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Presentation Outline 

!  Introduction 

!  Experimentation/Collection of Data 

!  Numerical Model 

!  Validation of Numerical Model 

!  Parametric Analysis 

!  Conclusions/Summery 
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Introduction 

! Solar Oven uses energy from sun to cook, heat and pasteurize food materials 

! Solar Oven has begun to be used widely in a number of developed and under 
developed countries and especially in remote areas where fuel is scarce 

! Solar Oven must be: 
o  Affordable 
o  User Friendly  
o  Light Weight  
o  High Quality 

! Pasteurization of food and water does not require a lot of heat. Water can be 
pasteurized at 70 oC. , but the temperature must be carefully measured as this is 
below the boiling point. Food also requires heating to 70-85 oC → attainable 
using simple Solar Oven Design 
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Introduction 
Principle 

! Concentrating Light 

! Converting Light to Heat 

! Trapping Heat 

! Greenhouse Effect 

low reflectivity surface for turning light into heat 

by isolating the air inside the cooker from the air outside it 
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Introduction 
Solar Oven Under Investigation 

!  Unique Design by M. Yasin Khan 

!  A hybrid of box and parabolic type oven 

!  5 sided double glazed 

!  Detachable Reflectors 

! Multiple reflectors and the exposed chamber 
allows for minimal realignment to the sun 
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Introduction 
Solar Oven Under Investigation 

! Back of the cooker is an opaque panel → provides door access to the cook pots 

Fig.3 

Solar Oven is capped with insulated box, and 
reflectors are folded for storage 
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Introduction 
Solar Oven Under Investigation 

Fig. 3 
  

! Yellow pipes protect the double glazing from any injury 

o  meant for holding the oven during the 
transportation 
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Experimentation/Collection of Data 

Pyranometer (Measured Global Radiation) 

Thermometer (Ta) 

Temp. Probe (Box Temp, Tb) 

Solar 
Oven 

! Experimental tests carried out between 7th March till 30th April 2014 
! Both configuration (with reflectors & without reflectors) used 

Schematic of Experiential Setup	  
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Experimentation/Collection of Data 

Tb-exp -- solar oven without reflectors 

Day Time (hrs) 
Solar 

Radiation (W/
m2) 

Ambient 
Temperature 

(oC) 

Temperature 
of Box (oC) 

  
March 16th 

  

1030 368 20 25 

1200 460 22 72 

1300 537 22 60 

  
March 20th 

  

1200 842 23 93 

1300 813 25 105 

1400 719 24 92 

1500 643 24 80 
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Experimentation/Collection of Data 
Tb-exp while using the solar oven with reflectors 

Day Time (hrs) Ambient 
Temperature (oC) 

Temperature of 
Box (oC) 

April 20th  

1000 22 28 

1100 23 87 

1200 23 145 

1300  23 132 

April 25th  

0900 22 30 

1000 23 81 

1100 23 104 

1200 24 164 
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Mathematical Modeling 

Y-‐Y	  (Top	  -‐	  BoVom)	  

X-‐X	  	  (Front-‐Back)	  

Z-‐Z	  (Le\	  -‐	  Right)	  

I.(τα)	  	  
U	  (Tb	  -‐	  Ta)	  

! Under steady state condition, Overall Energy Balance of the Solar Oven: 

𝑺 = 𝑰(𝝉𝜶) = 𝑼(𝑻𝒃 − 𝑻𝒂) 

! Amount of heat absorbed for front, top and two side faces Qab 

𝑸𝒂𝒃 = 𝑺𝒕𝑨𝒕 + 𝑺𝒇𝑨𝒇 + 𝟐(𝑺𝒔𝑨𝒔) 

𝑺= 𝑰↓𝒃 𝑹↓𝒃 (𝝉𝜶)↓𝒃 + 𝑰↓𝒅 (𝝉𝜶)↓𝒅 (𝟏+𝒄𝒐𝒔𝜷/
𝟐 )+(𝑰↓𝒅 + 𝑰↓𝒃 )(𝝉𝜶)↓𝒈 (𝟏−𝒄𝒐𝒔𝜷/𝟐 )𝝆↓𝒈 	  

! Isotropic Diffuse Model for hourly 
absorbed radiation: 

   (Duffie and Beckmann-2006) 

lossQabQ = ⇒ 
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Mathematical Modeling 

Y-‐Y	  (Top	  -‐	  
BoVom)	  

X-‐X	  	  (Front-‐Back)	  

Z-‐Z	  (Le\	  -‐	  Right)	  

Integrated Thermal Resistance Network 

𝑼↓𝒕𝒐𝒕𝒂𝒍 =   𝑼↓𝒕𝒐𝒑 +   𝑼↓𝒃 +   𝑼↓𝒍𝒆𝒇𝒕 +   
𝑼↓𝒇𝒓𝒐𝒏𝒕 + 𝑼↓𝒓𝒊𝒈𝒉𝒕 + 𝑼↓𝒃𝒂𝒄𝒌 	  

𝑻↓𝒃 = 𝑻↓𝒂 + 𝑺↓𝒕 . 𝑨↓𝒃𝒕 + 𝑺↓𝒇 . 𝑨↓𝒃𝒇 +𝟐( 
𝑺↓𝒔 .𝑨↓𝒃𝒔 )/𝑼↓𝒕𝒐𝒕𝒂𝒍 (𝑨↓𝒍𝒐𝒔𝒔 ) 	  

Box Temperature (Tb)  
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Model Validation 

0 20 40 60 80 100 

08/03/2014-‐0900	  hrs	  

16/03/2014-‐1230	  hrs	  

20/03/2014-‐1400	  hrs	  

20/03/2014-‐1500	  hrs	  

Tb (oC) 

Tb-‐th	  	  

Tb-‐exp	  	  



9/30/15	   Mechanical	  Engg	  Dept.	  CEME,	  NUST	  
Pakistan	   14	  

Performance	  Modeling	  and	  Parametric	  Analysis	  of	  a	  Double	  Glazed	  Solar	  Oven	  

Parametric Analysis 
Number of Glazing 

Solar 
Insolation 

[W/m2] 

Absorbed Solar 
Insolation Face 

[MJ/m2] 
ταb-‐face	  

Heat Transfer 
Loss Coefficient 

U [W/m2C] 

Box Temperature 
[oC] 

  Single 
Glazing 

Double 
Glazing  

Single 
Glazing 

Double 
Glazing 

Single 
Glazing 

Double 
Glazing 

Single 
Glazing 

Double 
Glazing 

537 1.27 0.93 0.79 0.67 5.6 3.8 56 63 

812 2.15 1.83 0.819 0.70 6 4.2 73 83 

643 2.65 2.33 0.82 0.72 6.1 4.17 73 82 

! Tb - Double Glazing >  Tb for Single Glazing  
! Effect of U (W/m2 K) is more dominant as compared to optical losses (τα)  
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Parametric Analysis 
Effect of Surface Coating 

Coating Absorptance 
(α) 

Emittance 
(ε) 

Heat Loss 
Coefficient 
[W/m2C)] 

Box 
Temperature 

[oC] 
Black Paint  0.98 0.98 4.2 82 
Black Crystal 0.92 - 0.98 0.08 - 0.25 2.5 120 
Solchrome 0.94 - 0.98 0.10 - 0.14 2.7 115 
Metal, plated Black 
chrome 0.87 0.09 2.6 113 
Metal, plated Cobalt 
oxide 0.93 0.30 3.3 98 

Tinox 0.98 0.08 2.4 124 

Comparison of loss coefficients and Tb achieved using different selective 
surface coatings (I = 720 W/m2) 
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Parametric Analysis 
Plate-Glass Spacing 
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Conclusions/Summery 
! Thermal performance of a 5-sided solar oven is investigated experimentally and 

numerically 

! Temperature attained: 50 -150 oC →	  adequate for cooking purposes 

! Mathematical model based on steady state heat transfer and isotropic diffuse 
sky is developed and validated with experiments 

! Double glazing results in better thermal performance than single glazing 

! Compared to simple black paint selective surface coating on the oven box may 
increase Tb up to 40-50 oC 

! Further study:  
o  to incorporate the effects of reflectors  
o  Transient analysis 
o  vacuum between oven cavity and glass  
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