.

The moisture content of whole dates was determined 
by using oven drying method. The sample of whole dates 
was kept at 100 oC for 20 hours (AOAC, 1984). Date 
samples were collected at intervals of one hour from the 
tunnel on the first day and then at two hour intervals on the 

second day of drying. Also, a test sample of about 1 kg was 
conducted in the open air (control) under natural convection 
and simultaneously in the solar tunnel dryer to compare 
their drying rates.  

The drying efficiency of the dryer was calculated 
from the measured solar energy input to the collector 
and the electrical energy supplied by the single fan 
during operations. The solar radiation incident directly 
on the drying portion of the tunnel was not considered for 
calculation of the drying efficiency as this energy had little 
effect on drying. Most of the energy directly input from 
the solar radiation on the dryer portion passed through the 
exit because of relatively higher air velocity and absence 
of open space in the dryer base.

The following parameters were considered for 
estimating the drying efficiency of the experimental solar 
tunnel dryer: (a) measured average total (diffuse and 
beam) solar irradiation on a horizontal surface to calculate 
solar irradiance on the collector surface,  (b) geometric 
factor and efficiency of the collector at the test site, (c) 
total electrical energy input to the fan during operation 
from photovoltaic solar cells, and (d) initial and final mass 
of the dates and thus the amount of water removed from 
the dates in a given period of time.

The following equation was developed to calculate the 
drying efficiency of the dryer:
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where     is the drying efficiency in percent; Wr is the 
mass of moisture removed from the product in kg; Lv is 
the latent heat of vaporization of water in MJ/kg; Pe is the 
total electrical energy required to run the AC fan during 
operation in MJ; St is the measured total solar irradiation 
on a horizontal surface in MJ/(hr.m2); Ac is the area of the 
collector in m2; Rb is the geometric factor at the test site; 
and     is the efficiency at the test site and t is the total 
drying time per hour.  

Results and Discussion

No-load Tests (test without product)

The dryer was placed in the open farmyard of the 
Agricultural Experimental Station (AES) of Sultan 
Qaboos University. The no-load tests with and without 
fan were conducted to know the temperature and air flow 
characteristics at different weather conditions and also, 
the temperature gradient both in the collector and dryer 
regions of the tunnel. Figure 2 shows the variations of 
ambient, collector and dryer temperatures with time of 
day. The drying air temperature could be easily raised 
by some 5-30 oC  above the ambient temperature at an 
air flow rate of 0.5-0.6 m/sec. The difference between 
the drying air temperature and ambient temperature 
gradually increased from morning till mid-day (0-30 oC) 
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then gradually fell (30-0 oC ) in the afternoon (Fig. 2). The 
highest temperature 69 oC was observed at around 1:00 PM. 
However, the temperature could be maintained within 40-
60 oC by controlling the exit area of the tunnel, particularly 
from 11:30-15:30 hours when temperatures exceeded 60 

oC. This indicated that solar tunnel dryer can be easily 
used to dry dates. In no-load tests the maximum difference 
between the average temperatures of the dryer and collector 
parts was about 2 oC. This indicated the uniformity of 
temperatures inside the entire tunnel.

There was almost no temperature gradient in the 
vertical direction of the whole tunnel, either in the dryer 
(Fig. 3) or the collector parts of the tunnel (Fig. 4). Figures 
5-7 show the temperature profiles in the horizontal 
direction through the bottom, middle and top  along the 
breadthwise center of the tunnel. There was almost no 
temperature gradient observed in the horizontal direction 
either in the dryer or collector parts of the tunnel due to 
proper mixing of the drying air by the fan (Figs. 5 to 7). 
Tests were conducted from 6:00 AM to 6:00 PM. 
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Figure 2. Variations of ambient, dryer and collector air temperatures with time of the day (August 8-9, 2008) under no 
load condition (with fan).
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Figure 3.  Variations of temperatures at the bottom, middle and top (vertical temperature profile) of the collector center along the 
length with time of the day (August 8-9, 2008) under no load condition (without product).
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Figure 4. Variation of temperatures at the bottom, middle and top (vertical temperature profile) of the dryer part with 
time of the day (August 8-9, 2008) under no load condition (without product).

Figure 5.  Variations of temperature in the horizontal direction of the tunnel through the bottom (5 cm from the base) 
along the center with time of the day (August 8-9, 2008) under no load condition (without product).
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Figure 6.  Variations of temperature in the horizontal direction of the tunnel through the middle (50 cm from the base) 
along the center with time of the day (August 8-9, 2008) under no load condition (without product).
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Figure 7.  Variations of temperature in the horizontal direction of the tunnel through the top ( 90 cm from the base) 
along the center with time of the day (August 8-9, 2008) under no load condition (without product).
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A no-load test was also conducted without the 
fan being used. It was also observed that the highest 
temperature inside the tunnel rose to 75 oC when the 
fan was not in operation (Figs. 8 and 9). The difference 
between the average temperatures inside the tunnel 
with and without fan was about 10 oC. This indicated 
the operation of the dryer without fan use would cause 
overdrying of the product particularly during 11:30 AM-

3:30 PM. Mercer (2008) mentioned that to avoid damage, 
temperatures below 60oC are quite appropriate for many 
food-drying applications. Figure 10 shows the variations 
of measured total (beam and diffuse) solar radiation on the 
horizontal surface with time of the day. It clearly indicated 
that an average 500 w/m2 solar energy was incident on the 
horizontal surface which can be easily utilized in drying 
dates. 
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of the tunnel were closed with a polyethylene sheet so that 
air could not pass through the tunnel. The moisture content 
was reduced to 21.5% from an initial 32.8% wet-basis in 
12 hours drying on the first day. The next day drying 
was started at 6:30 AM and continued till 5:00 PM when 
the products reached their final moisture content of 18.5 
% (w.b.). Samples were collected for moisture content 
determination at the end of drying and it was found to be 
around 18.5% (wet-basis). 

The variations of the dryer and collector air and the 
ambient air temperatures with drying time (6:00-19:00 hr/
day) in two days are shown in figure 11. The variations of 

Test with Freshly Harvested Dates

The full test load with 190.2 kg of freshly harvested 
dates (khalas variety) was conducted to study the dryer 
performance on July 27-28, 2009. The average initial 
moisture content of the freshly harvested dates was 32.8% 
(wet-basis). The dates were spread on a wire mesh net in 
a single layer thickness placed over the plywood bottom 
of the drying section of the tunnel. The drying was started 
at 6:30 AM and continued till 6:30 PM. The approximate 
sun rising and setting time was 6:00 AM and 7:00 PM, 
respectively. After termination of the first day drying, the 
product was kept undisturbed in the dryer and both ends 
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product).
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Figure 13. Variations of moisture content with drying time with solar tunnel dryer and  natural open air sun drying.

solar radiation with drying time are shown figure 12. The 
average drying air temperature and ambient temperatures 
were 52.0 and 36.2 oC , respectively, and the average total 
radiation on a horizontal surface was 490.9 w//m2. The 
average temperature in the collector part was lower than 
the average temperature in the dryer part because of the 
fan at the air entrance side of the collector.

To compare the drying rates of the solar tunnel dryer 
and natural convection open air drying, two separate tests 
were conducted with about 100 gm samples under the 
same weather conditions. The samples from the tunnel 
dryer and open air drying were taken at one hour interval 
for the first four hours of drying, starting from 6:30 AM 

and then at two hours intervals till 6:30 PM in order to 
measure the moisture content against the drying time. The 
variations of moisture content in the solar tunnel drying 
and natural open air sun drying with time is shown in 
figure 13.

The moisture removal rate was much higher in the 
solar tunnel dryer than with the open-air natural sun 
drying (Fig. 13). 
 

Drying Efficiency  
The amount of water removed in two days drying from 
the product in reducing its moisture content from 32.8% 
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to 18.6% wet-basis was 32.8 kg. The latent heat of 
vaporization of water is 2.5 MJ/kg, and it was considered 
that the energy requirement in low temperature drying 
would be very near to the latent heat of water vaporization. 
The total energy input to the fan in 20 hours was 2.88 MJ. 
The average measured total (beams and diffuses) solar 
radiation incident on a horizontal surface in two days was 
1.77 MJ/(m2.hr). The geometric factor and efficiency of 
the collector for Muscat, Oman was considered as 1.50 
and 35%, respectively (Duffie and Beckman, 1991; Sodha 
and Chandra, 1994). The area of the collector was 12.0 m2 
and time of the drying was 20 hours. The average drying 
efficiency of the solar tunnel was found to be 36.4% in 
drying dates. The total capacity of the dryer is estimated to 
be about 200-220 kg of freshly harvested dates, but 190.2 
kg was loaded. Therefore, the drying area of the dryer 
was not fully utilized which explains the low efficiency 
of the drying system. The average collector, dryer and 
ambient air temperatures in two days drying were 52.6, 
51.9 and 36.20C, respectively and the averages of relative 
humidity were 34.0, 46.5 and 55.0%, respectively. It was 
also observed that the average relative humidity of the 
air leaving the dryer was fairly low (37.6%), while the 
ambient air relative humidity was 55.0%. This indicated 
that the potential of the air exiting the dryer was not fully 
utilized. The relative humidity of the air leaving the dryer 
could be raised to the relative humidity of the ambient air 
if the length of the dryer was greater. It is also true that in 
an overflow drying system, as in a tunnel dryer, it is not 
possible to fully utilize the harvested energy as the drying 
air is passed over the product to be dried.

The much softer skin of the dates allows easy diffusion 
of moisture through it to the drying air at the initial stage 
of drying. The thickness of the date’s muscles also 
contributed to faster drying, as the average thickness 
was only about 2 mm. In general, the drying efficiency is 
reduced considerably during the final stage of drying. This 
is due to much less mass transfer from the inner part of 
the dates to the surface after it is dried to a certain extent. 
This indicates that the diffusion of moisture from inside 
the product to the surface of the product becomes much 
more difficult. 

Conclusions
This paper describes the design, construction and 
experimental investigation of a solar tunnel dryer. The no-
load tests clearly indicated that the drying temperature can 
be easily raised to 5-30 oC above the ambient temperature 
while the average air flow velocity inside the tunnel was 
0.5 m/s. The average drying air temperature could be 
easily attained 50-55 oC  . 

The experiments were carried out with 190.2 kg freshly 
harvested dates and the performance of the dryer was 
compared to open-air natural sun drying. A considerable 
reduction in drying time in comparison with natural open- 
air sun drying was obtained. The thermal efficiency of 

the dryer was found to be approximately 36.4%. These 
investigations show that a solar tunnel dryer can be used 
for low temperature drying of dates and other agricultural 
products in the rural areas of Oman where electricity is 
not available.
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