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EXPERIMENTAL EVALUATION OF AIR
COOLING FOR SOLAR COLLECTORS TO
SOLVE THE STAGNATION PROBLEM

Amina Fares'

Abstract:

Due to the increasing demand for energy and the use of fossil fuels,
the concentration of carbon dioxide has reached its highest levels,
resulting in severe climate change that has cast negative shadows
on many regions around the world. Solar energy systems are used
to provide heating, air conditioning, hot water and other
applications. Solar collectors can reach high temperatures when a
system pump stops working and the heat carrier does not flow with
the continued arrival of solar radiation. The process of searching for
ways to reduce temperatures and remove excess heat. In this paper,
an experimental solution was found to treat stagnation in a flat solar
collector so that the temperatures are lowered to below the
stagnation temperature by installing cooling channels under the
absorbing surface. These channels connect with a cooling fan to
enter the cooling air and remove heat. Several different experiments
were conducted during the days of November, and it was proved in
these experiments that the opposite heat exchanger is the best, as
the time required for cooling is about 4:50 min, which is the least
economical cost, while the time required for cooling in the case of
the parallel heat exchanger is about 7 min. The inverted exchanger,
while reducing the fan intensity, needs a longer time compared to
the previous cases, up to 15min.

Key words: solar collectors, solar heating system, stagnation of
collectors, cooling.
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e e ¥ Eaulsall KVl | A Ap total
Apl Ap2

- (m) | (m3fs) | mis - - (pa/m) (pa) (pa) (pa)
1 0.8 0.042 5.6 e 4.3 5.4 4.32 74.17 78.4864

458+

2 1.8 0.004 1.6 42 1 1 1.8 1.408 3.208
3 1.8 0.004 1.6 42 1 1 1.8 1.408 3.208
4 1.8 0.004 1.6 a2 1 1 1.8 1.408 3.208
5 1.8 0.004 1.6 a2 1 1 1.8 1.408 3.208
6 1.8 0.004 1.6 a2 1 1 1.8 1.408 3.208
7 1.8 0.004 1.6 42 1 1 1.8 1.408 3.208
8 1.8 0.004 1.6 42 1 1 1.8 1.408 3.208
9 1.8 0.004 1.6 42 1 1 1.8 1.408 3.208
10 1.8 0.004 1.6 2e8 0.8 1 1.8 1.126 2.9264

g5

11 0.8 0.042 5.6 4.3 54 4.32 67.42 71.744

458+

10.44 m =21 gadll Jsha

153.2 Pa = 2 3 )all Jaxall yalédsl

0.042 M*/s a5 153 pa helis 3 derdiosall dag yall
- giddliag malilli- 4
aals) AilypeSlly ESS0al) Hrigl) A 3 501 s s o padll el
Colad sae sha) By gy IS ASall Llee ai Byagiall sheadl ki (3o
sdings lgia Tandsad ol DG LEA) 5 B G el (e Aesadie o S
.80°C V100°C (e s Wl 5lm dapd imis o Jaall fase
A Al
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QSH & s (el gl oSl elsed) gla) Sbie (b dalie gy &
e Aassdy AoV e eligll Jsde S panal) b @Sl oyl dag e
sl datally oS Jawy) e canl) Jals s Ll A8 Ly aanal) Jad <0
(il 3yl panall e B il

) Jand (Gall) mdand) e pyhall cilayy (uld il (2) Jal) Jsaad) G
) (slsed) Jsad) Lmdl elsedl zlagll (sl A ve el (paldl)
Acpu el @phall dapn (idd AP ey ¢ ouadll @ LY 325 (al oo )sel
Aagyall cladal amy 3y)all aladsl e celged) Jgaa

0/11/2020 ass b ouSlaie (s Joloa Al B A A il (2) Jsoa

- -

dan | 4 . . . A 4
4! 4! A8

a3l EJ!P‘ g U U eh Jdsas g g on/off

it el I gl g #1581 ol licen

waldl | palall s19¢d) s19¢d)
Time | Tpu | TPaown | Thzo | Tglass lin v Tin Tout -
hour °C °C °C °C W/m2 m/sec °C °C -
11:10 | 101 75 99.9 | 56.1 304.3 4 27.6 57.4 on
11:14 82 58 80 54 304.2 4 28.2 53 off
11:30 | 103 63 100 61 308.8 4 31 54.7 on
11:34 83 43 80 58 308.8 4 30 54 off
11:44 | 104 66 100 60 310.1 4 29 52 on
11:48 85 48 80 58 310 4 28.5 52 off
11:58 | 104 69 100 60 341 4 30 57.4 on
12:03 81 49 80 57 343 4 31 59.7 off
12:08 104 68 100 58 363.6 4 29 57.4 on
12:15 82 48 80 56 363.3 4 28 59.7 off
12:19 94 63.5 70 61.4 - - - - a5
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1:15 | 105 | 66 9% | 66.2 - - - - as
13:20 | 105 | 66.5 | 100.5 | 66.3 | 310. 4 32 57 on
13:25 | 85 49 80 63 310 4 31 57 off
uSlatia gl A Jabee Al B A ¥ 4 i) il
120
100
R VAVAVAT
o 80
”l)
I 60
L |
va - TN
20
0
11 11.5 12 12.5 13 13.5 14

Hour ¢3!

9/11/2020 ass b slaia s Jolsa Alla b Ag¥) dypail) guilis (18) s
aial dagpall Joxi 100°C sl 85m A s i Ladie (2) Jsand) e Jandls
2 Jail 20°C Hlaia yhall cilayy (:idss 4min o) DAy sldl 3)ha dayo
Pla 70°C 2 Jusiil dng pall s lida) any alall whand 3))ya dayy miasi .80°C
Uiy Gpaind Cum LWL Tas Wany ey Aphad) Alaal) dails Coaty (i
DY oaalll o el 305 Coa Alldg a0 adl (17 -5 mMin) gm sl
Hhall cilayy mias 13:25 delull vie . as)lall sall A5 genal) plaw e
Calind) oy IS Aatll Caf Basasall B2l QIS s 69 °C e JSY

madl) ¢ L2V 505

LA Ayl

0.021m®/SeC cunpal Cum slsgll 303 536 uki g Slaia (5 Jolua Alls
bl Jaud (pald) o) e splall cilays (eld it (3) I Jsaadl o
z33) (slsed Jsad) Tamall elsedl rlal capysill dhii v el ¢aldll
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L 2t 368 1) AlCia Jad dpcadd) cilnagall Al gl 0 pill) 4l

deyu i hall Aapy @il AP a3l el i) sk Gl (156l
gyl lada) aey Byl adl (aleds) ey celgedl JsA

3156 Ladd g (uSlia (5 ) sa Jabe Al 8 400 4y jal) il
da g al)

m

= [N
(o)) 0] o N
o o o o

COSJUAﬂEA.JJ

N
o

N
o

0
10.8 11 11.2 11.4 11.6 11.8
Hour (w3

10/11/2020 ag b (uslaia s Jobee Ala b Al 4 ai) it (19) el

Aaguall B (alhy (uSlaia gl Jilse Alla b A0l et il (3) Jsss

-

4a 4 4a “ “ “ 4a 4 4a 4
R . 4a 4a d . A4Sy . .
C)AJ'S‘ DJ\JA DJ\)A &Li.u‘f\ DJ\JA DJ\)A

, 3y % . A0 : . | on/off
N I Bl gl o j‘f;‘ Jss | o

ookl | Gakall gl £1s [ £ 58

Time | Tsup | Tsdown | THoo T glass lin \% Tin Tout -
hour | °C °C °C °C | wim? | misec | °C °C -
11:00 | 104.4 | 76.6 99.8 63 503.6 3.4 25 on
11:05 | 88.7 65 97.3 62 503.6 3.4

11:10 | 85.7 63 94 60 503.6 3.4

11:15 79 58 80 58 510. 3.4 62.8 off
11:19 | 93.8 56 73 57.8 510 3.4

11:32 | 102 80 100 65 545.7 3.4 27 on
11::46 1 82 49 80 59 545.7 3.4 59 off
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e dngyall Jasi 100°C el 3yha daps Joa Ladie dyaill oda (e Laads
e dagpall (il amag . 15 MIN () DA B0 °C J ell 3l dapy (dd
Glayo @l a2 4 MIN ) PA 73°C J Jaaitl Lagagdl 3 all calayo
Al slall dayng el @ Y 325 i 13 MIN 2 ¢ M 3505
AAEY A )

Aagye @Sy Cua (sl gl @ilse elsed) Oa) @ilse @b ol Al
S (e ansids JiY) e slsell s 0sS panall Jiud cSall e il
AL e Lall) Jally leSU Janyl e b1 Jals s Ll A8 a Lty aanall e

11/11/2020 a5 b @lse b Jola Alla b L8N Lyl qits (4) Jga

da 4 . . . R

s 3l . . N A4Sy 3 3yl
a | 8 . 8 3 iy : - -

ol :A: i :tj; f:;\ ¢ ey | s | dsda | gasA | on/off
Ly | o= e e slogd) | slsed) | slsed

ol

Time | Tsup | Tsdown | Th2o | Tglass lin V Tin Tout -

hour °C °C °C °C w/m? | m/isec| °C °C -

12:15] 111.3 | 66.6 | 103.8 | 63.8 | 364.2 4 276 | 57.4 On

12:20| 87 485 | 85.2 | 61.8 310 4 28 54

12:221 80 46.8 80 57 293.4 4 28.2 53 Off

12:30] 948 | 56.5 | 66.9 | 56.8 283

TR L;J\JAJJLuZ\JLAgAULﬂ\LJﬂ\ el
120

“1

jbo \_//
280

4

o)
o240

O
0
1211 12:14 1217 1220 12:23  12:25 12:28  12:31
= Y Hour
11/11/2020 ass b lsa Jobua Alla (3 0 &ppad) gilis (20) s
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chadl il (paldl mhudl el sall alay z (4) Ju) dsaad) o
zd) (elsed) Js2) lamddl elsedl czlall capsl) Al vie eld) (palal
Ao ol hall Aoy paldl S Ga) ¢ punadl) £ LY B2 (Ol ((s]sed!
g yall elalal axy Bylal) (Rl (e o lsell Jsio

"C el Bha Anpy dpas die (gilse b dabie Als (B il (e Laadls

2y 7TMIN o) PA 80 °C  sladl 3yl day mid e dagall Jexd 100
T min o) DA 66.9°C 2 Jeail Jaguell 55hall chlayy jaind dag yall i

AN Ay i) il ) il 45 e
120

100 ~~ \

A4 )
00
o
4

D
o

—_— sl

— 5 | )E add pe (pSlaie
da gl

N
o

CO@jjﬂ\ adags die el 5 )
I
o

o

11 112 114 11.6 11.8 12 122 124 12.6 128 13 132 13.4 136
Hour (s

AN L i) ciluhal) il 4,8a (21)Jsil)

JadV) sa LuSlaidl (gyhall Jabdd) o (21) ISl (e AGlall Colatl) (e Lassl
Ala 4 anall DU el Ly ¢ 4:50mMin asany apall U Gl of G
Bl (aid ae bl Jalall Alla 3 W7 MiN asan @ilsall gohall Jalual

15Min I Juay dalad) eIl £laa Jshal (o) g7 liny 43lh G g sl

: ASlgtonal) Al St A8Ual) Loas
(12) 38Ul gyl e Cania
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POWER — £2:9-4P-M (12)
77
POWER — 1.2x<x9.81x153<0.042 _151.2 [W ]
0.5

[kg/m"] elsell 4LS :p
[m/sec’]  dua ¥ iuilall :g
[Pa]  dagyall Leles :Ap
[m3/sec] elsedl (3833 :m

Gaaat Aoyl 506 m
B s dmin o) DA a5 Sl 6 I s Gl caalial sl s
((14) Al Al 4l ,eS))
P =151.2x1440=217440 [J]
__21rdd0 0.0604[kwh] (13)
1000 x 3600

tdag el Jaaditl dpolady) dalil)
Cost =0.072($) *0.06(KWh) =0.0051 $
s LLdag

((14)4D0aly Joas Mie Ol s A 1y ASIgiusall 43S Alal) 4008
P =151.2x223200=33737840 [J]
P = M = 9.4[kWh] (14)
1000 % 3600

Ll Lalady) Aatcat)
Cost = 0.072($) *9.4(kWh) =0.67 $

((15)A8atly dans 1y gias ASlgiunall Ayl gl ABUY dag
P =151.2x873720=132106464 [J ]

~ 132106464

= e 72" _36.7[kWh]  (15)
1000 x 3600
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Lgie alasdy) datcat)
Cost = 0.072($) *36.7(KWh) = 2.64 $

il A<l (70 $/m? La L aay anal cld S RS Glea die
1.3 $/m? ds gl

Lasad 5 Ll gitast) 45504

120
2100
"4\ 80
—;w

' 60

Lol

340 | === %S

(@]
O 20

0
10:48 11:02 11:16 11:31 11:48 12:00 12:14 12:28
hour <

Lasad s Lldas ilill) 4558a (25) Jsdd)
raluagilly claliiuy)- 5
O apall AP Gl oY Jeadyl s GSlaadl glall dalull ) daadly
il 2P sl G (gilsall (@bl Jaladl Als A Laiw 4:50[min] 25aas
zla) a8 dag ) 5he (mit ae (Sl Jabaadl Alla LT 7 [min] e,
A5[min] ) Jeas dnld) cWIL 355l Jshl o)

Apadl) lplal) 3 aaladinl adll e w8l AL elgel) e 32T L a
s dmiiie mshall Jirin 8 dediiaal) 4l 5eSl) Al o el cildinall
Ay 2 Bake 08 (o Sy am Apwadl) WDIAN a5 8 Ayl oda Jleily
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