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ABSTRACT  

Our state came up with an ambitious solar energy policy in 2012, with the goal of 3000 MW of solar power 

in Tamil Nadu by 2015. Our Government also decided to energize 1 lakh street lights in village panchayats through 

solar power over a period of 5 years up to 2016. The above mentioned schemes indicated that our state government 

believes that solar energy is going to fulfill the future needs. Since this Paper is also going to fulfill the energy 

needs in silkworm industry by utilization of Solar Energy. We were proud to dedicate our project to fulfill the 

needs of silkworm industry and to increase the production with less pay for Energy utilization. Our paper focuses 

on “The Extraction of silk cocoons by using solar pond for Boiling purpose and tunnel type solar drier for drying 

purpose in silkworm industry. Although solar water heaters were available in market but they were not really 

applicable because of their initial investment cost and they cannot fulfill the entire industrial needs. Normally in 

practice the Solar Pond was available only in Power Plants and thus they require large area for construction. It is 

first time to introduce Solar Pond and Tunnel type solar drier for the industrial application. Especially for the 

extraction of silk cocoon from silkworm industries. Finally we were sure that this mode of application has not been 

yet implemented by anyone apart from our focus. This paper is valid for domestic purpose also. We like to provide 

information regarding to domestic purpose in future. 
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INTRODUCTION 

The optimist proclaims that we live in the best of all possible worlds, and the pessimist fears this is true’. 

According to National Science foundation “Solar energy is an essentially in-exhaustible source potentially capable 

of meeting a significant portion of the nation’s future energy needs with a minimum adverse environmental 

consequence. The indications are that solar energy is the most promising of the unconventional energy sources”. 

Objective: Introducing an eco-friendly environment in silkworm industry by using Solar Pond and Tunnel type 

Solar Drier for Boiling and drying purpose in Extraction of silk cocoons where it can improve and enhance the 

production with less pay for energy utilization. There by providing beneficial for the firm where we engaged our 

Project. 

Solar pond: The solar pond is a body of water that collects and stores solar energy. In thus section, various designs 

of solar pond have been discussed. The factors affecting the thermal performance of the solar ponds, modes of heat 

extraction and its applications are reviewed. 

Maintenance of salinity gradient: The concentration gradient existing in SGSP leads to steady diffusion of salt 

from higher to lower concentration, that is, from bottom to top through the gradient zone. The transport of salt 

through the gradient zone by diffusion is expressed as  

Qm = (SlSu)D]/b.                                                   (1) 

Where; 

b = Thickness of gradient zone,  

D = Mass diffusion coefficient, 

S1, Su  Salinity in lower and mixed layers. 

So, stability is to be maintained by introducing salt at the bottom while the top is frequently washed with fresh 

water. When solar radiation fall on the pond, the part which is transmitted to the bottom heats the lower layer and 

as a result inverse temperature gradients are set in. These are temperature gradients that are reversed from the 

normal. Inverse temperature gradients are maintained to eliminate convection currents that occur due to 

temperature difference during normal temperature gradient. 

Salt gradient solar pond: The salt gradient solar pond is typically 1-2m deep and the bottom is painted black. The 

convection currents that normally develop due to the presence of hot water at the bottom and cold water at the top 
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are prevented by the presence of strong density gradient from bottom to top. This density gradient is obtained by 

using a high concentration of suitable salts such as Nacl at the bottom of the pond and negligible concentration at 

the top. The thermal conductivity of the salt solution, which is even less than that of stagnant water, decreases with 

the increase of salinity and thus acts as an insulating layer. The salt gradient solar pond is described to be consisting 

of three layers. The top surface layer is known as the convection zone that is a zone of constant temperature and 

salinity. The thickness of this surface layer varies from 0.1 to 0.4 m and is formed due to upward salt transport, 

surface heating and cooling and wave-action. The second layer is the non-convective zone (NCZ) with thickness 

ranges from 0.6 to 1.0 m, which acts as an insulating layer of the solar pond. The NCZ is the barrier for heat 

storage in the pond. The heat stored can be utilized for industrial purpose. Thus the system used is salt gradient 

pond.  

  

Fig.1.Heat absorbing concept Fig.2.Heat extracting concept 

The density in the NCZ increases with increasing depth of the gradient layer. The thickness of the gradient 

layer depends on the desired temperature, solar transmission properties and thermal conductance of water. The 

bottom or the third layer is a high temperature layer known as the storage layer or the storage zone. This layer has a 

constant temperature and salinity. Useful heat is usually extracted from this layer; its thickness depends on the 

temperature and the amount of the thermal energy to be stored. 

  In order to improve the performance of the conventional salt gradient solar pond (CSGSP), the concept of 

the advanced solar pond (ASP) was introduced by Osdor. There are two main features that distinguish the ASP in 

comparison with the CSGSP: (i) the overall salinity of the pond is increased, and (ii) an additional (stratified) 

flowing layer is established in the lower part of the gradient zone (GZ). Increased salinity is proposed primarily for 

the surface layer in order to reduce evaporative heat loss; however, this requires the salinity in the rest of the pond 

to be increased as well. In order to maintain stability, the stratified flowing layer is used for additional heat 

extraction, similar to the flow that would be established in the lower convective zone (LCZ) for the same purpose. 

Therefore, heat is extracted over a larger depth of the pond and heat is also recovered which might otherwise have 

been conducted upward out of the LCZ. A suitable salt used in the solar ponds must meet the following 

characteristics; it must have a high value of solubility to allow high solution densities, the solubility should not vary 

appreciably with temperature, its solution must be adequately transparent to solar radiation, it must be 

environmentally benign and safe to handle and it must be available abundance near site; so that its total delivered 

cost is low. 

Q1- Heat input to the solar pond (w); Q2- Heat output from the solar pond (w); 

Q3- Heat input to the process tank (w); Q4- Heat output from the process tank (w) 

Table.1.Efficiency calculation 

Q1(w) Q2(w) Transfer loss through copper coil Q3(w) Loss in process tank Q4(w) 

340.71 306.01 10% 275.94 5% 262.14 

340.71 255.53 25% 191.64 12.5% 167.68 

340.71 221.46 35% 143.94 17.5% 118375 

340.71 187.39 45% 103.06 22.5% 79.87 

Table.2 Energy calculation approximation 

SI.NO Time(Hr) Radiation W/m2 

1 6.00 a.m 50 

2 7.00 a.m 100 

3 8.00 a.m 250 

4 9.00 a.m 602 

5 10.00 a.m 850 

6 11.00 a.m 950 

7 12.00 p.m 1080 

8 1.00 p.m 820 
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I. Area of UCZ = 121.92 × 91.44 = 1.1143m2; Area of NCZ = 88 × 65 = 0.57m2; Area of LCZ = 60 × 45 = 0.27m2. 

II. Average radiation from the above assumed zone = 521.5W/m2. 

III. Energy received by UCZ = 1.1143 × 521.5 = 581.10watts; Energy received by NCZ = 0.57 × 521.5 = 

297.25watts; Energy received by LCZ = 0.27 × 521.5 = 140.80watts. 

IV. Average heat receive by the pond = 340.71watts. 

  
Fig.3 Solar pond Fig.4 Tunnel dryer 

Tunnel type solar drying: The term “drying “is often misused so that its significance is confused. It is widely 

thought that drying is the mere removal of moisture or other volatile constituent present with agricultural products. 

But, it is not so. Drying is the removal of moisture from higher moisture to moisture content in equilibrium with the 

surrounding air. 

Characteristic of agricultural product: Agriculture products should be dried using different procedures owing to 

their inherent characteristics which may be classified on the basis of following factors; 

Temperature Tolerance: When the temperature is high, then it will affect the generation of the products. Drying 

of high moisture products with air at high temperature may result in partial cooking of the product. The high 

temperature may also affect the physical and chemical characteristics of the products. 

Humidity Response: Materials that undergo physiological or other chances during drying may have to be dried 

with air of specific moisture content. 

Compression Strength: The agricultural product which will crush or deform under load (like fruits and 

vegetables) must be dried in thin layers. The other products which will bear the load on them without any 

deformation can be dried in deep layers. However the products like tobacco must be suspended. 

Fluidity: The angle of repose of the material will affect the dryer type and design. Poorly flowing materials cannot 

be tried in a continuous flow dryer. 

Table.3 Tunnel Reading 

Time 

(Hr) 

Dry Bulb 

Inlet 

Temp0c 

Dry Bulb 

Outlet 

Temp 0c 

Wet Bulb 

Inlet Temp 0c 

Wet Bulb 

Inlet 

Temp 0c 

Weight 

In Rack 1 

(G) 

Weight In 

Rack 2 (G) 

9.45(a.m) 36 40 32 35.5 138 138 

10.05(a.m) 39 43 33 36 109 117 

10.15-10.35(a.m) 41 43 29 31 100 98 

10.50-11.10(a.m) 43 45 29 34 97 92 

11.15-11.35(a.m) 51 48 31 32 92 90 

 

 

 
Fig.5 comparison between Tunnel reading and normal reading Fig.6 Extraction process 

Silk cocoon extraction methods: 
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Reason for boiling the silk cocoon: Silk fiber produced by the silkworm Bombyx mori (B. mori) possesses 

excellent mechanical properties. Silk protein also attracts the attention because of their valuable properties 

utilizable in biotechnological and biomedical areas. Silk must be regenerated into a desirable form to meet a 

specific biomedical application. Silk fibers are composed of two different proteins: sericin and fibroin. The sericin, 

a natural gum can be remove by degumming process in order to dye the silk evenly. Sericin contains 18 kinds of 

amino acids, including all 8 kinds of human need ones. Because the hydrophilic amino acids amount measures up 

to about 80%, the sericin can be removed from the fabric to the aqueous solution using even small amount of 

weaker nucleophiles  eg Sodium bicarbonate. The fibroin has highly oriented crystalline domain and it is insoluble. 

The fibroin content of naturally spun silk fibers can be separated from sericin in vitro. Degummed silk fibers can be 

dissolved in water using a variety of chemotropic salts (like CaCl2, LiBr), leading to a transparent solution. The 

solution was extensively dialyzed against demonized water to yield the regenerated silk fibroin (RSF) solution for 

further study. 

 

Fig.7.Silk Cocoon extraction process 

Reason for drying the silk fiber: The Boiling process is continued by the drying process. The whole mass was 

repeatedly washed with distilled water to remove the glue-like sericin protein and dried in hot air oven. 

CONCLUSION 

In this paper extraction of silk cocoon by using salt gradient solar pond for boiling purpose and tunnel type solar 

dryer for drying purpose was discussed. Whole world is thinking for the generation of energy in different mode 

with high efficiency. Thus we believe that our paper may change the silk cocoon industry from the normal mode of 

energy to solar energy with fewer expenses. 
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