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1 
Explain the principle of conversion of solar energy into heat. Explain with a neat 

diagram, how this is employed in the flat plate collectors. 
10 CO2 L1 

   2 
How is the heat from sunlight converted into mechanical power? Explain Stirling and 

Brayton heat engines with a neat sketch. 
10 CO2 L1 

3.a 
With neat sketch, explain (i) box-type solar cooker; (ii) reflector-type (parabolic type) 

solar cooker; (iii) solar steam and convection cookers 
6 CO2 L1 

 3.b 
Explain,how is solar heated air used for drying? Mention the main applications of a 

solar dryer. 
     4 CO2 L1 

   4 
With a neat sketch, explain the following fixed bed gasifiers (i) Updraft; (ii) 

downdraft; and (iii) Cross draft. Mention their applications. 
10 CO2 L1 

   5 

With the help of chemical reaction at every stage, explain the process of biomass 

gasification. What is the general composition of the producer gas and what is its 

heating value? 

10 CO4   L1 

   6.a 
What is a gasifier? Summarize the different types of gasifiers used in the biomass 

gasification process. 
6 CO4 L2 

   6.b  Define biomass. Give a descriptive classification of biomass resources 4 CO4 L1 
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1. Explain the principle of conversion of solar energy into heat. Explain with a neat diagram, how this is 

employed in the flat plate collectors. 
 

 
         
  

              Flat Plate Air Collectors 

  

 

 
 

 

 

 Air flat plate collectors are used mainly for solar space heating. The absorber plates can be made of metal sheets,  layers of 

 screen, or non-metallic materials. The air flows past the absorber by using natural convection or a fan. Since  air does 

 not conduct heat as easily as liquid, air collectors are typically less efficient than liquid collectors. 

 

Flat Plate Liquid Collectors 

 

 

 The simplest liq-uid systems use household water that is heated as it passes directly through the solar collector and  

 then flows to the house. Solar pool heating uses liquid flat plate technology, but the collectors are  typically unglazed. 

 The liquid tubes can be welded to the absorbing plate, or they can be an inte- gral part of the plate. The liquid tubes  are 

 connected at both ends by large diameter header tubes. 

 

 

 



 
 

Concentrating Collectors 

 

 By using reflectors to concentrate sunlight on the absorber of a solar collector, the size of the absorber can be 

 dramatically reduced, which reduces heat losses and increases efficiency at high temperatures. Another advantage is  that 

 reflectors can cost substantially less per unit area than collectors. 

 
 

 

 

 

 

2. How is the heat from sunlight converted into mechanical power? Explain Stirling and Brayton heat 

engines with a neat sketch. 

 

 After the array of mirrors focuses the sunlight, the concentrated sunlight then heats 

up the working fluid to temperatures of around 750°C within the receiver. The heated 

high temperature working fluid is then used in either a Stirling or Brayton heat engine 

cycle to produce mechanical power via rotational kinetic energy and then electricity for 

utility use with an electric generator. An example of a Brayton cycle used to produce 

electricity for a parabolic dish power plant. 

 
 



        In the cycle, the concentrated sunlight focused on the solar fluid heats up the compressed 

working fluid of the cycle, i.e., air, replacing altogether or lowering the amount of fuel needed to 

heat up the air in the combustion chamber for power generation. As with all Brayton cycles, the 

hot compressed air is then expanded through a turbine to produce rotational kinetic energy, which 

is converted to electricity using the alternator. A recuperate is also utilized to capture waste heat 

from the turbine to preheat the compressed air and make the cycle more efficient. 
 

 

3. A) With neat sketch, explain (i) box-type solar cooker; (ii) reflector-type (parabolic type) solar cooker; (iii) solar 

steam and convection cookers 

 

(i) box-type solar cooker 

 

 

 Solar cooking is a technology that has been given a lot of attention in recent years in 

developing countries. The basic design is that of a box with a glass cover. The box is lined with 

insulation and a reflective surface is applied to concentrate the heat onto the pots. The pots can be 

painted black to help with the heat absorption. 

 

 
 

(ii) reflector-type (parabolic type) solar cooker  
 

 

 Reflector cookers concentrate the sun’s radiation by a more or less parabolic reflector 

into a focal region, where the cooking vessel is fixed. Success in disseminating solar reflector 

cookers has only been reported from China, as shown. Reflective materials are used to concentrate 

light and heat from the sun into a small cooking area, making the sun’s energy more concentrated 

and, therefore, more powerful, resulting in the fastest cooking times of all cooker designs. 

Parabolic cookers require more precision to focus the sunlight on the cooking vessel and are, 

therefore, the most complex design to build. If the sunlight is not focused exactly on the 

cooking vessel, the food will not cook efficiently. 

 

 

 

 

 

 



 

 

 
 (iii) solar steam and convection cookers 

 

Solar steam and convection cookers use vapour or hot air as heat transfer medium. Water is 

evaporated or air is heated up mostly in flat plate or vacuum collectors and then led in a piping 

system to the cooking vessel. Collector and cooking place can be separated and thus cooking in 

the shadow is possible. Most steam and convection cookers have a low efficiency and a high 

price, and further, they require relatively much effort in manufacturing. 

 

 

3.B) Explain, how is solar heated air used for drying? Mention the main applications of a solar dryer. 

 

Solar dryers can be utilized for various domestic purposes. They also find numerous 

applications in industries such as textiles, wood, fruit and food processing, paper, 

pharmaceutical, and agro-industries. A rice solar dryer is the main applications. 

 
It was designed for the particular requirements of rice but the principles hold for other 

products and design types, since the basic need to remove water is the same. Air is drawn 

through the dryer by natural convection. It is heated as it passes through the collector and 

then partially cooled as it picks up moisture from the rice. The rice is heated both by the air 



and directly by the sun. Warm air can hold more moisture than cold air so the amount 

required depends on the temperature to which it is heated in the collector as well as the 

amount held (absolute humidity) when it entered the collector. 

 

4. With a neat sketch, explain the following fixed bed gasifiers (i) Updraft; (ii) downdraft; and (iii) Cross draft. 

Mention their applications. 
 

 
 

 



 
 

 

 

 

 

5. With the help of chemical reaction at every stage, explain the process of biomass gasification. What is the general 

composition of the producer gas and what is its heating value 

 

 



 
 

 

 

 

 

 

 

6. A) What is a gasifier? Summarize the different types of gasifiers used in the biomass gasification process. 

 

Biomass gasifier may be considered as a chemical reactor in which biomass goes through several  complex physical and 

chemical processes and producer or syngas is produced and recovered. 

 



 

 
Fluidized bed gasification has been successfully used to convert prepared wastes (i.e., wood wastes, bark, 

agricultural wastes, and RDF (Refused Derived Fuel) into a clean fuel gas that can be used to fire various 

types of industrial equipment. Past applications have included gasification of wastes to provide gas for 

dryers previously fired on natural gas. 

 
 

 

 

 

 

 

 

 



6 b) Define biomass. Give a descriptive classification of biomass resources. 

 

 

 


