Tikrit Journal of Engineering Sciences (2023) 30 (3): 27-37 IRROI

Academic Scientific Journals
DOI: http://doi.org/10.25130/tjes.30.3.4

ISSN: 1813-162X (Print); 2312-7589 (Online)
Tikrit Journal of Engineering Sciences TJ ES

Tikrit Journal of
Engineering Sciences

available online at: http://www _tj-es.com
Collepe of Engineering

Closed Solar Air Heater System Integrated with
PCM (RT42 and RT50) in a Thermal Storage-

Finned Heat Exchanger Unit
Hussam S. Dheyab @%b, Manar S.M. Al-Jethelah ©®*, Thamir K. Ibrahim @b, Sirine Chtourou®e,

Mounir Baccar ©°
a Laboratory Advanced Fluid Dynamics Energetic and Environment, National School of Engineers of Sfax (ENIS), University of Sfax, 3038, Tunisia.
b Mechanical Engineering Department, College of Engineering, Tikrit University, Iraq.

Abstract: Utilizing thermal storage
, , integrated into a solar air heater SAH is a
Solar Air Heater; Phase Change Material; 2 o luti i n
Finned Heat Exchanger; Stored Energy; promising SO ution to en gnce the
Recovered Energy. thermal performance of solar air heaters.
ARTICLE INFO The _present work e.xperlmentally
i investigated the thermal impact of an
Article history: 3
Received 15 Apr. 2023 || absorber-finned heat exchanger-thermal
Received inrevised form 29 Apr. 2023 | storage unit integrated inside a solar air
R 20June 2023 B heater. The experiments were conducted
inal Proofreading 28 July 2023 .. . N
Available online o1 sep. 2023 ] under the conditions of Tikrit-Iraq in
December 2021 and January 2022. RT42
Do B ANOFEN ACCESSARTICLEUNDER | N and RT50 were used as PCMs in two
http://creativecommons.org/licenses/by/4.0/ separate solar air heaters. Each PCM filled
@ ® the thermal storage of SAH. A finned heat
exchanger, in which air was forced
through, was immersed in the thermal
MSM, Ibrahim TK, Chtourou S, &,
. storage. Two arrangements were tested.
Baccar M. Closed Solar Air Heater In the fi h SAH
System Integrated with PCM (RT42 n the first arrangement, the two S
and RT 50) in a Thermal Storage- | Were separated from each other. In the
Finned Heat Exchanger Unit. Tikrit second arrangement, the two SAHs were
]()urnal Of Engineering Sciences 2023’ Connected 1n Sel'leS, flI'St the RT42 SAH

Keywords:

Citation: Dheyab HS, Al-Jethelah

30(3): 27-37. and then the RT50 SAH. The results

http://doi.org/10.25130/tjes.30.3.4 showed that the highest recorded
. ' temperature was for RT50, i.e., 59 °C, in
Comespondinglautbor @ the separation arrangement. Also, the
Manar SM.Sjcthelan solar air heater with RT50 in the series

Mechanical Engineering Department, College o h e d
of Engineering, Tikrit University, Iraq. a?ranggment continued to heat the force

air until 5 AM the next day.

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023 Page E



http://doi.org/10.25130/tjes.30.3.4
http://doi.org/10.25130/tjes.30.3.4
http://doi.org/10.25130/tjes.30.3.4
http://doi.org/10.25130/tjes.30.3.4
http://doi.org/10.25130/tjes.30.3.4
mailto:hussam.sami@tu.edu.iq
mailto:m.aljethelah@tu.edu.iq
mailto:thamirmathcad@tu.edu.iq
mailto:sirine.chtourou@enis.tn
mailto:mounir.baccar@hotmail.fr
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.25130/tjes.30.3.4
https://orcid.org/0000-0001-9991-7481
https://orcid.org/0000-0001-5383-7216
https://orcid.org/0000-0003-3965-7029
https://orcid.org/0000-0001-6720-6271
https://orcid.org/0000-0003-4587-5276
mailto:m.aljethelah@tu.edu.iq

j Hussam S. Dheyab, Manar S.M. Al-Jethelah, Thamir K. Ibrahim, Sirine Chtourou, Mounir Baccar / Tikrit Journal of Engineering Sciences 2023; 30(3): 27-37. :‘

3339 A (RT 50 9 RT42) ushll 5 ia sala aa dlalSia dblia wadi ) g8 (s da gliia
IS Ja gl Jabma-g ol OIA

TS ada T sk G 2 adl ) Juld el 2AL3AY) (gaga il Jlia 12 Gilid el plesa

(i [l Raals [ Gullinn gl Ayida ) A el / &) 5 Adadall 5 guadl CLSaaliy i) sl !

LBlall -y S/ S Aaals [ Aigl) A4S/ SISl Auigl) and 2

dadal)
Cndl 3 Apadll ol sell Al o) pal) oY) auatl o) s Ma ey el ol sp s 8 JalSia gl a o) 33 Jlaniadl
c\);\ f‘;j gum.m ;\)A u\;.m d;\é (5‘)\); U‘)}'“—"‘Q‘)‘ C,,SJ‘); ddhA-uaLA BA;)S 95‘)\);.“ ):\f\uﬂ @L«Q :\.M‘J.J c\);\ (.\:\ é\;.“
RT505 RT42 Jlesivl &3 2022 S 5185 2021 JsY) 58 8 3l all -y )5 el 4y sall Cagylall 335 o jlaill
el & el el st Gl gl pall 3l @l skl 3 e Bale IS Caliaiio Gaiad o) 8 Jlas JAls ) shall 3 i o) gaS
Ol ¢ sl s (S I W) i 5l 8 st i A o a3 sl ad) ) AN 8o e o) sell jums Cua Ciie Ja (5l s Jobe
Gl el o) 56l Gl S Enma o sl e Cppnsadll o) sell Sl Jayy SEI s i) By () Legamy (e (pliaidic
* RT504 59 °C ilS Alase 5 )) o Aa s e of il ety casi i) G g0 ) S RT50 s salls J5YI RT42
deludl s aBDA Sl o) gel) i b atiad ) sial) i il 8 RT50 @stall el ) sgl) i (o) LS Jaaiall i 53l
S el Blua 5

BeS (balaiune 48l ¢ 5 jae 48l cCiic je 5 ) a Jolie ¢y shall 3 e 5ale oanadi o) 2 (i rAdIAN Cilall)

1. INTRODUCTION

Fossil fuel has been associated with various
issues as global warming, repeated energy
crises, and price fluctuation [1,2]. Solar energy
has received outstanding academic and
industrial interest in an attempt to reduce
global warming and overcome fossil fuel
drawbacks [3,4]. One of the most practical and
widespread solar energy systems is the solar air
heater (SAH). The reliability of SAHs
encourages using them in many domestic,
industrial, and agricultural applications [5,6].
The SAHs components have been under
investigation to produce more efficient heaters.
Like all other solar energy applications, the
absence of solar radiation on nights and cloudy
days represents a considerable drawback in the
solar energy field. Latent heat storage has a
crucial benefit in terms of expanding the
thermal solar energy applications work [7,8].
Therefore, numerous researchers investigated
the possible thermal enhancement gained using
phase change materials (PCMs) as thermal
storage [9,10]. Wang et al. [11] investigated
experimentally the solar air heater SAH
thermal performance constructed from flat
micro-heat pipe arrays filled with lauric acid
(Tmav = 43°C). The results showed that the
charging and discharging rates are positively
proportional to the air volume flow rate. At 240
m3/h, the PCM melted within 134 min and
solidified within 153 min. Besides, Saxena et al.
[12] studied experimentally and compared a
reference  SAH without PCM to another
modified SAH filled with PCM, i.e., paraffin wax
(Tm,av= 42 °C). They found that the thermal
efficiency and the heat transfer coefficient of
the modified solar air heater were 7.41% and
139.81 W/m2 K, respectively, higher than the
conventional solar system SAH. Furthermore,
the SAHs with flat/ v-corrugated absorber
plates were experimentally studied by Kabeel et
al. [13]. The analyzed SAHs were integrated

with thermal storage, i.e., paraffin wax, located
under the absorber plate. The authors found
that using the phase change material enhanced
the air heater’s daily efficiency by 12%
compared with the case without PCM. El
Khadraoui et al. [14] experimentally
investigated the effect of integrating paraffin
wax (Tma= 56-60 °C) in a solar dryer. The
results revealed that the drying chamber
remained all night at 4-16 °C above the ambient
temperature. Investigating the impact of
reflectors on thermal solar applications has also
attracted attention. Bhowmik and Amin [15]
found an enhancement of 10% in the solar
collector efficiency using a reflector. Although
using thermal storage filled with a PCM
positively impacts SAH, the phase change
materials suffer from low thermal conductivity
[16—18]. This issue inspired researchers to
study possible solutions to enhance thermal
storage performance [19—21]. Sajawal et al. [22]
experimentally studied the thermal
performance of three double-pass solar air
heaters. The first one was without PCM. In the
second one, semicircular finned pipes filled
with RT44 were placed in the upper pass of the
heater. In the third configuration, the RT44 was
maintained in the upper pass. while the circular
finned pipes were filled with RT18 and placed
in the heater’s lower pass. The results showed
that the thermal efficiencies for the first,
second, and third configurations were
enhanced by 53.2%, 68.4%, and 71.9%,
respectively. In addition, Abugka et al. [23]
experimentally examined three flat plate solar
air heater configurations. The first one was
integrated RT54HC with a honeycomb
structure. In the second configuration, only
RT54HC was studied. In the third
configuration, a conventional SAH, i.e., without
PCM nor honeycomb, was studied for
comparison. The authors discovered that with
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the RT54HC- honeycomb configuration, the
charging and discharging periods were
reduced. Also, it was found that the
configurations with RT54HC showed higher
daily thermal efficiency enhancement from
2.6% to 22.3%. Dheyab et al. [24] proposed a
novel collector-type solar air heater design. The
proposed design was an internal storage of a
SAH system filled with PCM integrated with a
finned heat exchanger. The experiments were
conducted in the summer. The studied solar
collector’s  thermal  performance  was
investigated under 0.25, 0.045, and 0.065kg/s.
The studied PCMs were RT42 and RT50. It was
found that the charging and discharging
efficiencies were enhanced by 90.7% and
93.3%, respectively, using RT42, while using
RT50 by 87% and 88.1%, respectively. The
present work investigates the thermal
performance of a new SAH system design
during winter (December 2021 and January
2022). The new design is a closed SAH system
that includes an internal thermal storage-
finned heat exchanger unit. The proposed
technique has yet to be investigated by other
researchers, as far as the authors know. The
work aims to enhance the SAH by using a PCM.
Since the PCMs’ thermal conductivities are low,
a finned heat exchanger was immersed in the
SAH’s thermal storage. To reduce heat losses,
the thermal storage-finned heat exchanger unit
was fixed inside the studied SAHs. The thermal
storage-finned heat exchanger unit was heated
from above by solar insolation (direct heating)
and from below by circulating air inside the air
heater around the unit (indirect heating). For
an air mass flow rate of 0.065 kg/s, the charging
and discharging efficiencies were studied for
both separation and series arrangements with
RT42 and RT50.

2, EXPERIMENTAL METHODOLOGY
The present work investigated the impact of
latent thermal storage on a SAH’s thermal
performance. The experiments were conducted
under the conditions of Tikrit- Iraq (34.67° N,
43.65° E). The tests were conducted in winter
from December 2021 to January 2022. The
following subsections present the experimental
apparatus, data processing, and uncertainty.
2.1.Experimental Set-Up

The experimental set-up included two-identical
SAHs, as shown in Fig. 1. Each SAH consisted
of a flat absorber (65 cmx65 cm), a glass cover
(99 cm x64 cm, 4mm-thickness, reflectivity
=8%, and transmissivity =95%[25,26]), and
thermal storage-finned-heat exchanger unit
located in the SAH’s, Fig. 2. Each heater
included a finned heat exchanger (100 cm-long,
65 cm-width, 12 cm-height). The 80 heat
exchanger pipes were finned and made from
copper (11.8 mm ID and 12.7 mm OD), Fig. 3.
The thermal storage-finned-heat exchanger
unit’s upper surface represented an absorber of

the SAH. A channel was constructed to allow air
circulation around the thermal storage-finned
heat exchanger unit, as shown in Fig. 3. The
heat exchanger was immersed in 50 kg of
Rubitherm PCM inside thermal storage. The
solar collector was covered from its sides and
below with a wool glass thermal insulator (2 cm
thickness) to maintain the heat inside the air
heater and reduce its heat losses. In order to
reflect extra solar radiation on the absorber, a
100 cm-long, 65 cm-width- mirror was pivoted
above the solar collector glass cover. RT42 filled
the thermal storage of the first heater, and
RT50 filled the second heater’s thermal storage.
The RT42 and RT50 thermophysical properties
are tabulated in Table 1 [27]. The effect of the
gradual heating of the air, which was forced
through the heat exchanger, during the
discharging period was studied by connecting
the two SAHs in series to identify the system’s
performance compared to the separation
arrangement of each SAH, as described in Fig.
4. 12 K-type thermocouples were used to
measure the temperatures of the studied PCMs,
ambient, and outlet air. Besides, the air
velocity, i.e., during discharging, and the wind
were measured by a turbine anemometer. In
addition, a solar power meter, SM206, was used
to measure the solar radiation. The range and
accuracy of used measurement devices are
tabulated in Table 2.

Table 1 The RT42 and RT50 Thermo-Physical
Properties [27]

Properties RT42 TR50
Tm 38-43°C 45-51°C
he 165 kJ/kg 160 kJ/kg
k 0.2 W/m.K 0.2 W/m.K
Cp 2kJ/kg K 2kJ/kg K
Solid Liquid Solid Liquid
P 0.88kg/l o0.76kg/l | 0.88kg/l 0.76 kg/1

Table 2 Range and Accuracy of Used
Measurement Devices

Measurement
Parameter B Range Accuracy
Device

-50°C to +2.2°Cor
T t Th 1

‘emperature ermocouple 100°C 075%

. . Turbine 0.0- 45.0 +0.1m/s
Air Velocity Anemometer m/s or+ 3%
Solar Solar Power 0.1- £10 W/m?
Radiation Meter, SM206 1999.9W/m?2
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Fig. 1 The Experimental Apparatus.
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Fig. 2 Closed Solar Air Heater with Internal Thermal Storage Unit.

Inlet Cold
Air

Qutlet Hot
Air for use

Heat transfer from e
upper absorber plat _ . Solar Radiation
to fins

Heat transfer

ey ST

Heat transfer
from fins to
Paraffin wax

Heat transfer from \/

hot air to lower
absorber plat Paraffin Wax

Fig. 3 Absorber-Finned Heat Exchanger-PCM Thermal Storage Unit Description.
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Fig. 4 Schematic of the Arrangements (a) RT42- Separation, (b) RT50- Separation, (c) Series.
2.2.Data Processing Pysed
The SAHs’ thermal performance was Naischarg = p V)

investigated based on the stored and
discharged thermal powers and the charging
and discharging efficiencies. The SAH’s thermal
energy balance can be expressed as [5-6]:

Pabs = Pstorage + Plosses (1)
Pabs =QaT I_A (2)

where P, is the total absorbed power by the
absorber plate surface, Ps,q4¢ is stored power,
Pysses 1s total thermal losses, I is the average
incident solar energy during the charging
period, and A is the aperture area. The amount
of power stored during charging and recovered
for discharging period inside the storage unit is
expressed as [28],

Pstorea = Mpcu [CP,S(Tm - Tint) + hf

3)
+ CP,l (Tfin - m)]/Atch
Precovered = MPCM [CP,I(Tm - Tfin—dis)
+hy (@)
+ CP,S(Tint—dis - Tm)]
/Atclis

where Mp¢y, is the mass of PCM, Cps and Cp,.
are the specific heat of the PCM in the solid and
liquid phase, t is the increment in time, Tj,;
and Ty;, are the initial and final temperature of
the PCM, h; is the latent heat of the PCM, and
T,, is the melting temperature of the PCM. The
general equation of losses power from the
external surfaces of each solar air heater SAH
part is defined as,

Pioss, totat = [Fg.c + Pop + Pa—cn + Ps st 5)

+ Peel

The charging efficiency  (9cparg) and
discharging efficiency (14ischarg) can be written
as [29,30],

j2
Ncharg = Slt:rbage (6)
abs

storage
where P4 is the used power that can be
defined as [31],

Pused =m Cp (To - Ti) (8)

2.3.The Uncertainty

Calculating uncertainties in any experimental
investigation is crucial to consider unavoidable
errors in measurement devices. The present
experimental work measured data are the
temperatures of PCMs, the absorber surfaces,
the plate at the bottom of the SAH, the glass,
and the ambient; air velocity; and solar
radiation. The uncertainty calculations in the
present investigation followed the Kline and
McClintock method [32]. The fractional
uncertainty for the absorbed power is

WQabs — &
Qabs I (9)

The fractional uncertainty for the useful power
is

w Win2 w212
Powe _|(2m)" (3] (10)
Quse m T
The fractional uncertainty for the stored power
is

Woser _ ﬁ

Qstr T (11)
The fractional uncertainty for the charging
efficiency is

W,

1/2
Nch —

2 2
(WQabs) + (WQstr> ] (12)
Mcn Qabs Qstr
The fractional uncertainty for the discharging
efficiency is

2 2-1/2
Wﬂdisch — [(WQstr> + (WQuse> ] (13)
Naisch Qstr Quse
The studied parameters’ fractional
uncertainties are tabulated in Table 3.

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023

Ty o



https://tj-es.com/

j Hussam S. Dheyab, Manar S.M. Al-Jethelah, Thamir K. Ibrahim, Sirine Chtourou, Mounir Baccar / Tikrit Journal of Engineering Sciences 2023; 30(3): 27-37. :‘

Table 3 The Studied Parameters Uncertainties

()
5 3 3 5 B
o0
2 2 23 = s = g
g i SEx TEH RO o)
] o9 SEP 289 =0 <5
g 2% 22% 282% f£  Zg
A 22 AEL ZEL ©& ad
Fractional
Uncertainty 0.93 0.04 2.8 2.3x105  2.2x1075

(%)

3.RESULTS AND DISCUSSION

The results of an experimental work conducted
aim to investigate a novel solar air heaters SAH
are presented. The new proposed design was a
closed SAH system combined with an internal
finned heat exchanger filled with phase change
material PCM. Fig. 5 depicts the air outlet
temperature, PCM temperature, incident solar
radiation, and ambient temperature. At the
beginning of the experiment, both PCMs’
temperatures rapidly increased because the
PCMs were in their solid state. During the PCM
charging period, the PCM temperature
increased as the solar radiation augmented.
Within six hours of work (at 2:00 PM), both
PCMs reached their maximum temperatures,
ie.,, 54 °C for RT42 in both connecting
arrangements, 59 °C for RT50 in the separation
arrangement, and 58 °C in the series
arrangement. After 2:00 PM, the PCMs’
temperatures dropped with the solar radiation
decrease and the ambient temperature
increase, so the thermal losses increased. When
the discharging started at 5:30 PM, an air
blower at 0.065 kg /s through the thermal
storage-heat exchanger forced the cold ambient
air. At 5:30 PM, both PCMs for both
arrangements were at 44 °C. The PCMs’
temperatures continued to decrease because
the forced air absorbed heat from the PCMs.
Besides, the ambient air temperature
decreased, leading to increased thermal heat
losses. The PCM and the air outlet temperature
difference was very low, revealing that the heat
exchanged between them was high. The huge
heat exchanged between the PCM and the outlet
was due to the finned heat exchanger use. At the
beginning of the discharging period, the
temperature difference was 2 °C for RT42-
separation and series arrangements. The RT42
SAH was the first in the series arrangement,
and as a result, its behavior was similar to that
in the separate arrangement. While for RT50,
the temperature difference was 1°C for the
separation arrangement and 3 °C for the series
arrangement. At the end of the discharging
period, the temperature differences were 0.5
°C, 0.7°C, 0 °C, and 0.1 °C for RT42-separation,
RT42-series, RT50-separation, RT50-series,
respectively. Fig. 6 shows the stored,
discharged, and lost powers during the
discharging period for both RT42 and RT50
through solar air heaters at 0.065 kg/s. As the
forced air absorbed heat from the PCMs and the

thermal losses increased due to ambient
temperature drop, the stored power decreased
through the discharging period. As the
discharging period for RT42 started, the stored
power was 1550 W, and the discharged power
was 1352 W for both studied arrangements. As
the discharging period ended at 3:00 AM, the
stored power was 120 W, and the discharged
power was 22 W. As for RT50 for the separate
arrangement, at the beginning of the
discharging period, the stored and discharged
powers were 630 W and 535 W, respectively.
While at the discharging period end, i.e., at
2:00 AM, the stored and discharged powers
were 2.5 W and 5 W, respectively. For the series
arrangement, at the beginning of the
discharging period, the stored and discharged
powers were 12 W and 80 W, respectively.
While at the discharging period end, i.e., at
6:00 AM, the stored and discharged powers
were 12 W and o W, respectively. In other
words, the RT50 and the forced air temperature
difference was too low to cause heat transfer.
From Fig. 6 (a, b), it can be seen that the stored
power in RT42 was higher than with RT50. The
immense stored power of RT42 resulted from
its high latent heat, i.e., 165 kJ/kg K, compared
to that of RT50, i.e., 160 kJ/kg K. It can be
concluded from Fig. 5 that the discharging of
RT42 ended at 3:00 AM in both separation and
series arrangements, while RT50 ended at 2:00
AM in the separation arrangement. While at
4:30 AM, the RT42 was completely discharged,
so the air inlet temperature applied to the RT50
became similar to the ambient temperature.
Therefore, this RT50 discharging continued in
the series arrangement to the test end. As the
later solar air heater received warm air from
RT42 SAH, the configuration with RT50 took
more time to discharge. Fig. 7 shows the
percentages of the thermal power absorbed by
RT42 and RT50 besides the thermal losses from
the SAHs during the charging period. Fig. 7 (a,
b) assure that the stored power in RT42, i.e.,
74%, was higher than that in RT50, i.e., 65%,
due to the RT42 high latent heat. The high
latent heat of RT42 also decreased RT42
thermal losses compared to RT50 ones. In both
RT42 and RT50 SAHs, the heat loss from the
glass cover was the highest among other heat
losses due to the lack of thermal insulation
compared to other SAHs surfaces. Fig. 8 shows
that, due to cold weather in winter, the
accumulator of the stored power was similar for
both paraffin RT42 and RT50 at the beginning
of the test, i.e., 8000 kW at 8:00 AM. With
ongoing exposure to solar radiation, the wax
RT42 reached the phase change region faster
than the RT50 due to its lower melting point
and large storage capacity. Therefore, the RT42
spent more time in the phase change area; thus,
the cumulative stored power of RT50 was
higher than with RT42.
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RT42-Series, and (d) RT50-Series. (c) RT42-Series, and (d) RT50-Series.
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Fig. 9 presents the charging efficiency of both
RT42 and RT50 SAHs in separate arrangement
during the charging period. As the test began,
the charging efficiencies of RT42 and RTs50
SAH were 93.1% and 93.2%, respectively. The
charging efficiencies were at their highest value
at the beginning of the test because the PCMs
were in a state of solid, and the absorption rate
was at its highest value. With ongoing exposure
to solar radiation, the charging efficiency
gradually decreased due to increased thermal
losses because of the temperature difference
augmentation between the PCM and the
ambient (Fig.9 (a, b)). The reduction slowed
down at noon for both PCMs. From 12:00 PM
to 3:00 PM, the average charging efficiency of
the RT42 was 73%, and the RT50 was 74%.
After 3:00 PM, the -charging efficiency
significantly dropped due to the solar radiation
reduction and the thermal losses increase. As
the charging period ended at 5:00 PM, the
charging efficiency of the RT42 was 32% and
35.9% for the RT50. Fig. 10 shows the RT42 and
RT50 SAHs discharging efficiency in the
separation and series arrangements at 0.065
kg/s. The RT42 SAH showed similar behavior
in both arrangements since it was the first in the
series arrangement. While the SAH with the
paraffin RT50 was the second in the series
arrangement. The forced air through it was
preheated in RT42 SAH configuration.
Therefore, the wax RT50 showed a different
behavior in the series arrangement. In the case
of RT42 in both arrangements and RT50 in the
separation arrangement, the discharging
efficiency was essential at the beginning of the
discharging period, ie., 85% and 90%,
respectively, due to the huge temperature
difference between the PCMs and the ambient.
With time, the discharging efficiency for the
three cases continued to decline due to the
decreased stored energy and the increased
thermal losses because of the ambient
temperature drop. Therefore, the discharging
efficiency dropped to zero at 1:30 AM for the
RT50-separation case at 2:30 AM for RT42 in
both arrangements. As for RT50 in the series
arrangement, at the beginning of the
discharging period, the discharging efficiency
was 20%. The forced air entering the RT50
solar heater in the series case was already
preheated in the RT42 solar air heater.
Therefore, the temperature difference between
the forced air and RT50 was low, reducing the
heat transfer rate, which caused a decrease in
the discharging efficiency. However, as the
ambient temperature kept dropping through
the night, the heat transfer rate increased,
augmenting the discharging efficiency to reach
its highest value of 63% at 10: oo PM. With
ongoing discharging of the stored energy, the
discharging efficiency decreased. However,
unlike the other three cases, the discharging

efficiency of the RT50 solar heater dropped to
15% at the end of the discharging period at 6:00
AM the next day.

1% 9% 14%

7% 30 395 12% 3% gy

(a) (b)

! net solar energy stored in PCM
- losses from up and down the air channel sides
losses from up and down the cylinder
losses from side thermal storage

- losses from back plane

- losses from the top (glass cover)
Fig. 7 Percentages of Net Solar Energy Stored
in PCM and Thermal Losses from the Solar Air
Heaters During the Charging Period (a) RT42,
and (b) RT50.
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Fig. 8 Stored Powers of RT42 and RT50
During the Charging Period.
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Fig. 9 The Charging Efficiency of SAHs in the
Separate Arrangement (a) RT42 and (b) RT50.
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Fig. 10 RT42 and RT50 SAHs Discharging

Efficiencies in the Separation and Series
Arrangements.

4.CONCLUSIONS

An

experimental investigation of a novel SAH

design was conducted. The new proposed
design was a closed SAH system that included

an

absorber-thermal storage-finned heat

exchanger unit filled with paraffin wax RT42
and RT50. The following are the key obtained
conclusions from the experimental results:

Six hours after starting the experiment
(at 2:00 PM), both RT42 and RTs50
reached their maximum temperatures.
The highest recorded temperature value
of RT42 was 54 °C in both connecting
arrangements. While with the paraffin
RT50, the highest recorded temperature
value was 59 °C in the separation
arrangement and 58 °C in the series
arrangement.

The discharging period of the RT50 SAH
in the series arrangement was extended
to 4:30 AM the next day of experiments,
and while in the separation arrangement,
it ended at 2:00 AM the next day. On the
other hand, in the case of RT42, the
discharging period ended at 3:00 AM the
next day for both arrangements.

The average charging efficiencies of RT42
and RT50 in mid-day were 73% and 74%,
respectively.

At 6:00 AM the next day, the discharging
efficiency of the RT50 solar heater
dropped to 15%, contrary to the other
three cases that dropped to zero by 3:00
AM.

NOMENCLATURE
Notation Description
A Area (m?2)
cp Specific heat capacity (kJ/kg.°C)
hy Latent heat of PCM (J/kg)
I Incident solar radiation (W/m?2)
k Thermal conductivity (W/m K)
m Mass flow rate (kg/s)
P Power (W)
T Temperature (°C)
Greek Symbols
a Absorptivity
T)charg Charging efficiency (%)
T)discharg Discharging efficiency (%)
Density (kg/1)
T Transitivity
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