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Analytical Study of Direct Cooling System Using Underground Energy Storage
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ARTICLE INFORMATION ABSTRACT

In this paper, use of the spherical ground storage tank as a heat sink for cooling of the residential and
office buildings in the climatic condition of Tabriz city is studied. For computing the heat transferred
between the underground storage tank and the soil around it a new analytical solution is presented.
Inside the storage tank, the analogy between thermal and electrical conduction is used for deriving heat
balance equations. In ground around the storage tank, the transient conduction heat transfer equation in
spherical coordinates is considered. The Sample building envelope is simulated in Energy Plus and the
storage tank and fan coil are simulated in Matlab software. Finally the building and the underground
storage tank is linked together and the performance of the direct cooling system is investigated. Results
show that the dimension of the storage tank has significant effect on the comfort condition of the
building. The optimum diameter is 3.5m and 3.0m for residential and office building. By decreasing the
storage tank optimum diameter the discomfort hours increase significantly. Using storage tank with
larger diameters than optimum diameter the discomfort hours increase very slightly. Also, results show
that the optimum diameter for office building is lower than the residential building.
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Fig.5 Schematic presentation of inputs of the Matlab from the Energy
plus and vice versa.
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Fig.6 variations of the room temperature for residential building with 3
m diameter underground storage tank for 123 days of cooling period.
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Fig.7 variations of the room temperature for residential building with
4m diameter underground storage tank for 123 days of cooling period.

AM 5L im0, y3m b 5SS b BT s e 7 IS

G, 123) spaes 316 451 ) Sl 0y90 sl

91

oS o Sl 3Skes 59, Suda bl Sl b @i
9y 2 o oyt ojlax g4 5 pleisle dlas o) (o0 S (Sej
5 obitle wlas Olsl s cmed 4 .05)J35 o b ) o)l
Sl oai Gl glaisSa laisle wlas wcul [ls )65 5 oliwds Cooal
o Slyie 19 Gomee Shte 2l cllss Sy Cueglie oS
Gole Y 20 em cubeol o 5 [19] il jle egazme yo yleisles
el ous oolaiwl abw g >, les 0 B em Cuwlbkal o plil L
sl ge o lazgs 5 o ey

S sl o0 oolitl 1 CM calbiesly S5jas oV 5l e iz
Calab iy ke ey slaJase (b 5 el et S5
A o SB Syl olae co s [3] e 5 5L el S Sl
50 &les,S S kg = LOBWIMK sae bl o288 & jsots |y 3 0
oolinal Shb 6y S Sl culs cuys ke ol i ol
oleitle mlas Culks g wlas Sl olss 1 Jooz 0 0l aalys
S ey el sadosls lis e BlLbl S 5 s 0,53 55
e 19 e 511 Joam 5o plasle wllas ) ol a5 ool
sl o gl Bl [19] ezl e

3 BB Geyailed Slebs plos 0 3580 (58 (F9Sume ) 0
Sialel s [20] 2009 (5,0l o it ccwl Sl Glel bl
L (gamdes 4250 24-265"C (o ) pob |y Giolom sl ()
s Al drg bl 00,5

s S 2 s il o3
26 g oYL odgasme 4y Suo3 Gulwl jlawail o JWd 8 iobepw
olo 9o yo aS ols las Lo gy a5 sl S5 4y o3¥ el 0uls bl °C
Slelo ales 3 575 e 3 g ezl sl ialo e e JLo Uy
Jol St ssledae Gloy 0)93 Jeds mad ol jao plp (o joba
Slp 2l g ol slaosls LB .ogd oo 48,5 a5 o jo 508 > U ol >
[22] cend s 5500 3y 53,5808 o Sl 51 05 5
2 Siledae 59,123 55 Gl hwgte sles (SsSme Glexslo sln
A8l g 6 USa )3 3M e Sl sl e GO (P8 Ol
G L wiged Hlaizle gl sl oadosls las 7 S y0 4m i
1200 o0 5o )5 iboyes 4 5k Bb1 a5 Slels ggarme SsKas
oS sgd e sonlic BM L L 55,5 033 Gike ly sl celo
2 o sbar |y (il GhaleT il oo sl 55,80 55 alepes s
S s oyl a5 26°C 51 5ol 1) BT sles oS 18 lele oles

0 p3d e s SB el dlas (Sondseys ol 1 Jgoar
Table 1 Thermal properties of building construction materials. Soil
and reservoir tank.

thikness K o »

e Wmk?) (k'K (kgm) s
20 1.4 960 2300 O
3.0 0.3 1000 800 =

2 2.9 880 2590 Los Kow

2 0.7 920 2100 ]
25,5 0.037 1300 35 onbal
1.08 752 2000 S

1 16.26 465 7833 opd 3P

10 o lesis 16 093 1395 5o ()3 SHlse (Swiie



80 S0 9 Ao plamuc

085 piths lgg T dagl s )3 (o) 0 4D 3 jke 0 3Lkl by iae) eafiane inlo paws (AS () 2

22

20

time (day)
Fig.9 variations of fluid temperature of the rezervoir
0y e J3Is Jlow sles il s 9SSl

Sga olaiSlo 5yl imlol 2 (555 0,058 (e b 36 2 Jour
Table 2 The impact of spherical storage tank diameter on thermal
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Fig.8 variations of the room temperature for office building with 3m
diameter underground storage tank for 123 days of cooling period.
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