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Analytical Study of Direct Cooling System Using Underground Energy Storage
Tank in Climatic Condition of Tabriz City
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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
Analytical Solution storage tank and fan coil are simulated in Matlab software. Finally the building and the underground
Optimum diameter storage tank is linked together and the performance of the direct cooling system is investigated. Results
Tabriz City 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.

Original Research Paper
Received 26 July 2016

Accepted 10 September 2016
Available Online 02 October 2016

Keywords:
Underground Energy Storage Tank

[ DOR: 20.1001.1.10275940.1395.16.10.37.8 ]

by guey oSS e Gries g aAleS (S)L> sladare (ne)
@l ool jo eilee Sl o 5l eslainl oSl
Joliie by (s 033 (3% (mizmen 9 bS5l laJus

ey ol o ilaxd T3 oolinuls g0 (plo S i) (S Sloceey 5o
Ao g HemlasS sl Sl olr Gl Gloye Sl )s e

Please cite this article using:

doudo -1
Joo 4 pleitle fale S g Galepw 10 ndy o slagssHl 5l ool
il a3l 5] sloams 53 Ceniliame b o fSike 5 o5 (8551 S pmo
2 O Ges led el ey pdganans glags il mle 5l (S
Slop slod I yiion Sy J9ad 15 5 Ggim lpe slos 5l S 05 Jgad
oy Olgrear Galoy Sl o Wil oo ey s (ed &Sl g0
§oslital .55 eolitl 5> iz Slaiear Ginle S Sl 0 5 )l

s Sl sladoe LB o it Golepw g Glale)S ©lp e

T Los oaliiw! J23 @yle 5l Wlio ol @y gla (sl

A. Minaei, M. Maerefat, Analytical Study of Direct Cooling System Using Underground Energy Storage Tank in Climatic Condition of Tabriz City, Modares Mechanical Engineering,

Vol. 16, No. 10, pp. 85-93, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.37.8
https://mme.modares.ac.ir/article-15-7940-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.10.37.8 ]

380 S0 9 Hllse pmc

0085 piths g9 T Jogl s 53 (ia0) 0 B D jke 0 3Lkl by ine) Eaiiane inlo paw AS w) 2

1

Tm_mom (— ‘UUI— 7—‘Ouldoor

Ti nFC = Toul.UST

Toul.F(‘ = Tin.UST

»
»

Inside Region

Ground

{L

2
[
J

Underground
Storage Tank

Fig.1 Schematic diagram direct cooling system using underground
storage tank.
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T(z,t) =
3600x24
T,, + Aexp (—z /%‘ZST‘) -
2T
cos ((t—tu—(z/z) (365X3600X24/ﬂa5))) (1)
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Fig.2 Schematic presentation of the problem.
Jo avaie uoles 7,6 2 Yo

el e SLLE S g (69,5 e S0 Ced g0 4 Jo
Opliore 5d o0 w8 S Led ST )90 4 Jlow e JB  09h e
0y Oy o Sl JEl gl Jaw o 1y (28 cnl [7-4] 5 5o
Lo S5 @jgon Jlw S 52855 5 5o b 5 B )0 ailes IS0
Sgdsa iy (B) alaly g0t & > il alolae

drT; T, —T;

i =0+ ©
v sles g dg) 2l Jlw sloo Kby oy a0 Ty g T YU alafly jo
dolan S 51 o3 35 555 e S S5 4o azblye e 25

ol g Cews 4 eled il jo colas

o*T 29T 10T
—_—_——_— —— (7)

a2 ror a0t
adol bydo)ls (g55m byd 93 g addsl by o jls Jo sl doles
sl (8) el 5500,

1(,0) =T (®)
O 3l ysd et Aol o ey sles il e 4yl Gles To a5
(9) alasl, & ypots 550 Lalyd 51 oo coalplts sl Tg b il 505 05050

JATGO)O
T(r—o,t)=Tg (9)
P o B so)las o Sl Sl bl Ssed pgs g5,e byt
29d o0 425 s

aT )
—k55~41tr I =0Q, (10)

T=Tpo
Qpo <5 sl 55 &y p3¥ el (50 o5 s o > T Qp
Oyt Ol | Qpo2 Ui elul p el piie g S Glojl ol
555 e (11) alaf

—k,— - 4| = [t T (12)
T T=Tpo pr
29 oo oaliinl (12) alal; sloyuitie o5 31 22, (51
0=T-Tg (12)

onl 09t 48,5 (LY has (7) 5 (6) ¥olea 5l (gjle anigr 5l an S

87

aels (@, =10 gl M ()5 joka) w4 Bas Sl ey sles
30 0wy o0 Ty ol (liee 4 g 0ols s jlonne jsb a1y 055 &l s
S Fomb GU s 4 e oS caload (558 dlis o s3le Jue
oS S5dce o iy S psky ool snd 4B S Ll s BM oyl
alols )5 S slod Judo (e el 48,5 )18 Coloi o S 50 (35e
wd S Sl Ty g aldle ol gl b pln o35 5 5ed Sl
D9 o0
g 0liial TG i pygie 5l Ceand ol o aliews U (sl
Sham 2] onSee S eslinals e ailes > giludae 196
O3 3l Jlw (295 sles dnaloe 0920 dm Cond [5G b Arulxe
J> Gln 08 Olo sl st 63959 Jlow slod 5 (28 il 4 0055
PR eimes 3gd e 485 I )3 (Ses S (Sl (olyS s
Slod 45 ol 43,55 S 5l fes ) o) 0D ie 4T 35 0

el Laore ALl Lawgie sles b plys g 059 i T el S

G &b dpulmo-1-1-2

Wl 0 000 (Li G il dpwlee (gl altas J> Ssled 2 IS8 4o
Syl JEsl Gl Te Jlew SUIL glod dslne Cad ol o GBu
(2) al) Sjg0 46 pb IS 4 azg bl Qf Jlow ) asdly Jla!
D9l (oo iy yui

Ti(t) — Tg @)

G)=k
(&) = ks 0

5ol slade a5 el o S Jols Jhw )l cud )b by G 2 S s
...\{lso Cewd @ (4) abayl,

Ci = pVicys (3)

33 oy sboS Gpp g ghaite mhaw Vi o JSs Slo pr o3) aka, o

o 4y (4) alal) 5 a8 ol fyimem Jlw Caaglie Silo Ry 2 S5 50
IRV g

1 Too — Tpi (4)

I
2
4‘|'rrpihc 4‘|'rkprpirp[J

pr = Rconv + Rcond =

op>d P B s A gl s A, 5 Ty (4) akl, o
Jew ST almle cupohe 5 i (Sl calae cay kil
D9 g0 dumlins Comadil oyo0 dlayl ) sl dlg) olmle oyl ol dg) 5ls

12]

h. = 0.098Ra®3* (5)

Jade jo Sl 8t ool cuys laie oS ol S8 a4 ey anl
OV JCHN JNY | IRV RN IO S PR RIS O CHN [ (5]

! G-function

10 o plais 16 053 1395 (55« )0 Splo ks


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.37.8
https://mme.modares.ac.ir/article-15-7940-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.10.37.8 ]

by 5340 9 2line pame a5 s g9 T dal iy 53 o) 083 v35te o 3Lkl by o) @aiiame isslo paw kot ) 32
e o ) anlgs s (14) 5 (13) Ly, Oyso iy 45 3,5 iy 3 s ¥olas
f e“40¢(s)ds = lim lim{es“6;(s)ds -
/ R-+00£-0 fowel
y—ioo i 1 1 Qf
- f e*“(s)ds} (Cis +—)0(s) ——B,(s) = — (13)
IR+T+AB+CD (25) Ry R S
_ 25 =
2l ol oS5 ke ST 53y 2 B1(S) b Sl azs by TO0) 20600) s S (14)

Or(E) s 3 03550 Annlima Br(E) b Fidie osSxe WLY oS

6 =% 0,0 _Laef)_)

S = (6t #(0,1)) = (61:

005 1 5.(s)d

Pt omi e*'s0:(s)ds (26)
TR+ +AB+CD

S5 Sl ax el o pln T, 5Ty slaginis 53, 5 JLS51 o
ey (27) alal, &y goa doles cales,s =2k,
06; 2 =
— = ——| e"sbi(s,r)ds
ot 2 .7
AB

(27)
Cote (Ghdi> 30U A5 3,5 Cyywi S = MU Gl AB mhaw (59, »

R

2 _
= —f e’'s0,(s)ds
2mi
0

a6 1 ‘
—= —f ul(u)e ™ du (28)
it =
0
Q] 4o as
I(u) = Im(6x(~u)) (29)
4 (30) akal, 511, 04(6) Wlpe 50 o3l o 5SS 5l oolizl L
ZO)BT Cewd
L ®
0(t) = = f[l — e "l(u)du (30)
T
0

slos ;o Salesys (22b) 5 o5 5l am su = (as/17)7 st i b
Dl e s 4 (31) alal, 5 Jlow lavsgie

v + iR

N

y - iR

Fig. 3. The contour used for computing inverse Laplace transform.
i LY dcule (gl oolitul 850 Heuls 3 S

10 o plais 16 0,53 1395 (55« )0 Splo ks

or? r or as

aalss,5 (16) 5 (15) daly, ©)p0n iy 4 55 (11) 5 (9) 550 Ll

W

8(r > ,0) =0 (15)
_ a6(r, s) ) _ B:(s) — Ep(s)
S ar - Amr |T:T - pr (16)
po
ol (17) abasly & 900 (14) dslae SIS Slg
8(r,s) = A(s)

———— + B(s) ——
2ry/'s/ ag T/ s/a, (17)

0 ke ghlor 20 o cnly G alaly gl oz a5l @ azgi L
Colesyo oo v 4 B(5) (17) doles pgs 5y byd Jleel b

s s 4 (18) alaly & jp0n P (25 e ;3 Led @

- 0:(s) — 6

fyn(5) = 2D ) (18)
p

QT 4o as

() = :
= Ak (L + rpo,/s/as) (19)
gy (20) alal; & jg00; (18) akasl, (5L, )1 (SilL

1 _ 1 —

(@4 2 @NB(s) = e (I04() = 0 (20)

sles @355 Cules)s Wgdion Jo Glojed Ojg0a (14) 5 (18) w¥ole
g Cws 4 (21) ala; &0y LY (b 58 Sl

Q:(Rgp + 9(5))
s(1+ Cis(Ryy + 9(5)))

éf(s) = (21)

Sy b sowile anid 5l sslizul b Lalise axmio 4o 5,51, 55!

B9 (oo oolatul ugSae WY Lo aculoe
il (21) g0t WOLY olKiws jo b S

B¢(s) = LIT¢(t)] (22)
1 y+ioo
6:(t) = LT = o~ f e'Ty(s)ds (29)

S 18 3 yie 5 185 133 S L5 b LS > sl
“5...'95 srosile aad O"‘IG u.:l).:Lu §.>)l..x.3 3429 Sloaile = 3 Jg..:

f eStPi(s)ds = 0 (24)

88


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.37.8
https://mme.modares.ac.ir/article-15-7940-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.10.37.8 ]

by 5340 9 2line pame a5 s g9 T dal iy 53 o) 083 v35te o 3Lkl by o) @aiiame isslo paw kot ) 32
g ga ol (39) ala, 20, [
Ti(t) = Tg = — f [1-eF?]. f(2)dz (31)
T
Tf,out(t) = Tf(t) (39) 0

de & 5L Thou(t) st abid )5 (295 los e sl
ke 4 505 (38) alal, ok Qplt) ambone (sl 45 o3 el Q8
b ln s (o (b 5 Cond 0l 5o S Gaod - Eansl T (8)
Slr lade S Il G na osdise odlanl Trg(8,) Jlade 35
Qs(ty) ;oo (38) aolao 51 eolital b (w895 o0 00 (wooTyou ()
O 995 0 Al Ty(t,) Hlode (37) woles Sl jo 0T o s 4
Slade gl oo Caws a4 wpum Trou(t,) ke (39) wolso 31 oolizwl L
3,5 o duslie adgl oaion; oz lade b Ty (t,) saelcwssd wax
aalsl gan ile o8 43 0l 3 il 107851 208 ke 55 ol BYS S
Sladie b Trou(6,) odelissay oz jlade sass &, el cpl 514 2l oo
@Fer byl b Gize b adl> (nl g 05800 iRl adsl o
sl e el

W sl jao ply s patein Qut,) jlade g oh9els oloj 5o
9 Som 2 5 (o B9y 4 3L (295 50 Sl sles 035 I sl
29 o0 dlome oris O304 (37) abaly 3o Sl sles

keS8 ol gilwanl -2-2
Sibwdoe 53 098 oe oolital o= NTU (g 51 hsS (8 (s5luand s
o3 os S35 S P SO rgmine Oyl Jlil s oS spd e (558
Ji55 08 5l 2o lsmgol sles alme L5808 (ileand I Baa
sl el isS 08 4 ST 5 Isp (amie (639)5 sloo 5 (o057 20 T3l &
el gyt buzme slop 55 T 69955 5 99550 GBI & sS85l 2o
(42) 5 (40) Luly, ©ppos; Jowe 5 (295 T 5 lsm slos oS 0% 50

[14] el
Tinroom = Toutdoor + E(TOutdoor - Tin,FC) (40)
Tom,FC = Tin,FC + C(TOutdoor - Tin,room) (41)
(_)f (fn)
O ( Or (1)
Ok (1) e
4% I ; Qf (tlr)
I . | Ql' (lrr-l) I
(_)f ([2) % I
| I L
| T |
| | L
1
0 11 ’l IS lp) 1y >

Fig. 4 Stepwise varying heat flux.
gl aes s 4 Sl

89

il (32) alaly &y 900 f(2) (30) alad, 5o

szo (pr + ¢(Z))

1@ =M g (R + (@) — 722 (32)
:Q] o as
i
P(z) = e =2) (33)

oo iy (34) alal, Sjgo 4 f(2) @b s o)lps sles Al sl
D¢

Tp20¢(z) (34)

Giz3as(Rey + ¢(2)) — 152

f(2) =1m(

Spdign ity (35) ey 904 G e 0

G(t) = ks LE:L: Ts -
2k, —roz].
= n Of[l —e F ] f(Z) dz (35)

Soge 4 4y S bl o 4,98 sae Ko Fo {(35) all, o

Dgds a iy ya5 FO= at /17,

=955 Jlow lod dnlno -2-1-2
4 Coomdd ol 5l Bom o g5l (43 531 Laly)) G b 8 conad jo
oles b e slogs g Lo lil & (295 Jlw slod 5] Cemd
by o Tl ol G ab ol 5 osliil b oS 3o 4 6559
55 (50 )R (o) 3590 e

oy JA Jlw SIbles bl G35 S Sl (295 sled
k55 08 5l (29 Jlew sled s P 4 (639)9 Sles Al (00 0538
D9 (g0 4B Sl o

4 (36) abal, 31 (Qr) @l il Jloel (513l & Jlows broste slos
oo s

1

T =T = -0 G(1) (36)
el sl essay e o 2l Sl Ul &5l (36) ala
5 o) oS fe o JUEI &)l Sl Cosdly po aSpl 4 a2 L
ol 3l oolil b aiS oy Gloj 2 (Q) o5 Sk (e
aal, Gl @S il bl lp [18] Jelogs andd (aies
Sogodr Oloj > Q) ST0ls anwgs plesl it slajl 1 1, (36)
Olfise (37) bl 5l ool b &0 cpl 50 a2l 4 S atanS slal
2,5 duwlxe alasd 2 0 1) Jlw lavgin glod

1 n

Tf(tn) = TG + k_SZ(Qf'i - Qf,i—l) G(tn - ti*l) (37)
i=1

4 (38) el 51 Jole Sl 5 s o S Sl JUal 5 s

e o

Qf(t) = Thcpf(Tf,in(t) - Tf,oul(t)) (38)

97 0 Jbw o Trout(®) 9 35 69939 50 Jbw bos Tiin (1)
Oypods 29, sles cal do Sl jo Jlw oyx g0l (35

10 o plais 16 053 1395 (55« )0 Splo ks


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.37.8
https://mme.modares.ac.ir/article-15-7940-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.10.37.8 ]

380 S0 9 Hllse pmc

0085 piths g9 T Jogl s 53 (ia0) 0 B D jke 0 3Lkl by ine) Eaiiane inlo paw AS w) 2

69955 2 sl Tinpc @33 35 5l (295 <l slod Touurs e
el oS 08 5l (ze ol sled Toure 9 JisS 08 &

3 e Jli8la s glacsogyg JusS 08 5l 2 ol (20 s Lo
slos 5 G (551> b cogrm Lo lon los rizren s (O
g9, ol o cdio Jl38le 5 ar (Bl (65,0 185 slagsss,s (3L
el ool Ll 5 S o Ssleds O jgods b 29,5 g

oad aid)S i o1y = 0.2Kg/S GUT 4 5399 sl o mersSle
e Slepgaie Sigo 4 g piie GBI 4 6395 Slen (23 el
S s 02,02/2,0.2/3,02/4,.Kals yiolie imy ad persSle
el 00l il 5

3l oo SEgelETpdsy Djge (e 0D GiFee J S e
bl g Soll ey 0250 O35 3l (29 @l oz (29 o, Sl 5o
JesS a5 a2 oo lid bl 0gd oo a8 S L5 o 1y, = 0.2kg/s
s (5 9Skes 3 gugeie ydS G oz ol ez 20
S (Feey le S

W9 io-3
Con 8,50 gull e g 4310 mlS ouw jlael 4l cwadd ol o
S oo )P

o> e 2 eop w0 sladlas wl S5 4 e
Jsed amlio 5l (o Jliel sl Jdo Geed @ ais S8L (o) )
oS oo oolainl ol jLa b s cdls s Ll

oo 040 4B S Jas 0 =045 Jg0 ,0 (35-31) wVoles 5o
Sire by bl o baamo 10 0,5 S 5 &l JUil s 4y o
S5y 5 Led g2y (34-31) Wolao Gl > iz ;5 050 b L
Al o 50 (44) ey 550 4 05 o

T(e) = T = —4 (1 - eFoerfe(vFo)) (44)

AkegTiryg

S b Jlael Gl 4 0,8 o)l slos que abal, oylon (44) alai,
oy oaiad las 4 all oo [18] az jo bl 50 )8 Jloas jo 2ol Lo

bl oo dlin oyl jo oads &l >

5 aldle sled lawgie (il coioll oy b Slowlxe gl
3590 digad plattlo 5)lol 5 HsSane 6y 50 .2l 12°C 0 ]
25 o )8 s

Coolin ¢ load
7;’utdoor
7;0()]]1

A

v

1T room
Tin room

Fig.5 Schematic presentation of inputs of the Matlab from the Energy
plus and vice versa.

oSl 5 e 4y B (6551 slaisg g 5l (Sileds 5 S

10 o plais 16 0,53 1395 (55« )0 Splo ks

€ = 1 CRexp(—NTU(L — CR))

g gn i35 (42) el ©y908 5 el ()l Jane b o e a8

_Q _macpa(TOutdoor_ in,room) (42)
Qmax macpa(TOUtdoor_ in,FC)

woliylzd g0 ohg lgp S cpa den oy oo, (A1) alaly o
299 &lgp Gl (e Slr o w55 2 Tinkc 3 Tinroom Toutdoor
el Joue 45 689,59 < slos g 561

lsagol (o)l Slasiin (hsS (B owiin Slasie 4 b co b
oz b Gl Joae Sl o)l (S Jlw 50 2 (02 (295
18] e (43) alal, 900 535 oy gl
1 —exp(—NTU(1 - CR)) (43)
el JUisl 9ol slass NTU 5 CR = (tiey) . [/(1ne,) oS

max

g5 (B 9 (o) 0y (350 b lais L Jyo5 -3-2
Sl o) 0B P ] peliae odliiul (pw)p Baa Ced Gl o
el 325 el o diged leisle SO

“140 (6 b Lasl 5 kil 600 551 igas Slailo gl caond ol o
slad &) aigas (glisb S5 600 5, Jailiasl U1 el ous el [15] 22007
30y 2X3m slal 4y oyziy g0 hile GGl cpl g cenl 8% 6x27m
Sl wslazd F 108 ey oS 5120 em gl )l o ooy ol i les
bl )¢) SLboT lajlgss Koo g )l Jams b LS| o chis § g
b Jate Sygo a4 3b1 S wiloass 488 i s (wlive (dasee b
el o0l 48,8 a5 (o e

g Sl el ot 418 i s a5 Sy Bl sl o3l sl
ars b [16] 5500 48,5 L5 10 gy fe 8 (1 BW/M? Joans sl
gy S b Uds eed 45 casl o 48M2 Ll 361 el Skl 4
e o a8 8 L 5 BW/m? x 48m? = 240W

ot oolial il )S hlog 5 pledle n) 5 (wlol (L2 L
5 Oseal S a5 Celond (28 G ol yo 0l (oo Sglize T S5
b e s 93 nl sl [16] o ol o)l 0525 Sgals’ S
il e 0.5 ACH lsa ssed &5 il o 250W _L51s

obitle 5 wishioo Jao o Jl38le 5 55 JisS (8 9 0SS (55
3 s 00liinl oy p (sln 09d o0 Jae O 3 JIBle ) diged
e 5 o 55 IBle S RS & 5ls aiges GBI s (e 035 (e
o5 555 go osliiud MLEF GUI a5 5 s i3l 51 jshiie oyt -
wdlaroys Wilshoasy oS5 10 [17] o, op g JUyy bawys MLE+ GUI
b o e ey ekl 5l solizul gy Ll ol e
I3 ol sl oatodls angs bl g5 Sl 50wy sileaie
loiign Jas Ao 33l 5 3k 5350 158l o o Olyisa

olorw Sl Py oS e ) el oslinul 5l (Sled
obed 0 0,33 e ol Ol il sadiosls Gl 1 IS o lessle
e 2losbion ol oo (2l o (ron 5 039 bles S L
Sy 5 BBT 4 (59959 slg Ll y0 9 a8y isS (8 4 (e 0 (e
sleo Tinroom 09 Lee slsn sloo Touoor S5 ol 5o auled oo

O 4 39,9 21 sled Tipurs «3U1 Giabo o sl GBI & 39,9 sl9o

! ANSI/ASHRAE Standard 140-2007

90


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.37.8
https://mme.modares.ac.ir/article-15-7940-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.10.37.8 ]

380 S0 9 Hllse pmc

a5 gy 99T Joalyabs )3 (Hao) 083 U 3Ro 0 3Liianl s (o) padiame (yinalo puw S () 22

bl

a5 35,00 YL 26 °C 5l leles 51 (g b 5o 361 slos 95 59, B 80 ;4
3m k3 b oopeSd P e g, (nl 50 &5 aedo0 LS sl
@ (an 495 55, 5) (el )T 090 ST slajsy o il $Sils> Wl oo
0y (35 s Gyt e Slod 5 pleiSle )l b GhelS cle
o] pas lebs ggamme S 03,500 1) 5 Gale] Wlgioe e
ol 2l 107 Ll 133M Jlad b o583 (35 sl

b (i) 005D (3P i 45 S50 00 odaline T S0 4y axgi
Gl el & ol Gialayer (9 aled 8 (g5 jsbay 4m LS
b 5955 (seey oS e b bl pae Slelo lade ool BT (55>
el el 11 ol 4m lad

27 “l
26»- w
L
: m' | W."\‘&\‘,‘ h\ il H ”1: H

time (day)
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.
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