Fot P2 el (A) salle 1) dlaall il ol siS] g deuntigl) AUng

Design and Testing Solar Dryer Performance

Electromechanical Engineering Department, University of Technology / Baghdad

IEnas Mozahim Abed
Email:Enas232013@yahoo.com

Received on: 4/11/2012 & Accepted on: 4/4/2013

ABSTRACT

In this paper we design and testing solar dryer performance that made of three main
part, which were solar collector, box dryer and chimney. The solar collector was made in
trapezoid shape the bigger base down, the collector were inclined with thirty degree, the
upper base connected with box dyer, that let the hot air reach to box dryer, which were
making hotter by black rock effect in the solar collector to the box dryer and the tray. The
last was the chimney. The aim of the chimney is to replace the moist air by dryer air and
prevent the air turbulent movement, satisfying the continuity equation, the chimney was
open to with diameter of (D=21cm).

The drying process was in summer season of (100 gm of Okra), were selected and
studying the daily efficiency of drying, which reach (35%) the maximum value at 12:00
pm in 24/7/2012, and the minimum value at 12:00 pm in 26/7/2012 reach (16%).

For the same day the reduction reason in efficiency was due to sun set down
gradually but depending on observed heat in black rock.

To improving and increasing the drying efficiency process the fan was applied at the
chimney outlet to take the air out and increasing the velocity of its movement, and
changing the free air movement to forced movement inside the solar dryer. (now the
movement will be mixed by free and forced).

In natural convection the velocity was (V=0.1m/s) at the solar collector input, while
after the fan applying in the chimney outlet the velocity in the solar collector input has
become (V=0.3m/s). After calculating the efficiency we notice that the value increase to
(52%) at 10/8/2012 between the 2:00 pm and 4:00 pm, which means the efficiency, was
increased by (14%).

The efficiency increasing percentage got from this process is a high good value in
indirect solar dryer depending on changing the heat type from solar radiation to observed
heat and then heating the air of drying process.
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To (°C) | 40.6 50.0 57.0 45.6
| (W/m?) | 650 900 650 250
W (g) 145 100 68 43
t (s) - 10800 | 10800 | 10800

Date 2012/7/24 sE ; a54) 2012/7/25 stz ¥ 1 asadl 2012/7/26 Lusadll ; asdl)
Time 9 12 3 6 9 3 6 9 12 3 6
Qc
(Watt) 21.75|79.17 | 13 2.6 13 | 56.55| 7.83 | 2.610| 12.18 | 53.9 | 19 | 18.27
Mo (%)
- 21 35 | 32.8 - 286 | 22.6 - 16 | 295 | 26.6
|
(W/m2) 650 900 | 650 | 225 | 600 | 900 850 200 650 900 | 650 250

E)\)AJ\&;JJ&ASH\ (Tl)@‘)\éﬂw‘UAJQBJ“)AJ\QIAJJ&EUH(4)€§JJ}M\
QJM‘LM\(’J#(Tm)qM‘q)BJ\P;\A.JAJ (TO)%J&\BJ\)&\Z\%)JJ;\L\J]
. 2012/7/26

Bl Aoy oAl S0 a dasag JA B e dasa (4) Adl den
.2012/7/26 dbaal) (upadl) 2 gl Ciudadl) )

Time 9:00 12:00 3:00 6:00
am pm pm

Ti (°C) 355 55.0 50.0 43.0
Tm (°C) 41.0 58.0 55.0 45.0
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To (°C) 40.1 57.6 54.7 44.0

2012/7/21 o5 anadl ganall Jaia 2 55l all a3 @558 G (5) o Jsasll Lol
56 ) «(30 cm) (5 cm) 2x e o8 ) (D) ¢(C) (B)e(A) kil on Y1 4nbilia 2
a5 ma el sel) Jpa aaie i W15 sl Lo sl e (80 €m) s (cm

2012/7121 psdd (uadd) panall A5 ) al) cila o 365 (5) a2, Jota
Time |06:0] 08:00 | 10:0 | 12:0 | 14:0 | 15:0 | 16:0
0 0 0 0 0 0
Tl [33.0| 36.7 | 34.3| 53.9 [ 55.4| 52.0 | 46.0
A| T2 [|329]| 389 |[39.6| 521 |545]| 48.2 | 455
T3 [33.3| 405 | 40.1] 50.8 |54.2| 482 | 458
TL [ 329 369 | 413 ]| 555 |56.7| 52.2 | 45.8
B| T2 [33.1| 414 |408]| 54.1 | 55.4| 48.6 | 45.9
T3 [33.3| 428 |40.3| 53.1 [ 54.9| 485 | 46.0
Tl [33.0| 379 |40.8| 56.8 |57.0| 50.4 | 46.2
C| T2 [331]| 434 |40.4] 56.8 |52.8] 48.9 | 46.1
T3 [33.1| 446 | 405 | 59.9 | 53.3| 48.8 | 46.0
Tl [33.0| 441 |41.1] 613 [53.6| 50.1 | 46.3
D| T2 |[332] 442 [ 405]| 56.6 | 51.5] 49.2 | 46.1
T3 [33.4| 444 | 40.8] 565 | 51.6| 49.1 | 46.1

7ol e el sl nid ol ga Al jie Adlia) o3 Lgie ju s Cadall Aulee 3US 304 ) (1 3l

Aoy el panall Jiae die Ao ) uld a5 a8y Cadalll G e o5 e Ao i saly 5 z sl

lee 8ol Gl (42 5215 (0.3 M/S) Letiadd ialy 2@ jlall cllid) jlea Al 5o de jiall Ly
L) (6) by Jsandl 3 (e LS 2012/8/10 b 4l cle ) jall cadal Cagdal)

add) plady) Badig) ¢ 3all g A LA g AdRIal Bl Al cla 3 (s (B) adL Jsda
2012/8/10 pss a4l Asludl g 4 delud) sic

Time 2:00 | 4:00
pm pm

Ti (°C) 450 | 42.8
To (°C) | 49.3 | 43.6
W (gm) 124 81

I(W/m?) 950 925
time (s) - 7200

8l Had ) s o) Leani€y 3 ) sl A 5 3eli€)) laaad (2) 5(1) by cibacdl Guukat
(7) 8 dsaall (e al 5 94 WS (520p il IS el Cinal

\VA



i Cilaa 130 LA g arasal Fot P2 el (A) salle ) dlaall il ol giS] g deuntigl) AUng

£ 96 LS 1 31 ad) dnaS g Ag LA g ALRIAN B0 ad) cila 3 (38 Cpa (7) 2L Jotn
2012/8/10 s | pas dayl ) deld) e 3olicl)

Time 4:00 pm
To (K) 316.6
Ti (K) 315.8

(To-Ti) | 0.7999992
Qc (W) | 20.88113

Wr (Kg) 0.043
t(s) 7200
no (%) 52%

Z«.&émbeyj\
el il Sl Gt A 55511 il e 1 Jaedl (3) oy JC
il 8 3 5msll Lk sl (550 2l il s 131 1 35m sl il o) ol
pd) dsaadl JAA (s JSAN JMA e oy s (nadl) Chtaall aladinly plie el Cadadll Jiad
(127 gM) 035 o cllm s 50 il sLl s a3 oLl e (100 giM) < (1)
D gl a5 Ll (33 M) 055 o)l BeaB Al (o 81 ) i (8 i 5
£ OIS lan Lual) Caindl o 5 s 35l (ol ol L el 8 ) Canlil S8 o
sl (e o)y pa A o) sl (i s 5l all A 5a 58 i ca @by dlid) Cadadl) (e

AL

Jias Can (7/26) 5 (7/25) 5 (7/24) ) osnlll e 81 505 Ciy (4) o35 S0
(12 OO) el die aliad aail L;\\J@Lgﬂ\ Gum.m“ &\a.u‘)“ sad AW ) 2 sa sall ‘;x;_\.d\
L@JW&\E\&—\}M}H—\AM\&_}J‘PCAL\A.IJJJMLUJ(QGOW/m )«_\ad.a‘_fdb\_)«_b
(7125) ¢4 (18:00) | ime il de Ll e (200 W/m?) &l

eu\uMJ(Z)eﬁ)dJM\uAuP}A\ubw\wmwhguﬁ\eﬁuﬁ (5) & Ja

\)..4:: (35%)@.\54.\1\.\3\4.&:\_“]\3_&(7/24)6}4éd3\m§é9\ L.A\ ogbﬂ\@;_mdmj
dﬁ\ L_\L_ujw\ui).cj_)@\ubuem@uaﬂmuba_))majx_ﬁ.u;.ud\a&&m;uﬁ
(7/26) eyw\)g_l:a)mmu‘ Aol die 3oLkl 408
mJ(Ti)M\@;A\d&umij\)al\uh_)d@)ﬂ‘;m}\dd:u]\d.m.v (6)(=SJJS.UJ\
3ol all Gla s Al O sl e a5 ((TO) Aasedll 7 4 7 sae 2ie 5 (TM) il G
Ej\ﬁ\ﬁbjd‘f\a.mu\c(To)u;u\;\}eﬂb‘)g\'EJ\);M%JJ@MJ\AAM&EU‘&&\JM
GJ\A’J\;\).@J\uuo)\);lhé)ﬂ\}cﬂ&\gﬁj&ﬁ\wdﬁﬁm&\q)m (Tm)
Leiat O gllaall Balall (e 4 gha 1) &d y g elall judd (e jal 8 Hi) 288 Candail) s

ta;d\d;hd.\mdﬂ\(A)cLﬁA\ma‘)\‘)aj\&_lb)d@‘)yu@_mdSu;\.\g (78)?5)‘-)'\&'“
d—LA.IL.SJJ\}( )tks.d\ DJ“)AJ\LA\AJJ@JJJLA\MJJSMMJMUJ&‘;\HJM\
)LAM¢\J@M\MMLJNAJE°\®SUM‘BPJAM}M\c““ﬂc‘)“

il 3aa ) deal ol g adle

(7/26) 5 (7/25) «(7/24) L A 5358 3 (il a3 Jandll Jiag (9) o IS
_M\Baw‘#}h_ﬂ\g}\;&\u.as;.u\‘su_)jl\dawswj\emwsmgur\,u‘;ﬁbgbﬂ\éc
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pendll A gl 558 ol ol sell Lennii€I 15 pall dae Jiad (10) by JSE L

Lol e ol o ilay in nadtl) g Lai¥) 338 8305 aas ol e 31335 851 ) o3 5 (oanadl

o el e J8) ) Comiiy (79,17 W ) A3 (12:00) oLl e (7/24) 252
(3) & Jsaall e IS il 5 138 5 ((16%) —lis (7/26)

claliiiuy)

Obe 22all Ly 5 = 5l s G el (g0 A€ i 4 e Ll (5 8 ja g clall e any
(35 gm) 5 (24 gm) Cle 758 40 -85 31 el d0aS ) () (145 gm) ' (135 gm)
A el G (100 gm) O Jeay Cdnill Ao JLaiS) any o U3l eliald) (5 8 s s
oSy G yal Al elall e AR e Laalll 8 dbiall 3alall (55 Sl AN 5505 (20 gm)
gall (a3 (e 3,38 (100 gm of Okra) (Ao e 43l JS3L jaa g Leas g5 ll o
el gl (200 gm of Okra) zaa! i)y of Jaads

delull xie cilans (900 W/M?2) () slai diae b el ¢ LD Ao asl cilia 38
b o el g LaEY) 128 (81 sl e (7/26) 5 (7/25) 5 (7/24) AU T el e 40
Ll deLull die (7/24) o5 8 5oLl Carna Em JLY) Gl de L) (pud ie 30l ad pud
Leiad Cualy 288 (7/26) o2 2 el (20%0) s (7/25) pod B gl i 2ie 5 (2190) e
Ligh)ll s suandl (840 33 5l jall eSS sa Gy (8 il 5 4 JlEL a8 a5 ¢((16%0) 4 sl
e‘j_lu_Autﬂ\a.ch]‘ die (35%) L_Lal\)‘run.sﬂ\ Wﬂ'&cuskr‘c\ Cues 284 ¢ gall 4 il
(16%) caly Cus (7/26) psd e A5Gl de Ll die CulS Cuua Caiad 3:US BB Wl (7/24)

Ao yum oSl 23 4Bl 50 35 al) Jeally jdld) Syl el Cainall glal (et i jal
Jeall il lee lsa 5 (0.3 M/S) (0.1 MYS) e il sie de jull 5355 e Cilee
M\a;uscaj‘;\&\_ﬂbaa\‘rdb cLQ.ALﬁ_).mAS\ M\J‘)Aj\ M\.}LJ_"\S;JX_AAQ&\ ‘)AM
(52%) ) mal

1000 — +\ % o} 16000 —
w

(gm)

120.00 —
80.00 —

40.00 —|

o

, . s L, cedaall o5l Galil el Jaal) (3) B, JS
2012 - (7126)«(7/25)(7/24)



adi cidaa £13) JLEA) 5 avasal Fo ) 12 el (A) £ jadle 1) tlaalf slua ol pilill g dewtipl) Uas

Q\:JOJ_ T Eﬁm\'
B ] " o]
c) | o) -
7 A 0]
50 —| To
Ti i
10 T T T T T T T T T ]
® T T T T T T T T ] 10 12 14 1 18 2
o
o
xie 5 ) Al a3 sl el Jaal) (6) by J ) —
Toha Lo g cidail) Gy die g auadd) panall Jite Cigiacl) Aliad 3oL a3 Jarall (5) o Ji
2012/7/26 ciduad) Guadl) gl gl - (VI26)«(7125)¢(7/24) sdd yéial) 1)
2012
64 — O\jS_
S a B
3_)!);‘ 52
56 —| ("C)48 |
(OC)52 —
36— TC2
% — T T T T T T T 1 * s
o) o

r A dis Bl all cla @358 (8) pdy Jsd . - B .
¢ pss (D) adaial) aic S‘mf ;:m data Lo 5l Al clasi g s (7) o2y d4
2012/7/126 ool (A) adiiall tie owadd) ganall
2012/7/26
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80 —
160 —
e o
B 140 —
s
60— 2507 (gm)
Ay 120 —
Qc / 100 —
(Wt
80 —|
20 —| 60 — 2617
2507
i 40 —
2417
2417
° — 1 T T 1 T T ' 1 ® — 1 r T T T 1 T 1
8 10 12 14 16 18 8 10 12 14 16 18

ol

Al Al dasd a3 Jaral) (10) ady Jsi
LD iblal) jad) Cigdal) Alad o sgd) LgatiS)
2012 - (7126)(7125)(7124)

At 558 Bl a3l Jnal) (9) b J
AU AL skl Cia
2012 - (7126)«(7125)«(7/24)
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it pmlall i) (1) 5 (3ale

A=0.5* (72 + 36)*86 / 10000

Print "Area of collector (m2)="; A

Cp = 1007

Print "Cp of air (j/kg.k)="; Cp

Ain = (72 *10) / 10000

Print "Area of input collector (m2)="; Ain
rou=12

Print "air density (kg/m3)="; rou

V=01

Print "input air velocity (m/s)="; V

Lv = 2260

Print "Latent heat for water evaporation (kj/kg)="; Lv
mo =V * Ain * rou

Print "mo(kg/S) ="; mo

INPUT ; "To(oC) ="; tempo

INPUT ; "Ti (oC) ="; tempi

Print "To-Ti  ="; deltaT

Qc =mo * Cp * deltaT

Print "Qc(w) ="; Qc

INPUT ; "Wrl (g) =", Wrl

Print "Wrl1 ="; Wrl
INPUT ; "Wr2 (g) =", Wr2
Print "Wr2 ="; Wr2

Wr = (Wrl - Wr2) / 1000

Print "Wr (kg) ="; Wr

INPUT ; "I=", i

Print"l =";i

INPUT ; "time="; time

Print "time ="; Time
Ed=((Wr*Lv)/((i*A+Qc)*(Time))) * 100
Print "Effeciency % ="; Ed
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