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Introduction  

There is a vast demand for food preservation for storage. Drying food is one of the ways 

to preserve it and store it for a longer period of time.  

There are many different ways to dry food products. 

1. Direct Sun drying 

2. Hot air drying 

3. Microwave drying 

4. Vacuum drying 

5. Freeze drying 

Food dried by directly exposing to sunlight. The solar thermal energy  leads to 

evaporation of water from the drying material. It is cheapest method of drying since no 

technology required. Disadvantages are i] exposure to animals and birds ii] Dust and 

other contaminants iii] food value degradation.  

Hot Air Drying is also a drying process. In this system the drying material is exposed to 

hot air in a closed space. The hot air movement could be due to convection or by induced 

convection. This is a faster process. This can be done at any time of day. Disadvantages 

are i] Higher cost of capital ii] higher operating cost for non solar systems iii] food value 

degradation. 

Microwave drying is the most modern method of drying. The moisture in the material is 

evaporated using microwaves. Advantages: i] fast drying ii] precise control iii] food 

values are preserved. Disadvantages are i] high initial investment ii] High operating cost. 

Vacuum Drying is the process in which the moisture is removed from the material with 

help of vacuum at relatively low temperatures. Advantages: i] fast drying ii] precise 

control iii] food values are preserved. Disadvantages are i] high initial investment ii] High 

operating cost. 

Freeze drying is commercially most suitable for mass production. In this process the 

evaporation takes place below the triple point of water. Advantages: i] fast drying ii] 

precise control iii] food values are preserved. Disadvantages are i] high initial investment 

ii] High operating cost. 

 

 

 

 



 

 

Problem Definition 

Temperature, humidity and time play a crucial role in drying process. Due to increase in 

temperature, material is prone to loss of nutrients and taste factor and color. The 

systems available right now involve high initial cost as well as high operation cost. Hence 

the challenge is to develop a system which works at lower temperatures and at a lower 

initial and operating cost.  

In this there is challenge of generating dry air during the monsoon at ambient 

temperature. This requirement was mentioned by Mr. Joshi who is resident of 

Bhimashankar. Mr. Shubham Shembade visited Bhimashankar to understand the 

requirements of drying of naturally grown monsoon vegetables in the Western ghat 

region. Below is the visit report of Shubham. 

In the visit to client at Bhimashankar, on 25th July, I had a short field trip in the forest.  

Under the guidance of Mr. Joshi, I observed the vegetables and understood the 

ecosystem in the forest. I gathered information about the growth, availability, life cycle 

and consumption of the vegetables. The reason the client needed a drying system was 

abundant but very seasonal vegetative growth of product and requirement to preserve 

the harvest. 

From which I was acknowledged about the working of the drying system that was 

requires.  The dryer had to work in the highly humid climate, where the humidity levels 

were always close to 100% according to weather reports of the location.  

On 24/12/16 Mr. Deolankar and Dr. Mokashi visited Vigyan Ashram, Pabal to check the 

possibility of drying Mint [Pudina] leaves, Beetal leaves and Cury leaves. They expressed 

a concern regarding retention of fragrance and colour during Hot Air oven drying. Further 

discussion with deolankar and mokashi revealed that the drying material they are interested in is 

mainly available during Winter in Indian subcontinent which is October to January.  

From both this requirements we realized three different possibilities 

1] monsoon drying 

2] Winter drying 

3] Drying of non heat sensitive material 

 

 

 

 



 

 

Factors affecting drying 

1. Relative humidity of air [%RH] 

2. Temperature 

3. Air flow 

Relative Humidity [%RH] 

The amount of water vapour present in air expressed as a percentage of the amount 

needed for saturation at the same temperature. 

Lower the relative humidity, higher is the moisture absorption capacity of air. Relatively 

low humid air results in faster drying. 

At 40°C total drying time for Seaweed at 40% RH was 10 hours which reduced to 6 hours 

at 25% RH and further to 4 hours at 10% RH 

Ref.: http://www.wseas.us/e-library/conferences/2011/Corfu/GEMESED/GEMESED-21.pdf 

Temperature 

Higher is the temperature, higher is the speed of drying. As more heat is involved in 

evaporation of water. 

As the temperature increases, the moisture holding capacity of air increases. 

Ex.  At 35°C and 100% RH the air holds 0.04 kg of moisture per kg of dry air whereas for 

the same relative humidity air holds 0.19 kg of moisture per kg of dry air.  

Air flow 

Air flow results in displacement of moisture which results in lower partial pressure aiding 

in speed of drying.  

Combining these three parameters a relatively less humid air at a high temperature 

flowing at a high rate results in fastest drying. 

The requirement is to have a good flow of dry air at moderate temperature to get drying 

of food material. 
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• Experimental 

We were looking for set of data with respect to humidity and airflow for generating dry 

air. This dry air can be used for drying of sensitive food ingredients during monsoon. This 

dry air will help in removing tightly held moisture from the drying material at ambient 

temperature like green chilly. This dehumidification of air can be achieved by using 

different adsorbents. 

Choice of adsorbent 

 

Ref.: https://www.sorbentsystems.com/desiccants_charts.html 

The availability, ease of reactivation and capacity to adsorb moisture at higher relative 

humidity 40% and above, made silica gel as a choice of option. As we zeroed down on 

silica gel, we decided to generate relevant data with respect to flow, temperature of 

activation and relative humidity. This data will enable us to design a dryer based on 

dehumidification technique. So we decided to vary parameters 

A] Air flow rate with two levels i.e. 25 LPM and 33LPM 

B] Relative humidity with two variants i.e. 25% RH and 50% RH 

The output measurement was as follow:  

i] Relative humidity of air 

ii] Increase in weight of silica gel.  
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▪ Experiment for determining the characteristics of a Silica Gel for 

dehumidification of air. 

Aim: 

1) To conduct a real time operation cycle of the proposed dehumidifying system 

employing Silica Gel for dehumidification of air by constructing a dummy system 

and collecting data for: 

I. Effect of Adsorptions value for variable flow rate and relative humidity 

II. Total Saturation Time 

Description 

An apparatus is to be developed for testing the Dehumidification system using Silica gel 

as an adsorbent agent. Apparatus used in this will be constructed as shown in the 

schematic diagram. The functions of the components are mentioned in the list of 

components.   

Apparatus: 

1) Test Rig 

2) Silica gel  

3) Breather Column 

4) Heating Section 

5) heater 

6) Cooling Section 

7) Air Pump 

8) U tube manometers 

9) Hygrometer 

10) Thermostatic Switch 

11) Stop Watch 

12) Manually operated Direction control valve 

 

 

 

 

 

 

 



 

 

 

 

 

Schematic Diagram of Construction: 

 

Dehumidification process 

In the Experiment Silica Gel is used in the form of a porous breather column having an 

inlet and outlet for unidirectional flow. As the air will pass through the column, silica gel 

will adsorb the moisture from the Air and discharge Dry air through the outlet as it is 

expected. An air pump is used to circulate the air though the system. The 

dehumidification is carried out at room temperature to obtain maximum performance of 

the silica gel. Manometers are used for measuring the actual flow rate through the 

system. A hygrometer is used to measure the humidity at the inlet as well as the outlet of 

the silica gel column. 

Observation 

A] Air flow rate  

B] Relative humidity  

 

Trial no %RH of air at 
inlet 

Flow rate Minimum 
value of RH% 
at outlet 

Total 
Saturation 
Time 

Weight gain 
of column 



 

 

1 50% 33 LPM 17.6 % 150 Min 48 grams 

2 25% 27 LPM 8.3 % 128 Min 48 grams 

3 25% 33 LPM 10.8 % 120 Min 48 grams 

4 50% 27 LPM 14.2 132 Min 48 grams 

 

We have observed increase in temperature in silica gel. Literature reports lower water 

holding capacity at lower temperatures hence it was thought of cooling silica gel using 

evaporative cooling 

• Selection of structure for dryer 

For drying during winter season dry air circulation which is naturally available was 

thought to be a choice of preference. Relative humidity of air during 12 noon was about 

25% to 35%. A design to utilize this dry and relatively cold current was the idea behind 

choice of the structure. 

A turbo ventilator as used for industrial ventilation was thought to be used for 

generating air currents for drying. The ventilator is majorly wind driven supported by 

convection currents. To utilize convection currents we thought of solar chimney effect. 

 

 

 

 

 

 

 

 

 

 



 

 

The closest structure readily available was a 4 meter diameter abandoned ferro-cement 

geodesic dome.  

 

 

 

 

 

 

 

 

 

 

Additional advantages of the dome 

1] Lower exposed surface area resulting into slower heating. Due to which mint/curry 

leaves will get exposed to less harsh conditions. Expected to retain fragrance and color 

2] Slower cooling will result retention of heat during night time which leads in relatively 

less humid air inside the dome. 

3] Lower cost of construction.  

• Thermodynamics of geodesic dome 

▪ Temperature profile of a inside surface of a geodesic dome 



 

 

 

Date : 25/02/2017 Time: 03:00 PM 

Point of measurement Temperatures at point measured by 
Infrared thermometer 

South side S1 57.5 

S2 59 

S3 56.8 

Top centre C’ 46 

North side S1 38.8 

N2 38.2 

N3 47.8 

 

 

 

 

 

 

 

 

 

 

 



 

 

Modifications in the Dome to generate desired air currents 

1] Sealing of windows 

The old windows were sealed with fero-cement panels. 

 

2] New ventilation holes 

The series of holes were drilled 30 cm above the base in all directions

 

3] Forced air currents 

Turbo ventilators installed at the top of the dome for generating up draft  



 

 

 

 

• Tray arrangement 

Two options were thought. 

1] Air current moving parallel to drying material i.e. above the tray. This is intended to 

displace the moisture liberated over the drying material. 

2] To pass dry air current through drying material which was thought to be more 

effective.  

 

 

• Drying of Mint leaves 

To test the above design concept set of trays fabricated and arranged on north and 

South side of the dome. Mint leaves were loaded over the total area of the trays with 

layer thickness of 1 inch.  

Below are the details 

▪ Report on Experiment of Drying Pudina [Mint] in Dome Dryers 

Aim:  



 

 

To dry Mint leaves in the dome dryer and to observe following 

1. Fragrance retention 

2.  Taste retention 

Parameters observed: 

Loading time            : 9:30 PM on 27/01/2017 

Temperature inside dome at loading                        : 31°C 

Temperature Outside dome at loading                    : 23°C 

Loading Pattern      : Spread over the area of tray with 1 inch thick layer 

Area of tray              :  116 cm ×86 cm 

Quantity                   : Approximately 1 kg of leaves 

Sampling pattern    : Samples of the drying materials are taken after discreet time 

intervals and then tested for Moisture content by general Loss 

on Drying Method in a laboratory convection oven at 60°C for 

two hours for each sample individually. 

Observation on drying: 

Sampling Sampling time 
Loss on drying Process 

Initial weight Final Weight Moisture content % 

1 0 5 0.7 86 

2 12 3 1.7 43.3 

3 18 3 2.5 16.6 

4 21 2.76 2.52 8.6 
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Conclusion 

Above was the report of research and progress status of ‘ambient temperature dryer’ 

project.  

Next task list for Shubham is to test the dome dryer to its full capacity i.e. by increasing 

the amount of drying material or load. For this he is suppose to increase the number of 

trays inside the dome and improve the ventilation system. Also in future the plan is to aid 

the drying process with help of silica gel dehumidifying system.  

Further development in regards is to be reported soon. 


