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ABSTRACT: This study investigates the performance evaluation of a building heating system
equipped to underground storage tank heat pump and photovoltaic thermal collector. The system consists
of an underground spherical tank, a photovoltaic thermal collector and a heat pump. The performance
evaluation of the combined system is carried out from the energy and exergy perspective. Developing
energy balance for various components of the system, the analytical relations for water temperature
of the auxiliary tank, solar cell temperature, absorber plate temperature and the useful heat gain of
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photovoltaic thermal collector are obtained. The output electrical power of photovoltaic module is
calculated by the four-parameter current-voltage model. By writing the exergy balance for the various
components of the system, their irreversibility is specified. The validation of the simulation results is
carried. The obtained results indicate that the energy and exergy efficiency is maximum for the collector
number of 65 and mass flow rate of 0.25 kg/s. The decrease in storage tank volume causes a decrease
in water temperature. The increase of 30% in the collector number causes an increase of 25% in water
temperature. The highest and lowest water temperature of the tank is observed on the ground of coarse
graveled and granite, respectively.
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1- Introduction

A building heating system by the underground source
heat pump and photovoltaic thermal collectors provides the
possibility of storing solar energy in warm seasons and using
it in cold seasons to supply the thermal energy needed for
building heating [1]. Fig. 1 shows the schematic view of the
studied system.

Many studies [ 1-4] have been carried out on the performance
evaluation of the building heating system equipped to an
underground source heat pump and solar collectors. Yumrutas
and Unsal [1] investigated the energy analysis and modeling

underground storage tank include the transient radial conduction
heat transfer [1].
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of the solar heating system of a building with the help of a heat
pump and an underground energy storage tank. Their proposed
model was used to predict the long-term performance of the
system. The results of their study showed that the minimum
amount of annual water temperature of storage tank is directly
related to decreasing tank volume and solar collector area. In
previous studies [1-4], the underground heat pump system
with the help of conventional solar collectors for building
heating has been studied. However, in the present research,
photovoltaic thermal collectors have been used instead of
conventional solar collectors to heat the building, and the
performance analysis of the building heating system equipped
to an underground source heat pump and photovoltaic thermal
collectors is carried out. In this case, in addition to thermal
energy, electricity will be produced at the same time.
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2- Governing Equations

The governing equations for water temperature inside the Fig. 1. Heating system by an underground source heat pump

*Corresponding author’s email: fsarhaddi@eng.usb.ac.ir and photovoltaic thermal collectors [1]
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Fig. 2. Simulated and experimental values of the water
temperature inside the underground storage tank
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Fig. 3. Effect of changes in the volume of the water tank on the
water temperature of the underground water tank

T,(R.0)=T, ®)

I'(r,00=T, 4

An expression for water temperature inside the underground
storage tank can be obtained after the solution of Eq. (1) by the
separation of variables method as follows [1].

T, ()=, + 3| 2L LIED

nrw

o) Lin(22.)
R

7

®)

596

(Limestone, m=0.25 kg/s, V=300 m’)

7, (%)

30 X ‘ . ‘ . ‘ : A ‘ .
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Months

Fig. 4. Effect of changes in the number of photovoltaic thermal
collectors on energy efficiency

where Ts is water temperature on the tank surface in the
location of =R. It can be obtained from the solution of the
following equations set.

Qcond,e :Qcond,w +Qu _QL (6)

Qcond,e = 47#‘(]: _Too)/(l/R - I/Ro) (7)

Qcond,w = _87d€kw (]—’v _]B)ZeaW[Rj t (8)
n=l1

Qu = F'Rf‘lc[(0{7’-)eﬁr Gc - UL (Tf,in _]—'a)] (9)

0,=0,-0,T,-T,)/(n.T,) (10)

The output electrical power and electrical efficiency of the
photovoltaic module can be calculated by the four-parameter
model of current-voltage as follows [4]:

1=1,-1, {exp(ﬂ)—l} an
a
77el = Vmplmp/(AcG) (12)

The energy efficiency of the hybrid solar heating system can
be defined as follows:

N, =(Q, + Vmplmp/cf)/(AcG+Qh -0,) (13)
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3- Validation

The present simulation results for the water temperature of
the storage tank are validated with the experimental data of
Yumrutas and Unsal [1] (see Fig. 2).

According to Fig. 2, the simulation results of the present study
for water temperature are in good agreement with experimental
data of Yumrutas and Unsal [1].

4- Results

Fig. 3 shows the effect of changes in the volume of the
water tank on the water temperature of the underground tank.

According to Fig. 3, the amplitude of the changes in
water temperature decreases with the increase of water tank
volume. By increasing the water tank volume, we come
close to the thermodynamic meaning of the heat source, so
that the temperature fluctuations of the tank water decreases
with the entry and exit of the heat. Fig. 4 shows the effect of
the number of photovoltaic thermal collectors on the annual
energy efficiency. With the increase of 30% in collectors
numbers, the energy efficiency decreases about 25%.

5- Conclusions
It is concluded from the results of the present study that
the simulation results of this study are in good agreement

with the experimental results of previous studies. Also, the
increase in the number of collectors increases the electrical
power and thermal energy. However, this increase is lower
than the increase of absorbed solar energy, therefore the
energy efficiency reduces.

References

[1]R. Yumrutas, M. Unsal, Energy analysis and modeling of
a solar assisted house heating system with a heat pump
and an underground energy storage tank, Solar Energy,
86 (2012) 983-993.

[2] V. Verma, K. Murugesan, Experimental study of solar
assisted ground source heat pump system during space
heating operation from morning to evening, Journal of
Mechanical Science and Technology, 32 (2018) 391-398.

[3] J. Menéndez, J. Loredo, M. Galdo, J.M. Fernandez-Oro,
Energy storage in underground coal mines in NW Spain:
Assessment of an underground lower water reservoir
and preliminary energy balance, Renewable Energy, 134
(2019) 1381-1391.

[4] J. Yazdanpanahi, F. Sarhaddi, Irreversibility rates in a solar
photovoltaic/thermal water collector: An experimental
study, Heat Transfer Research, 48 (8) (2017) 741-756.

597






75 ool SlSo (owigee g pui

VEYE B YFF lrio TR Lo @ oylos DY 055 ¢5usS prol Sl susigee 4yl
DOL: 10.22060/mej.2019.15105.6025

033912 ,5 5 (oo jp; B (Sl eog bauwgi Qlals iale ) s 3 Slos Judod
ol Slggis

ULLQJGMO debold c*db).w )).cl)B ‘Lf)f <\>€.J.A

Al e sl 5 b oS5 (S daa s oSl (SlSe usige 09,5

18,5913 ey ,U
AYAV/ YN redl
WAV IV 20,5550
WAVYIY - 2y
WAVAY/VA 2o Ml )

1605 Clols

&Pl oy

Spllagid oxi gl S g (o) asie (Sl e 4 ame el iale)S s 3,Skos Julo 4y 53 g > 1o Yo
Sl er g Gl Sy 03)sls)S (aoj5 6955 e ol adllas 3590 wiugus slia] 00 a3y Syl
izl e 555 allige anugs bawgs ol 48,5 ©pp0 (55T 5 (5 ke 93 5l (S s 3 )Sbos (g A0
e )l €50 5 il i (slod csipys Jsbo (slod (S it O slod dslore (sl (Lo ol i Cilieo
el ez (Kol Jao bausgs Soldggid Jgo (295 (oSl Gl ool Casday ) Salilggs 029l S 0
@l Caslord paseio bl (6 BES i Cilisio il (gl (65 ST 3lse (51065 b sl s dpuslors Wyl 2

Slas gl oS dad o yliid ol sy Ml ooyt liiind @&Qlﬁj o b sos 38lg7 )0 pols o0 (gjlwdd

(SHRI R B
S Sslilggts o3l 5
S pdhbeds;l

lod LialS riie ws alS il o ST (65 pmST 9 6550 o]y 48l s p,SoLS /YD ey (3 g 338 FO oiygly,S
oo |y O (slod (600 )3 VO Lol38l 5y Sildggib (clmossygls )3 slaes (e > Yo il il Jlis a1y (S8 auie

b odmliie sl )T g 405 0 ) Siaw iz 1 s 30 el iy (SaS muie O (glod (1 yiaS gy piing WDguls oo

ool Pl & o yls x>l piomed i opl =Y
S o xS sl (e (il ey it Sl glite

Pl IS p e (Sl g sl e SSlged phs Y
5,Ji8 s

gl sy g uejnj aie | Olyie (ohile)S lapiass 5
Gilwo 3 aiie o3latwl 5l G L)y Jelate 3y)S a8 58 sl
5P Slgn o5 2Bl ej b o8 Sl )l JUSI S (e
@'-.’-)‘ﬁ sy odlatwl 3l G S o).:;SS odlazwl 350 )loj dl)-f Iy
g 5 oyl Sl o8 Aibio o b iy T ol Jlisl ol
aee Jh piwagy cnl 3 iy bl e b i (51 JUl sl
bS5 L oS ol o oolil (51 (gilwo S sl 5505 (i)
P Jpab 1) 86y 55l Blgiee )l SBllggid (slaosygls S
Ol 1y plesle Gialo)S (sl 55 3590 (6351 2 Jguad )3 g 03
GBI e ) CAleSy (5 @i b @ @S e S les
comolin plSosl 5 55 38 000 )y bl dgzg pae b o] ) g

Ol ) USG5 3uiS 3590 (pdule)S w2y sl )65

doddo —

o) Blue 5 SVl (Jeud slocd su ple g piiplos]
s sl gbe ol & 1) Gl axg ol Sl 36
ol aBle Bglase aedyss G5l 5 2leSimes SiHl s
Sy 3P Gilwepdd mie I odlitel Caa gduste OIS
SiP ) eolatwl il dgacme pre Jole S0l dgng LS jsb &
Jsb )3 4 spsbar cul oo 4 o] (o9 Ay 5 G182 (s
Gl 35 b e Silp lagey 2p o ol Glge
b Sley g (oSl plgs @ 5l Vb adgl anje alex 1 ool
039> o Jsb 3 Giale)S )3 e e U LR izen 9 Jale
rotiygh)S b ploSime; il oy S il 25K
Sblje jlabols (S 5 s N8 a8 (D)5 ()l Slggis
Blgo 1098 )

dlox 5l (eadmie ML (Gl )t (o) Sl ey e =)

alod S o 1) (5353 Mg (a9 plaiel

fsarhaddi@eng.usb.ac.ir :olsle Jsoge odimgs ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

YE.y



VEYE 1 VE Y docio AYAA Lo A 0)les Y 093 ¢3S ool SKlSo suorkio s s

Air

Compressor

Solar
collectors

Radiators

T

Earth

= T\

V] ) Ssllggd o903 )5 5 wnjj a5l yaey bawg (talo)S i 1Y JSW0

Fig. 1. Heating system by an underground source heat pump and photovoltaic thermal collector [1]
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Table 1. Climatic, operating and design parameters of photovoltaic thermal collector [14]
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Table 2. Design parameters of the system of solar heat pump with an underground spherical reservoir [1]
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Fig. 4. Simulated and experimental data of solar radiation intensity versus test time



— T .
c,sim
Er=2.91%

——T
c,exp

——T, .
fo,sim

Er=2.94%

——T
fo,exp

——T
a

Tf,in

Time (h)

qua)] uLo) o>y L5))‘)> &_§.~3U99~9 b.}‘l);.))f i dlﬁvlﬁ) 0 JS\«G

Fig. 5. Various temperatures of photovoltaic thermal collector versus test time
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Fig. 6. Simulated and experimental values of the water temperature of auxiliary underground reservoir
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Fig. 7. Effect of the number of photovoltaic thermal collectors on the water temperature of the auxiliary underground reservoir
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Fig. 8. Effect of changes in water mass flow rate on the water temperature of the auxiliary underground reservoir
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Fig. 9. Effect of changes in the volume of water tank on the water temperature of the auxiliary under-

ground reservoir
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Fig. 10. Effect of changes in ground type on the water temperature of the auxiliary underground reservoir

4l p)SokS /Y0 Jl o (23 QRPN L sl 0l (S5 (Ges
3,5 il 4o > YV duejp) qe Ol (lod 4l p p,SolS /Y &
e Gl

...\.h.)u.c

wold ¢ (SeS unjyj guie p ]38l L &S aad o plis 4 S

3o JUiS (SeS (oj ) et
Ghod e ilidl Caol odd ool i A S5 0 a8 j5b len
Loy Jis a1y gie Ol slod s> VO iliél O by (oo
G pd @i )3 g (bl Ol JSlcu s 0l (e (23 GI5E)

e ol slod Gl a3 5 Gyl Sllgd slaokipgla)S

YEVF



VEVE B YF¥ doio V¥R Jlo A o)l DY 093 ¢S ool SilSo odio &y

8000 T T T T T

i i l I—O— NI:65
——N=75
6000 N=8S
%ﬁ 4000
a-‘cu

L I I L L

L L I L

})uly Aug Sep Oct Nov Dec
Months

L
Jan Feb Mar Apr May Jun

(Limestone, 71 =0.25 kg/s, /=300m" )

oS g 9y 3 )l SSWg slmoygls S slass Sl 36 1Y Y JSUS

Fig. 11. Effect of changes in the number of photovoltaic thermal collectors on electrical power
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(Limestone, N=65, =300m" )
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Fig. 12. Effect of changes in the water mass flow rate on the electrical power
(Limestone, N=65,m =0.25 kg/s)
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Fig. 13. Effect of changes in the volume of the auxiliary underground reservoir on the electrical power
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(N=65,m =0.25 kg/s, ¥=3001" )
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Fig. 14. Effect of changes in the ground type on the electrical power

(Limestone, m =0.25 kg/s, V=300 m’ )
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Fig. 15. Effect of changes in the number of photovoltaic thermal collectors on the energy efficiency
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(Limestone, N=65, V=300 m’ )
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Fig. 16. Effect of changes in the water mass flow rate on the energy efficiency

(Limestone, N=65, m =0.25 kg/s)
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Fig. 17. Effect of changes in the volume of the auxiliary underground reservoir on the energy efficiency
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(N=65,m =0.25 kg/s, V=300m’ )
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Fig. 18. Effect of changes in the ground type on energy efficiency
(Limestone, m =0.25 kg/s, V=300 m’ )
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Fig. 19. Effect of changes in the number of photovoltaic thermal collectors on the exergy efficiency
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Fig. 20. Effect of changes in water mass flow rate on the exergy efficiency

(Limestone, N=65, m =0.25 kg/s)
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Fig. 21. Effect of changes in the volume of the auxiliary underground reservoir on the exergy efficiency
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(N=65,m =0.25 kg/s, 7=3001" )
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Fig. 22. Effect of changes in the ground type on the exergy efficiency
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