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LAMPIRAN
1. Tabel Sifat - Sifat Udara Pada Tekanan 1 Atm

848
PROPERTY TABLES AND CHARTS

Properties of air at 1 abm pressure

Specific Thermal Thermal Dynamic Kinematic Prandti
Temp. Density Heat ¢ Conductiity DIty Wiscosity Viscosity Numiber

LT akgm gk K, WK &, Pk o, kgms ¥, Ms Pr
—-150 2.BGE 983 001171 4158 x 10°% B.E36 » 10 3.013 x 10°% 0.72456
—100 2.038 965 0.01582 8036 = 10-& 1.189 x 10-6 5837 x 10-% 0.7263
—50 1.582 999 0.01979 1.252 = 10-2 1.474 x 10-3 9319 x 10-% 0.7440
—40 1.514 1002 0.02057 1.356 = 10-2 1.5Z7 x 10-3 1.008 = 10-*= 0.7436
—-30 1.451 1004 002134 1465 = 10-2 1.579 x 10-3 1.087 = 10-*= 0.7425
—-Z0 1.394 1005 002211 1.578 x 10°® 1.630 x 10°° 1.169 = 107® 0.7408
—10 1.341 1006 0.02288 1.696 = 10-2 1.680 x 10-3 1.252 = 10-*= 0.7387
4] 1.282 1006 002364 1.B1B x 10-2 1.729 x 10-3 1.338 x 10-* 0.7362
5 1.269 1006 0.02401 1.BBD » 10-= 1.754 » 10-3 1.382 x 10-* 0.7350
10 1.246 1006 0.02439 1.944 x 10-2 1.778 x 10-3 1.426 x 10-* 0.7336
15 1.225 1007 002476 2,009 x 10 1.BOZ = 109 1.470 % 107 0.7323
Z0 1.204 1007 002514 2.074 = 10-= 1.BZ5 x 10-3 1.516 x 10—*= 0.7309
25 1.184 1007 0.02551 2.141 x 10-2 1.B49 x 10-3 1.562 x 10-* 0.7296
30 1.164 1007 0.02588 2208 x 10-2 1.B72 x 10-3 1.608 = 10-*= 0.7282
35 1.145 1007 002625 2277 = 10-2 1.B95 x 10-3 1.655 x 10-*= 0.7268
40 1.127 1007 002662 2.346 x 107 1.918 = 109 1.702 x 107 0O.7255
45 1.109 1007 0.02699 2416 = 10-2 1.941 x 10-3 1750 = 10-*= 07241
20 1.092 1007 0L.0ET35 ZABT = 102 1L.9&3 x 10-2 1.798 x 10—*= 0.7228
&0 1.058 1007 0.02808 2632 x 10-2 2.008 »x 10-3 1.B96 x 10-*= 07202
@ 7O 1.028 1007 0.02BE1 2780 = 10-2 2.052 x 10-3 1.995 x 10-*= Q7177
B0 0.0004 1008 0.02953 2831 x 10 20086 x 1079 2097 x 107 0.7154
90 0.971B 1008 0.03024 3.086 x 10-2 2.139 x 10-3 2201 x 10-* 07132
100 0.9458 1009 0.03095 3.243 x 10-2 2.181 x 10-3 2306 x 10-* 07111
120 0.BOFT 1011 003235 3.565 = 10-*= 2.264 ¥ 10-2 Z52Z ¥ 10— 0.7073
140 0.B542 1013 003374 3.B08 x 10-2 2345 x 10-3 2745 % 10-* 07041
180 0.B14B 1016 0.03511 47241 x 107 2420 x 1073 2075 x 107 07014
180 O.7TBB 1019 0.03646 4.583 x 10-2 2.504 x 10-3 3212 % 10-* 05992
200 0.7459 1023 0.0377r9 4954 x 10-2 2577 x 10-3 3455 x 10-* 0.5974
250 06746 1033 004104 5.890 x 10-2 2780 x 10-3 4.091 x 10-*= 059456
300 0.6158 1044 0.04418 6.871 x 102 2934 x 10-2 4,765 % 10—*= 0.6935
50 0.5664 1056 004721 7.B9Z x 10 3.101 = 103 5475 x 107 0.6937
400 0.5243 1069 0.05015 80951 x 10-2 3.261 x 10-3 6219 x 10-* 0.5948
450 0.4BB0 1081 0.05298 1.004 x> 10-# 3.415 x 10-3 6997 x 10-* 0.5965
500 0.4565 1093 0.05572 1.117 x 10-# 3.563 x 10-3 T.BOG x 10-*= 059856
&00 04042 1115 0.06093 1.352 = 10-# 3.B46 x 10-3 9515 x 10-*= 0.7037
Fo0 0.3627 1135 0L0GEE1 1.508 = 10°* 4.111 = 107 1.133 = 10* 0.7092
800 0.3289 1153 0.0F037 1.B55 = 10-# 4.362 » 10-3 1.326 x 10-* 0.7149
900 0.3008 1169 007465 2122 x 104 4.800 x 10-3 1.529 x 10-* 07206
1000 02772 1184 0.07BLE 2308 x 104 4.8B26 » 10-3 1.741 = 10-#% 07260
1500 0.1950 1234 0.09599 3508 x 10-4 5.8B17 x 10-3 2922 % 10-* 07478
2000 0.1553 1264 011113 5664 = 104 6630 ® 109 4270 x 104 0.7539

rrlﬁ':'d ;xmm_ﬁ;m&mﬂ ?I;;nuwm:;mﬁ:mﬁ?mw;%n v, 3 o 3 3 presase F(In aim} other than 1 atm am: daler-

Source: Deta genaraie Irom tha EES softwars developed by 5. A Klain and F. L. Alvarado, Dngnal scurces: Koenan, Chaa, Keyes, o Tabies, Wiy, 108; and
Themopisical Fropersies: of Matior, Vol 3: Themal Conductivry, ¥. 5. Touloukian, . E. Liey, 5. C. 53sana, Vol 11: Vecosity, Y- 5. Touioukan, 5. C Samma,
and F. Hestemans, IFVFienun, KY, 1970, 153N 0-305067020-8.



2. Tabel Sifat - Sifat Air Jenuh

APPENDIX 1
TABLE A-8

Properties of saturated water

Volums
Enthalpy  Speciric Themal Pranci Expansian
Saturation Dersity o Heat Canductivity Dymamic Viscosity Kumber Coeticlent
Tomp, Pressure o hEmS Vapuiztion c, IhgK K, Wim-K o, g5 pr £, 1K
7T PufP2 Ll Vapor Ay g Lqud  Vepor  Liquid  Vapor Liquid Vapr  Uqud Vapor  Liguig
001 06113 9398 0O0D4B 2501 4217 1854 O.561 00171 1792107 0922x10° 135 100 —0.068x 107
5 087Z1 9393 0O0DGB 2490 4205 1857 O.571 00173 1519x 107 0934x10° 112 100 0015x 10°
10 12276 9397 00094 2478 4194 1862 0580 00176 1307107 D946x10* 945 100 0.733x 102
15 17051 %991 00178 7466 4185 1863 0589 00179 1138 107 0958x10° BO3 100 0.1383x 10°°
20 7339 9980 00173 2454 4187 1867 0508 00IBZ 100Zx 107 0973x10°% 701 100 0.195%x 10°
25 3160 9970 00231 2447 4180 1870 0.607 0.01B6 0801 107 0987 x10% 614 100 0.247 x 102
30 4266 9960 00304 2431 4178 1875 0615 0.0IB9 O79Bx 107 1001 x10°% 542 100 0.208 x 10°°
35 5628 9940 00397 2419 4178 18B0 0623 00192 0720107 1016x10°% 433 100 0.337 x 10°
40 7384 9921 00512 2407 4179 1BB5 0631 00106 OE53x 107 1031 k10 432 100 0377 x 102
a5 9593 990.1 00655 2395 4180 1892 0637 0.0200 0596107 LO46x10° 391 100 0.415x10°
50 1235 9881 00831 2383 4I8l 1900 0644 00204 0547x 107 1062x10° 355 100 0451 10°
55 1576 9852 0.J045 2371 4183 1908 0640 00208 0504 x 107 1077x10° 325 100 0484 % 10°
&0 193¢ 9833 01304 2359 4I85 1916 0654 00212 0467x 10 1093x10F 299 100 0517103
&5 7503 9804 01614 ZM6 4187 1026 0650 O0ZI6 0433% 107 1110x10°F 275 100 0548 107
70 3119 9775 0J0B3 7334 4100 1036 0663 00221 0404x 107 1126x10F 255 100 0578 x 107
75 3858 0747 02421 2371 A103 1048 0667 Q0225 O37Ex 107 1142x10F 238 100 0.607 x 103
80 4739 9718 02935 2309 4197 1962 0670 00230 0355x 107 1159x10F 227 100 0653 % 10°
85 5783 9681 03536 229 4201 1977 0673 00235 0333x 107 1176x10° 208 100 0670 % 10°
a0 7014 9653 04235 2783 4206 1993 0675 00280 0315x 107 1193x10F 186 100 0702 % 103
95 B455 9615 05045 2270 4212 2010 0677 00286 0297 x 107 1210x10° 185 100 0716 10°
100 10133 9578 05078 2257 4217 2029 0679 00251 0282107 1227x10° 175 100 0.750x 10°°
110 14377 9506 0B263 2730 4779 2071 O6BZ 00267 0F56% 107 1261x10% 158 100 0798 x 102
120 10B53 @434 1121 2203 4244 2120 0683 00275 02321007 1296x10° 144 100 0.BSEx 10°
130 701 9346 1406 Z174 4263 2177 0684 0.0ZBB 0213107 1330x10% 133 101 0.013x10°
- 140 313 W17 1065 Z145  A7R6 2244 06B3 00301 0107107 136510 124 102 0.070 x 102
150 4758 9166 2546 2114 4311 2314 0682 00316 0.1B3x 107 1399x10° 116 102 1025x10°
160 G178 9074 3256 2083 4340 2420 0.6B0 00331 0170107 1434x10° 109 105 1.145x10°
170 7917 8977 4119 Z0S0 4370 2400 0677 00347 0160107 1468x10° 103 105 1178k 107
180 10021 8873 5153 2015 4410 2500 0673 00364 0150% 107 1502x10¢ 0983 107 1210% 103
190 12544 8764 6388 1979 4460 2710 0669 OO038Z 0142 % 107 1537 x10F 0947 109 1280 % 10°
0 15538 8643 7BGZ  1%41 4500 2840 0663 00401 0134% 107 1571x10°% 0910 111 1350 %107
720 238 B403 1160 1859 4610 3110 0650 00447 0122 107 164110 OB65 115 1520 x 10-2
40 3344 B137 1673 1767 4760 3520 0632 OOME7 0111107 1712x10°% 0836 124 1720 % 10°
250 4,588 7837 Z3EI 1663 4970 4070 0.609 00540 0.102x 107 1788x10% 0832 135 2.000% 103
B0 6412 7508 3315 1544 GZB0 4835 0581 00G05 0094 %107 1870x 10 0854 140 2380x 100
00 B85Al 7138 4615 1405 5750 5980 0548 0.0695 00BGx 107 1965x 10 0902 169 2.950x 103
20 11274 B671 6457 1239 G540 7900 0500 00836 00781077 ZOB4x10° 100 197
B0 14586 6105 9262 1028 B240 11870 0469 0110 0070107 2255x10% 123 243
30 18E5] 5283 1440 720 14690 F5EO0 0427 0178 000X 107 2571x10° 206 373
7414 72,080 317.0 3170 0 - - - = 0043 %107 4313 x 10°F

Aiote 1: Kinamatic viscoeity v and thermal dffushety o can be calculated from thair definibons, » = up and a = Kpc, = w/Pr. The temperatures 0.01°C, 100°C,
and 374.14°C are tha triple-, balling-, and critical-point tamparatures of water, respectively. The properbies listed abave (erapt the vapor denesity) can be ised at
any prassure with naglipble armr except at femperatures near the critical-point value.

Miote 2 The: unit klfg-"C for spacific heat 15 equivalent to kK, and the unit Wim-*C for tharmal conductivity 15 equivalent to Wim-K.



3. Tabel Hasil Perhitungan
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Without PCM Storage 0 Derajat

Without PCM Storage 0 Derajat

Without PCM Storage 0 Derajat
With PCM Storage 0 Derajat Tebal 4mm
With PCM Storage 0 Derajat Tebal 4mm
With PCM Storage 0 Derajat Tebal 4mm
With PCM Storage 0 Derajat Tebal 7mm
With PCM Storage 0 Derajat Tebal 7mm
With PCM Storage 0 Derajat Tebal 7mm
With PCM Storage 0 Derajat Tebal 10mm
With PCM Storage 0 Derajat Tebal 10mm
With PCM Storage 0 DerajatTebal 10mm

Experimental Termal Storage
Experimental without Termal Storage
Experimental without PCM Storage

Direct Radiation Inlet Outlet Temp. Plate | Temp. Water In Pipe | Temp. Paraffin Efficiency
W/m2 (© %
400 40 43.9 46 445 0 50.59782205
700 40 45.6 48.2 46.5 0 57.80154197
1000 40 47 50.4 48.2 0 61.86979605
400 40 55 58.1 55 60 51.61576587
700 40 58 59 58 60.8 60.26814068
1000 40 59 60 59 62.7 64.65292013
400 40 50.3 52 50.3 52.5 51.91149984
700 40 55.3 57 55.3 57.5 60.54451021
1000 40 60 62 60 62 64.53795792
400 40 49 49 49 50.7 50.82912003
700 40 53 57 53 58.1 61.22092678
1000 40 57 61 56 62 65.15987836
1000 39.83 48.3 63.2 56.3 51.8 64.93335325
1000 38.43 46.1 59.6 53.20 0 61.03236891
1000 40.4 58.1 67.1 58 53.4 58.87236074
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Abstract

A solar water heater (SWH) is equipment that utilizes solar energy as its energy source and has been widely used in various countries
worldwide. This work focus to investigate the perfc of SWH experi lly by integrating Aluminum-alumina (Al+ALO3) to
flat-plate collector at the bottom as a thermal storage. Adding thermal storage to the collector is very important to improve the efficiency
of the heat transfer process and the water heating system. Therefore, the performance of a SWH integrated with Al+Al>Os thermal
storage has been investigated. Two models of absorber plates including dard flat-plate (SFP) collector and SFP with Al+ALO: as
thermal storage (SFP-TS) are tested for 180 minutes operation with constant solar intensity. The results show that the SFP-TS model
has a higher outlet temperature than that of the SFP model. In addition, the thermal efficiency of the SFP-TS model increase about 6%
compared with that of the SFP model. The benefit of adding Al+Al:03 as the thermal storage to the absorber plate contributes to increase
the absorption of radiant heat energy, heat storage time in the collector, and thermal efficiency of the plate collector.

Keywords: Solar Water Heater (SWH), Aluminum-alumina (Al+A),0;), Standard Flat Plate (SFP), Standard Flat Plate with Thermal

Storage (SFP-TS)

1. Introduction

A solar water heater (SWH) is an equipment that uses
solar energy as its source of power and is commonly
utilized in many nations throughout the world. Numerous
research has been conducted, however, there are still
several issues with the solar water heaters that are now
available. One of them is an integrated water heating
system is water heating system that combines a solar
collector and heat storage. The system's output can reduce
the energy needs of domestic-scale water heaters at low
costs [1].

Researchers have worked on various SWH advances,
including modifying the transparent cover glass using
Tin Oxide Fluorine Doped Nanomaterials, altering the
absorbent plate's shape, and using a porous substance [2].
The current development of the Solar Water Heater
System (SWHS) is to modify the Flat-Plate Collector
(FPC) material. Jalaluddin et al. [3] utilized a V-shaped
absorber plate to research the thermal efficiency of SWH.
Compared to systems using standard absorber plates, the
results showed that SWH using a V-shaped one had an
efficiency of 3.6-4.4 percent. Further research by
Jalaluddin et al. [4], With a discharge of 0.5, 1, and 1.5
L/min, respectively, the addition of phase change
material (PCM) to the V-shaped SWHS considerably
boosted the average efficiency by 20%, 14%, and 13%.
Fluid leakage, though, is a disadvantage of this design.

On the other hand, the high temperature on the
surface of the plate causes the heat loss on the surface of

the collector to be large, so it need a heat energy storage
that can maximize the solar collector's performance.
Experimental performance investigations of thermal
storage have been carried out and discussed by Pisut
Thantong [5] in tropical climates. Experiments have
proven that collectors integrated with thermal storage are
more energy efficient in reducing heat collection and
energy savings. Saddegh [6] has also compared the
thermal behavior in vertical and horizontal shell-and-tube
energy storage systems using thermal storage. Similarly,
Shalaby [7] has experimented with a solar water heater
integrated with a shell and finned-tube latent heat storage
system. The results show that the highest daily efficiency
of 65% is achieved when the combined thermal storage
and water storage tank configuration is used.

A unique method in developing the latest collector is
the heat transfer augmentation technique with the addition
of an inserting porous material. First, absorbent material,
metal foam, is inserted between the absorber plate and the
insulator. The goal is to absorb the heat transmitted by the
plate (absorber) and store the heat for an extended time
(storage): then, the heat is transferred to the working fluid.
Types of porous materials in collector applications include
aluminum foam block, copper foam, nickel foam,
Reticulated Virtuous Carbon foam [8], and ceramic foam
[9].

Several experimental studies and simulations have
been carried out related to the use of foam in the collector.
The focus is on the aspects of geometry, position, and fluid
flow rate. For example, Gunjo et al. [10] simulated the

1
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Abstract. A solar water heater (SWH) is equipment that utilizes solar energy as its energy source and has been widely used
in various countries worldwide. This work focus on investigating the performance of SWH numerical simulation by
integrating phase change material (PCM) paraffin wax into an absorber plate collector at the bottom as thermal storage.
The thermal performance of an SWH system using an absorber plate with PCM as thermal energy storage is presented in
this study. In this test there are 4 variations of the model tested, i.e. a) standard flat plate (SFP), b) standard flat plate with
PCM storage thickness 10mm (SFP+PCM 10mm), c) standard flat plate with PCM storage thickness 7mm (SFP+PCM
7|nn) and d) standard flat phte with PCM storage thickness 4mm (SFP+PCM 4mm), were investigated by numerical

lation. First, the popa'nes of panfﬁn wax as PCM storage were analyzed analytically. Then, every shq}e
model of SWH sy was imported and simulated at three variations of constant solar radiation i.e 400 W/m?, 700 W/m?,
and 1000 W/m?. The imulation uses ional fluid dynamic (CFD) software, The results showed that the absorber
plate with 7mm thickness of PCM (SFP*PCM 7mm) had better efficiencies if compared with the absorber plate without
PCM storage (SFP) and the other thickness of PCM at the absorber plate with PCM storage (SFP+PCM 10mm and
SFP+PCM 4mm). Its efficiency was 4% higher compared with the absorber plate without PCM storage. And the increase
in efficiency is in line with the increase in radiation intensity i.e. about 18%.

Keywords: Solar Water Heater (SWH), Phase Change Material (PCM), Paraffin-Wax, Standard Flat Plate (SFP), Standard
Flat Plate With PCM Storage (SFP+PCM).

INTRODUCTION

A solar water heater (SWH) is equipment that utilizes solar energy as its energy source and has been widely used
in various countries worldwide. However, because there are still many shortcomings of existing solar water heaters,
multiple studies have been carried out. The previous r h was an experi I study of a solar water heating
system with a V-shaped absorber plate. Two solar water heating systems were installed and tested at a low discharge
of 0.5 L/min and a high release of 2 L/min. The results showed that the solar water heating system with a V-shaped
absorber plate had a performance of 3.6 - 4.4% better than that with a flat absorber plate [1].

On the other hand, the high temperature on the surface of the V-shaped plate causes the heat loss on the surface of
the collector to be large, so we need a heat energy storage that can maximize the performance of the solar collector.
Experimental performance investigations of solar phase change material (PCM) have been carried out and discussed
by Pisut Thantong [2] in tropical climates. Experiments have proven that collectors integrated with PCM are more
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Abstract. A sensible Thermal Energy Storage (TES) is an energy storage mechanism or material with modern
technology at low cost, such as metal, concrete, posite, and others. Aluminium (Al)-Alumina (Al;O3) composite is a
TES solid with high strength and hardness characteristics that can work in low-temperature applications, especially solar
water heating systems. This study aims to determine the effects of mass fraction content on an alumina-reinforced
aluminium composite's physical and thermal properties. Composites with 35%, 50%. and 65% mass fractions of alumina
are manufactured using the powder metallurgy technique. Three types of specimens of different compositions, such as
C1(65%Al+35%A1,03), C2(50%Al+50%Al1,03) and C3(35%Al+65%A1,03), were prepared with 20-25 MPa compaction
load. Then, all the specimens were sintered in a furnace at temperatures 550 °C and 30 minutes holding time. The
microstructure of the composite was analyzed using an optical microscope. The thermal conductivity of the composites
was determined using thermal conductivity measuring apparatus, and the heat of the composite was determined using a
Differential Scanning Calorimetry (DSC) analyzer. It was found that the composite with smaller alumina (C1 Composite)
particles had higher thermal conductivity values. The thermal conductivity values of the composites were 0.37 W/m.°C
(C3), 4.28 W/m.°C (C2) and 24.7 W/m.°C (C1), respectively. While the heat value obtained is 0.95 J/g (C3), 1.27 J/g
(C2). and 1.42 J/g (C1). This study concludes that the greater the percentage of alumina content, the lower the value of
the thermal properties of the composite obtained.

INTRODUCTION

Solar energy is the largest source of renewable energy and is available throughout the day, so it is necessary to
develop sustainable technologies such as energy storage and energy conversion technologies. High energy storage
effectiveness will significantly impact the cost of solar energy application systems [1].
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Abstract- The Solar Water Heating System (SWHS) is a water heater equipment that utilizes solar energy for domestic scale
needs. The potential generated by this system can reduce the energy demand of the building sector, reduce peak demand for
electricity, and reduction in pollution. This study aims to analyze the performance of SWHS experimentally by modifying the
addition of aluminium foam material at the bottom of the absorber plate and the top of the absorber plate. The absorber plate
models are Standard Flat-Plate (SFP), SFP with Bottom Aluminium Foam (SFP-BAF), and SFP with Top Aluminium Foam
(SFP-TAF). The experimental study was carried out for the three models under similar conditions using a Solar Thermal
Energy Unit. The effect of flowrate variations and slope angles were also investigated. The study results show that the SFP-
BAF model with the angle of 30° achieved the highest efficiency of 88.4%, 86.9%, and 83.9% at a flow rate of 8 L/h, 10 L/h,
and 12 L/h, respectively. The benefits of adding aluminium foam to the absorber plate is to increase the absorption of radiant
heat energy transmitted from the absorber plate, the storage time of thermal energy, and the thermal efficiency of the collector.

Keywords Solar water heating system; absorber flat-plate; aluminium foam; efficiency.

1. Introduction The current development of SWHS is modifying the Flat-
Plate Collector (FPC) material. Jalaluddin et al. [6]

The Solar Water Heating System (SWHS) is a water ~ conducted a study to analyze the thermal efficiency of

heater equipment that utilizes solar energy for domestic scale
needs. The potential generated by this system can reduce the
energy demand of the building sector, and peak demand for
electricity [1]. Renewable energy sources can be combined
with conventional energy sources or energy storage systems
[2], as well as smart control element heating minimizes
energy cost [3], electricity consumption and pollution [4].

Researchers have worked on a variety of SWHS
advances, including changing the shape of the absorber plate,
using porous materials, and modifying the transparent cover
glass using Fluorine Doped Tin Oxide Nanomaterials [5].

SWHS using a V-shaped absorber plate. The results showed
that the SWHS using a V-shaped absorber plate had an
efficiency of 3.6-4.4 % against systems that use standard
plates. Further research by Jalaluddin et al. [7], adding phase
change material (PCM) to the V-shaped SWHS is increased
the average efficiency significantly of 20%, 14% and 13%
with flowrates of 0.5; 1 and 1.5 L/min respectively.
However, this design has disadvantage due to fluid leakage.

Another development of FPC is by adding porous
materials such as asphalt material, aluminium foam and
copper foam. Pukdum et al. [8] investigated the performance



