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2 Water storage

3 Rock bed storage

4 Movable insulation
5 North wall
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1 Thermal Energy Storage System (TESS)
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1 Earth to Air Heat Exchanger System (EAHES)

YYA



Tm Tr
0= J‘T‘ mGCdT +manAh, +Im mCdT (v)

O =m[Co(Tw ~T)) +aAhu +Co(Tr ~T.)] (v)

sl p &S

(315 il ay3) gd sloa: T

ol gy &S odle py> 5l gyuS 1 a

(P 9kS 2 Jo3) ey 219 > ©9d by 2 4h,

sled b adgl glod ol > ael> 516 (gl bawgio 055 slo)S : C )
(sl = PSS 2 Jsj) 292

slod B ogd slad 0jb o wlo 5B (sl bawgio ohg slo)S 2 C)

(cnslS = Pk 2 Jo3) 2l

banbye s (glo)S =V =¥

3l o 2 08 0 b g 0 Gl Sl ez (555
e 4 (5500 0D el 15bo)S 5 151 )8 obewd sla STy
03530 ylys Ll Al b l5ee 5 (5STly (slo)S c00iiS 0,50 03lo
Do o dmolxo yj dalre 3l ol

O =amAh (¥)

:O‘ ).}6
03,5 ¢S b Sy 3 aS odle p > 5l g yuS 1
(538 2 J5) 5105 Sy oS 2 A,

L yislol ploil Wig, 9 old (55w o3lel 2950 - Y

2 9ol (b piole)S w9 SIS I (lojlesjbo v IS5 5
s (] Cal 00 Q)] g8 )05 g () Sl (Bly (sl ¥ S
il 0 St o lial 5l gt yon

(s y > (gl SIS ‘Oi 5O 0d duuxd L;)I);’ sl Jio 5 Gl
a5 o3le 0dimdls i odle (gol> (gladlrize olpen & ;.j O

uT )9.»\}95)“» Ws)».ﬁl Lod )b):.b.)‘.) ‘oma)’lé

o 3 odd s Syl Jaee g aldS —) Y
iz glgil 3 iz Y gase g (gl glUllS sl jl
aSepl & ang b 5o pl 53 055 o )8 eolatwl D)yge 5 0l didlu
S albds mly s ISE Gle 1w Yl e S (1l )S
ol s miadd Ola lise Y 5l g Col GG cud b B )b
sokaie 4 A58 ISl i WV ] cwl )b 1) Gla e pSTas oS ol

¥ra

oS polae (gl g 00g glaio S aw 5l @ipe o & (gl aid)
ol el @peyio oSS AVIY a9 @peyio 32 )5 kS FIAY
o |y ond 1B s slge 48T 05l Yy yol cpl ol plog] Gl
okl 3y90 (g5 o0 LIS Cugl) JyuS slp w9 (551 003 Sl
ookl (e ygd (olay SIS 5l Loyl j3 a8 Sldllae eled (> by )3
alen 3l g w83 18 eolitwl 3y50 50,5 lon (slayeSIS LS ol
Oimgss ol Al ) Gun casl oss odlizel Sl 86l s
Ol 93 85 ol WIS gl (6530 0235 it So 2L Ol (502
@ o) B s odle g Canl o odlil (K ,5 Ol HgSIS I gitaas
o9l ()l s ] )3 el 43 ) 4 (655l 03D lame (lgis
I8t 50 S s S sl SlsdS 30 gla (iole )3 5

Ol &5 03D gaAldlae Y

o33l 3929 ()l (5553l g0y sl gy dw IS yob 4
SiA sopdd 5 pled slo)S L il oD fgeine slo)S L 3
wstliondige ) by &

ogeee gloS =) =Y

ORIBIL )l il egane Slo)S L g5l 035 slaptusd
wlo)S Cud b dyodd 080 Gyl Dgd 0 038 lo b els S (slod
ool danly 048 04,33 odlo py> g Lod Clpuss (6551 (5050 lame
Do o Aoy doleo | ol 08> (slo)S

0 ="' mCdT =mC.(T,-T) ()

ol &S

(Jg3) 0ad 033 &lp> 2 O

(315 Bl 4 p3) los sled: T,

(o5 (Bl 4> 5) adgl gl = T,

(3)5515) 63)3‘ oS °)¢.—'>5 oo py>:m

(CnolS = £ okS 5 J93) o029 sleys : C,

2 J93) ol slod b adsl slod o3l 53 Lawgio o9 sle)S i C,)
(8 - 155

ok oS -V =Y
2ol oo @Gl ols slo)S b 55l 0SS lapiuge 5
dslze )1 odle yd 0l o).:.">:> C")‘P g oo ook 56 geves) J..J)s o>



FYE B FYY doxias YAV Jlo oY 0)lesd 0593y pool SilSo cwobitgo & il

O sy SIS (Sdly gy s ISl izl | g 5 ke
o 9 oMb 4y SB e il O i)l 4 clgis (59 bl 5
et elols 15 s SIS S 3 (Gl e gt &) (e 4
s 7 a8 gy 0390 ol Vo )S0aSG I S ST )5 (qe Ay
5y S o ) 535 g 2,5 15 S g sl 5 o
s 25 e Y gl 3 by ol Calgg 2 o sy o 23
92 Jlod ladrg 3 (cue g (pizmen (Y JS3) 285 )3 LIS
Sosbods b 031> dlael baojlesy 6yt Bl Vo alold > GlS 300
0S5 3 (gyte Bl Vo Lo,y (050 alold 4 dluel ¥ odsg ya yo oS
oddliio oo dg) dusd |ty S Gl gpr0ad ¥ JSS > a8 S )08
g yioako /P ()] Caales 0dgy gl piid duw (aume gl B 34 0
dor SIS S35 ()l Jae 4 5l gl 20 YA o IS Jobo
Ll (Gliwe Juad 3 SIS gy SV gams S| () s olS i)
(0 JS3) ws

S )93 (sl ygSIS =Y Y
5 "j aalsy oS Cul HeiSlST iulo)S i ol sl 5l (SO
b yeiSIS cal oy (b ) sy Slainds (51 53915 g

Fig. 4. The cupric tube in the edges of greenhouse
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Fig. 1. Schematic view of greenhouse and heating system
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Fig. 2. Actual view of solar system
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Fig. 5. The view of in the greenhouse in first days of planting cucumber
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Fig. 3. The cupric tube in the floor of greenhouse
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Fig. 6. View of tank
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Fig. 7. The network of PCMs
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Table 1. The thermo physical properties of used paraffin wax
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Table 2. The characteristics of water circulator electric pump
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Fig. 10. The comparison temperature of surface of soil in two sequen-
tial night with and without heating system
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Fig. 11. The comparison temperature of 10 cm depth of soil in two
sequential night with and without heating system
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Fig. 8. Temperature variations in various heights of soil of the green-
house with heating system

i b G355 S aliseo Oleldd ) 45 bod Ol puti (A S
ilo,S

30

=8—0cmdepth
=@ 5 cm depth

10 cm depth
=—=—15 cm depth

28

26 §
24 ¢
22
20 +

18 o

Temperature ["C))

16

14

12

10

0. g Q; \7‘ /. J. J' "‘ ‘]. \7. (. J‘ ‘7.
0 %5 % % Y% Ta %a % % T Te % %

hour

Fig. 9. Temperature variations in various heights of soil of the green-
house without heating system
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Fig. 14. The temperature variations of internal space of greenhouse
with heating system (first night)
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Fig. 15. The temperature variations of internal space of greenhouse
with heating system (second night)
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Fig. 12. The temperature variations of internal space of greenhouse
without heating system (first night)
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Fig. 13. The temperature variations of internal space of greenhouse

without heating system (second night)
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