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ABSTRACT 

 
A study was conducted to develop an efficient drier in the form of a dish type 
solar air heater that could dry grapes. A small solar air heater, connected to a 
drying chamber was developed at Khyber Agency (FATA), Pakistan in the 
month of August, 2011 for drying grapes. Efficiency of this solar air heater was 
evaluated in the Department of Agricultural Mechanization, Faculty of Crop 
Production Sciences, Khyber Pakhtunkhwa Agricultural University, Peshawar, 
Pakistan. Two air flow rates i.e. 1 natural (0.01kg/sec) and 2 convective (0.21 
kg/sec and 0.28 kg/sec) air flow rates at different day timings. The results 
showed that flow rates significantly (P < 0.001) affected efficiency of solar air 
heater. Efficiency increased from 12 percent at natural to 24 percent and 35 
percent at convective air flow rates of 0.21 and 0.28 kg per second, 
respectively. Further, grapes were dried at temperature of 50°C and less than 
20 percent humidity. Air flow rate of 0.28 kg per second was given for drying in 
drying chamber and grapes were dried less than a moisture content of 10 
percent. It was observed that grapes were dried in 24 hours by dish type solar 
air heater’s drying chamber. The study concluded that dish type solar air heater 
for drying grapes should be operated at high flow rates to achieve high 
efficiency at minimum time. Solar air heater also maintained the quality of 
grapes and minimized losses from pest attacks. 
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INTRODUCTION 

 
Dried fruit and vegetables are vital source of food and nutrients in human diet 
like protein, carbohydrates, high density lipids (good cholesterol), vitamins 
and minerals for good health. Since fresh fruits and vegetables are 
perishable hence they are on hand for a short while in the market (3). Grapes 
are an important fruit which belongs to genus Vitis. Grapes are grown in 
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Pakistan with a total annual production of more than 5 thousand tons (4). 
Different types of preservation methods and techniques have been 
developed to guarantee availability of grapes for extended marketing (1). 
Drying and preservation of grapes by the application of chemicals have been 
practiced since long. Sun-drying of grapes in open air is more chosen over 
other preservation techniques because it is more economical and free from 
chemicals. However, this type of drying could not be adopted on wider scale 
because of climatic factors (10). Sunlight is available in abundance @ 20 
mega joules per day, but still low temperature or high relative humidity may 
cause serious losses during open sun-drying process. 
 
Open sun-drying of grapes is not satisfactory as it takes long time for drying 
of grapes. Also the product become polluted with bacteria and insects and 
deteriorates rapidly in the uncontrolled ambient temperature and high relative 
humidity (11). Post harvest losses in drying grapes by open air are 20 to 25 
percent. These losses can be reduced by the use of dish type solar drier in 
the form of solar air heater. The mechanism of drying should be studied for 
improved solar drying of grapes to get valuable dried grapes (9). Locally 
made solar driers in the form of dish type solar air heaters, with good control 
over temperature and relative humidity, may offer an economical solution to 
these problems (2). 
 

The present research was an effort to dry grapes using an efficient solar air 
heater which could dry grapes in less time and save fruit from pathogen, pest 
and dirt. 
 

MATERIALS AND METHODS 
 

A small solar air heater connected to a drying machine was developed at 
Khyber Agency. Its performance was evaluated in the Department of 
Agricultural Mechanization, Faculty of Crop Production Sciences, KPK 
Agricultural University, Peshawar, Pakistan during the year 2011. This solar 
air heater is composed of three parts (Fig.1). 
 

Concentrating reflector and absorber: This solar air heater is composed of 
a dish type reflector. The reflector is basically a mirror which concentrates the 
solar radiation on an absorber. The absorber consists of two black painted 
steel pipes having a diameter of 0.05 m. The pipes receive air from outside 
environment which is heated here and then this hot air is delivered to the 
drying box.   
 

Drying box: The drying box is a steel box fully insulated from inside with the 
help of polystyrene foam. The box is 1 m high  and  0.55 m  wide and  0.57 m  
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long. The box is divided internally into two chambers in which upper chamber 
is provided for drying of grapes while lower chamber is filled with black 
painted rocks for means of solar energy storage. This stored energy in the 
rocks is meant to use when there is no sunlight available or after sunset. 
There are three exhaust fans having a diameter of 0.054 m fixed to each 
outlet which sucks hot air from the absorber inside to drying box. The flow 
rate of each fan is controlled by a fan dimmer. The total volume of drying box 
is 0.313 m3. The total air flow of three fans is 1.5 kg per minute. There is an 
outlet fixed to top of drying box having a diameter of 0.02 m. 
 

Photovoltaic (PV) cell: The photovoltaic cell provides DC current of 12V to 
fans connected to the absorber.  
 

Efficiency calculation 
 

Efficiency is the ratio of output heat to input heat and is measured in 
percentage as given below. 
 

                         η   = (½ Aab Is) + 0.9 (½ Aab Is) / (Fr x Ca x ∆T) [8] 
η    = Eta, efficiency of flat plate solar collector(%) 
Aab = Area of absorber (cm2) 
Fr   = Mass flow rate (kg/sec) 

                         Ca = Specific heat capacity of air (KJ./kg/°C) 
                         ΔT = Difference between inlet and outlet temperature (°C) 
                         Is   = Incident radiation (cal.cm2/min) 
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Determination of moisture content in grapes 
 

The moisture in grapes was determined after each hour of drying. Grapes 
were dried for less than 10 percent moisture content to minimize mold, 
insects and bacterial attacks. The initial moisture content is determined by 
oven method while the moisture after each hour in drying was determined by 
taking initial weight and weight lost after each hour with the help of an electric 
balance. 
 

                                                                     Wi –Wf 
Moisture content(Mc) (%) = ———— x 100 [12] 

                                                                        wi  
Wi = Initial weight of product (g) 
Wf = Final weight of product (g) 
Wt = Total weight of product (g) 

 

Determination of dry matter in grapes 
 

Dry matter (bone dry matter) is a measurement of mass of the grapes when 
completely dried. The dry matter of grapes is its total solids i.e. 
carbohydrates, fats, proteins, vitamins, minerals, etc. 
 

Dry matter(Dm)  = Wt – (Wt x Mc) [4] 
Wt = Total weight of product 

Mc = Moisture content 
 
Determination of drying rate of grapes 
 

Drying rate is defined as the quantity of water evaporated per gram of dry 
matter per unit area in unit time. It speaks how much moisture was lost in 
each hour of drying from a unit mass of dry matter in grapes.  
 
                                                              Wi – Wf 

Moisture content (%) = ——————— x 100    [14] 
                                                          (Dm x Ap x Dt)  

 
Ap = Cross sectional area of product (cm2) 

    Dt  = Drying time of product (min.) 
 
 
 

Experimental procedure 
 

Grapes were washed and treated with one percent potassium meta-bi-
sulphate solution for two minutes. Grapes were placed both in open air as 
well as in drying chamber of solar air heater. Air flow rate to drying chamber 
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was set at 0. 05 kg per second. The drier temperature was set to 50oC. The 
reading was recorded with the help of thermo-hygro meter placed in drying 
chamber. Humidity in drying chamber remained less than 15 percent at this 
temperature recorded with the help of thermo- hygrometer which is best for 
drying grapes (14). Grapes were then placed on the trays of drying chamber 
for drying. Then moisture lost and drying rate were both determined after 
each hour of drying for both the grapes placed in open air as well as in drying 
chamber. Grapes were dried until the moisture content reached less then 10 
percent. The experiment was conducted in completely randomized design 
and data analysed using MSTATC software.  
 

RESULTS AND DISCUSSION 
 

Recording solar radiation intensity 
 

Fig. 2 shows the average solar irradiance for a complete 24 hours day cycle 
recorded with Mechanical Pyranometer on the days of drying. It indicated that 
solar intensity was maximum at noon (1.0 calories). Solar air heater was 
used to collect solar energy in the form of heat for drying purpose from 9:00 
am to 5:00 pm which means that 8 hours were available for drying period. Chi 
squared goodness of fit test was applied to the data using  statistical 
software Easy Fit Professional Version 5.5 to find how close are the observed 
values to those which would be expected under fitted normal distribution. The 
distribution was normal with chi square value of 0.998 and P value of 0.982. 
These results were similar to those of Ahmad (2) and Iftikhar et al. (5). 
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Efficiency of solar air heater 
 
The data (Table 1) show that increased air flow rate significantly increased 
the efficiency of solar air heater because at low flow rate of air into the 
collector there was high temperature of absorber. Due  to  reason  more  
heat was lost from the collector  to  the  surroundings  which  resulted  in  low   
 
Table 1. Efficiency of the Dish Type Solar Collector. 
 

Flow rates (kg/second) Efficiency (%) 
Replicate 1 Replicate 2 Replicate 3 Mean 

0.01  24.1 22.8 19.0 21.97** 
0.21 32.0 33.6 35.2 33.60** 
0.28 40.3 40.3 42.6 41.07** 

 32.13ns 32.23ns 32.27ns  
Mean values followed by ** are significant at 1% level and ns mean not Significant, LSD 0.01 for 
Mean = 4.171, LSD 0.05 for Mean = 5.466, LSD 0.01 for Interaction = 3.617, LSD 0.05 for 
Interaction = 3.786, b = the negative sign shows decrease in efficiency 
 
efficiency (21.97%) at natural air flow rate of 0.01 kg per second (Table 1). 
More efficiency (41.07%) was recorded at high flow rate of 0.28 kg per 
second. Efficiency increased significantly by increasing air flow rate because 
air moved more heat with itself to drying chamber from the collector. As a 
result less heat was lost from the collector to the surroundings. The statistical 
analysis showed highly significant effect of air flow rates on efficiency of solar 
air heater (P = 0.01). This significant increase in efficiency with mass flow 
rate was also recorded by Yeh and Tong (14). These results agree to the 
findings of Karim and Hawlader (6). 
 
Drying conditions 
 
Temperature of drying chamber, ambient temperature and temperature of 
absorber alongwith the time of day were recorded with thermometer. The 
temperature of absorber started increasing at 7:00 am and reached to a 
maximum of 110oC at 12:00 noon (Fig. 3). Due to reason heat from the 
absorber was transferred to drying chamber by the air blowing inside the 
solar air heater and temperature of drying chamber increased with increase 
in absorber’s temperature. The suitable temperature for drying grapes 
ranged from 40 to 50oC (6). The outside temperature varied at time of day. 
The temperature in morning from 8:00 am to 10:00 am was 33oC and onward 
it raised till 4:00 pm to 43oC. In drying chamber of the collector at 9:00 am 
temperature of drying chamber was 40oC and at 12:00 noon it reached to 
50oC. The temperature remained in the range of 40oC to 50oC for 9 hours 
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that is from 7:00 am to 4:00 pm. For drying of grapes, humidity range 
required must be less than 30 percent (6). The humidity of drying chamber 
started decreasing from 50 percent at 9:00 am in the morning and decreased 
to 20 percent at 12:00 noon (Fig. 4). The humidity ranged from 20 to 50 
percent for 7 hours (9:00 am to 4:00 pm). The humidity of open air remained 
63 percent from 8:00 to 11:00 am which decreased to 49 percent from 
11:00am till 4: 00 pm If we look at the humidity and temperature data (Fig .3 
and Fig. 4). A total of 7 hours per day were available for drying of grapes by 
drying chamber of solar air heater. 
 
 
 

 
 
 
Solar drying of grapes 
 
The data further revealed that initial moisture content was 82 percent which 
was reduced to 10 percent (Fig. 5). Grapes were dried in the solar air heater 
drying chamber at a low temperature of 50oC and air flow rate of 0.05 kg/min 
showing a good rate of moisture loss as compared to grapes dried in open 
sun. Grapes dried by solar air heater took 21 hours to reduce moisture 
content less than 10 percent. The moisture loss rate of grapes in solar air 
heater was uniform and this type of moisture lost increased the quality of 
dried product as it was dried at a very low temperature as well as at low air 
flow rate. Grapes that were dried with solar air heater showed a very 
consistent drying rate (Fig. 6). 
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CONCLUSION AND RECOMMENDATION 
 

Efficiency of solar air heater increased with increase in the air flow rates so it 
is recommended to operate solar heaters at high flow rates to achieve 
maximum efficiency. Also grapes dried with efficient solar air heater dried 
quickly and were safe from pest attack with good quality as compared to 
open sun-drying. Minimum loss was noted in solar dried grapes during drying 
as compared to open sun-dried grapes. 
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