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Fig. 1. Heating system by an underground source heat pump and photovoltaic thermal collector [1]
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Fig. 2. Equivalent thermal circuit

P ST S oyl sl dolee lgeay 1) diwe g5 o 0

D] ed5 ) )5 98 Clasre s glad sl

O°T, 20T, _p,c, 0T, "
o> ror k, ot

T, (0,¢) = finite (v)
T (R.)=T, (¥)
T (r,0)=T, o)

ohs Ced b (I8 cii ki, 5 €, o, bzl bl
oozl bl muie glad R g Wil oo o (90 ol Sl colan g

Ol slod (61)38 slas o yuiito (gjlulis o, 5l ooliul b g oad s

el Salgd Cavd 4 (F) dolae Gygo o Suej @ue

T, (rt)=T,
(R ~T )1 1 ax . O
+ B S |FA A e "R *Sin —7r
,,Z_;[ nr J r (R )

RYSPS P G GO I POSE ) SR KV N

ol pj Oyao Y S Jole )l Jlie 4 basye dolee

T -T
Qcond e = 1 : = (V)

T 1
ank R _170)

3509 sloyielly Sl 4 Gl sl s 4 Yok o 5 ()l
S0 5135 3l 5 (05 (sled csdnysd GUB SAB sz (1595he

Dol Cowd 4 1y it

e iy px5 =Y =Y
S5A Silwopdd by plasle il 3dod ol (ol Ban
oz 5 Jlo 2y gloels 53 ol jloslizal 5 Jlo Jgb 3 (s
sbilen a8k (5551 plotly p (Db g 3, Shes slagial)ly b
S35 e S5l (S 5 5lainjge s b 03l (LS V JSS 5 oS
OYolee o et 4y il o ()l S5 ggu8 O_U”TJ); 9 o)
ol Slsgs osi)gls,S 5 omi; 595 e ad 93 sl 55

sl e

0325 68)S (il 3D gt (g5 el =Y =Y
S Ve Gas 3 9039 ol (ool S (595 (S e e
dayly ;5 45 00 (538 o) (3o (5lod 50 mke agl (slod 315 18y

PIY] caslonss oaly oLis w5 (V)

TOO (Z ’t) =Tl11€tD’l _Tampe “
()
xcos(a)(t ~tou)—Z /EJ
2a,
Ty V1Y 7)) o 0l glod bausgzo Ty ) alady

Slagly Wil 3 @ e il aie g5,z (WA T ) S clod asel
as 9 JL’" 39) U”)J'J)“" tcold ‘('/h_l “'V\V) ‘\"UL’"’ LSLAD "’I)"""U
(V) dasly > pole ol (ISl b didl o (o) Syl (s pdeds8
el aalgs cund 4 (T,)) wosps qo 4l (slod
S s T (il 03 (aojn e bame 59y ol sl
P LIS S dolre o abuogts gio o (glod Sloj el s .anl o
b Gyl ol 5 (Sem bl b e S5 o0 e T, () slod
D] cusloss eslaiwl asiS cilddss ] slodly jl g cumloss 548
Cuol (dmdw 1,35 @yl s dblee Jolis jols yimgh (iule )5 i

Slg o) S5 V1 Bos 3 50 3590 (Gl pdd gite &Sl 5L &S

YFe5



YEVE B YF ¥ docio AYAR Jlo A ojleid @Y 093 (S pol Sl cuwidines 4y i

2 Oyge 4 (O)) Gl cuoy bwg ol Gpas )l 555

D] al e cawnday

QL :Qh -w ()

spyeS JEW g pleisls Sl 3)00 (550 laeQ) () alas]

V] el anlgs Candas (V) dsles cjg0 4 a8 0L o ()l ao

W:Qh(Th _TW) (\\)
n.T,

7. ¢ ysbaly, I3 53,5 5 Jhw slod T zalyb (V)) alasly 5
ALl e )5 45 > 03l
& 8 Coln 096 Lo (O ) e il Sl Ji

2l (V) daly 090

(47R*)

oT. (R.1)
ok Zw ot
Qcond w w a

('v)
)zt

—87Rk, (T, T)Z o

n=1

)‘ odlazul 9 (Qcond e ) (J"’°) t_?‘""\‘m U)])> t.JLa‘“‘ L.)‘>)91 Cuwd & L

el Salgd candas T jlaie (V) dolee

T+ of L Ty R (e ), G+F AU,
- - f][ h n=l
I
o)
A X ()
Y ?“
T ( T L o, +87Rk, Ze +FAU,
47k R R

Sl Sldggib oxiygla )5 (S Sl g )l oo Y Y
Slod dplomo ()l Spllggid okiygls S )l Jelow Jl Sam
Sl 25 5 2an e lod Y5 slod «Silggd Joio s
oY ol )l Salidggid ok sls)S il elinl ol (55 3lge
Ol JUS B Jlw ol g O3 aoio « S5lged sl Jsho

Yy

Qcond £

=R (6 )3 69,5 (55 o)leed sy (o S8 w2 Y JSUS

Fig. 3. Surface control volume on spherical reservoir wall in place r=R
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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
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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
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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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