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Solar Radiative HeatSolar Radiative Heat

• Confined to thermal 
radiation band of theradiation band of the 
electromagnetic spectrum

• .1-100um wavelength 
range
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Norton (Page 6 
Fig. 2.1.1)



Basic Solar Thermal Conversion ModelBasic Solar Thermal Conversion Model

Howell (Page 21 Figure 2 1)
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Howell (Page 21 Figure 2-1)



Collector TypesCollector Types

• Low Temperature: usually flat plate for heating pools

• Medium Temperature: usually flat plate for 
residential/commercial water heating g

• High Temperature: mirrors and lenses used for electric g p
power production
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Low CollectorLow Collector

5 http://www.apowersolutions.com/commercial/solar-pool-heating/



Medium CollectorMedium Collector

6 http://www.solartekdenver.com/Education.html



High CollectorHigh Collector

7 http://www.energyc2.com/home/Solar%20Troughs.html



CollectorCollector

Solar Collector Efficiency Calculator:
http://andyschroder.com/solarradiation.htmlhttp://andyschroder.com/solarradiation.html

• Geographical location of collectors; longitude and g p ; g
latitude

• Collector altitude and azimuth angle (fixed collector tilt)
• Collector surface area (m2)
• Collector performance characteristics obtained from 

hi d lthird party test results 
• Model assumes no shading or obstructions of the 

collector
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collector



InputInput
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OutputOutput

Average 
outputoutput

10



StorageStorage

• Stores energy collected during day to be used at night
• Sometimes collection system can also act as storage• Sometimes collection system can also act as storage 

system
• Storage materialg

– Stable
– High specific heat g p
– High density 
– Generally use water, rock, and/or salts
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Basic Solar Thermal Conversion ModelBasic Solar Thermal Conversion Model

Howell (Page 21 Figure 2 1)
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Howell (Page 21 Figure 2-1)



Conversion Model EquationConversion Model Equation

• Useable Energy Factors:
1 Absorption efficiency of1.Absorption efficiency of 

insolation
2.Convection of ambient air

thermal loss
3.Radiative exchange with 

surroundings thermal
loss
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Derivation in Howell (Page 21 
Equation 2-1)



• Questions about solar thermal 
i ?conversion?
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Solar Pond- University of Texas El Paso 
(1986)
Solar Pond- University of Texas El Paso 
(1986)( )( )

15 http://www.infinitepower.org/projects.htm



ImplementationImplementation

Norton (Page 153 Figure 9 2 3)
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Norton (Page 153 Figure. 9.2.3)



Practical Use of Solar PondsPractical Use of Solar Ponds

• Some salt-gradient ponds occur naturally
– The “hot lake” in Orville Washington– The hot lake  in Orville, Washington
– Lake Vanda, Antarctic 

• Some createdSome created
– Ohio State University, 2.5m depth, 200m^2

• Convert pond heat to mechanical work, then toConvert pond heat to mechanical work, then to 
electricity with use of a Rankine cycle engine

• Low cost per watt requires km^2 pond size
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Solar Pond Collection/StorageSolar Pond Collection/Storage

• Acts as both a collector and heat store 
• 3 Layers

Upper convecting Zone (UCZ)– Upper-convecting Zone (UCZ)
– Non-convecting Zone (NCZ)
– Lower-convecting Zone (LCZ)

18 Norton (Page 149 Figure. 9.1.1)



Maintaining the Salt GradientsMaintaining the Salt Gradients

• Controlling salinity difference between layers
• Inhibiting internal convection in the NCZ• Inhibiting internal convection in the NCZ
• Limit growth of UCZ from salt diffusion upwards
• Surface flushingSurface flushing 

– Reduces UCZ temperature and counter balances 
evaporationp

• Wind Barriers
– Helps prevent surface layer mixing and limit growth 

of UCZ
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Rankine Cycle EngineRankine Cycle Engine

Four Step Process:
1. Working fluid (generally water) put under high pressure
2 Boiled to a dry saturated vapor2. Boiled to a dry saturated vapor
3. Dry vapor expands through steam turbine, creating power
4. Wet vapor put through condenser and becomes saturated liquid

20
http://www.taftan.com/thermodynamics/RANKINE.HTM
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• Questions or Comments?
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