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Abstract

Solar energy, being clean and abundantly available, is well-suited to meet space cooling
demands. Among the various solar thermal collector options, Compound Parabolic Collectors
(CPC) have gained particular attention due to their ability to collect diffuse solar radiation,
concentrate solar radiation, operate without tracking, and achieve higher temperatures than flat
plate collectors. These features make CPC suitable for applications such as solar cooling using
vapour absorption systems.

This research includes a detailed thermal and optical analysis of the CPC solar collector
and a techno-economic analysis of the CPC integrated with a single-effect vapour absorption
system. The heat losses are a critical aspect of the thermal performance of a solar collector and
account for a considerable portion of the heat energy absorbed by the collector. Numerical
models of CPC with a non-evacuated tubular receiver are developed in both 2D and 3D to
examine the influence of various operating parameters (receiver temperature, inlet fluid
velocity and inlet fluid temperature), environmental parameters (ambient temperature, wind
heat transfer coefficient) and design parameters (truncation ratio, tilt angles, insulation and
aperture cover thickness, surface emissivities) on the convective and radiative heat losses, fluid
temperature rise, thermal efficiency and Nusselt number, further leading to development of
Nusselt number correlations.

The operating and environmental parameters, as well as receiver emissivity, are found to
significantly impact thermal performance, with the effect of inlet fluid velocity majorly on the
rise in fluid temperature. The effect of tilt angles is found to be insignificant on heat losses.
The truncation ratio affects the thermal performance by 9% when the height of the collector is
reduced by 60%. The truncation also helps save reflector material by 43% in weight.

A comparative study analysing the effect of pure convection versus combined convection
and surface radiation showed that total heat losses and Nusselt number increased by 7.7% and
41.2% for receiver emissivities of 0.05 and 0.9, respectively, compared to the pure convection
case. This highlights the significant role of radiative effects in heat transfer, which have often
been neglected in previous studies.

A notable difference is observed between the Nusselt number obtained from 2D and 3D
numerical models, primarily due to enhanced fluid mixing and heat transfer in the 3D model
resulting from vortex formation. The two Nusselt number correlations developed are compared

with other correlations available from the literature, and the discrepancies are attributed to
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simplified modelling assumptions and the omission of radiative heat losses, all of which
influence both the magnitude and trend of the Nusselt number.

A detailed ray-tracing optical model of the CPC is developed to investigate the effects of
circumsolar ratio, sunshape, and surface errors on its optical performance. The results indicate
that optical errors lead to a maximum variation of 1% in absorbed heat, suggesting that the
CPC geometry is largely unaffected by minor optical imperfections. Further, the heat flux
obtained from the optical model is integrated with the 3D numerical model of CPC for complete
analysis.

A 3D model of an evacuated tubular receiver CPC is developed and compared with the
non-evacuated receiver CPC. The analysis reveals a significant 56% reduction in total heat
loss, primarily due to the elimination of convective losses. This results in an increase in thermal
efficiency from 59% to 76% and a rise in fluid outlet temperature from 2.88 K to 3.76 K.
Thermal efficiency equations are derived for both models and used in the solar absorption
cooling model.

A CPC-based solar absorption cooling system model is developed in TRNSYS to study
the thermal, economic, and environmental performance of the system. Analyses are performed
to assess the effect of parameters like collector area, collector slope, storage tank specific
volume ratio (STSVR) and CPC design (evacuated vs. non-evacuated) on solar fraction (SF),
payback period (PBP), levelized cost of cooling (LCOC) and carbon dioxide emissions (CDE).

The collector area significantly affected the thermal, economic and environmental
performance of solar absorption cooling systems, making it a key design parameter. In contrast,
the collector slope primarily influenced thermal performance, with negligible effects on
economic and environmental metrics. The STSVR directly impacted the economic and
environmental outcomes by increasing the PBP, LCOC and CDE. However, thermal
performance, measured in terms of the solar fraction, decreased with increasing STSVR for a
fixed collector area. No substantial improvement is observed beyond an STSVR of 0.02 m?*/m?,
indicating limited thermal advantage at higher storage volumes.

The comparison of the performances of the non-evacuated and evacuated receiver CPC
indicated an improvement in the solar fraction by 14%, a reduction in both the discounted
payback period by 5.25 years, and CO: emissions by 4.3 tonnes annually for New Delhi.

A climatic comparison across global cities showed that locations with high solar potential
(e.g., Cairo, Phoenix) achieved favorable economics, with LCOC less than 20 INR/kWh and

discounted payback periods under 13 years. The medium solar potential cities (Rome, New
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Delhi) exhibiting different climatic conditions and cooling loads lead to comparable differences
in their LCOC values of 25.73 INR/kWh and 33.95 INR/kWh respectively with a similar PBP
of 17.3 years. In contrast, low solar potential cities (e.g., Kuala Lumpur, Taipei) resulted in
LCOC above 37 INR/kWh and payback periods exceeding 24 years. This indicates that these
locations are economically unviable and will require alternative strategies to improve economic
viability.

The analysis also resulted in the proposal of two new metrics, the solar cooling cost
metric (SCCM) and carbon dioxide emission factor for solar cooling (CDEFSC), aimed to
assess the cost and environment-related aspects of solar cooling systems across different
locations.

Overall, this work contributes to an enhanced understanding of the performance of CPC

and its application in solar absorption cooling systems.
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IR ol Wes 3R TR A6 H IUA B b BRI R AT Saadhdraf ol I
HH & o Iugad g1 At IR ardig wadex fadwed! #, difie WRIafde dHaae?
(Compound Parabolic Collector - CPC) q faQiy e s itfa fosan % P 3 faaha IR
fafehRur B! Ueha 3, IR fafhRur &t Yabfoad o, ST & a1 SR v 3iR Teie Wie
HAdeR] DI a1 H SHfIF AIHH UTed H- & el ¢ | 3 TIRwand cpe &1 arsy sra=iyor
guferdl gRT AR LaeH o ST & e Suged a1t 8 |

SU MY H CPC AR HAdex B fa¥gd AU SR THTRITT el oo qul T d-gHTa ars
SR YU & 1Y UhIghd CPC HT dabmiidh1-3M1ffes fazayor mfia 81 R dHaiaex &t
T e ® ardig g1+t Heaqul YT fHTdh § 3iR I8 Baidex gRT aiid ST
WWWW%@TUWW%I RN (non-evacuated)Wﬁ?ﬂaTaTaCPC
& 2D 3R 3D TBITHS Hisd fawfyd feu mu g, foma fafts ufameq trier o Rafter
AIHH, IR T, TR dTIHM), YTiaRuii IRTHeR (@rdreaRul dTgHH, Ua $SHT ™I
UTieh), AT FESEH URTHICR (G- S(UTd, FhT1d IV, SYAYH I TR HR B! HICTS,
Tqdg IegsichdT) & THTE! BT L far T 31 36T UHTT Jaless d fafeofta Swm
B4, % IIA gfe, adig germr 8iR TRiee e WR ol 11, o Txiee 9 &
Tedey fapRid feu |

g U1 T o URamer @ daiaRuig IR SR REfiaR 31 SefsiddT dTiig TeRH
DI IEGHIT U F YHTIT HRd & | aRA 977 BT YHE &I ©0 ¥ &d aod{ | gig R
TS & | S[PTd BV BT ST BT IR Dl He@YUl YHTT el UrdT 77| T-hRM Siurd o
60% SdTs e TR AT UG | T 9% B TRTAC 3T &, STafd IRIddd ARl &
YR & 43% P! 9d gl 8|

[ a8 TTH Tgad Tag 3R g fAfBRur & THIE &1 JaTed L J Ul
TaT for REftaR Bt ITSHAT 0.05 F 0.9 B TR FA 0T 8T H 7.7% 3R ToRiee T §
41.2% Bt g B 3, Foras fafes=ofia gura o1 I Wm g1 7, For gaad! =nel § 3faR
3T T B

2D 3R 3D AIed ¥ U TRIee W& H Agayul 3R &1 74T, S Tdd: 3D Hisd
T 9gaR %d YT 3R U (vortex) FAATN & HROT g3l faewRia far U €1 TRiee Tve
Tegadl & ga-1 Aifecd ¥ UTd Jegad! T $1 115, STaT 3faRk & HRUN bl Al ighd HAIS T
AIaTST SR fafduiia g+l &t sHgE! sar |

CPC o[ Uch ﬁﬁﬁ %—?\ﬁm 3w digd fasfa fear mar S/ circumsolar
3IUTd, TS BT HHR, 3R Tdg Ffedl & Pwd U= W THIa! &1 e foar |
GIROTHY ¥ Ut gl o el &1 el Sra=iiyd S 1 H SHTASHTH 1% TR T HROT a T
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€, ST gxifar g f cpc &t Sanfiifa Bict siifPda Ffedt & agd uHIfad a1 &Ikl | SHd SrardT,

JHPHA AISA I UK SO T &l 3D TATHS Aled & A1y Siel 77|

fYaa oga RfieR a1t cPC &1 U@ 3D Ared i fawRia farar mam ik 38 TR-Raaq
iR cpc @ a1 &1 T3 | TaRAT0T ¥ T8 1 g3 fb T ™1 81 | 56% 1 HT STt
8, S1 TAd: Yared eTdl & THI I 8l ¢ 3P URUTAGEY diiid &l 59% I
76% deb §¢ STl & 3R 3TIede drudH § 2.88 K & 3.76 K 31 g gl 21 I Aisdl &
fore ardig gerar gHieRur ST TN S5 IR Sraenyur Maa Atsd | IuTRT fasar |

CPC 3MYTRT TR I STw0r fider Yomelt &1 Aisd TRNSYS H fasfyd faan
T, ford ardtg, onfdfe iR uafaRoi UeRiA &1 st fasar 1| Haaer &%,
PHIde D1 FhTd, WISl ¢ fARY S SUTd (STSVR) R CPC f&uirg (e smH
RN ) oI TRIHTeR] &1 AR 31 (SF), UYad 3@fy (PBP), TWRIFd Maad arTd (LCOC),
3R BT SIS IS (CDE) TR UHTG &1 MThar T 1|

HIFCR &F BT A0, TS R Faferviig UeH W rafties THTa o T4, foes
I8 U T [STe IR &7 71| 59 fAuRid, Foider & bTd BT YHId H&ad: dd
UGRM WR UTI STSVR A 1&g Tiar vl YR 0 Wi gy S1a, fo™ PBP, LCOC,
3R CDE # gf& g | BTalifdh, STSVR 9@ § TR 3 UeT| 0.02 m¥/m?> § 31fd STSVR TR
Pls IeQ-1T GUR el urar 14|

R-Raa 3R Rad= cpc & a1 H AR T H 14% FI I, egad Uad Hafy &
5.25 a4 B BHY, 3R CO, Ioi B Ul I 4.3 o1 1 el &t 78 (7S et & forw |

sy & fafts o’ & SToary qa-Te s sierg= § U T fos = AR &1 arel Qe
(S HIR, BifAa) H LCOC 20 INR/KWh T HH 3R Uad 3fafey 13 a8f & HH I8 Hegd
TR &A1 aTd WER (O AW, T3 feai) & SaT-3aT Siaary uRfyfaar 3R 2fides yR
B9 & BRI B 25.73 3R 33.95 INR/KWh Bt LCOC 3R JHF Uadh 3@fdy (17.3 a)
T3 T3 | Safeh 8 TR &l arel TER) (S HHTATARR, drgus) H LCOC 37 INR/AWh
31 SR U 3Mafd 24 Iuf I S1fAF &N, S 37 VUM & 3Mffes U J Sugad S

gl

Y T & 3fATfd &l AT Y] BT Ukard fbar mar: IR e ard ddbaew
(SCCM) 3R IR Maa 8 HIa- SISHTRITSS S&Toi UM (CDEFSC), il fafid it
T IR 2fide vonfert & arTd SR TaiaR vt THTd &1 Heich- &d g

Fd AR, I8 MY CPC & TR 3R 3D YR a0 e SI5EnT ot

SEdR YA § HE@qUl IRTEH ST g |

vil
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aperture cover thickness

velocity

inlet fluid velocity

storage tank volume

aperture cover width

absorptivity of receiver

angle of incidence

aperture cover emissivity
density

dynamic viscosity

effective Prandtl number for T
half acceptance angle of CPC
kinematic viscosity
longitudinal tilt angle

optical efficiency of the collector
receiver tube emissivity

reflector wall emissivity
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Abbreviations
C.C
CDE
CDEFSC
CFD
COP
CPC
CR
CSR
CTR
DPBP
ETC
FIR
FPC
IC
LCOC
LFR

reflectivity of reflector wall

slope error

specular error
Stefan-Boltzmann constant
temperature difference

thermal conductivity

thermal efficiency of collector
thermal expansion coefficient
transmissivity of aperture cover
transverse tilt angle

turbulent dissipation rate of k
turbulent Prandtl numbers for k
turbulent Prandtl numbers for &

turbulent viscosity

Capital Cost

Carbon Dioxide Emission
Carbon Dioxide Emission Factor for Solar Cooling
Computational Fluid Dynamics
Coefficient of Performance
Compound Parabolic Collector
Concentration Ratio

Circum Solar Ratio

Central Tower Receiver
Discounted Pay Back Period
Evacuated Tube Collector

Fuel Inflation Rate

Flat Plate Collector

Installation Cost

Levelized Cost of Cooling

Linear Fresnel Reflector
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M.C
0.C
PBP
PDC
PIV
PTC
PV
PVT
SACS
SCCM
SE

SF
SPBP
STSVR
TAC
TR
TRNSYS
VAS
VCS

Maintenance Cost

Operating Cost

Pay Back Period

Parabolic Dish Collector

Particle Image Velocimetry
Parabolic Trough Collector
Photo Voltaic

Photo Voltaic Thermal

Solar Absorption Cooling System
Solar Cooling Cost Metric

Single Effect

Solar Fraction

Simple Pay Back Period

Storage Tank Specific Volume Ratio
Total Annualised Cost
Truncation Ratio

Transient System Simulation
Vapour Absorption System

Vapour Compression System

XXX1

INR
INR

years

INR per kWh/m?

years
m?/m?

INR





