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Abstract 


In  the  present  thesis,  the  performance  of  conducting  (copper/aluminium)  base  photovoltaic 
 thermal (PVT) collector have been analyzed on the annual basis. Different base material for a 
 PVT  module  has  been  studied  in  order  to  find  the  suitable  base  for  the  PVT  module.  The 
 electrical performance of glass, tedlar (Te), copper/aluminium (Cu/Al) base PV module have 
 been analyzed. Based on the electrical performance, it has been observed that glass base PV 
 modules gives better performance due to low operating temperature. Effect of mass flow rate 
 on the performance copper/aluminium (Cu/Al) base PVT water collector has also been studied. 


Based  on  the  numerical  computation,  it  has  been  found  that  glass  and  copper/aluminium 
 (Cu/Al) base PVT gives similar performance at mass flow rate of 0.017 kg/sec. The thermal 
 and exergy efficiency of copper/aluminium (Cu/Al) base PVT collector will be 61.05% and 
 13.35% considering the climatic conditions of New Delhi. The Cu/Al base PVT water collector 
 produced 785.05kWh of thermal energy and 106.67kWh of exergy annually. 


The  mathematical  model  based  on  energy  balance  equations  of  the  conducting  (Cu)  base 
photovoltaic thermal (PVT) water heating system has been developed. An analytical expression 
for storage water, outlet water from PVT collector and solar cell temperatures has been derived 
as  a  function  of  climatic  and  design  parameters.  The  developed  thermal  model  has  been 
validated for experimental work carried for the climatic condition of Chennai, India. Further, 
the  instantaneous  thermal  energy  efficiency  is  also  known  as  a  characteristic  equation, 
temperature dependent electrical efficiency, overall thermal and exergy efficiencies have been 
derived. A fair agreement has been observed between the experimental and theoretical storage 
water temperature with glazing presenting correlation coefficient (r) of 0.999 and mean square 
error (e) of 7.48%.  It  has also  been observed that  the maximum overall thermal  and exergy 
efficiency obtained are 33.75% and 14.71% respectively.  



(7)iv 


The  process  for  water  withdrawal  from  a  photovoltaic-thermal  compound  parabolic 
 concentrator  (PVT-CPC)  water  heating  system  forms  a  crucial  component  in  the  overall 
 development of an efficient heat management system. In this regard, three different modes of 
 operation of an aluminium based PVT-CPC water heating system are envisaged, which include 
 operating the Al base PVT heating system without any water withdrawal and/or in continuous 
 or intermittent water withdrawal process. Indeed, depending on the process of withdrawal of 
 water from the PVT-CPC, the application may also change and the processes itself may show 
 different  levels  of  the  overall  gain  in  thermal  and  electrical  energy.  Using  a  theoretical 
 modelling  approach,  this  study  is  focused  on  studying  such  gains  in  an  Al  base  PVT-CPC 
 system  operated  with  the  arrangements  for  water  withdrawal.  In  order  to  have  a  realistic 
 assessment of the energy and exergy analysis of the system under study, climatic conditions in 
 New Delhi, India are chosen as a reference point for the implementation of the PVT-CPC water 
 withdrawal process. From the overall performance analysis of the PVT systems with the three 
 different  water  withdrawal  processes  under  study,  it  is  concluded  that  the  continuous  water 
 withdrawal process may be best suited for heating large water reservoirs such as in swimming 
 pools. In contrast, the intermittent water withdrawal process is observed to be best suited for 
 smaller  scale  water  heating  applications  such  as  in  bathing,  washing,  laundry,  cooking  and 
 domestic utilities.       


Further, the comparative analysis of the two copper (Cu) base PVT and the aluminum (Al) base 
 PVT-CPC collector have been performed using the Artificial Neural Network (ANN) model. 


The network has been trained using the data from four weather stations Bangalore, Mumbai, 
and Srinagar and Jodhpur cities and tested for the climatic conditions of New Delhi, India. The 
performance  parameters  observed  from  the  ANN  model  has  been  compared  with  the  result 
obtained  from  the  analytical  study.  The  ANN  model  is  based  on  the  feed-forward  back 
propagation algorithm with 2 hidden layers. The Levenberg–Marquardt (LM) with 10 neurons 
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in the hidden layer, 3 neurons in the input layer and 5 neurons in the output layers is the most 
suitable algorithm. There is a fair agreement shown between the predicted value of an ANN 
model  and  the  analytical  results.  Further,  it  is  observed  that  it  is  advantageous  to  use  ANN 
models over the traditional methods of calculations due to its speed, simplicity and ability to 
learn from examples.  
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सार


वतमान थी सस म   , वा षक आधार पर कंड टर(कॉपर   /ए यूमी नयम)बेस फोटोवोि टक थमल
 (PVT) कले टर के दशन का व लेषण कया गया है।       पीवीट मॉ यूल के लए उपयु त आधार   
 खोजने के लए एक पीवीट मॉ यूल के लए व भ न आधार साम ी का अ ययन कया गया है       ।


लास, टेडलर (Te), कॉपर   / ए यु म नयम (Cu / Al)    बेस PV मॉ यूल के व युत दशन का   


व लेषण कया गया है। व युत दशन के आधार पर    , यह देखा गया है क लास बेस पीवी   


मॉ यूल कम ऑपरे टंग तापमान के कारण बेहतर दशन देता है       । दशन तांबा   /ए यूमी नयम
 (Cu / Al)    बेसPVT   वाटर कले टर पर यमान वाह दर के भाव का भी अ ययन कया गया       


है। सं या मक अ भकलन के आधार पर    ,यह पाया गया है क लास और तांबा       / ए यूमी नयम
 (Cu / Al)    बेसPVT 0.017 क ा   /सेकंड के यमान वाह दर पर समान दशन देता है।       तांबा   /
 ए यूमी नयम (Cu / Al)    बेसPVT   कले टर क तापीय और बाहर द ता नई द ल क जलवायु       


प रि थ तय को देखते हुए 61.05% और 13.35% होगी। Cu / Al    बेस PVT   वॉटर कले टर ने   


785.05kWh क तापीयऊजाऔर 106.67kWh  तवषकाउ पादन कया।


ग णतीय ऊजा का संचालन    (घन) आधार फोटोवोि टक थमल(PVT)जल तापन णाल के ऊजा   


संतुलन समीकरण पर आधा रत है। भंडारण पानी के लए एक व लेषणा मक अ भ यि त    ,
 पीवीट कले टर और सौर सेल तापमान से आउटलेट पानी को जलवायु और डजाइन मापदंड के       


एक समारोह के प म यु प न कया गया है        । वक सत थमल मॉडल को चे नई, भारत क
 जलवायु ि थ त के लए कए गए योगा मक काय के लए मा य कया गया है       ।इसके अलावा,
 ता का लक थमल ऊजा द ता को एक वशेषता समीकरण के प म भी जाना जाता है       ,तापमान
 पर नभर व युत द ता, सम थमल और ए जॉ ट ए फ शएंसी यु प न क गई है।


योगा मक और सै धां तक भंडारण पानी के तापमान के बीच        0.999   के लेिज़ंग तुत सहसंबंध
 गुणांक(आर)और 7.48%   का मतलब वग ु ट(ई)   के साथ एक उ चत समझौता देखा गया है।   यह
 भी देखा गया है क ा त अ धकतम सम तापीय और पादर द ता मशः    33.75% और
 14.71% है।


फोटोवोि टक-थमल कंपाउंड परवल यक सां ता (PVT-CPC) जल तापन णाल से पानी क   
 नकासी क    या एक कुशल ताप बंधन णाल के सम वकास म एक मह वपूण घटक है।       


इस संबंध म   , ए यूमी नयम आधा रत पीवीट-सीपीसी जल तापन णाल के तीन अलग    -अलग
 तर क क प रक पना क गई है   , िजसम अल बेस पीवीट ताप णाल का संचालन बना कसी   


जल नकासी और     / या नरंतर या क    - क कर जल नकासी या म शा मल है।       दरअसल,
 पीवीट-सीपीसीसेपानीक नकासीक यापर नभरकरताहै।


आवेदन भी बदल सकता है और    याएं थमल और व युत ऊजा म सम लाभ के व भ न       
तर को दखा सकती ह।   सै धां तक मॉड लंग ि टकोण का उपयोग करते हुए, यह अ ययन
पानी के नकासी क यव था के साथ संचा लत एक अल बेस      PVT-CPC णाल म इस तरह के       



(10)लाभ का अ ययन करने पर क त है।   नई द ल म अ ययन के तहत णाल क ऊजा और       
 बाहर व लेषण का यथाथवाद आकलन करने के लए    ,भारत को पीवीट    -सीपीसी जल नकासी


या के काया वयन के लए एक संदभ बंदु के प म चुना जाता है।       अ ययन के तहत तीन   
 अलग-अलग पानी नकासी याओं के साथ पीवीट स टम के सम        दशन व लेषण से   ,यह
 न कष नकाला गया है क बड़े पानी के जलाशय जैसे क ि व मंग पूल म ह टंग के लए नरंतर       
 पानी नकासी क या सबसे उपयु त हो सकती है    । इसके वपर त, छोटे पानी के ताप   
 अनु योग जैसे नान, धुलाई, कपड़े धोने, खाना पकाने और घरेलू उपयो गताओं के लए   
 आंतरा यकजल नकासी याकोसबसेउपयु तमानाजाताहै।


इसके अलावा,आ ट फ शयल यूरल नेटवक (ANN)मॉडल का उपयोग करके दो कॉपर        (Cu)बेस
 PVT   और ए युमी नयम (Al)बेस PVT-CPCकले टर का तुलना मक व लेषण कया गया है       ।
 नेटवक को चार मौसम टेशन बगलोर    ,मुंबई और ीनगर और जोधपुर शहर से डेटा का उपयोग       
 करके श त कया गया है और नई द ल    ,भारत क जलवायु प रि थ तय के लए पर ण       
 कया गया है।   ANN मॉडल से देखे गए दशन मापदंड क तुलना व लेषणा मक अ ययन से       


ा त प रणाम से क गई है।    एएनएन मॉडल   2 छपे हुए परत के साथ फ ड    -फ़ॉरवड बैक


ोपो ेशन ए गो रदम पर आधा रत है।    छपी हुई परत म     10 यूरॉ स के साथ लेवेनबग    -मा वट
(एलएम), इनपुट परत म     3 यूरॉ स और आउटपुट परत म     5 यूरॉ स सबसे उपयु त
ए गो रदम है।   एकANN मॉडल के अनुमा नत मू य और व लेषणा मक प रणाम के बीच एक       
उ चत समझौता दखाया गया है।   इसके अलावा, यह देखा गया है क इसक ग त    ,सरलता और
उदाहरण से सीखने क मता के कारण गणना के पारंप रक तर क पर       ANNमॉडल का उपयोग   
करनाफायदेमंदहै।
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Fig 2.6  Hourly  variation  of  solar  cell  temperatures  at  different  mass 
 flow  rates  for  the  climatic  conditions  of April,  New  Delhi, 
 India. 
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Fig 3.1  Methodology  flow  chart  for  the  analysis  of  Cu/Al  base  PVT 
 water collector. 
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Fig 3.2  Characteristic  curve  v/s  (Tfi-Ta)/It  of  glass,  tedlar  and 
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Fig 3.3  Hourly  variation  of  solar  cell  temperature,  copper  plate 
 temperature  and  outlet  water  temperature  for  the  September 
 month of New Delhi, India. 
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Fig 3.4a  Monthly variation of thermal energy gain for type A, B, C and 
 D weather conditions of New Delhi, India. 
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Fig 3.4b  Monthly  variation  of  electrical  energy  gain  for  type  A,  B, C 
 and D weather conditions of New Delhi, India. 
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Fig 3.5a  Monthly variation of overall thermal energy yield for A, B, C, 
 D type weather condition for New Delhi, India. 
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Fig 3.5b  Monthly variation of overall exergy yield for A, B, C, D type 
 weather condition for New Delhi, India.
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52 
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Fig 4.4  The  variation  of  global  solar  radiation  and  ambient  air 
 temperature obtained from the expertimental data of Chennai, 
 India . 
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Fig 4.5a  Hourly variation of tank water temperature with time foe the 
 case of glazed copper base PVT collector. 
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Fig 4.5b  Hourly variation of tank water temperature with time foe the 
 case of unglazed copper base PVT collector. 
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Fig 4.5c  Hourly  variation of tank water temperature with  reduced top 
 loss coefficient. 
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Fig 4.6  Characteristic curve v/s (Tfi-Ta)/It of  copper base PVT water 
 collector . 
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Fig 4.7  Hourly  variation  of  solar  cell  temperature  and  electrical 
 efficiency. 
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Fig 4.8a  Hourly variation of overall thermal efficiency with glazing.  65 
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 Fig 5.1a  Cut sectional view of aluminium base PVT-CPC water 


collector. 
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Fig 5.1b  Aluminium  base  PVT-CPC  water  heating  system  with  the 
 process of hot water withdrawal. 
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Fig 5.2  The input data of solar intensity and ambient air temperature 
 with time for a day in April, New Delhi, India. 
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Fig 5.3  The  storage  tank  water  temperature  at  the  different  rates  of 
 continuous hot water withdrawal. 
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Fig 5.4  Tank  water  temperature  for  all  three  cases  (Case(a),  Case(b) 
 and Case(c)). 
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Fig 5.5  Daily thermal efficiency for all the processes of withdrawing 
 water from the tank. 
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Fig 5.6  Variation  of  solar  cell  temperature  and  electrical  efficiency 
 with time for the different processes of withdrawal of heated 
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Fig 5.7a  Overall  thermal  energy  gain  for  all  the  processes  of 
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Fig 5.7b  Overall exergy for all the processes of withdrawing water from 
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Fig 6.6a  Performance  plot  of  the  ANN  model  with  the  best  MSE  for 
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Fig 6.6b  Performance  plot  of  the  ANN  model  with  the  best  MSE  for 
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Fig 6.7  Hourly  variation  of  outlet  water  temperature  for  a  typical 
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Fig 6.8  Hourly  variation  of  Overall  thermal  energy  and  exergy 
 efficiency  for  conducting  (Cu/Al)  base  PVT  and  PVT-CPC 


95 



(19)xiv 


collectors based on theoretical and ANN model with error of 
0.99%. 



(20)xv 



List of tables 



Table caption  Page 



No. 


Table 2.1  Design parameters of glass, tedlar and Cu/Al base PVT collectors.  25 
 Table 3.1a  CO2 mitigation for conducting(Cu/Al) base PVT collector.  39 
 Table 3.1b  Carbon credits of conducting(Cu/Al) base PVT collector on the basis 


of annual energy and exergy for 30 and 50 years. 


39 


Table 3.2:  Number of clear days foe different weather conditions  42 
 Table 4.1:  Design parameters of copper base PVT water heating system  53 
 Table 5.1:  Design parameters of aluminium base PVT-CPC water heating 


system 


73 


Table 6.1:  Training parameters used to develop an ANN model for conducting 
 (Cu/Al) base PVT and PVT-CPC water collector. 


92 


Table 6.2  Comparison between the mathematical and ANN model based on the 
 energy and exergy gains of four weather conditions. 


96 



(21)xvi 



Nomenclatures 


A  Area, m2
 b  Width, m 


Cf Specific heat of air, J/kg K 
 dt  Elemental time, s 


dx  Elemental length, m 
 𝐸̇𝑥  Exergy, kWh 
 FR Heat removal factor 


hi Heat transfer coefficient from solar cell to flowing air, W/m2K 


ho Heat  transfer  coefficient  from  solar  cell  to  ambient  through  glass  
    cover, W/m2K 


It Incident solar intensity, W/m2 
 Ib           Beam solar intensity, W/m2
 Id           Diffuse solar intensity, W/m2
 K  Thermal conductivity, W/mK 


L Length, m 


𝑚̇𝑓 Mass flow rate of fluid, kg/s 
 Mw  Mass of fluid, kg 


𝑄̇𝑢 Useful heat, W 
 t       Time, s 


T  Temperature, K 


T Average temperature, K 


Ub,fa Overall heat loss coefficient from flowing fluid to ambient, W/m2 oC 



(22)xvii 


UL Overall heat transfer coefficient for the system, W/m2 oC 


Ut c,a  Overall heat transfer coefficient from solar cell to ambient through glass cover, W/m2 


oC 


Ub,cpg  Overall  heat  transfer  coefficient  from  bottom  of  the  solar  cell  to  absorbing  plate  
 through glass cover, W/m2 oC 


Ub,cpt  Overall  heat  transfer  coefficient  from  bottom  of  the  solar  cell  to  absorbing  plate  
 through tedlar, W/m2 oC 


Ub,cp  Overall  heat  transfer  coefficient  from  bottom  of  the  solar  cell  to  conducting 


(copper/aluminum) plate, W/m2 oC 
 v  velocity of air, m/s 


Subscripts 


a  ambient 


b  base 


c  solar cell 
 co  copper 
 al  aluminium 
 t  tedlar 
 I  insulation 


g  glass 


eff  effective 
 f  fluid (air) 
 fi  inlet fluid 
 fo outgoing fluid 


g  glass 


ins  insulation 



(23)xviii 
 L  length 


m  module 


Te  tedlar 
 Greek letters 


α  Absorptivity 
 β  Packing factor 


𝛽𝑜 Temperature coefficient of efficiency, K-1 
 𝜂𝑐 Temperature dependent solar cell efficiency 


𝜂𝑜 Efficiency at standard test condition (I(t) = 1000 W/m2, Ta = 25 oC) 
 τ  Transmissivity 


ϵ  emissivity 
 ρ  Density, kg/m3
 Abbreviation 


ANN      Artificial Neural Network 
PVT    Photovoltaic thermal 
tCO2e    Tons of CO2 equivalent 





    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 23 Page - 587.14 KB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            Computer modelling of advanced solar distillation systems
        
      

        The effects of different design parameters involved in a solar  still, in a collector and number of transfer unit (NTU) for flowing water and  heat exchanger on the thermal

    
      
          
        
            Energy and exergy analyses of solar collection/storage thermal systems for water heating and distillation
        
      

        The    present  thesis  is  an  outcome  of  the  energy  and  exergy  analyses  of  solar  collector with separate storage for water heating,  shallow solar pond water heater,

    
      
          
        
            Energy and exergy analysis of active photovoltaic thermal solar distillation system
        
      

        The annual performance of active photovoltaic thermal flat plate collector solar  distillation system consists of the evaluation of daily yield, monthly  yield,  annual yield,  hourly

    
      
          
        
            Energy and exergy analysis of n-partially covered photovoltic thermal compound parabolic concentrator (pvt-cpc) collector
        
      

        Figure 4.9:  Hourly  variation  of  average  solar  cell  temperature  and  electrical  efficiency of PV module for partially covered N-PVT-CPC collector  connected in series for

    
      
          
        
            Optical and thermal modelling of tubular solar collector
        
      

        The optical analysis of  a conventional coaxial evacuated tubular collector has also  been carried out for various tilts and orientations and  performance has been compared with

    
      
          
        
            Performance analysis of passive (Greenhouse) and active biogas heating system
        
      

        Figure 4.8:   Hourly variation of temperature of slurry (T s )with local time    76   for the month of January for Srinagar (Kashmir), India. Figure 4.9:   Hourly variation

    
      
          
        
            Performance evaluation of photovoltaic thermal mixed mode and greenhouse dryers
        
      

        For crop drying, a photovoltaic  thermal (PVT) mixed mode  dryer has been designed and  constructed at Solar Energy Park, Indian Institute of Technology Delhi (IITD), New Delhi,

    
      
          
        
            Exergoeconomic and enviroeconomic analysis of active solar stills : a comparative study
        
      

        59  3.30  Variation of hourly overall thermal efficiency with depth of  water  of  single  and  double  slope  PVT-FPC  active  solar  distillation system for a typical day in the

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            depicted in the figure below. The arrow on the emitter lead specifies
        
        
            
                
                    
                    50
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            depicted in the figure below. The arrow on the emitter lead specifies
        
        
            
                
                    
                    62
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            depicted in the figure below. The arrow on the emitter lead specifies
        
        
            
                
                    
                    55
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Computational studies for the effective electrical conductivity of Copper powder filled LDPE/LLDPE composites
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Design and Simulation of a semi-transparent photovoltaic thermal (PVT) indirect solar dryer integrated with kitchen chimney using ANN technique
        
        
            
                
                    
                    7
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Artificial neural network (ANN) modelling of photovoltaic thermal (PVT) integrated thermoelectric cooler (TEC) fluid collectors
        
        
            
                
                    
                    30
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Computer aided analysis of high performance solar ponds and hot water systems
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Computer based analysis of heat and mass transfer in solar distillation systems and its experimental validation
        
        
            
                
                    
                    21
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


