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ABSTRACT 

The present study aims at providing relevant insights into the thermal performance of box type 

solar cookers primarily focusing on the effect of absorber tray temperature on the value of First 

Figure of Merit (F1). The focus of the study is on thermal characterization of the box of the box 

type solar cooker - The booster mirror has thus been considered as external to the box for 

augmenting the solar radiation. Experiments were conducted on a control (reference) solar 

cooker during different periods of the year for the above purpose. A simple correlation (in 

analytical form) has been developed for the top heat loss coefficient (Ut) of box type solar 

cooker that is able to capture the variation of F1 with absorber tray temperature. From the study 

presented in the thesis it may be inferred that the value of F1 be determined for moderate 

temperature (absorber tray temperature in the range of 110-120 oC) conditions and the same 

can then be used for determining the value of Second Figure of Merit (F2). The proposed 

correlation can be used to scale up/down the values of F1 for use in calculating the values of 

second figure of merit (F2) besides deciding a representative value of F1 for characterization of 

the box type solar cooker. For the case of control cooker, the correlation for Ut was verified 

with the values obtained through experiments.  

Experiments were also performed on the control cooker to study the variation in the values of 

F2. It was noted that if the values of F1 obtained at Tp of 110-120 oC are used for calculation of 

F2, the variation in the values of F2 is reduced. For this purpose, the values of F1 as obtained in 

the present study for moderate temperature were used. Despite variation in the time required 

for heating water up to a certain desired temperature during different periods of the year, the 

values of F2 were reasonably stable indicating the suitability of the existing approach for its 

determination. Studies performed on the control cooker to decide the termination temperature 

(Tw2) indicated that the same should preferably be 10 oC below the boiling temperature of 

water: between 85-90 oC. 
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In order to study the applicability of the proposed correlation for Ut for commercially available 

family type box solar cooker, experiments were conducted on five different designs of the 

same. It was observed that the proposed equation is able to predict the trend of variation in Ut 

(specially with respect to absorber tray temperature) for these box type solar cookers. 
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साराांश 

वर्तमान अध्ययन का उद्दशे्य बक्सनुमा सौर  कुकर के उष्मीय कायत ननष्पादन में प्रासंनिक अंर्र्दतनि प्रदान करना ह,ै जो मुख्यर्ः अवशोषक टे्र के र्ापमान 

के, प्रथम नििर ऑि मेररट (F1) के मान पर पड़ने  वाले प्रभाव पर कें निर् ह ै। इस अध्ययन का मुख्य उद्दशे्य बक्सनुमा सौर कुकर के बक्स का 

उष्मीय अनभलक्षणन करना ह ै– इस कारण बक्सनुमा सौर कुकर में लिे दपतण को उप्लब्ध सौर उजात के अनभवधतन में प्रयुक्त मानर्े हुए बक्स से बाहर 

समझा िया ह ै। उपरोक्त उद्दशे्य के नलए वषत की नवनभन्न अवनधयों के दौरान एक संदभत सौर कुकर पर प्रयोि नकए िए । बक्सनुमा सौर कुकर की ऊपरी 

सर्ह के ऊष्मा ह्रास िुणांक (Ut) के नलए एक साधारण सहसंबंध (correlation) (नवशे्लषणात्मक रूप में) नवकनसर् नकया िया ह ैजो अवशोषक 

टे्र र्ापमान के F1 पर प्रभाव को प्रदनशतर् करने में सक्षम ह ै। इस शोध ग्रंथ में प्रस्र्ुर् अध्ययन से यह  ननष्कषत ननकलर्ा ह ैनक नकसी बक्सनुमा सौर 

कुकर के नलये F1 का मान ननकालने के नलये अवशोषक  टे्र का र्ापमान 110-120 oC के मध्य होना चानहये और इन्ही  पररनस्थनर्यों के नलये 

बक्स्नुमा सौर कुकर के निर्ीय नििर ऑि  मेररट  (F2) का मान भी ननकालना चानहये । बक्सनुमा सौर कुकर के अनभलक्षणन हरे्ु F2 के प्रनर्नननध 

मान को र्य करने के अनर्ररक्त प्रस्र्ानवर् सहसंबंध का उपयोि F2 का मान ननकालने के नलये आवश्यक F1 के मान का उनचर् ननधातरण करने के 

नलये भी नकया जा सकर्ा ह ै। संदभत सौर कुकर के नलये Ut के प्रस्र्ानवर् सहसंबंध का प्रायोनिक सत्यापन भी नकया िया ह।ै 

F2 के मान में नभन्नर्ा का अध्ययन करने के नलए संदभत कुकर पर भी प्रयोि नकए िए । यह देखा िया नक यनद F1 का मान 110-120 oC के 

अवशोषक  टे्र र्ापमान पर ननकाल कर F2 का मान ननकालने के नलये प्रयोि नकया जाय र्ो F2 के मानों मे नभन्नर्ा बहुर् कम हो जार्ी ह ै। इस उद्दशे्य 

के साथ वर्तमान अध्ययन में F1 का मान मध्यम र्ापमानों पर ननकाला िया ह ै। वषत की नवनभन्न अवनधयों के दौरान एक नननिर् वांनिर् र्ापमान र्क 

पानी को िमत करने के नलए आवश्यक समय में नभन्नर्ा के बावजूद, F2 के मान इसके ननधातरण के नलए मौजूदा र्दनिकोण की उपयुक्तर्ा को इनंिर् करर्े 

हुए यथोनचर् रूप से नस्थर थे । टनमतनेशन र्ापमान (Tw2) र्य करने के नलए संदभत कुकर पर नकए िए अध्ययनों से संकेर् नमलर्ा ह ैनक इसे अनधमानर्ः 

पानी के उबलर्े र्ापमान से 10 oC कम होना चानहए: 85-90 oC के बीच । 

Ut के नलए प्रस्र्ानवर् सहसंबंध की प्रयोज्यर्ा का, व्यावसानयक रूप से उपलब्ध पांच पाररवाररक बक्सनुमा सौर कुकरों के नलये भी अध्ययन नकया 

िया । प्रस्र्ानवर् सहसंबंध इन कुकरों के नलये भी Ut की नभन्नर्ा (मुख्यर्ः अवशोषक टे्र र्ापमान के साथ) को समुनचर् रूप से प्रदनशतर् कर सकर्ा 

ह ै।  
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NOMENCLATURE  

A = Aperture area (m2) 

Cp = Specific heat (J kg-1 K-1) 

CR = Heat capacity ratio =(MC)w / (MC)'w 

F1 = First Figure of Merit for box type solar cooker (m2KW-1) 

F2 = Second Figure of Merit for box type solar cooker 

𝐹' - Heat exchange efficiency factor 

hc = Convective heat transfer coefficient (W m-2 K-1) 

hr = Radiative heat transfer coefficient (W m-2 K-1) 

hcp1 = Convective heat transfer coefficient between absorber plate and inner glass cover  

          (W m-2 K-1) 

hc12 = Convective heat transfer coefficient between inner and outer glass cover (W m-2 K-1) 

hw = Wind heat transfer coefficient (W m-2 K-1) 

hrp1 = Radiative heat transfer coefficient between absorber plate and inner glass cover  

          (W m-2 K-1) 

hr12 = Radiative heat transfer coefficient between inner and outer glass cover (W m-2 K-1) 

hr2a = Radiative heat transfer coefficient between outer glass cover and sky (W m-2 K-1) 

I = Intensity of solar radiation on the aperture of the solar cooker (W m-2) 

Ib = Intensity of direct (beam) solar radiation on the aperture of the solar cooker (W m-2) 

Id = Intensity of diffuse solar radiation on the aperture of the solar cooker (W m-2) 
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Is = Average intensity of solar radiation at stagnation (Wm-2) 

k = thermal conductivity of air (W m-1 K-1) 

K = Extinction coefficient of glass (m-1) 

l = Length of absorber tray (m) 

L1 = Air gap spacing between absorber plate and inner glass cover (m) 

L2 = Air gap spacing between inner and outer glass cover (m) 

(MC)w = heat capacity of water in pots (JK-1) 

(MC)’w = heat capacity of water including the pots and certain portion of the cooker interior   

                (JK-1) 

Nu= Nusselt Number 

Pr= Prandtl Number 

𝑄̇𝑏
" = Bottom heat loss flux (Wm-2) 

𝑄̇𝑡
" = Top heat loss flux (Wm-2) 

𝑄̇𝑐
"  = Convective heat loss flux (Wm-2) 

𝑄̇𝑟
"  = Radiative heat loss flux (Wm-2) 

R2 = Coefficient of determination 

Ra= Rayleigh Number 

Ta = Ambient temperature (K/oC) 

Tas = Average ambient temperature at stagnation (K/oC) 

Tp = Average absorber tray temperature (K/ oC) 
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Tps = Average absorber tray temperature at stagnation (K/ oC) 

Ts = Effective black body sky temperature (K/ oC) 

T1 = Temperature of inner glass cover (K/ oC) (=(T1i + T1o)/2 ) 

T2 = Temperature of outer glass cover (K/ oC) (=(T2i + T2o)/2 ) 

T1i = Temperature of inner surface of inner glass cover (K) 

T1o = Temperature of outer surface of inner glass cover (K) 

T2i = Temperature of inner surface of outer glass cover (K) 

T2o = Temperature of outer surface of outer glass cover (K) 

Tmp1 = Mean temperature of absorber tray and inner glass cover (K) 

Tm12 = Mean temperature of inner and outer glass cover (K) 

Tw = Water temperature (K/ oC) 

Tw1 = Initial water temperature (K/ oC) 

Tw2 = Final water temperature (K/ oC) 

UL = Overall heat loss coefficient (Wm-2K-1) 

(UL)exp = Overall heat loss coefficient from experiments (Wm-2K-1) 

(UL)th = Overall heat loss coefficient from theory (Wm-2K-1) 

Ut = Top heat loss coefficient (Wm-2K-1) 

(Ut)exp = Top heat loss coefficient from experiments (Wm-2K-1) 

(Ut)th = Top heat loss coefficient from theory (Wm-2K-1) 

Ub = Bottom heat loss coefficient (Wm-2K-1) 
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Us = Side heat loss coefficient (Wm-2K-1) 

U(b+s) = Combined bottom and side heat loss coefficient (Wm-2K-1) 

Vw = Wind speed (ms-1)  

Greek letters 

𝜌 = Mass density (k m-3) 

𝛼𝑃 = Absorptivity of absorber tray 

𝜀𝑃 = Emissivity of absorber tray 

𝜎 = Stefan-Boltzmann constant 

𝛥Tp = Difference of absorber temperature during time interval d𝜏 

𝜃1= Angle of incidence (degrees) 

𝜃2 = Angle of refraction (degrees) 

𝜀𝑔 = Emissivity of glass 

𝜈 = Kinematic viscosity of air 

𝛿 = Declination angle (degrees) 

𝜙 = Latitude of place (degrees) 

𝜔 = Hour angle (degrees) 

𝜂0 = Optical efficiency 

𝜇 = Refractive index 

n = day number (with n=1 for January 01) 
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𝜏12 = Time period to increase water temperature from Tw1 to Tw2 (s) 

𝜏𝑏𝑜𝑖𝑙 = Time required to boil water (s) 

Subscripts 

i = Inner surface of glass -cover 

o = Outer surface of glass-cover 

p1= Absorber tray to inner (first) glass-cover 

12 = Inner glass cover to outer glass-cover 

2a = Outer glass cover to ambient 

2s = Outer glass cover to sky 


