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Abstract

The advent of the 21st century has witnessed an increase in urbanization, resulting in a
rise in the number of residential and commercial buildings and, hence, the energy consumed by
them. The United Nations Environment Programme (UNEP) expects the number of buildings to
double by 2050. The increased demand is met directly or indirectly by fossil fuel-based systems,
which are increasing the local temperatures and adversely affecting the planet Earth. The UNEP
expects an increase in the cooling demand and an increase in energy consumption by two times.

The deteriorating indoor air quality and recurring instances of airborne diseases such
as COVID-19 have mandated the incorporation of fresh air into closed spaces to dilute indoor air
and, hence, reduce contamination levels. Further, exposure to natural daylight is observed to have
a positive psychological effect and improve the productivity of occupants in a building. The
incorporation of natural daylight also reduces the need for artificial light, subsequently reducing
the energy consumption of a building. However, for tropical countries, the summers are hot, and
such incorporation of fresh air and daylight can increase the cooling load considerably,
subsequently increasing the energy demand of a building.

The present thesis analyzes the effect of precooling of fresh air on the cooling load and,
hence, the energy savings achieved by the modified heating, ventilation, and air conditioning
(HVAC) system. The thesis commences from an analytical study for designing a phase change
material (PCM) incorporated pin fin heat exchanger to offset the peak load for different climatic
zones. The PCM-incorporated system was able to offset the peak cooling load and hence provided
a maximum energy saving of 4.7 % for Delhi, 2 % for Kolkata, and 2.75 % for Jaisalmer. The

analytical study is followed by using multi-attribute decision-making methods for the selection of
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an appropriate PCM for building applications. The selected PCM is considered for a numerical
study, which incorporates PCM into the annulus of a concentric tube PCM heat exchanger used
for cooling the fresh air.

The cooled fresh air is incorporated into the HVAC system, and its effect on energy
savings is analyzed. The study also examines the effect of carrying the energy storage capacity of
heat exchangers by varying the PCM thickness in the annulus, along with increasing the heat
transfer by extruding longitudinal fins in the air. It was observed that the combination providing
temperature drop for a longer period provided higher energy savings as compared to traditional
HVAC systems. When the HVAC system is retrofitted with a heat exchanger with a PCM thickness
of 20 mm, the 12-finned version yields the highest energy savings at 3.22 %. For a PCM thickness
of 50 mm, the 24-finned variant offers peak savings of 5.22 %. As the PCM thickness increases to
75 mm and 100 mm, the energy savings rise to 6.64 % and 9.06 %, respectively, when using the
48-finned heat exchanger.

Further, an existing building is analyzed for different cooling loads, and a nano-
enhanced PCM-incorporated concentric tube heat exchanger is utilized for cooling the fresh air. It
was observed that in the summers, on average, the ventilation comprises 31% of the total load for
three air changes per hour. The optimum configuration on the basis of pumping power and
ventilation load reduction of the HVAC system is with 24 fins. Further addition of 1% of CuO to
octadecane enhances the energy savings to 7.81% for 8 hours and can reach a maximum of 10%.
While the LHESS melts completely in 8 hours of duration, the solidification from exhaust air
solidifies it in 4 hours of operation.

An experimental study was conducted to increase the thermal mass of glazing to

minimize solar heat gain while allowing daylight into the enclosed spaces. Octadecane is



incorporated into the glazing for its melting temperature in close vicinity to the human thermal
comfort range. Further, the angle of inclination was varied as 0 and 45 degrees to analyze the effect
of inclination on the temperature of enclosed air and illuminance level in the enclosed space. The
incorporation of PCM led to air temperature reduction by 6°C, and the illuminance was reduced
by 1490 lux and 498 lux as compared to glazing without PCM when the glazing is kept at an
inclination of 0° and 45° facing south, respectively. The thesis provides policymakers with energy-
efficient and sustainable solutions for designing HVAC systems and glazings, which can reduce

energy demand and help combat climate change.
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GII=T

219t et # Tredienvur § gfg <1 8§, o uRumRasy Sarita 3iR arawfie Haql o
T H 9fS g8 & SR TIU 1 37 GRT Hull I @ud H it SHIHT gl 8 | T Y G0l
HTIHH (UNEP) = A IR g fob 2050 T YA B! e GRIAT gl SaHt | 39 St Hif
DI TS T U U I SaTH S4 TR Tonferd o e ¥ Q1 fohaT ST ReT 8, Sl I
dTIHH &1 96138 8 3R Y IR Ufded UHTd ST B € | UNEP A 38 &I AN 3R SHoll @ud
T SR gfs Y IwiE o TS B

TR BIdll TSR g TUrad 3R COVID-19 St aRfsid SiHRal & IR-aR g1 ard
Al A de AT H dTol §aT B M B B SHTagehdl & 3ifard &= f3an 8, dif sTeR

IR B! U T S T 3R TgWUI TR &1 & ol o b | $HP SIaATdT, Whiad AL &
Hueh # 3 Y FHRIAD FAIGTIND THIT &1 71 & 3R Ha H Fariyal 31 Sadraepd d
JYUR BId1 8| UIPpfaeh AT BT JHTGY S AT B ATaRTHd &1 Hf HH Rl 8, o
Ha &1 Sl @ud & B 31dl g1 gTelifs, SWrbicseNy i § 7fEfa & SR drelt gar 3k
U AT 6T T8 THIAY ST B & YR I B! 9¢1 JhdT &, TR HaT &1 Sroit Hif
A il &1

A Y H TS 8T H1 U8 d ¥ $81 PR &b YT H1 [aRawur fpar man g, Sik S=nferd
giféT, Afedwm iR TR HSfT (HVAC) UUNel gRT U ol sad &1 ofid 1 78 o | 39
MY DI LS SHT-3QT Sadg &A1 o o SHUHaH UR DI HH IR & [T el o

vil



Teiad (pem) ard U i i TadoR &1 fSuiTs- - & faawomd® e ¥ g8 | PCM
&1 MA P arett ol 7 feeedt F SfABa 4.7%, Siadrdl § 2% R SHaR F 2.75%
3ol §9d UeH &1 | favundd 31 & 916 Ha- YA & [ Suged PCM &1 9a4
IR & o Sg-fa=ivar ol o= &1 fafdt &1 IuaT fasan a1 g7 8 PeM & ST S
3ierg o =nfire fobam an, forad arell ga1 & 381 a4 & i U Yo dl &d PCM &I
TR & derd | PCM 1 =M o |

331 Tl 84T I HVAC Yorelt & e fovar T iR ol 99 R 9 UG 6l
fazeiyor fosar | srerg= A gg o fewman fer uRuRe HvAC gonferdl & e & aroe= 3§

31f® T do FTRTaC U B3 aTd TS = 3= 3ol §ad U &1 | ST HVAC UUTTe &bl

20 fiyft PeM HIETS aTal Sl TadoR & 1Y XSifthe foar A, o 12 fih arel Saur 4 3.22%

Pl IFAH ol §9d U™ Bl 50 B peM AleTs & folw, 24 5= aTelT TXHIT 5.22% dPb

§Id USH R g1 S-S pCM Bt AieTs 75 it 3R 100 fieft 9 9gi 7%, Suif o= 48

51 aTet gl TRITOR T IUTNT HId THT HH: 6.64% 3R 9.06% TP I TS |

O i, Hieler Had &1 fazayor fafia 381 YR & forg foram T oiR dreft gar
DI 8T TR & [T A1-TBIRS PCM-XMHA THGHS! ST Bic TaIToR 1 SUINT foedm 7|
gg a1 T fob I i, AfeaR@ $d UR &1 31% 1 § ofd Ufd ©¢ fiF SR ga1 sqal
SITcit 81 HVAC JOITeR T UfthT araR 3R dfeciz 4R & &l & SMUR WR 24 U+ arelt yoredt

P GardH BIBTRTA U1 7| 39 3fATdl, 3fidersdd § 1% CuO S ¥ Sl gad Bl
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7.81% A% ST AT 3R T8 AAGAH 10% b Ugd bl & | STafh PCM 8 T T 3fafd &
T8 ke ¥ fored S 8, o g1 3 321 841 39 4 U & T H 31 o ol o |

T Ui 3 fasar T ford s R A Wi IRM & §-1Y 78d gU UR
o Tifty &) HH B & fore fhT 3t yHid 71 &1 a1 1| 3iacrsd &l 39b T
P HRUT ARG H M foHa 71 S Aa YHd 3R W91 & B9 § | 3B AT, §¢ gal
& TTIHM SR AL TR TR FHTa P YT BT [TV B3 & feTT Feb1d & B0 bl 0° 3R
45° TR §GHI 71| PCM & FHIA H §d1 & TATGHM H 6°C 1 HHI TS, 3R FbTd P HIUT Pl
0° 3R 45° TR @A T8, T PCM AT Tl &1 o H A= H HHRT: 1490 TR 3R 498
TR B HHT 3T | T8 e HVAC TOTTr 3R Tafoit f&ermei & fag Soll-3erd 3R fedrs
THTYT Ue HRT ], Sl 3ol AT B HH B Ahd & SR STadg URad- 4 e # Agg &R
Hhd g |
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