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O ABSTRACT O

The drastically increase in energy demand and the problems resulted from environmental
pollution have led to a serious trend towards energy utilization efficiency improvement through
scientific researches related to renewable energies, particularity that Syria has a high solar
irradiance and prolonged sunshine hours.

This research focuses on determining the thermal efficiency for a prototype of a parabolic
trough solar concentrator (PTC) to obtain the optimal prototype thermally and economically
according to climatic conditions in Damascus.

It has been deposited the mathematical model of the studied concentrator depending on the
calculated design parameters through calculating the solar angles equations and direct solar
irradiance throughout the year. And it has been solved this model by using numerous computer
programs (Excel, EES).

The results showed that the increasing of rim angle lead to increasing the thermal efficiency
of the concentrator and the preferable efficiency of the concentrator thermally and economically
reached (17.;, = 0.74) at rim angle (¢, = 45°). And the design parameters of the concentrator

prototype are (S= 3.66 [m], W,= 3.56, f = 1.84 [m], r,= 2.15 [m]) for mass flow rate 0.61

[kg/s] and design temperature 85 [°C] of heat transfer fluid (water) at the outer diameter of the
receiver D, = 0.02 [m].

Key Words: Parabolic trough solar concentrator, solar angles, direct solar radiation,
thermal efficiency of parabolic trough solar concentrator.
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2 [m/s] 2
p A Sl ailalee sy cJifinal] J20a) adaiall dalie 1A
A, = _"*':a-f (27)

0.0198 [M] :laslaie) & Al diedy Jafiasall Al sl 2D

A,; =0.0003 [m] : e Joasi (27) dhalaall b (sl

okl AES :p,,

i) s wSlall g Adanssl) 5yal) Ay ie lall Ayhall Cilialsal) slaie) Sy

Glialsall (585 baie 60 [C]  Jifia) mhaw 3l das Waly 50 ['C] wilad) 8)ha das (i
:[10] & 55 [(Cl 8 )ball da) vie adlall 4y))5all

p,, = 985.2 [kg/m?], ¢, = 4183 [J/kg°C]

i, = 0.000504 [kg/m.s], Pr, =3.25

A, = 0.649 []J/kg°C]

Lkl dphall daudl e,

Ll S ) da 50 ey,

ol Jaily axe P

SN R T PN RIS Y I

m=0.61[kg/s] :lle duasi(26) Uoleall 8 2oLl 2l (e

([10] Al JSEIL ailabee  Jashy cpanall 3 Jalas :F

F=+7s h,r?ﬁu, Da,n} (28)

UL hpiDg; \ 2k Dgj
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bl onn L e (it (po psimn 4T (m il Sl dyylal) iliasall 1k
[6] 302 [W /m=C]

: A S Cans cJiinall lang @l o Jaall slall QU Jelea thr

:[10] adal A8al) e dlal Salgn) 23 Cuuas

Re, = —L“'xi':‘xp“' (29)

Re,, = 77408.57 : lc Juans (29) dlalaal) & d&lal) il (ymyoety

;[10] JSall st cilug Alsles Gl Re,, = 2300 : 5 Ly

Nu,, = 0.023(Re,)%%(Pr, )0* (30)
t o parsillyy Ny, = 300270 : e Juasi (30) daledll b (el
hfz' — Ny sy (31)

! Dgi

he; = 984219 [W/m?°C]  :iad o Juass

(25 ) alaall b (myseillyy F=0.9951  :_le dass (28 ) Alibeal) 8 Z8lul) 2l oy say
Fp =0.9950 : Lo Joax:

s US e Loy il A ddlal) A5y 50 eV 33V s (16) Aalaall 3 bl 2l (g ey
{(3) Isaadl (e deans dphall 5l

Zalal) gl i e 35all Ay hally dapancll ciliualpall i (3) Jsiad

dlall dly | Bl 2l | el Jsh | Sl G | S s | Al seli
@, [°] f [m] 5 [m] A C Mer
5 2.15 0.38 0.38 5.98 0.39
10 2.14 0.75 0.75 11.97 0.59
15 2.12 1.14 1.13 18.02 0.65
20 2.09 1.52 1.52 24.13 0.68
25 2.05 1.92 1.91 30.34 0.70
30 2.01 2.33 2.30 36.67 0.71
35 1.96 2.76 2.71 43.15 0.72
40 1.90 3.20 3.13 49.82 0.73
45 1.84 3.66 3.56 56.69 0.74
50 1.77 4.15 4.01 63.82 0.74
55 1.69 4.67 4.48 71.25 0.74
60 1.62 5.23 4.96 79.02 0.75
65 1.53 5.83 5.48 87.19 0.75
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70 1.45 6.48 6.02 95.83 0.75
75 1.36 7.20 6.60 105.02 0.75
80 1.26 7.99 7.22 114.84 0.76
85 1.17 8.87 7.88 125.41 0.76
90 1.08 9.87 8.60 136.87 0.76

18 (3) Jsaal (e Jasdls

el e duanis Sl Ayl s il salyy ks 58 5all alad 50l ) o Alall 4yl 325 e
.Gsiles @, = B0 xc S ,all 5.1

Sl a5 WS Ma3y ymal) dell Ao (i Aalal) Ayl ded )y LS @

Alal) 4yl dail) 028 (558 82k US5 0.74 (& 450 dila L)y vie 3S5al Ayl al) 3o LSl dad oo
RS Y (s apsn Wy ¢ nS IS 5l lad 80l ) (535 oSy el el Taa il 3ol ) ga
<3l L gyl 3 pal) vt vie JEAS L] ey (ool calad) 38T Jaf cpe U3 . ] dpalal
450,38 dals Ayl Wl
1l oAl eadd) 3Syall 7 igall dpasanail) Clalll) Baas

iy akd i st 3S5al 2 3ga il ) sla¥) G 2 il 25 (3 ) Jsand) 56l DA (e

Toavey = 15 [°Cl , vy =2[m/s], I g0, = 28599 [W/m?] ):  Gie dhae Sliaad
fod Dnapanaill uljiahllls (459 dlal 4yl xie (4 (Hy, = 707 [m]c

5 = 3.66 [m] W, = 3.56 [m]

r, = 2.15 [m] f =184 [m]

.56.69 Auslill o3 tie S5 A (€55 <Dy p = 0.02 [m] Jiall ala s e

:llua gilly calaliiiuy)
el el g sy Y alaal sl sl pe Fsadl) U3l Lo Ll cililal) 268 5laily
sl 3Kl 3 gl Lparanaill ol fiahylll 288 Clusny (300 Aiae 3 Aalidl) Jagpal) e Aud) oL 28lS)
0.61 @l JaYs 7z 3sail 13gd Bl Sla) o aad Jal e ddlal) 403 dalide o8 die adadl) Ladl))
N-S sl o SO aumging (elll) Bhad) Jis il 85 [°C]  dmsanal daalicl 3))a daa5 [kg/s]
g G 4l Aphall 3e il salyy Ul Sl sbed 5345 ) gass Alall 3505 30l () (1
(4) JSAD b e b WS (368 Ly (0, = 457) dals Lygly) Aalsall 77, = 0.74 Ll vie Ly
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tufl

©r | 9]
Alal) Aygly s aa Sl B liS ABDNe (4) Jsdd)
1.08 [M]  Byaall aall dad 8 0555 (Bpaall andl e palissl ) (ga55 Adlal) Al 30l O (2
L) (358 Eymall and) 523 431 (5) SN (e Laadlg (3 ) Jsaadl 8 e s L& 90 © Ailall A5l dad ST e
inal) i el o3a aind Gl ¢ € ISy 3K pall Aplall 3o LS dad j0ai 1.84 [M]

f{m]

I8l A )al) e lisl do Baal) el s L5l (5) Jedd)

oS @, = 45° Dy =002 [m] Jidl a)la Shiy ¢ f = 184 [m] Sae s dal 00 (3
:3.56 [M] 4l JiaY) asanssill mjalls 3.66 [M] 385l #3501 Jia) asansill Jshall

LS Cadla JS8 Ayhall 36l 5aLs aS IS 3l dladf 8l () 535 (Brmal) ndl Aad mlissl (4
One sn WS 1.84 [M] yaa sy 450 &ila 4yl 2ie 0.74 3S5a 36 o doans Cum ¢(3) doaall & mals s
eV ol Cuilall 331 dal e Jiyae 228 1.84 [M] dad olaie) 5y Glld ¢(5) J<all

(6) & 8 cpae sa LS Adlad) Dyl 8al) ae SN ds dlak (5

Q@r | 9

S A o A8 Al s 5l (6) Jed
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0.02 [m]  Jifiwall ajla 5l g3 ki ol el S5l 7 3gal sty pans e g I3
:‘;J._!Le

Toobaly Wba i) z3pal e Jpemal) eDIA (e sy ) 45° 26lall dyly slaiel >

Galall 38 Jal e Jaall a2l 1.84 [M] daill slaicls ¢ OlSQY) 538 jall el dad s B
LY gbally (galaidy)
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