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ARTICLE INFO 
 ABSTRACT  

  Drying is an effective means of reducing moisture content of perishable fruit and vegetables to a safe 
storage level and reducing post-harvest loss. This study was conducted to evaluate a solar tunnel 
dryer for drying cabbage in comparison to traditional open sun drying at the advanced drying lab of 
the Department of Farm Power and Machinery, Bangladesh Agricultural University, Mymensingh. 
Salt pre-treated cabbage was used for drying inside the dryer and open sun drying. The parameters 
like solar radiation, temperature, relative humidity, and moisture content were measured using 
standard instruments during the experiments. The results showed that the maximum peak 
temperature inside the drying chamber was 45 °C during mid-day (12 pm) when solar radiation was 
600 w/m2 and an average inside temperature was approximately 30 °C to 40 °C in a full sunny day 
(9:00 AM to 04:00 PM) when average solar radiation was 321±115 W/m2. The moisture content of 
sliced cabbage reduced initially from 94.42, 90.18, and 92.24 % (w.b.) to 4.85, 15.84, and 15.71% 
(w.b.), respectively, and drying time of the dryer was 28, 21, and 19 hours in 1st, 2nd, and 3rd trials, 
respectively. The drying rate and drying efficiency were found 0.15 kg/hr and 8.22 %, respectively in 
tunnel dryer and 0.02 kg/hr and 3.38 %, respectively in open sun drying. The color and texture of the 
solar-tunnel-dried cabbage were better than obtained from the open sun drying method. Further 
experiments are required for estimating drying capacity with the operating cost of the solar tunnel 
dryer when the dryer will be used with its full capacity. 
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Introduction 

Agriculture is the largest employment section and main 
source of livelihood in Bangladesh. Bangladesh is the 3rd 
largest producer of vegetables (FAO, 2019). Many 
varieties of vegetables such as cabbage, tomato 
cucumber, potato, pea, bean, etc. are produced here. 
Vegetables are the fundamental commodities for 
human’s daily life and the main sources of nutrition, 
vitamins such as vitamins-A, C, thiamin, and minerals 
such as calcium and iron. The annual demand for 
vegetables in Bangladesh is about 13.25 million tons 
whereas the production is only 3.73 million tons 
(Rahman et al., 2021) which showed a vast amount of 
production shortage to supply. In Bangladesh, the 
average per capita daily vegetables intake is 56g/day, 
where the recommended intake is 250g/day (FAO, 
2017) which is very low compared to other countries. 
From 2004 to 2019, vegetable production increased 
from about 2 million to 6.3 million tons. Simultaneously, 
the area used for vegetable production increased from 
about 333 thousand to 651 thousand hectares, implying 
a slower growth in land used for vegetable production 

than the growth in production itself (Pamuk et al., 
2021). 
 
Cabbage or bandha kopi is a popular winter vegetable. 
In Bangladesh, this vegetable is grown in about 9,688 
ha; the total production of cabbage comes 
approximately at 90,795 million ton (Banglapedia, 
2021). The post-harvest losses of vegetables are in the 
range of 20 to 40% (Hassan, 2010). The post-harvest 
losses of cabbage are 26-27%, due to improper handling 
and lack of storage facilities (Gonzales and Acedo, 
2016). The post-harvest loss can be reduced by 
controlling the moisture content of the product by the 
drying method. For storage purposes, the moisture 
content of cabbage should be reduced to 7 to 8% (w.b.) 
to make it available on food tables in other seasons.  
 
Drying is the traditional method of preserving fruits, 
vegetables, fish, meat, etc. and it helps to keep product 
longer period and can be used in offseason. Leon et al., 
(2002) found that there were many types of solar dryers 
exist such as active dryer, passive dryer, mixed-mode 
dryer, box-type dryer, cabinet dryer, and tunnel dryer. 
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Three different types of solar dryer which is based on 
natural convection solar dryer of potato, chilies, and 
mushrooms were reported (Sharma et al., 1995). 
Natural convection solar dryers with heat storage for 
drying leafy vegetables and other agricultural products 
were investigated in Cameroon (Berinyuy et al., 2012). 
The overall dryer efficiency was 17.68 %, drying time 
reduction between 30 % and 50 %, moisture extraction 
efficiency of 79.15 %, and airflow of 9.68 m3/hr. The 
quality of the final product is acceptable in taste and 
appearance and farmers could able to uptake price 
within 2 years payback period. Bala & Woods (1995) 
also presented a technique for optimization of the 
natural-convention solar dryer where three energy 
balance equations were used on the cover, absorber, 
and the air inside the collector. It was found that grain 
capacity has a relatively greater influence on drier 
design, giving rise to a longer collector which causes 
greater buoyancy at greater grain depth. Bala et al. 
(2003) conducted a study on solar tunnel dryer for 
drying pineapple and found drying rate and the 
temperature in the drier had risen in the ranges of 
34.1–64.0°C for a change in solar radiation from 0 to 
580 W/m2 using some efficient equations. The 
proximate analysis also indicates that the pineapple 
dried in the solar tunnel drier is a good quality dried 
product for human consumption. Parvin et al. (2021) 
used a solar conduction dryer for drying fruit and 
different vegetables and found that air temperature 
was 1 to 14oC higher than the ambient air temperature 
and had a drying efficiency of 6.04% to 19.8%.  
 

On the other hand, the traditional open sun drying 
method is very familiar which is the cheap and very 
easy method but poor dried quality. So, the solar drying 
method would be a better option to produce quality 
dried products than open sun drying. Despite plenty of 
production, the cabbage is not obtainable all the time 
to fulfill our nutritional value. Fresh cabbage contains 
up to 90-94% of water and it is needed to dry with an 
appropriate drying method which will remain useable 
for a long time for all-purpose. 
 

Hohenheim type solar tunnel dryer was used before 
successfully for drying fruits, vegetables, spices, 
medicinal plants, and fish (Bala and Debnath, 2012). 
They dried different types of vegetables like 
mushrooms, Chilli, etc., but did not conduct any 
experiment for cabbage using a solar tunnel dryer. 
Hence, this study was conducted to understand the 

spatial temperature and moisture content distribution 
in and outside solar tunnel dryer, and to investigate the 
technical performance of solar tunnel dryer for drying 
cabbage. 
 

Materials and Methods 

Solar Tunnel Dryer 
The Solar Tunnel Dryer consists of an air inlet, collector 
unit, drying chamber, air outlet, solar module, plastic 
net, wooden base support structure, roof structure for 
supporting the plastic cover, and DC fans. Both the 
collector and drying are covered with a transparent 
plastic sheet and attached with a rubber belt in the 
frame (Figure 1). The use of plastic cover can be able to 
save the product from rain, excess airflow, dust, and 
insects. Black paint is used in the dryer bed which is 
made of wood and a wooden frame split net tray is 
placed just above the drying chamber of the solar 
tunnel dryer. The system is placed horizontally and 
airflow rate is provided by three DC fans which are 
operated by one photovoltaic module (50 W).  
 

 
 

Figure 1. Solar Tunnel Dryer  

 
The drying unit is the main part of the dryer whose 
surface area is 4.18 m2. The size of the different 
components of the solar tunnel dryer is given in (Table 
1). The three-dimensional view with dimensions is 
shown in figure 2. The mechanism of the solar tunnel 
dryer is given in figure 3 and assumed a unidirectional 
airflow. The solar radiation falling through the 
transparent cover in both the collector and drying units 
then heats the air entering the collector unit through 
convective heat transfer at the cover and the absorber 
plate. This enhances the drying rate and the 
temperature in the dryer rises in the ranges of 35.10C to 
52.20C (Bala and Mondol, 2001). The section of the 
dryer can be extended up to 8.18 m for more capacity 
of drying. 

Table 1. Determination of the dryer dimensions 
Dryer parts Length, m Width, m Height, m Surface area, m2 

Drying unit 2.01 1.80 0.61 3.62 
Drying tray 1.96 1.75 0.13 3.43 
Collector unit 2.01 1.80 0.61 3.62 
Solar module 0.67 0.67 1.60 0.45 
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Figure 2. Solar Tunnel Dryer 3-D Design View, (a) Top view and (b) Top view with dimensions in mm 

 

           
 

Figure 3. Flow chart of Solar Dryer System 

 
Experimental site and time  
An experiment was conducted during February 2020 at 
the Advance Drying Lab at Department of Farm Power 

and Machinery, Bangladesh Agricultural University, 
Mymensingh. 
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Design and Set-up of the dryer 
The frame of the dryer was made of metal. The tray 
made by net was constructed in the upper portion of 
the base (Figure 4a). Three DC fans are attached with 
the mainframe by wood and one solar was fixed in the 
north and south direction (Figure 4b). The axis of the 
solar tunnel dryer is east-west direction so that 
maximum exposure of southern radiation can be 
obtained. The metallic frame structure of the tunnel 
dryer was covered with a transparent polyethylene 
sheet of at least 200-micron thickness (Figure 4c).  

 
Sample preparation 
Selection of Experiment Sample 
Cabbage (variety: BARI Bandha Kopi-2) was selected for 
the drying experiment as it was available in February 
2020. About 4 to 5 kg of cabbage was used for the 
experiment in each trial. The cabbage was purchased 
from the K.R market of BAU. 
 
 
 

           
                                        (a)                                                    (b)                                                    (c)       
 

Figure 4. Different Parts of Dryer Construction (a) Preparation of tray, (b) Fan setting on Dryer, (c) set-up of plastic sheet 

 
Preparation of Cabbage 
The cabbage was washed with water (Figure 5a) and 
then chopped into a thin slice about 5 to 6 mm in size 
using a very sharp knife (Figure 5b). The optimum size is 
necessary for drying properly.  
 
Pre-treatment 
Pre-treatment was done by salt after chopping (Figure 
5c). To prepare the solution, 5% salt was mixed with 

water for 30 minutes pre-treatment. The moisture 
content was found 94% after pre-treatment. It helps to 
protect the product from fungus and bacteria in long-
time storage, reduces the drying time, and reduces the 
initial moisture content before drying. 
 
 

 

            
 

                                        (a)                                                        (b)                                                             (c)       
 

Figure 5. Different Steps of Sample Preparation (a) Fresh cabbage, (b) Chopping cabbage, and (c) Pre-treatment with salt 
solution 

 
Sample Set-up and experimental procedure 
Cabbage was put in the dryer at three vertical lines 
named as S1, S2, and S3 at same intervals (Figure 6) and 
open sun drying. Sliced cabbage was placed uniformly 
so that every slice dries properly through hot air coming 
from the heat collector unit. For the drying 
experiments, determine the initial moisture content 
using the standard oven-dry method (OVM) and others 
parameters was measured after 1-hour interval. The 

processed cabbage was placed inside the dryer. After 
finishing the trial, the cabbage was packed in 50-micron 
thickness airtight poly bag for long-term storage. On the 
other hand, the same procedure was followed for the 
open sun drying method.  
 
Drying Parameter Measurement and Instrumentations 
The k-type thermocouples connected with a Fluke data 
logger (Range- ±0.018%; Made in the U.S.A) were used 
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for measuring the inside and outside temperature of 
the dryer. Four thermocouples were placed at the 
middle of the dryer at T1 (collector), T2, T3, and T4 locations. 
Two thermocouples were placed on the south side of 
the drying section at T5 and T7. One thermocouple was 
placed on the north side of the drying section at the T6 

location. Finally, one thermocouple was placed outside 
of the dryer for measuring ambient temperature. All 
thermocouples were connected to the data logger with 
a computer for real-time temperature recording in 1-
hour intervals (Figure 7). A solar meter (range 0 to 1250 
W/m2, made in Taiwan) was used to measure Solar 
Power. A precision handheld Relative humidity 
(Humidity range: 0% to 100%, 9V battery) meter was 
used to measure relative humidity. Anemometer (Made 
in Taiwan, Model-RS 212-578,) Meter range: Km/h=3.6-

72.0) is a device for measuring air velocity. The DC fans 
(12V-DC; 1000 mA; 12 W; Made in Germany) at the 
required flow rate are provided by an electric-operated 
fan or a fan driven by one photovoltaic module. 
Photovoltaic solar panels (Model-KC50; Nominal 
Maximum Output Voltage-16.7V; Manufacturer by 
Made in Japan) absorb sunlight as a source of energy. 
Voltmeter (Made in England) was used for measuring 
voltage. Oven (made in Korea) was used for measuring 
dry matter of samples and finding out moisture content 
by using the oven-dry method. An electric balance 
(range- Max./d: 320g/0.001g; Made in Japan) was used 
to measure the accurate weight of samples. An electric 
weighing scale was used for weighing the initial and 
final weight of the sample before and after drying. 

 

                                            
 

Figure 6. Cabbage are placed upon on the dryer trays 

                               
 

Figure 7. Schematic Diagram and Mechanism and Sensor Placement of Solar Tunnel Dryer 

 
Calculation of Drying Technical Parameters  
Moisture Content  
The moisture content of wet basis is the ratio of the 
weight of water at a given time compared to total 
weight at that time. The required sample was weighed 

and placed in the oven for the dry product at 24 hours 
at 1050C. The wet basis method was taken into 
consideration. The moisture content is calculated using 
equation (1): 
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 ............... (1) 
 where, MCwb = moisture content (w.b.), % 

 Ww = weight of water removed, g 
 Wdm = weight of dry matter, g 
 

Amount of Moisture removed  
The amount of moisture removed from the sample was 
determined by the following equation, (Hossain et al., 
2018).  
Amount of moisture removed,  

Mr =   ........................... (2) 
where, 
Mr= Mass of water removed from wet samples, kg 
Wi= Initial mass of the samples to be dried, kg 
Mi=Initial moisture content (w.b.) of samples, % 
Mf= Final moisture content (w.b.) of samples, % 
 
 
 
Drying Rate  
The drying rate is the ratio of the mass of water 
removed from wet samples to total drying time. The 
drying rate can be calculated by equation (3), 

  ............. (3) 
where,  
Mr = mass of water removed, kg 
T = drying time, hr  
 
Energy consumption  
The total energy consumption of the solar tunnel dryer 
was measured from the solar radiation, the drying area 
and drying time of the solar tunnel dryer. The total 
energy consumption was calculated with the equation 
(4): 

610

AtR
E s

t =   ....................... (4) 

where,  
Et = energy consumption, MJ 
Rs = solar radiation, W/m2 

A = drying area of solar tunnel dryer, m2 

t = drying time, s         

 
Drying Efficiency  
Drying efficiency can be calculated by using equation 
(5). For solar tunnel dryers, the drying efficiency is given 
by, 

t

r

E

LM
=  ..................... (5) 

where, 

= drying efficiency, % 
Mr= weight of water evaporated, kg 
L = latent heat of evaporation of water (2.5 MJ/kg), 
MJ/kg 
Et =total energy consumption, MJ 
 
Results and Discussion 

Variation of solar radiation and voltage of solar tunnel 
dryer 
During drying of cabbage, the variation of solar 
radiation and voltage were observed (Figure 8). The 
voltage was increased with the increases of solar 
radiation. From all three trials, the same scenario was 
seen where the solar radiation varied from 0 to 600 
W/m2 while the generated voltage varied from 0 to 16 
V. The maximum solar radiation was found 600 W/m2 
and found on the 3rd day of 3rd trial at 12.00 pm when 
the highest voltage was 16 V. Bala et al. (2003) 
examined that the variation of solar radiation and 
voltage was 0 to 580 W/m2 and 0 to 14 V.  During the 
experiment, it was found that the solar radiation varied 
from 0 to 511 W/m2 in 1st trial, 0 to 520 W/m2 in 2nd 
trial, and 0 to 600 W/m2 in 3rd trial.  
 
Temperature distributions in and outside of the solar 
tunnel dryer 
The variation of temperature distributions, the 
temperature of ambient, collector temperature, and 
drying unit temperature are shown as in figure 9. The 
drying process was carried out from morning 9.00 AM 
to evening 4.00 PM for 1st, 2nd, and 3rd trials. The figure 
shows that the inside temperature of the drying unit 
was higher than the ambient temperature of the air in 
three trials.  
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Figure 8.  Variation of Solar Radiation and Voltage of the solar tunnel dryer in Trial 1, Trial 2, and Trial 3 
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Figure 9. Variation of temperature distributions in and outside of the solar tunnel dryer in Trial 1, Trial 2, and Trial 3 where T1= 

Collector temperature, T2= Tray inlet temperature, T3= Tray center temperature, T4= Tray outlet temperature, T5= Tray 
center-left temperature, T6=Tray center-right temperature, T7 = Tray outlet-left temperature, and Ta = Ambient 
temperature  
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The temperature inside the dryer was optimum for 
drying pre-treated cabbage. The Higher temperature is 
not good for some food products (Vega-Gálvez et al., 
2008) and Turhan et al. (1997) suggested that using 
temperature above 70 ⁰C for drying results in a dark 
brown color due to non-enzymatic browning reaction 
for the red pepper.  
 
From the experiments, the peak ambient air 
temperature was found 33.80, 28.80, and 35.760C 
according to 1st to 3rd trials. The ambient air 
temperature was 27.40, 27.20, 33.80, and 28.100C in 
found 1st to 4th day of 1st trial, and 28.60, 28.80, and 
27.800C in found 1st to 3rd day of 2nd trial and 30.34, 
30.55, and 35.760C in found 1st to 3rd day of 3rd trial. The 
collector air temperature raised maximum of 40.800C in 
whole experiment.  
 
According to Janjai and Keawprasert (2006), the range 
of temperature helps accelerate the vaporization of 
water in the jackfruits without any damage to this 
product and the ambient temperature rise at the outlet 
of the collector was 10°C to 25°C and the peak 
temperatures of the outlet air was in the range of 50°C 
to 60°C for most cases, depending on weather 
conditions. It was noticed that among all the three trials 
for the 1st trial the drying time was 4 days, and both 2nd 
and 3rd trials the drying time were 3 days. The 

maximum average temperature was found 39.67℃ 

when the ambient temperature was found 33.80℃ and 

the minimum drying temperature was 21.700C, at the 
same time ambient temperature was 22.20 0C on the 3rd 
day of 1st trial. The sunlight was moderate the rest of 
the day of 1st trial, for this reason, the average 

temperature of 1st day was found 32.06℃, 2nd day was 

found 32.34℃ and 4th day was found 29.74℃. On 1st 

day of 2nd trial at 12.00 pm, the maximum average 

drying temperature was found at 37.39℃ when the 

ambient temperature was found 28.60℃. According to 

the 2nd and 3rd day of the 2nd trial, the maximum 

average temperature was found at 34.71 ℃ and 35.14

℃. The maximum average drying temperature was 

found at 36.63℃ when the ambient temperature was 

found at 33.86℃ at 2:00 pm on the 3rd day of the 3rd 

trial. 
 
 According to the 1st and 2nd day of the 3rd trial, the 

maximum average temperature was found 32.10℃ and 

34.11℃. As a result, 1st trial takes the highest time to 

compare to the other two trials, which were 28 hours, 
21 hours, and 19 hours. The temperature was 

fluctuated for weather conditions and for this reason 
temperature variation occurred in every trial we also 

found the variation of temperature was 5-12℃ higher 

than the ambient temperature which was recorded 
inside the dryer. 
 
Variation of moisture content in a solar tunnel drying 
and open sun drying 
A comparison of the moisture contents of cabbage in 
the solar tunnel drier and the traditional open sun 
drying method for a typical experimental run during 
drying is shown in figure 10. The moisture content of 
salt pre-treatment cabbage of a typical trial run was 
reduced 94.42 % to 3.62 % (w.b.) in the S1 sample 
location of the tray, 5.04 % (w.b.) in the S2 sample 
location of the tray, and 5.88 % (w.b.) in S3 sample 
location of tray in 28 hours of drying while it took 28 
hours of drying to bring the open sun drying moisture 
content 8.82 % (w.b.) of 1st trial. In the 2nd trial of the 
experiment in 21 hours moisture content was reduced 
90.18 % to 15.47 % (w.b.) in the S1 sample location of 
the tray, 16.29 % (w.b.) in the S2 sample location of the 
tray, and 15.75 % (w.b.) in S3 sample location of tray 
whereas it took the same time to bring the open sun 
drying moisture content 18.53 % (w.b.). In the 3rd trial 
of the experiment in 19 hours moisture content was 
reduced 92.24 % to 14.41 % (w.b.) in the S1 sample 
location of the tray, 18.30 % (w.b.) in the S2 sample 
location of the tray, and 14.43 % (w.b.) in S3 sample 
location of tray whereas the open sun drying method 
need the same time to reduce moisture content 17.74 
% (w.b.). The drying time was taken the same for both 
solar tunnel dryer and open sun drying but there is a 
variation of moisture content. 
 
Tomar et al. (2017) experimented in natural convection 
solar tunnel dryer for mango that it took 9.5 hours to 
dry mango slices from a moisture content of 85.5% wet 
basis to a final safe moisture content of 13.0% wet 
basis. Whereas solar tunnel dryer needs 7 hours to 
reduced moisture content 94% (w.b.) to 10% (w.b.) and 
reported that the faster drying of pineapple slices inside 
the solar tunnel drier is since the pineapple in the drier 
received energy both from the collector and from 
incident solar radiation, while the control samples 
received energy only from incident radiation and lost a 
significant amount of energy to the environment. 
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Figure 10. Variation of moisture content with time in a solar Tunnel drying and open sun drying in Trial 1, Trial 2, and Trial 3 

where STD-S1= Solar tunnel dryer tray-right moisture, STD-S2= Solar tunnel dryer tray-center moisture, STD-S3= Solar 

tunnel dryer tray-left moisture, and Open= Open sun drying moisture. 
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Technical Performance of Solar Tunnel Dryer and Open 
Sun Drying Method 
The temperature variation inside and outside of STD 
and ambient temperature were shown in Table 2. The 
inside temperature of the solar tunnel dryer (STD) was 

5-6 ℃ more than ambient temperature. In STD, the 

maximum mean ± SD temperature was found in the 2nd 
trial, and the minimum was found in the 1st trial. On the 
other hand, about ambient temperature, the maximum 
mean ± SD temperature was found 3rd trial.  
 

The technical performance of the solar tunnel dryer 
(STD) and open sun drying (OSD) was shown in Table 3. 
The moisture removal rate of solar tunnel drying over 
sun drying was 3-4 % more and the drying rate and 
drying efficiency of the tunnel dryer was higher than 
the open sun drying method in all trials. For STD, the 
average drying rate was 3.59 (%MC/hr.) and for OSD the 
average drying rate was 3.47 (%MC/hr.). The drying 
efficiency of STD and OSD was 8.22 % and 3.38 % 
respectively.  

Table 2. Temperature variation inside and outside of STD and ambient temperature 
Trial 
No. 

Solar Tunnel Dryer (STD) Ambient Temperature, 
Maximum 

Temperature, 0C 

Minimum 
Temperature, 0C 

Mean ± SD Maximum 
Temperature, 0C 

Minimum 
Temperature, 0C 

Mean ± SD 

1 39.67 21.70 28.43±1.36 33.90 22.20 25.87±2.62 
2 37.39 22.84 30.76±0.87 34.60 20.06 26.10±3.20 
3 36.63 24.00 31.21±4.31 35.76 22.55 29.14±3.35 

 

Table 3. Technical Performance of STD and OSD 
Trial 
No. 

Pre-treatment 
Sample 

Initial 
MC, MI 

(%) 

Final MC, 
Mf (%) 

Initial 
Weight, Wi 

(kg) 

Final 
Weight, 
Wf (kg) 

Solar 
Radiation 
(W/m2) 

Drying 
area, A 

(m2) 

Drying 
Time, 
T (hr) 

Moisture 
removed 
Mr (kg) 

Drying 
Rate 

(kg/hr) 

Energy 
consumption, 

Et (MJ) 

Drying 
Efficiency, 

 (%) 

1 STD 
Open sun 

94.42 
94.42 

4.85 
8.82 

3.73 
0.40 

0.22 
0.03 

304.25 
304.25 

3.43 28 
28 

3.51 
0.38 

0.13 
0.01 

105.19 8.34 

2 STD 
Open sun 

90.18 
90.18 

15.84 
18.53 

3.63 
0.28 

0.24 
0.02 

312.92 
312.92 

3.43 21 
21 

3.21 
0.25 

0.15 
0.01 

81.14 9.88 

3 STD 
Open sun 

92.24 
92.24 

15.71 
17.64 

3.72 
0.48 

0.21 
0.03 

354.09 
354.09 

3.43 19 
19 

3.38 
0.43 

0.18 
0.02 

83.07 10.16 

 
The efficiency was more in solar tunnel dryer because 
the hot air trapped inside the dryer and the fan acted 
like a blower that the hot air was passing through the 
product in full trial time. Whereas in the open sun 
drying method the process was continued by only 
sunlight.   
 

Dried cabbage Using Solar Tunnel Dryer 
Some samples are shown hereafter finishing the Solar 
Tunnel Drying trial (Figure 11). Visual inspection of the 
dried samples showed that the color and texture of 
solar tunnel dried cabbage were better than the open 
sun drying method. 
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Figure 11. Dried cabbage using Solar Tunnel Dryer (STD) and Open Sun Drying (OSD) Method, (a) Dried cabbage (b) Dried 
cabbage of STD and OSD in 1st trial (c) Dried cabbage of STD and OSD in 2nd trial (d) Dried cabbage of STD and OSD in 3rd 
trial 

Conclusion 

The performance study of the solar tunnel dryer was 
conducted under meteorological conditions of 
Bangladesh. During the drying operation, the 
temperature difference between inside and outside of 
the dryer was low in the morning (2-3°C) and afternoon 
(3-4°C) as compared to midday periods (5-6°C). In 1st 
trial, it took 28 hours to dry shred cabbage from an 
initial moisture content of 94.42 % (w.b.) to a final safe 
moisture content of 4.85 % (w.b.). Besides, the 
performance of the dryer, the drying rate was faster 
than open sun drying and the average drying efficiency 
was found 8.22 % in solar tunnel dryer and 3.38% in 
open sun drying. Solar tunnel dryer can be used for low-
temperature drying of cabbage and other agricultural 
products in rural areas where electricity is not available. 
The color, shape, and appearance of the dried cabbage 
were much better than open sun drying.  
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