[ Downloaded from mme.modares.ac.ir on 2024-05-30 ]

[ DOR: 20.1001.1.10275940.1396.17.9.18.4 ]

350-339 oo 9 o leuds 17 093 1396 H3T ¢ yu)de SHilSo Jwdie dlxo

9y el dolinle ==

: . z &

oy Sl (wigo = &
mme.modares.ac.ir ;’7,«/\."__:{;%1

D3> Olxio b (Suuwd 95 <o 219 (S H o™ J o1y Sl S g ool
S p 9 (Jsil) 538

S yole Ol g F oA a9 {*zsxuﬂ EYVIIEN & cLadl dabld

OleyS iyl (6)9Ud 5 xtuo (JuoST ©Moans oA (pdpnyaos (sla gl owdine )] (lid)lS -1
Ol e pole g 4385ty (GGISS g pole olSiingy (Sl (pwiigen bl -2

e eleyS yinly g olKutils (Sl poigo bl =3

h.amiri@kgut.ac.ir 76315 -117 iy Gadio (ylo)S #

oaSa Wlio cileYb!

5 bolesle ileS jslaiads ool 1 lgiie & M (g b SlaideiS hudypds ide o Sade (alon (slaypSlS oS oy, e

(13g])gw) o 3l Sloxtio Aluwgey Ign ygiSIST pl )3 3905 odliil aio 5 (55,9liS SV game (05 StS (S5 slalad O
1396 313,022 -

orlaisl g5 a1y bygSIS ) e ol soansn (e B ot 3l Slrin giluedlel g 5 uim D980 )5 (5516 Ysons 1396 150,05 17 sl » i)
dlgiear olal il 5 agse (3Bt Al Cloio LIS i) 5 (s 4 655 5 BBl Oygon pol B 3 amd e Ol 415
- Sedy g Sl ds5l8) el 3l Gloxiio b eSS dw jolaie s Canl 003y (538) Jeiwl Ml Slio (S0l Sedygp SIS
5l Saolinnge s Jol sl by Syl 36T Jie o cply 4 ogMe lad 3415 Jiolojl 3y90 loa (03 dw p3 g aible ¢ )b 03,88 Uiy (9 Ko SIS
@ L ol @l g ond ol drg (LB g obuly (2bley Jold) @l JlE) slabg) eled (28 s 3 b L jgiSIST ) 1, tida

SAebygs 55

ST Jae @l 5 (058 @l O (ass o (Jlpen (wyp 390 (3 4w b 3 85 W3l LS gl canl 00 dunlie IRl T i
d)lﬁ)...:- L_,«:B' Slxas

sogde 391 2035 5l 2685 )8 Lulyd ST gl ySIS Sl (293 slod (035 3 bawgio (i slaS S5k 30 3925 )l
55SIS 0wy Lol (gly 339 (ol b 0)l Dgng o sla > sy ‘Low 5SS dw (ol oy oy MR o LS ol <yl
939 Jotol )eSUT S35 Jls 03 b S My 9IS 035l 5 LBty 1) (L pimb Sl Sl eSS g LS e St

Ao Aoty (538 slaysSIS sl ol oslisul 5316, (slaiSIS sblje 4 a2

Fabrication and Thermal Modeling of Unglazed Transpired Solar Air Heater
Collectors with metallic (steel) and non-metallic absorber plates

Fatemeh Afzali', Hossein Amiri", Vahid Nakhaei!, Mehran Ameri?

1- Institute of Science and High Technology and Environmental Sciences, Graduate University of Advanced Technology, Kerman, Iran
2- Department of Mechanic Engineering, Shahid Bahonar University of Kerman, Kerman, Iran
*P.0.B. 76315-117, Kerman, Iran, h.amiri@kgut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Unglazed transpired solar air heater collectors are relatively new solar technologies that can be used for
Received 16 June 2017 air heating or pre-heating ventilation air and drying agricultural and industrial products. Passing air
Accepted 13 August 2017 through the perforated plate, which is usually metallic is the main mechanism of heat transfer. The cost

Available Online 08 September 2017 of buying and preparing the absorber plate is the dominant share of costs allocated to this type of

collector. In the present study, performance of non-metallic absorber plates available in the Iranian

Keywords:

Unglazed Transpired Collectors market, as an alternative to metal absorber plates are examined experimentally and theoretically.
Air heaters Therefore, three collectors with Metallic, Polycarbonate and Compressed-Plastic are designed,
Solar Energy fabricated and tested in real conditions. In addition, a thermal model based on the first law of

Non-Metalic Absorber thermodynamics is developed for these collectors. In this model, all modes of heat transfer (including

conduction, convection and radiation) are considered. Results show that there is a good agreement
between experimental and theorical results (for most test conditions, average relative error in estimation
of the outlet temperature of the collectors is less than 5%). The results showed that the performance of
three collector’s, especially for low mass flow rates, was not so different. However, for considered
condition Steel (metallic) collector has the best performance and the polycarbonate collector the worse
performance. The performance of the Compressed-plastic was close to the Steel collector and given the
low cost of non-metallic collectors, it can be used as a convenient alternative to metal collectors.
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Fig.1 a) Pictures of the Polycarbonate and b) the Compressed-Plastic
collectors in the prosess of fabrication and c) A picture of the inside of
the polycarbonate collector and locations of thermocouple
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Fig.2 Modes of heat transfer in an Unglazed Transpired Solar Air
Heater Collectors[1]

(1] gy o9 Koo 55815 S 50 &)l > Jlil (sloonsay 2 JSis

9 ol 17 095 1396 ,3T (e Sl (Swie

b, SIS bl 5 3l Slomio (Sydge i Slasie 1 Jgaxr

Tablel Thermo-physical properties of absorber plates and dimensions
of the collectors

Hlode S99 b el
0.9 ($38) sl ,eSIS Gaz o
0.84 SloyS b oSl Cdzx w0
0.92 Seidly eSS Cde o
0.85 Sy dio 9o o po
0.26 2SI Js s 900 o po
0.7 (MM) ozl gu s
12 (MM) g ol

6 mm) oly,S b axes cubrs
0.5 (MM) (s38) Jowl amio culs
3.6 (MM)  Sedly dmio Coales

6 €M) poily oe

30 (5 S 03l GleolSiws (39 Sguzme 4y ax gl b .l 004y ol guSUS

O dslie plplo losgy cud BB SIS g0 sleools Ladd g4, 2

Sl W73
S O Sl (03550 Sl JB8; oS S¥obes o S alz o]
8o 4z 5 b Vsome llbior (Sonpué Do (o33l5 Jlao (sl 5 0002y
oY¥olae ol (Gleop 5l eoliial bl &8> 5l 5linyse Sloj g
Silwdae 5l Ban oS Sl 5l Gz ol o0 Ngd oo S g 0l Seolu
sl axd S 5l 50 5 led B edg Jlw (IS 518, Sy

el 0 3 Sy e Ao bl o o iSe ety -1

ool Btz BB O3l axmio Gl 5l (250 o> 2

Sgdin 48,5 S )0 S90S 5 (5 5S B e g0y QI -3

el 0y S8 o poily 4 )l il -4

el o0 15,5 15, Jby] 5 & g0 ga -5

sl Gl Dl 5l g oad plonil an yho Ojp0d (5le o -6

el o 50 gl (slo JS1s g iy dio oily aio

Sl Yol -1-3
Qs yo il adyle B SIS jo 655 Gl o salite slapanilSe
Ol hle g oo Ciz o] 5l Sewd g 00,5 8,55 Wdlr Glxbo 4
gty O3l Olio bwg sad G 651 5l (rend Wb oe ulSa!
2 (@Bl 0l 2) oud ouSe gl S8 > e (b )3 5 olnle el
Cand 35 o0 Jatio I9o 4y doflygu 310 50 5 Qb Glan ciy 5 9,
Sy dxio & riald Ol sl g wad Od 55 5l 6,500
Sl Ls & bl 5 @t a3 oo 5l cgbbe 5 9 n Jiie
szl e Oyl JEsl glans, "2 JSa" 0 008 e ali g JEie
dos Gl g5l slas dolae (8 idu jo ool SO Glo g 4 axg b
2 Oygeds poily 5 Slly dotio (03l axas Jold (SIS Lol Cand

:AJGA)Q
dTabs _
Maps Cp.abs T = (@abs It Aabs) — bQconv.abs~air
+Qrad.abs~bp + Qrad.abs~sur + Qconv.abs~sur) (1)
342


file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1776/Enew%20171776M.docx%23_ENREF_16
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1776/Enew%20171776M.docx%23_ENREF_1
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.18.4
https://mme.modares.ac.ir/article-15-3193-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-30 ]

[ DOR: 20.1001.1.10275940.1396.17.9.18.4 ]

Ul 9 SLasl dobld

D g 9 (Juiwl) G308 D3l wilrivo b 3w ygd Saino (9D SIS i) Gilwdde 9 dlw

S Yol Jo g9y -2-3

Sl Jol adpe Jgore Jowdlians alobis aw 4y jonie slay SYolee Jloc!
09 Sler sles g iy axiao slod (O3> axman o Jgpoe aw
J= Oloie ssbar b g oog ails o8 4 SYoles (nl g e SIS
Golwooly i I58le 5 0 glailly asl p G LB o SVslas (] g
wdS 5 )0 pelas (b a5 lazme sles (nl  ogdle ilonds > g
b el oads oolatwl o, gbvosls 5l ks ,g0 5o, b cuslite 5 sl 00
o glaids 20 laojl ;o lame glsn 5 Gl glrosls &S pl 4 az g
Sl el cuwsp SYolee goas J> 0 aS ool g wleas
bl ol e sy (b Sl 5| Wsde Jo 5SS
iy Lulyd Gly adgl Jeas Glgieas oo s 5l cenl sadoslatul
aS bl 5l sad solatul WS> Jeadlyiys S¥olre J> 50 5L50 50
GrSoilul gg,h alasd o (SIS alisrs slaciend slos Cosdly o
eSS gt iy e sles 5 G5 Lnld oL
Sl e (550 bypd Glgieds ool (6 Toslail olie 5l oolaiul o4 o
Ales ol goae > adgl Glapley jo LIl amin sles o g S
ook adsl byd 0gh snnlive O3l asan sles jo g a5 Siee 0
D9x om 3l G (nl &5 358 o0 L

o g @b -4
(1) el Gl b @3l Slio Sl (o) 2 gl cand (0l o
Ngdge Al Sede loygislS oIS 00,88 Sl g olyyS L
s @ LS e @bl S iledue mls (e Ll jslaiea;
ombesl g cole cend o a5 sbles aileass &l ((pKislesl)
Ot damslin (6 S oslail Sl og dgaze o 4 0l aaS e guSIS
)l aslsl jo a5 Sl IS 5o el 0ol bl 90 4y 99 &0y b, SIS
L sla,gSIS sl w55 4 Steel ¢ Plastic Poly ofjle 5 i anlgs
anly 23laEul ((s508) el 5 Seidly oy Sk il Slonis i
s s Gl Gl sy a4 Num.  EXp. oljle 51 0l 5 ogdle ol
A asles oolaiwl (goae) I~ }?JUT Joe mls g (‘_,,_ali.i%l,oﬂ)
5IUT by <85 bl 5 alisee slo)guSUS anglie 5 b3, Holatees
el 0y oolasnl 55 Gyl 5l Sl
fegmd (LS (glas acing
_ iref

i
ref
Xi

Erermax (%) = Max( x100,i=1,...,N) (13)

PO () gl Ja.w}..a
MGG — XTeh/x7ef| x 100

Erel,Ave (%) = N (14)
oo OS] arciog
ATyay = Max(|T; — TTf|,i = 1, ..., N) (15)
Los M Lansgie
N _ mqref
ATyye = v = Th)] (16)

N
c s sl ref 3 Max Ave del slo gy YU slodloles o

5 (o glas d alaii 10wy Oj5e yukie Hlade i b i @
il g Les Dl

343

oS dae (o 6:[><ul> Syl Jlsl co e QT Ay g b
(6-6) b (JI-6) Jag‘B) )'| (Jaou 6‘9"” 9 fsy.l: ‘5‘%) ‘9—2 9 (L_.,-«—ml Axa.0)

Qconv.air~bp = Acol hconv.air~bp (Tout - pr) (<lk-6)
Nu, kajr
heonvair~bp = ——— («-6)
conv.air~bp dplen
Nu, = 0.664 Rey5 p2;33 (z6)
ir Volen H
Rez _ Pair plen (>-6)
c Hair
P, = P.a;{ir Hair (-6)
air

beo plp pedy 51 Glen gloo cunl onls (5,8 588 Yolre o
Wl (295 slen
Ly, 5 iy amio g bme Glp Gn gl ol Jl
sell s s W H LQQ'I 30 a5 el Ao B (o-7) b (A7)
Cawody (0°6) abaly 51 as cwl Jly sae Prog anil o Q3> oie

2[1] de."u,ﬁ

Qconv.bp~sur = Acol hconv.bp~sur (pr - Tamb) (-7
Nu; k,;

hconv.bp~sur = Talr (<D

Nuz = 0.664 (Re3®) P23 b

RE3 - Pair Vwind w (°_7)

Hair
198 J5ESIS L lsn & Gl amis | plrale & Uil
[6,1] el auloxs

he =
0 Vapp = 0.02

Vwind Vair Pair Cp.air

(
{.82 U H
\

o

Vipp < 0.02 Viging # 0
app

1.31 ((Taps — Tamb)*>2) Vapp < 0.02 Viying =0
®
roiss il sl 3l eslicad b (il 51 36 ol il &
9 s Ao 5 LAl s o ol Ol Jll ol saddnln
50 a8 w0l co Cewd 4 (10) 5 (9) Laily, 5 lame a0 iy b Guizen
el po g = il ol O g j90ue cu o ko € oyl

Aabs Osb (T:bs - Tl;}p)

Qrad.abs~bp = 9

rad.abs~bp 1 +L_ 1 ®)
€abs.in €bp

Qrad.bp~sur = Aabs Osb €bp (Tgp - Ts‘hr) (10)

228l o BT (e 5 Glawol 4y cdaze 4y SIS 5l b o)l > Slals
Oy 4 LESIST S o po g (Fos) plewl @ jeuSUIS IS8 po @ g
e (11) b, 5l 5 01 (S e 5 Slowsl slod izeon 5 (Feg)
[1] 86,5 o basme sloo b plp 1) pe slos (A1) alal) j3 205,85 oo
Qradabs~sur = Aabs Tsb €abs Tabs — Fes Toky — Feg Tand)
Toky = 0.0552 Ty 11)
gl ol wilizee slaoliws byl 3 pae slaymelly 51 (So
Sebe (5551 42 45 (63959 55 3l 6 S Dygodr olfwd Sy 003l Bl
oolawl b el 083l (3 (1l )0 00,5 so @y 2 codls had 2,
395 g0 dwlore 43 alolas 5l
MCp (Tout — Tin)

a2
Aabs IT

Nth =

9 o pleibs 17 095 1396 ,3T (I3 SHlle (S


file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1776/Enew%20171776M.docx%23_ENREF_1
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1776/Enew%20171776M.docx%23_ENREF_1
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1776/Enew%20171776M.docx%23_ENREF_1
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1776/Enew%20171776M.docx%23_ENREF_6
file:///C:/Users/Desert%20Rose/dropbox/MME/Shahrivar%2096/1776/Enew%20171776M.docx%23_ENREF_1
https://dorl.net/dor/20.1001.1.10275940.1396.17.9.18.4
https://mme.modares.ac.ir/article-15-3193-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-30 ]

[ DOR: 20.1001.1.10275940.1396.17.9.18.4 ]

Ul 9 SLasl dobld

D g 9 (Juiwl) G348 D3l wilrivo b 3w ygd Saio (gD SIS i) Gilwdde 9 dlw

1000

800 -

—a—— m=0.011 kg/s
——4—— m=0.0088 kg/s

——%—— m=0.0045 kg/s

9““10””11”” ‘13””14””15

12
t (hr)

34

31F

30F

Tomo (C)

29F

28F

—=—— m=0.011kg/s
—a—— m=0.0088 kg/s

———— m=0.0045 kg/s

27F

26

25 L | SV VN [N T VAV S N [N YN [N Y SN NS MR |
9 10 11 12 13 14 15
t (hr)

Fig.3 Solar irradition and ambient temperature on different days of
testing metal and polycarbonate collectors
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Fig.5 Comparison of outlet air temperatures of the metal and poly-
carbonate collectors in different mass flow rates
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Table 3 the relative error and the difference between thermal analysis
(numerical) and experimental data sets of polycarbonate collector in
test number 1
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Table 4 the relative error and the difference between thermal analysis
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Fig. 7 Solar irradiation and ambient temperature on different days of
testing metal and polycarbonate collectors
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Table 5 the average and maximum relative difference and temperature
difference between the polycarbonate and plastic collectors based on
experimental data sets of test number 2

ATMax ATAve EreI,Max EreI,Ave m[kg/S]
9.4 7.9 18.6 15.3 Tans
47 27 9.6 5.9 Tou 0.011
1.2 0.5 2.1 0.8 Tabs
4.1 1.4 7.8 2.7 Tou 0.0088
4.3 3.2 6.3 4.9 Tabs
0.6 03 11 05 Tou 0.0045
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Fig. 9 Comparison of outlet air temperatures of the plastic and poly-
carbonate collectors in different mass flow rates
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Table 7 the relative error and the temperature difference between
thermal analysis (numerical) and experimental data sets of plastic
collector in test number 2
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Fig. 8 Comparison of absorber temperatures of the plastic and poly-
carbonate collectors at diffrent mass flow rates
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Table 6 the average and maximum relative difference and temperature
difference between thermal analysis(numerical) and experimental data
sets of polycarbonate collector in test number 2
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Fig. 10 Comparison of the efficiency of the polycarbonate and plastic
collectors at diffrent mass flow of rates
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Fig. 11 Effect of mass flow of air on efficiency of metal, polycarbonate
and plastic collectors
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