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O ABSTRACT O

In this research a mathematical model for solar store is organized in which save
the heat solar energy is saved for different purposes such as electrical energy generation ,
heating , or bio-energy fermentation and many other uses .

This model includes a mixture of heat store substances such as sand , graphite , sea
water , the dark cement rocks .

The equation of the model was arranged , and solved by using variable values for the
shape , and the dimensions of the reservoir and the percentage of the materials in the
mixture by using a computer program through which the Matlab program was based on ,
and was practiced on two kinds of heats store mixtures . The results was converted in to
geometric curves through which the comparison can be made between the two mixtures .

The results showed that using a mixture of the sea water and dark cement rocks
model gave better results .

Key-Wards: 1-Working Fluid: 2-Energy Source: 3-Mathematical Model: 4-Matlab:
5-Reservoir Dimensions Solar.

“ Associate Professor, Mechanical Engineering Department, High Technical collage, Muscat, Oman.
** Associate Professor, Faculty Of Technical Engineering, Tishreen University, Lattakia, Syria

150




Tishreen University Journal. Eng. Sciences Series 2009 (4) 2320l (31) adaall dsxigl aslall @ 050 daals dlas

- -~

1 Y-

O3Sl &l B e A gl dags L & (g Bla da g ) Bl o addeall e
1990 e b ail Cun cgysia¥l agisll Tl aladiudll aje 250 sa5 (gl gsall G & CO,
%23 353 ASyyaY Basiall Gl A il Glaal) Sl 1 e ol sl 24.2 350 allall )k saa
1] b Gsl 41.6 35amy o V) Gl ) A phaall 40l 115 Cagas 2025 ple s dagylaall 40
Gl g . AaEy A3l Aegdal) Glsal ¢ Jalall AN (sae s ¢ gshds aoge o o8 41D 2ay QB))) 14
¢dbad) Gl jalias AL.::\!} e aall Blagll JSo slany ang caiallall 038 5)shad (g2 4aa o) gy ¢ Lalal)
@ Aadie 5 dahie @llad) s M ol A8y Cpagyngdl dBla ¢ ZLI dBlac dpuadl) A3l i
)l leae s G zlindy Gkl By (8 bl Lt Y) cplasany)

dgudt g Allg olaally LN A8l e cain ) i 50Sl) 5 dagal) jaliadd) (o dpuedd) A8 s
O [2]g sl 18 (o Abarag Aaaly il pds g ¢ ALl Anag Basana pe Glila ag palall ¢yl
aaly (Guad) (e 43l el A8l ad gl ol Al alag) dal e cluhall e aall eha) (A Gsala o Lalal)
AU o3gd o sl Jal e cand) 138 8 L caig cuadll LI (Sl 58 aggalad ) il gadl)

5 Uay Lpusedl) 28Ul \giey cAiglail saaaial) AU aladid Jlae b sane calaladindy iy llia
C[B&A] Winypsmsa sy pila e sl ¢ Annalll LAY e eyl oladil) o

AN adae alaain) ) gls¥) dhass Cum LBl a8 Cpdag il ¢ suage dpsadl] A8 (A ()
Aalall v ((Say Gy bia dsa o (ggiad apn)) Agiee G Aasin) PR e ooy mape JSG
Lo Laals 5% plail) 138 e . [5&6] bl (aheV deriinws asiad (Al paa Jlsa Sl suai 3))all
Bhall Jame Glua gy ¢ A0 (A Aphall lglda e (G JS& plhall A1 slsal) dulys s 1)
Gl 8yl panl) aladin) 5 il . L) Aalal) die 5yall oda aliaial Jane o ccanSall il 8 g3l
- [8] dila 5ales ale Uslae (e cpall Clpitia Gy 4 & ¢ [7] 4380 oalay Lgalls aay pusadil) 25U
9] 4dlSa s Ay Leailis il colall po Jon Kolaal) Jadis 8 (el dlae Auslyy i lan

:4d)aafy ) Loaa

dafily 3y5puall vie Ailall o3 (58 AES A Lplad dpadil) Al aladind) 8 dpasieall JSLEA (g
A3l oda (A Al ) Caag s ¢ W Aagdal) (e sla gisal) 2000 dapphall Baliin) & cJualgiall Caall
Cia) Hsday adl el cpuSiledoll Jie cpm¥) glis ST 3 Bigias Adle (A BeUS 3 alse B
Je ARl Bhall aladiul & g ¢ Jsall s el (gemy S s (hA ) 25 4y ¢ A
A8kl o3 alaiuls ¢ QAN Jaly il AKd 8 elsedl S el el OIS (e L) luas Bk (e 8y5 pual
sl Jia pedill gl (Anl AgleSl) Al Al B JES Gl e o p8ke JSE W 0sS
RPN

151



YT IVEN Gsmlall aladinly Lpad A8l pene & Al s alaATlY Auadsail) Al

Bhall S Cluss @ball OPAN e Lgalatind (Saall Clgdall (o ues Auhy ) i) Caagy
OHAN Ml ey el s Slelu s Jal e @iy (AN e lesns calll Bl GaaSy A3l
P Bsdall) Jadsll e ol e gl A3EA) ehal A ¢ (gyhal)

LS e s %60 + a ol %20 + dsud (y51S %10 + Jey %10 1

Al Gl Hsdia %30 + s sl %70 -2

10dlgag Ciadl 3k

:AEl Clghaally dlaall Cinnll A3yl (s (e

Ll B g e e L (S Gy e pnal) AN Culia pge slial —1

sl die Aalall aud 55 (Al A il A3l 4aS yaas 2

Jppad) 5 onadll (apaill A8 Ladand) winbin el (34T (hall (hall aaa Slaal =3
bl ) Hlasl S (e Giaday aie (35S Lain e llly Culsall (e Wha

sl (Pa Aplladl) Gl GaaS A1 4l 5% iy sl LA Gansiy Bpdial) Raes lid) —4
Cnll g aage gy ¢ ouadll G paill Baraall el

((sle sl ¢ elon ) 5ygpall vie 5 pall AL sald) 4uaSs e paas S

Slef el Hlial spdall o Sye Tadd 8 Lpesadll A8 (53 Alaad & 5iall 3 saill (1)JSE G
LS z3saill o fase (adliy cosllaall gl JSEN ddy clysiall any i zhsall 13 8 o) S5
Bydia J8 O lpnaliaial 2y 3jha JSE e 28U (33 ddee Ty ¢ ounadll g DU A edans ety 1L
Llee et Glld day chpme LGN Zeludl 3p0my alaeY) lads Juail 28D 038 oSIE L Gaill s se ge 3
s e el ehsel) el L Gub oo ligind) ) Ledlads A3 Bhall Can (S edaw oS 30
cball Jalil (s BN DA e e i) e

152



Tishreen University Journal. Eng. Sciences Series 2009 (4) 2320l (31) adaall dsxigl aslall @ 050 daals dlas

S Aulle Ul je (e 58
sy siaall Lot

7 39 30 a3y 338

djle 4k

. Sl dals
LSle Ul

.C)ﬁ.d\ é)))d‘ O)}Sﬂ A ) . gké

: gl g dgall
Hld Jalee Jlic) Lo ol 8 clele O DA HUaill 13 8 5558 B0 &) Clea (Sa
::\:\St\“ Adaladll dé} 1— am JLMH\ ua\.a.a:mm

Qt:amJ.PS dt (1)
by e awad ) 5 el A8l e 3sdiall ladi (alaiel delee hausie or,, = das
i) g obal Adgaal) AR (e oBAD) Jals leihud Sy ) D e Ll ol elsell Al il L Cagulall
14 gl Hhallg sedall 8 43658l Shall f dphall A3jlsall Aolea (e
_ 0,5xQ, (2)
w
Cpvﬂ(tmf _twi)
- [10] Lamall (e 4l cidal Jadall 8 Lealasind @ ) olsall Ciliaa ()

gmilal) malip Gigha

el &) zasal) Gulad o olial 3lgll Jabaall 8 Aial) lshadll By cagulal) maliy dac)
(Bsaadl) (AN ke A a2ais Al Sl (e ddlide WD o gyhall ohal) sl e HlaeYL 38Y) e
Matlab el v OIS Jalls

153



YT IVEN Gsmlall aladinly Lpad A8l pene & Al s alaATlY Auadsail) Al

Qgmlal) el Juuduad Sl ghad ], anua

GIAY + el i) and

b ) ) i) 38
&mJY‘ 13 Q'AJIJ\ 3 (_bhl\

Lo gl 5 ) jal) g ABUSY ad e Apad ) Cila glra
il Jiludl

aall il dau gial) addll cilua &l glad
sl

radil) b gl A8l auid cilina

B aaddl 5 ) ol aS) il s < ghad
Jaudal)

Jiial 5l adl Jautl) Ates Gl &l ghad
Civaal) Jilll

MATLAB ) galin Jadi

Glpiadall g gilidlf

Gilgnie ) lelisat 8 lly Alalall gl i ¢ asmlal)l malipll aaald Dl cigulad) galiy

s el a8l Apeatin

F R W)

(ol (ghall Al mil Juadl o Jpanll z58al zigall da 8 Gosulall maliy aladiul o
Gle die amn (Seall Al e Ll aaSy cdiaall Bl aS luay ¢ dgall badld aal (padgas 335 @llag
Saaial)l Gleladiad eadl)

NS e G Clels gl Anaiie il e Jpmnll 8 zalind) 138 (30 dpluall Gllaall eha) 22y
(2-6) IV e Lie ay ¢ S5 JY) ¢cpmdgaill

ey Bpdall o Gndgail (el Gy Clels 9 P A Bhall LS milin g (2)JSa
L dsal) SIS Aaal Bhall dueS b aliil) angd Badl ey cAibiaall oAl

il (o yaill Agiajll Baall (ks DA Al )hall aS AN Beae p AR (p (3) IS Laiy
1 R AL Al spdall e B 23 sall) o ey L

154



Tishreen University Journal. Eng. Sciences Series 2009 (4) 2320l (31) adaall dsxigl aslall @ 050 daals dlas

sl o3a A5 cled) Jpeasll oS Ldall B dan ey (BN Gae G AR Cp (4) IS0 Laiy
On A o LSO ha Gee ke ddlad) syall cilayy o i aiay ¢ S 23 gaill dliadl cllia
Dals - A 723 sall Alad) L L o(5) IS Loty 453l )pa)l ApaSs Lndand) dtalisas ) paa
Bha 4 oY paadl elall 2uSy 2l Tl 5ha Aads AN (ae Gn 3D il g (6)JSS
AL L) Al opall o s (s ¢ el Gl e Aol 12 IS Leanas (S (s

JEEYI 488 Ly 1360 W/M?2 - a5 d8lall el colill e cuy gilluns 5t 238 aes ()
ol ele s of cndl cljlid) aea of LS L oSlel il (e oS3l el G Alhe A gAY
(B z3sadll ) Jumdl) il AN Ciany) Hsdaag

x 10"

4-
= =)
= =
o 5 34
T O
3 &
i S 24
2 £
'1 =]
= 3
o) @
2 > 1
3 =
.1 5
' 0
3

0

4000
2
15
SN Jsha 1000 OIOAY Gae
Resenwir length, | in m. 0 o

Resenoir depth, d in m.

Lpsads 48l Jiray puadi s clobu g Jal e A58l Blally @had) il slagl cp A8 dade 2. 84
¢ Azl = O ¢ Y zisadl - X . 2a [ Lis1360

155



Cipalal) 2l Apsed Gl wane b i) dse R0 Andgaill 2l

14

x 10

8230 il A5 jall Al a8 [J]
Energy accumulated for time, t1 sec J.

| pa

0 —M%
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Resenoir depth, d in m.

YL Al Gee

Alls Jarag oad G2 a0 ilo b ad Jal (0 AjAal) A8Ual) 5 AN Gas (e AN dade 3. 0S4
¢ Sl zisadl = O ¢ Ja¥ glsall = X i 28 [ blg 1360 A drwed

180
)
\
160
\\
o \
< 140 \
£ \
= \
6 120 \\
=} \
IS \
o) \
o
g 100
o 9
= (0]
E 5 s %
x
T 8 60
A l \S\E
2 \
% 40 . ‘"\{g\ e —6—a
: B S
e 5—0—b—0—4
- 20
3 0 02 04 06 08 1 12 14 16 18 2

Resenoir depth. d in m.
O\)A.U e

s Gt clelu aud Jal (e Jadill gl §))ad) Aoy GBAN Bas O A dada 4.8
¢ S zisadl - O ¢ I gisalll - X .28/ blg 1360 Lswads 4Bl Juray

156



Tishreen University Journal. Eng. Sciences Series 2009 (4) 2320l (31) adaall dsxigl aslall @ 050 daals dlas

X 1014

.\.\ML}AJA;L‘)M”” \bJﬂ\
Total Power of Accumulation, gtl in W.
N
2

0.l
8
~
2
x 10° ,
x 10

Resenwoir Surface Area, A in m2 0 o Resenoir Volume. V in ma.
OAL T e ) Al oAl s
Cilobu ad Baad Agjaal) §hall Aasy Ladad) ddalua 9 @had) OUAN ana G A dade . 5 JSG
¢ Al zisall = O ¢ J¥ gisall = X L2/ bls 1360 Lswad 4Blh Jirag pwad Gl

600 -,
500 4
400 -

300 4

200 +

100

Water Volume, Vw in m3/sec.

0l
200

Mixtur Temperature, Tm in °C. 0

Resenwoir Depth, d in m.
Al Tadal 5y Ao SR Gas

Jiag madi Gl lola pud Jal (o aaal) (38als Wdall 5a A Aoi g @badl QUAY ae o ABal) dada 6. 0S4
¢ Al zisaill = O ¢ J¥) gisail = X . %/ blg 1360 Aswed 4dlh

157



Ohee (Jren

Cipalal) 2l Apsed Gl wane b i) dse R0 Andgaill 2l

reiluagilly cilaliiay)

1A degall Lalail) + L) ¢Say Matlab

s dalall die Ledadiuly sl JSG Lo dneedll A8l QA1 a2 giall S0 3sall ey —1

cosedll Ll

Dsdaa %30 hii o gsiay o3 B 2l o may Geedsall dpudigl) liaidl e =2
Y z3saill e uadl B2 il el ¢ my le %70 5 A1 At
Joanll Ly Ladaws gl 06 of ks 3all Alle 3ha @lays o Jpmanll adf il us -3
LS Gae s pan 13 BHA Gty Tygie 203 50 (g0 S il e Slays e
Lhe  dlauls el LBl pald) ool aladiul (Say geal 5l dajal (il Al il -4

Ll BRIl bl Al

sdadiiiall jga )

-

saalgl Lanatl) e Baslgl) Laatl) 3a
JTkgK | sl sl dghall dadl | Cyy kg/s slall B (381 m,,
- pabaia¥! Jales Jassia a, W Al (alaiel Jaza P,
Lprsal
K Jsaall die 5yl dayn t, ] SN Apeadtl] 23U Q..q,
daiadl)
K zoAl die phalldan | Ty K I USEESE T,
? - v sec ool t
raalal)

158



Tishreen University Journal. Eng. Sciences Series 2009 (4) 2320l (31) adaall dsxigl aslall @ 050 daals dlas

[1] A few clever tips & links to save energy and help the planet by the staff of solar
Washington ,2004 , 29 Nov. 2008. http://www.solarwashington.org/EnergyTips.htm
[2] The Climate System 'Solar Radiation and the earth’s energy balance', Lectures-
Monday and Wednesday, 11:00 AM - 12:15 PM, Lab - Tuesday, 4:10 PM -7 PM
EESC 2100 Spring 2007,29 Nov.2008.
http://eesc.columbia.edu/courses/ees/climate/lectures/radiation/
[3] Solar Sink is the Ocean Water. 2004 . 29 Nov.2008.
http://www.seasolarpower.com/otec.html
[4] Foss ' Full Option science Systems' . 29 Nov.2008.
http://www.lhs.berkeley.edu/foss/scope/folio/htmli/SolarEnergy/2.html

[5] ASSAF, G. ¢« BRONICKI, L.Y. Solar energy power station, 1983, 29 Nov.2008.

http://www.osti.gov/energycitations/product.biblio.jsp?osti_id=6265525
[6] CHWIEDUK, D. Underground Thermal Energy Storage in Poland . Institute of
Fundamental Technological Research Polish Academy of Sciences 00-049 Warsaw,
ul. Swietokrzyska 21, Poland.
[7] Solar Energy. 29 Nov.2008.
http://www.sensiblehouse.org/tu_nrg_solar.htm
[8] BENIWALIR.S. ; SINGH,R. ; SAXEN,N.S ; R C BHANDARI,R.C. Thermal
behaviour of salt gradient solar ponds . Jaipur, India ,1987. 29 Nov.2008.
http://www.iop.org/EJ/abstract/0022-3727/20/8/014
[9] Energy Storage 2.4.1 Heat and cold storage . 29 Nov.2008 .
http://copernicus.geog.uu.nl/uce-uu/downloads/DACES2050/energy storage.pdf
[10] MUNDAY, A. G, ; FARRAR, R. A. An Engineering Data Book The Macmillan
Press LTD . London,1979, 29 Nov.2008.
http://meteorites.wustl.edu/id/density.htm
http://en.wikipedia.org/wiki/Specific_heat#Basic_metrics_of specific_heat capacity
http://classes.atmos.uiuc.edu/100C/Atmos100/day05.html

159


http://www.solarwashington.org/EnergyTips.htm
http://eesc.columbia.edu/courses/ees/climate/lectures/radiation/
http://www.seasolarpower.com/otec.html
http://www.osti.gov/energycitations/searchresults.jsp?Author=Assaf,%20G.
http://www.osti.gov/energycitations/searchresults.jsp?Author=Bronicki,%20L.Y.
http://www.sensiblehouse.org/tu_nrg_solar.htm
http://www.iop.org/EJ/S/UNREG/kMNJhT,SgWs1YoVHsTPqEg/search_author?query2=R%20S%20Beniwal&searchfield2=authors&journaltype=all&datetype=all&highlight=on&sort=date_cover&submit=1
http://www.iop.org/EJ/S/UNREG/kMNJhT,SgWs1YoVHsTPqEg/search_author?query2=R%20Singh&searchfield2=authors&journaltype=all&datetype=all&highlight=on&sort=date_cover&submit=1
http://www.iop.org/EJ/S/UNREG/kMNJhT,SgWs1YoVHsTPqEg/search_author?query2=N%20S%20Saxena&searchfield2=authors&journaltype=all&datetype=all&highlight=on&sort=date_cover&submit=1
http://www.iop.org/EJ/S/UNREG/kMNJhT,SgWs1YoVHsTPqEg/search_author?query2=R%20C%20Bhandari&searchfield2=authors&journaltype=all&datetype=all&highlight=on&sort=date_cover&submit=1
http://www.iop.org/EJ/abstract/0022-3727/20/8/014
http://copernicus.geog.uu.nl/uce-uu/downloads/DACES2050/energy_storage.pdf
http://meteorites.wustl.edu/id/density.htm
http://en.wikipedia.org/wiki/Specific_heat#Basic_metrics_of_specific_heat_capacity

Cipalal) 2l Apsed Gl wane b i) dse R0 Andgaill 2l

1oV



