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ABSTRACT

Polymeric solar collectors were been used to replace a typical metal collector because
their mechanical and physical properties make the volume production of lightweight, low cost and
corrosion resistance. To investigate the performance of polymer collector, computation fluid
dynamics (CFD) techniques was applied to obtain characteristics of fluid flow including temperature
distribution. Validation of the CFD model was performed by comparing with experimental data
according to standard test method of ASHRAE Standard 93 —77.

The polypropylene random copolymer (PP-R), polyvinyl chloride (PVC) and polyvinyl
chloride-black (PVC-B) were used in this study. The collector with total area 2 m” and angle of 14
degree to the horizontal were implemented. The design grid and CFD were performed with Flow
Simulation Ver.2011. The boundary conditions for CFD computation were mass flow rate of 0.02
kg/s, water inlet temperature of 303 K and convection heat transfer coefficient of 10 W/m K.

The difference between the inlet and outlet water temperature of polymer collectors were
recorded both with CFD and experimental. It was found that the different temperatures of PP-R,
PVC and PVC-B collectors for CFD computation were 6.5, 7.8 and 9.4 K while the experimental
results were 9.5, 9.9 and 11.8 K, respectively. The CFD results of all collectors were in good
agreement with the experiment, although CFD results were lower than the actual values. The CFD
qualitatively predicts the temperature distribution of the collector, i.e. low temperature at the sides
and wavy pattern with high temperature at the middle. Suggestively, the CFD model is a useful tool

for further investigations to optimize of the problematic polymeric solar collector.

Keywords: solar thermal collector, polymer materials, computational fluid dynamics, solar hot water
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Y :T Cd(AT) 29
CH Tt ) (AT)[exp(C, / AT)—1 '
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1 1 a a 1 I 1w 1 (%
ﬂ']ﬁ"lﬁQTﬂﬂ'lﬁﬂuﬂlﬂiﬂﬁL‘]JLlﬂ']ﬁﬂﬁ')u‘ll@ﬂwa\?\‘]']usllf]\iﬁﬂﬂﬂ'lizﬁ'ﬂﬂ 0 uag

Q

AT @4 Sargent (1972) [8] lamuramnasnuluagiani q uaasluaisei 2.2

= o o T A o o W =] ° o 1 A
AN 2.2 FATIUUVDINAINIUNITUNITITUDIIANATEILA 009 AT amsuaIvunuueg AT

AT fn—,u” AT fo—;l.l"' AT fo—a.r
(um.K) (pm.K) (um.K)

1000 0.0003 4500 0.5643 8000 0.8562
1100 0.0009 4600 0.5793 8100 0.8601
1200 0.0021 4700 0.5937 8200 0.8639
1300 0.0043 4800 0.6075 8300 0.8676
1400 0.0077 4900 0.6209 3400 0.8711
1500 0.0128 5000 0.6337 8500 0.8745
1600 0.0197 5100 0.6461 3600 0.8778
1700 0.0285 5200 0.6579 8700 0.8810
1800 0.0393 5300 0.6693 8800 0.8841
1900 0.0521 5400 0.6803 8900 0.8871
2000 0.0667 5500 0.6909 9000 0.8899
2100 0.0830 : 5600 0.7010 9100 0.8927
2200 0.1009 5700 0.7107 9200 0.8954
2300 0.1200 5800 0.7201 9300 0.8980
2400 0.1402 5900 0.7291 9400 0.9005
2500 0.1613 6000 0.7378 9500 0.9030
2600 0.183] 6100 0.7461 92600 0.9054
2700 0.2053 6200 0.7541 9700 0.9076

2800 0.2279 6300 0.7618 9800 0.9099



a o 1 o o o o W =]
AN 2.2 FATIUVDINAINIUNITUNTITUDIIAYATELLA 009 AT

dmsuaIunued AT (99)

AT Jo-ar AT JSoar AT Jo-ar
(um.K) um.K) (um.K)

2900 0.2506 6400 0.7692 9900 0.9120
3000 0.2732 6500 0.7763 10000 0.9141
3100 0.2958 6600 0.7831 11000 0.9318
3200 0.3181 6700 0.7897 12000 0.9450
3300 0.3401 6300 0.7961 13000 0.9550
3400 0.3617 6900 0.8022 14000 0.9628
3500 0.3829 7000 0.8080 15000 0.9689
3600 0.4036 7100 0.8137 16000 0.9737
3700 0.4238 7200 0.8191 17000 0.9776
3800 0.4434 7300 0.8244 18000 0.9807
3900 0.4624 7400 0.8295 19000 0.9833
4000 0.4829 7500 0.8343 20000 0.9855
4100 0.4987 7600 0.8390 30000 0.9952
4200 0.5160 7700 0.8436 40000 0.9978
4300 0.5327 7800 0.8479 50000 0.9988
4400 0.5488 7900 0.8521 <0 1

d' ¥ 1 [ Ty A o o =2 9 v o 1 A A ,3
13199 2.3 dATIUVDINAINTIUNITUNIITUDIIAYA1D10 0 DI AT avsudaaaIunnuIy

Joar AT AT at Sooir AT AT at
(um.K) midpoint (um.K) midpoint
0.05 1880 1660 <055 4410 4250
0.10 2200 2050 0.60 4740 4570
0.15 2450 2320 0.65 5130 4930
0.20 2680 2560 0.70 5590 5350
0.25 2900 2790 0.75 6150 5850
0.30 3210 3010 0.80 6860 6480
0.35 3350 3230 0.85 7850 7310
0.40 3580 3460 0.90 9380 8510
0.45 3820 3710 0.95 12500 10600

0.50 4110 3970 1.00 o0 16300
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[S—U, (T, —T.)]tanh[m(W — D)/ 2] (2.47)
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q', =W-D)[S-U(T,-T)] (2.48)

oaNuazaINz@euanmy 2.48 111 Tasldielseansninueeniy
q' =W =D)F[S-U(T,~-T,)] (2.49)

e tanh[m(W — D)/ 2]
 m(W-D)/2

(2.50)
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Collector efficiency factor, F’
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m’C '
F,= L1 1—exp _AUF (2.65)
U m’C,
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F"=—R':—p' 1—-exp —CD—L (2.66)
F' AU, F m Cp
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No. Description Unit
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Hukseflux

Thermal Sensors

Figure 1 LPOZ2 solar radiation sensor: (1) LPO2 housing,
(2) glass dome, (3) sensor, (4) cable, standard length
5m, (7) screwed cable connection, (8) access for cable
connection/ replacement.

.

Figure 2 LPO2 dimensions. Standard cable langth is 5
m. All dimensions are in mm. Cable can be installed /
replaced by the user.

d' 9 [ A = U 9 a o
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LPO2

SOLAR RADIATION SENSOR COMPLIANT
WITH ISO AND WMO STANDARDS

LPO2 is a solar radiation sensor that can be
applied for most common solar radiation
observations. It complies with the latest ISO and
WMO standards. The scientific name of this
instrument is pyranometer. LP0O2 is a modern
alternative for the so-called "star” or "black and
white” pyranometers overcoming the problem of
poor stability of the white reflective paint.

LP02 serves to measure the solar radiation flux
that is incident on a plane surface in W/m? from a
180 degrees field of view (also called “global”
solar radiation). Working completely passive,
using a thermopile sensor, LPOZ generates a
small output voltage proportional to this flux.
Contrary to photodiode-based- and “black and
white” instruments LPO2Z has a spectrally flat
response across the full solar spectrum.

Using LP02 is easy. For readout one only needs
an accurate voltmeter that works in the millivolt
range. To calculate the radiation level the voltage
must be divided by the sensitivity; a constant
that is supplied with each individual instrument.
LP02 can directly be connected to most
commonly used datalogging systems.

LP02 can be used for general meteorological
observations, building physics, climate- and solar
collector testing. A common application is for
outdoor solar radiation measurements as part of
a meteorological station. This application requires
horizontal levelling; levelling fest (7) and a level
(11) are included. The LPO2 cable can easily be
installed or replaced by the user.

Applicable standards are ISO 9060 and 9847,
WMO (World Meteorological Organisation), and
ASTM EB24-94. LP02 can also be used for
stability estimations according to EPA ( EPA-
454/R-99-005).

LPD2 SPECIFICATIONS
IS0 classification:
Spectral range:

second class
305 to 2800 nm

Sensitivity (nominal): 15 pv/ Wm™
Temperature range; -40 to +80 “C
Range : 0 to 2000 Wm™~
Temperature dependence: < 0.1%/°C
Calibration traceability: WRR

OPTIONS

Additional cable length x metres (add to 5m)
AMF 01 Albedometer Fixture {used with 2 x LPO2)
AC100 / AC420 amplifiers

‘With LI19 readout unit, in handy carrying case

Version 0920 (page 1 of 1) Hukseflux reserve the right to alter specifications without prior notice
HUKSEFLUX™ THERMAL SENSORS . WWW . HUKSEFLUX.COM . INFO@HUKSEFLUX.COM
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M3199 0.3 ﬂ?’@y’aﬁuwwmﬂ Thermocouple Type K

MAXIMUM TEMPERATURE RANGE
Thermocouple Grade

S Revised Thermocouple

=328 to 2282°F

~ Dl Reference Tables
Extension Grade

32to 302°F

0to 200°C = 2 |
LIMITS OF ERROR Nickel-Chromium

(whichewver is greater) Vs

Standard: 2.2°C or 0.75% Above 0°C . L Reference
2:2Clor 200 BelowlrG Nickel-Aluminum

Special: 1.1°C or 0.4% + Tables

COMMENTS, BARE WIRE ENVIRONMENT - } N.IST

Clean Oxidizing and Inert; Limited Use in - A

Vacuum or Reducing; Wide Temperature Zad Monograph 175
Range; Most Popular Calibration Extension Revised to
TEMPERATURE IN DEGREES °C Grade ﬂ

REFERENCE JUNCTION AT 0°C ITS-80 -

Thermoelectric Voltage in Millivolts
€ -0 -8 -8 -7 B =5 -4 -3 2 -1 0 “C “C (] 1 2 3 4 5 ] 7 ] 9 10 “C
250 10153 10194 10235 10276 10.316 10.357 10.398 10.435 10.430 10.520 10561 250
260 10561 10,602 10,643 10,664 10.725 10,766 10.807 10.848 10,839 10.920 10971 250
210 10971 1.2 11083 1094 11138 11176 1.7 11.289 11300 11341 11382 270

260 6458 6457 6456 6465 6453 6452 6450 6448 6446 G444 G441 260 280 11382 11.423 11465 11506 11.547 11.588 11.620 1167 11.M2 11.763 11796 280
250 6441 6438 6435 5437 -B4I0 6415 6411 6417 6413 G408 6404 250 290 11,796 11636 11877 11.919 11.960 12.001 12,043 12084 12726 12167 12209 290
240 5399 6361 6344 240 300 12209 12250 12291 12333 1 12,457 12,499 12.540 12.882 11624 300
230 33T . 62N £262 230 3100 12624 12865 12707 12748 12 1 12873 1 12966 12.908 13040 310
220 6252 6170 6158 .22 3200 13.040 13081 12123 13165 11206 13280 1 13373 13.415 13457 320
prali] 6147 -G048 36 20 330 13457 13,490 13540 13582 13.624 13665 13,707 13749 13791 13.833 13874 330
200 6027 <5907 5897 200 340336874 13916 11956 14000 14042 14064 14126 T4IET 14200 14751 143293 340

190 5831 -S876 -BT747 -5.730 190 36014293 14335 14377 14419 14461 14503 14545 14567 14629 14671 14713 350

£,550- H0 G0 143 14755 14797 14839 14BE1 14923 14965 15007 15049 15081 18133 360

180 5730

5550 5354 At 370 15133161075 16217 15259 16.301 15242 15385 15,427 15480 15511 16584 370
160 -5354 -5141 160 300 15564 15,506 1568 15680 15722 15764 15806 15849 15691 1593 15915 380
150 E10 4,913 180 38016815 16,017 16055 16702 16744 16186 16,228 16,270 16313 16355 16397 390
40 4668 140 400 16,797 16,439 16462 16524 16.566 16,606 16,657 16650 16,735 16,778 16820 400
110 4471 130 0 15820 TEBS2 1E904 16947 16909

TRLOM T1006 11158 1R300 R4 a0
a7

120 -4138 120 420 17.24% 17.285 17328 17370 17.413 97 17,5 17.582 17.624 17667 420
410 3852 10 430 V16T 11009 11752 10784 1137 T08TE 17827 11964 TH.006 16043 18091 430
o0 3554 100 440 18091 1824 1R1TE 1B218 1B.261 18.202 18.346 18,368 18.437 1R473 1BSIE 440
a0 3554 3523 3492 2241 &0 450 TO.516 19650 THEOT TREA3 TEERS 18,728 1871 TEATI 10856 10690 18941 450
-B0 2243 3217 3179 .3 -2.820 .80 450 18.9471 19983 12026 15068 19911 19154 19196 19230 19.281 12324 19366 460

-0 L2920 -288T .2.654 282 25T .70 AT0 19366 19405 19451 19537

9 19622 19664 19707 1907980 19792 470

60 2587 .-2553 2619 4243 .60 A80 79,792 19836 19817 10.962 20,005 20,048 20,090 20733 20175 20218 480
S50 2243 L2208 2173 -1.885 .50 430 20218 20261 20303 20346 200363 M0.431 20474 20516 20559 20602 20644 490
40 1BA9 1BS4 818 1621 A0 500 70644 T0.687 207300 20772 MBS 0857 I 20985 21008 21071 500
230 1EIT L1480 1453 1. -1.156°_~30 510 .01 N8 21156 2341 N304 21454 510
20 1156 1119 081 & 0718 -20 520 2481 31540 21683 2.66821. 10 21 94 520
-0 -0778 0739 0701 0357 .10 21,56 22003 22052 293 22307 22350 530

0 0392 0383 0314 0. o000 0 2230172438 2748 REN. 22883 22643 22691 2.7 22776 540
0 0000 0039 0079 0.357 0397 o 550 22.776.22.819 12857 72004 20547 72990 23032 23075 23T 21160 23203 550
0 0397 0437 0477 WisE 0.7 10 60 23,203 23245 JLJ8E 23 3373 13476 I5.458 23500 23544 23.58% 21629 560
20 079 0638 067 1203 20 i ZIEM 234 5,199 23047 ZEEM 23921 23970 2402 24055 570

12 30 580 24055 24097 24140 24782 34225 14267 14310 24383 24395 24.438 24480 580
1982 2023 40 590 24480 4523 JA5E5 ZAG0E P4ES0 TAEUY M4 TS J40TH D420 24863 24905 590

I 1203 1244 1285
40 1612 1LES3 1694

50 2023 2064 2106 2354 2436 S50 24948 24990 25033 075 25245 25788 25330 600
B0 2438 2478 2519 2788 2881 &0 FE.373 26415 26488 E S0 ] 262 25788 610
0 2851 2E91 2934 3184 267 0 26,197 JE840 25HE2 ? 26004 26736 26170 620
B0 3267 31308 3360 3589 aser 80 26263 26306 2 26,517 26560 26602 630
90 3882 1723 3765 4m3 4036 90 26687 26 26,940 26.983 27025 &40

100 4096 4738 4379
10 4508 4550 4591
120 4920 4%61 5002
130 5328 5358 5410
140 5735 5775 5815

4427 4868 4509 00
4AR3B - AETE 45200110 2
S24] 6288 5328 120 21953 F1O%6 P03
5683 ~56%4 576130 28374 RN
6058 605 S138 140 690 I8, 710 29,752 28794 286835

21363 Z7.405 27447 650
31784 ITEFE 2TEED €80
8121 28762 20206 2BM7 28280 &0
28542 29584 28526 2B.668 28710 68D
29,9651 29000 29.045 20.087 2212% 690

27408 27152
2511 31874

WO BT E11 6219
160 6540 6580 6620
170 6941 6381 7021
180 T340 230 1420
190 AT LTI @19

BdG0  EEDD 6540 180
BRET. 6A01 6941 160
LIED 7300 T340 170
TES9 7693 1739 Q@0
8059 BOYI 8738 190

29 2917 29380 29477 29464 29.506 FuS4m 00
29,638 2 7 29.798 29840 29887 20974 29956 T10
0,007 300 3 0116 30.251 30,299 30341 30382 720
2 30,424 507 30, 580 30632 30674 0.5 LIET I0TIB 730
) 30,799 30.840 30831 20923 30.964 31006 31.047 3L069 31130 AT2 NI 40

200 BIIE AITE BIIE B2GD B2W 831 AT AAIE AA5E B4SG BS3G 00 10 31213 31256 31296 31338 ¥ 11,462 31504 31645 31586 31628 750
210 8519 4579 8619 BESY BESS 8738 ATI3 BE19 BESD BAND B0 N0 760 31628 31.888 31710 31782 31876 31.917 31.%58 121000 32041 780
220 8040 8380 2020 9.061 9701 3441 I8 92 9JEZ RAI0Z 934 I 770 32047 32082 31124 31165 32206 32.247 32.289 32330 3237 32412 32483 IO
290 9341 9383 9431 G464 9504 9545 95A5 966 9666 G707 9747 230 10 32451 32495 32536 12577 12618 32650 32000 32.742 32703 12604 32BES  THO
240 9741 9788 GE28 986 9900 9950 9497 10031 10072 10713 10053 240 790 32865 32906 32947 12588 32.029 33070 33911 3382 33993 33234 33276 790
c 0 1 2 3 4 5 6 7 & 9 0 °C "t 0 1 2 3 4 5 [ 7 & 9 0 ¢
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Abstract

This article studies the TAWIUR G

PE of various e

{Insulation Back)
be usad as a componant of solar heat fram the sun. A was tested

by the standard of Solar Rating and Cerification Corporation Luvufnasniybinasn sanInAI

(SRCC) with a focus on flat plate solar collector. A comparison of 3617w iCover) (Siaza s Unlazod) Onsulaion Sides
the possibility to use a p fal as a solar was
also revealad.
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Raling and Certification Corporation (SRCC) " Tanutufiunsiu
soufauTnwisruusaanfuuuududoy saudl aa. 1982-
2011 FTUIU 344 U
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2.1 unaFuanafau nndssunasanfinduunudw oy
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wgap AnfuuunduGEoy Aduntsiaduduresunsy Taols
WATFIUTEY ASHRAE 96-1980 “ uaz ASHRAE 9377 7 9
119 SRCC fumawnIdniuam 9
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1upuilmzaniulalifngzan (Glazed & Unglazed)

2.n3eu (Frame)

3.611a (Cover)

4-Trggandun1uiou (Absorber  Material) Failiarie
(Tube) wazusuwGou (Plate)

5 3FQIAREL A (Absorber Coating)

6.AUIUATWINI (Insulation Side)

7 RUIUATURAY (Insulation Back)

2.21 wuudinszeniulaifinszon (Glazed & Unglazed)
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Optic Type Efficiency Qty
(Glazed Flat-Plate 0.683 313
Unglazed Flat-Plate 0.687 3

2.2.2 nj0U (Frame)
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Frame Q'ty %o
Wluminum 143 41.57
Muminum and wood 1 0.291
Pluminum Extrusion 73| 21.221
Wuminum, Galvanized Steel 1 0.291
Wnodized Aluminum 73 21.221
Copper 3 0872
Fiberglass 4 1.163
Galvanized Steal 3 0872
[Galvanized steel with fiber reinforced back 1 0.291
None 22 6.395
Polycarbonate 2 0.581
Polyester, metal backing rd 0.581
Polymer 3 0.872
Folypropylene 2 0.581
PVC 1 0.291
ISheet Metal 1 0.201
[steinless Steel 9 | 2618
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2.2.3 ¢lila (Cover)

wiila iagissaafvandmiuiuluide 2.2.1 Tﬂuﬂ'i'aﬂﬁ
ﬁul.lﬁ':uﬂl'i'a"luu"mﬁ'qm".nmﬂaﬂ 3§80 Low Iron Tempered
Glass tiipssnnszansiatiuiedls @il nszen Low  Iron
Fumnbinisnueaerfinddaadlduinia 00-85% usznizan
Tempered  (ilunszanily mEn U@ lunsilaaiu m3tfiag g
namfienandauuiausiuinndinisaneyiuaiiia 5 winuas
e nesdanvuaiumiadinadmszanessuatazuanily

thnaanu

A 3 wWisui ﬂu’i’ﬁvgmﬂmﬂudﬂﬂu

Cover Q'ty %
Fiberglass Reinforced Plastic 1 0.291
Lexan Polycarbonate 2 0.581
Low Iron Glass 3 0.872
Low Iron Safety Glass 5 1.453
Low Iron Tempered Glass 220 63.953
None 30 8721
Polycarbonate 4 1163
PV Module 1 0.291
[Safety Glass 2 0.581
ISuIar Glass 10 2,907
ITempered glass 64 18.605
Textured Tempered Glass 2 0.581

5 =
2.24 THANANARAIINTOU (Absorber Material) Bodina
i (Tube) uazuduwiTou (Plate)
- . LR & o
JEapanium s asiown e linues leawil
amyuzmaissneuiveldan 3 guluuu fie
1, viewvievieema
, ) % 4 :
2. wan (11a»lw'%anammmﬂup]amﬁvu {Harmeonica
Tube))
L | L\ FF A
3. vewwieveeinmaiaunuiwan (wanluniifaaiy
R A\ 2 N
{Fin)) tiarRuAwa lum s usaiad

aef 4 wWSad uu’i’ﬂq‘mﬁ?ﬂuﬁnﬁﬁl«’mﬁcm e

Absorber Material (Tube) Qty | %
Aduminum 7 203
(Co-polymer plastic 3 0.87
ICopper 288 | 837
(Copper Tube on Aluminum 1 0.29
EFDM 1 0.29

None 22 6.4
PEX 2 | o058
Polyethylens 1 |o28
Palyp |l with UV ilization 18 523
Steel 1 0.29

- -
a7 5 WisuRsuianilEidwmanniondy

Absorber Material (Plate) Qty | %
Alurninum 63 | 183
Aluminum Sheet 9 | 262
Co-polymer plastic 3 0.87
Copper 121 | 352
Copper Fin 110 3z
Copper Sheet 1 0.29
Dark concrete tile 1 0.29
None 21 | 84
Palymer 1 0.29
Polypropylene with UV stabilization 6 | 1.74
Plate - Aluminum 1 0.29
Plate - Fibrous mat spun liberglass 1 0.29
PV Cell 1 0.29
Steel 5 1.45
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2.2.5 THAVARBLAT
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4 i e o :
a9 6 Wisuiisuidaaiiouin (Absorber Coating)

Absorpber Coating Qty [ %
Anadization 1 0.29
Anodization Exirusions 1 0.29
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lBlack Chrome 50 | 145
|Blank Mickel 1 0.29
|Blank Paint 8 233
lB]an:k Painted Aluminum 1 0.28
IBIustec 1 | 029
Dark Green Fluorocarbon 1 0.29
Flat Black Paint 14 4.07
Metallic Cxide 1 0.29
Moderately Selective 1 0.29
Moderately Selective Black Paint 48 14
None 32 | 93
Non-selective coating 3 0.87
Paint 5 1.45
Palyester Flat Black Paint 3 0.87
Powder coating 4 1.16
Selective 28 | 814
lSalacﬁva coaling B8 | 256
ISs[eclivs WVapar Deposition 10 | 291
[Sami-SeIecLive Paint 4 1.16
lSputl&red aluminium nitride 2 0.58
ISpu:larad aluminum nitride 5 145
ISputlarsd cermel 4 116
lSputlamd Selective 20 | 5.81
ISpuﬂsmd fitanium nitride 1 0.29
Titianium oxide B 2 0.58
\Vapor Deposition Selective Coating 5 145

w3 6 naasliiiwimswdeufir inuvan s iy
uuy Selective coating Wasnnilunsadauiaunlavenasuas
{mﬂaﬁl 4 Uuat 5) u’fa‘m’i’aqﬂmwmu‘l'sn'lum‘:ﬁ“ﬂr‘ﬁ‘.ii'a'&tdu
inntulasasulidunummduresdiaivnmaaieu Bannas
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2.2.5 ARIRATRDITIUASATUMAS (Insulation Side &
Back)
vy » B 7 O
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Insulation Side Qty | %
Fiber Fd 203
Fiberglass 7 2.03
Fiberglass Board 10 | 291
Foam ] 262
Foil-Faced Rigid Foam 15 | 4.36
IGlass Wool 13 | 3.78
IGlass Wool and Black Fleece 1 029
IGlass Wool with Black Felt 2 0.58
Isocyanurate s 0.58
Isocyanurate Foam 13 | 378
Mineral Woal 24 | 698
None 46 | 134
Paper-faced fiberglass 5 145
Plywood 1 029
Folyester 3 0.87
Polyester wool 2 0.58
Polyisocyanurate 128 | 372
Folymer e 0.58
Polyunrethane 8 233
Polyurathane 4 1.16
Poyurethane [Foil-Faced] 12 | 349
Polyurethane Fo;lm 7| 203
Rock Wool 23 | 669

a1 8 iisuifsuanawiuasafoudumag

Insulation Back Qty | %
Fiber 10 | 291
Fiberglass 7203
Fiberglass & polyisocyanurate 4 1.16
Fiberglass Board 10 | 291
Foam 2 0.58
Foam, Fiber 2 058
Foam, Fiberglass 2 0.58
Foil-Faced Fiberglass 5 | 145
Glass wool 13 | 378
Glass Wool with Black Fell 2 | 058
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AR 7 ues 8 wamd b Polyisocyanurate I.LJWWG}
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#ulail hydrachlorofluorocarbons {HCFCs) nazvnanuau
. . g4 d

Uﬁﬂ’\ﬂ’\ﬁ’uﬂﬂﬂﬂ ﬁﬁ'}ﬂ'ﬁ%’]ﬂ‘ﬂ&ﬁﬂuﬂ’m 0.023 Wm.K a3
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nugawnaildstia 145 °c lavilanumunegaides 15 indums
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ar91afl 8 SwghfluahanlfUszneuunaduenuia uenwasam
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|socyanurate 1 0.28 Flate Copper 121| 35.17
Isocyanurate Foam & Fiberglass 12 | 349 Absorber Coating Selective coating 88 | 25.58
Iineral Fibre 1 0.29 Insulation Side Polyisocyanurate 128 | 37.21
Mineral Wool 27 | 7.85 Insulation Back Polyisocyanurate 81 | 28.45
IMineral Wool & Polyurethane 3 0.87
IMineral Wool & Poyurethane [Foil-Faced] 4] 2.62
Component of solar Collector Flat Plate
Mineral Wool and Rigid Foam 15 | 4.36
91, 7%
None 32 9.3
Plywood 1 0.29
Polyestar 3 0.87
88 8%
Polyisocyanurate 91 26.5
Polyisocyanurate & Fiberglass 33 | 8.56
Polymer 2 0.68 121 %— .
Polyunrethane 8 2.38
Polyunrethane Foam 2 0.58
Polyursthane and glass wool 3 0.87
Polyursthane Foam 8 1.74 288, 21%
Polyurethane, Fiber glass 1 0.29
Polyurethane, Rock Wool 3 0.87 B Glazed or Unglazed Glazed Flat-Plate
Radiant Reflective Membrane 1 0.29 W Frarme: Aluminum
Rigid F 5 1.45
g Foam OCover Low Iron Tempered Glass
Rock Wool 28 | 8.14

O Absorber Tube Copper

B Absorber Plate Copper

B Absarber Coating Selective coating
H Insulation Side Polyisocyanurate

Olnsulation Back Palyisocyanurate

o = da =
mwi 2 spliEeifinalfluneusnauuneiuaasouen
WA UUFII Fad SmmIanuELYng SRCC
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SRCC anuanesins ASHRAE 83-77 usz ASHRAE 96-1830

Component Description Q'ty %
Glazed or Unglazed  |Glazed Flat-Plats 313 90.99
Frame IAlurminuim 143 | 41.57
Cover Low lron Tempered Glass 220 63.65
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[11  Solar Rating and Certification Corporation, 2011, Salar
Rating and Certification Corporation. Directory of SRCC
Certified Collector and Ratings, Solar Rating and
Certification Corporation, Cocoa, FL (2011)

[2] ASHRAE 1977, Standard 93-77. Methods of testing to
determing the thermal performance of solar collectors. New
York: American Society of Heating. Refrigeration, and Air-
conditioning Engineer.

[3] ASHRAE 1980. Standard 96-1980. Methods of lesting to
determine the thermal performance of unglazed fNat-plate
liquid-type solar collectors. New York: American Society of
Healing. Refrigeration, and Air-conditioning Enginaer.
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Gaulvauiwa (Boundary Conditions) leu

- lifinsuenodudiasananuten (no thermal expansion)
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Thermal Conductivity (Wim K) 0.24 0.14 0.21
Melting Temperature K} 483.15 453.15 453.15
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No. Description Unit
1 Mass Flow Rate 0.02 Kgls
2 Water inlet Temperature | 303.1 K
3 Environment Temperature | 303.1 K
4 Temperature of External 293.2 K
5 Heat Transfer coefficient 10 Wim'/K
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No Description Simulation Result
1 |PP-R 6.52 9.54
2 |PVC-Blue 7.81 9.93
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