POLITEKNIK DERGISI

JOURNAL of POLYTECHNIC

Journal of Polytechnic
POLITEKNIK
DERGiSi

ISSN: 1302-0900 (PRINT), ISSN: 2147-9429 (ONLINE)
@ oazi iniversiresi URL: http://dergipark.org.tr/politeknik

CITATION
INDEX
NpEye®

Empirical investigation of
aluminium wool packed sold ater made
with waste material

Atik malzemelerden® kiuclik olcekli
aliminyum vyin d tines destekli hava
isiticisinin deneyse lemesi

Authors (Yazarlar): Adna ollah KHANLARI?, Azim Dogus TUNCER3, Ceylin SIRIN?,

Faraz AFSHARPP, Afsin G

ORCID?:
ORCID3:
ORCID?,
ORCID>:
ORCID%: 000070002-4245-7741

To cite to this article (Bu makaleye su sekilde atifta bulunabilirsiniz): Sozen A., Khanlari A., Tuncer A.

D., Sirin C., Afshari F. ve Gungor A., “Empirical investigation of small-scale aluminium wool packed solar
air heater made with waste material”, Journal of Polytechnic, *(*): *, (*).

To link to this article (Erisim linki): http://dergipark.org.tr/politeknik/archive

DOI: 10.2339/politeknik.710448


http://dergipark.org.tr/politeknik
http://dergipark.org.tr/politeknik/archive

Empirical Investigation of Small-scale Aluminium Wool Packed
Solar Air Heater Made With Waste Material

Highlights
« Performance analysis of small-scale solar air heaters fabricated with waste metal.

«» Analysis of the effect of aluminium wool integration on the thermal performance.
«+ Average thermal efficiency was obtained in the range of 42.69-56.98%.

Graphical Abstract

In this study, two solar air heaters made with scrap metal elbows were designed, fabricated and empirically
analyzed. Also, impact of aluminium wool packing on the thermal performance was investigated.

Fig. A. Graphical Abstract

Aim
Manufacturing and testing of sustainable solar air heating system with recycled materials.
Design & Methodology

Two tubular small-scale solar air heating systems were desinged and manufactured. One of them was packed with
aluminum wool. Both heaters were tested in three different air mass flow rates.

Originality

Unusual materials such as scrap metal elbows and aluminum wool were used in the solar air heater manufacturing
process for sustainable thermal energy production and waste management.

Findings

The thermal efficiency values for hollow heater and modified heater were obtained in the range of 33.63-42.90%
and 42.69-56.98%, respectively.

Conclusion

Designed and tested system shows that waste materials can be used in sustainable thermal energy systems
effectively.

Declaration of Ethical Standards
The authors of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.
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Scrap metal elbows were used in the production of heaters. The firs
by filling it with aluminum wool (SHAW). Both heaters Wlre teste

(SH) and the second one was modified
at different flow rates (0.014, 0.010 and
r SH and SHAW were found in the range of
low cost modification such as using aluminum

Atik tiretimi gehse
aza 1nd1rgene mekte

MMgjrSckler kullamlmistir. Uretilen ilk 1sitic1 i¢i bos yapidadir (SH). ikinci giines destekli 1sitic1 ise
pldurularak modifiye edilmistir (SHAW). Her iki 1sitict da ayn1 anda farkli debilerde denenmistir (0.014,

sisteminin performansi 6nemli 6lgiide arttirdigi gozlemlenmistir.

Anahtar Kelimeler: Giines destekli hava 1sitici, giines enerjisi, hurda metal dirsek, aliiminyum yiin, geri doniisiim.

1. INTRODUCTION
Due to the growing world population and global

consuming habits that change day by day are the
important factors which have negative impacts on the

promotion, using scrap materials can be considered as
one of the primary problems for a sustainable
environment. Industrialization, quickly urbanization and
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environment [1]. This huge volume of increasing
wastematerials and consequently their environmental
impacts has been reached risky and dangerous levels.
The volume of solid waste changes according to the
general socio-economic conditions and structure of the



countries and territories. However, depending on the
social and cultural features in different cities within the
borders of a country, consumption habits of the nation
differ [2].

Waste management and sustainable development are
mostly encountered in the field of waste management
research, which evaluate environmental and also
sustainable  development subjects from various
perspectives. Limited natural resources in the global
levels make it necessary to discover suitable solutions
and sustainable development [3,4].

In the field of recycling waste materials, metal wastes
are considered to be recycled in various processes and
they could be used in different applications after
recycling. There are a number of studies provided in
literature, which studied reusing and recycling
electronic wastes [5-7] and reutilizing metal wastes [8-
10]. Giving priority for using clean energy sources is an
important issue in environmental sustainability and
development. Solar energy as a renewable and
sustainable energy source has a remarkable potential to
be used in different fields to provide required energy
[11,12].

Heat energy produced from solar energy is wildly
utilized in many countries around the world. Solar
thermal systems are basically classified to solar wgt@
and solar air heaters depending on used heat tran
fluid. Solar heaters are often employed to use in spa
heating, drying applications and air iLheni
systems [13-15]. Experimental and numerica

thermal
acking

BWratrix in different heaters. They
mance of the heaters and stated that
with counter flow was the highest
. Prasad et al. (2009) utilized wire
mesh with aim of improving the efficiency of solar
heater. They investigated the effect of porosity value on
the heat transfer and obtained the efficiency in the range
of 77-90% [21]. Investigating packed bed solar heaters
packed with various materials showed the
successfulness of this technique. Aluminum wool can be
a good candidate to be used in solar heaters because it is
light and has high thermal conductivity.

In this study, two small-scale solar-powered air heaters
were produced from waste materials. One of them is
hollow and the other one is filled with aluminum wool.

The main purpose of this study is to demonstrate the
production of sustainable thermal energy from waste or
scrap materials and also to increase its thermal
performance with a low cost modification. General
structure of the present work is shown in Fig. 1.

Motivation
Analyzing the
performance of
small-scale solar
air heater made
with waste material

Design
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Conclusion

Fig. 1. A view of aluminum wool used in the solar heating
systems

2. MATERIALS AND METHODS

In this study, scrap metal elbows were used to generate
sustainable hot air from waste materials. Accordingly, 6
elbows were utilized in the first solar air heater (SH).
Diameter of elbows is 95 mm. The material thickness is
1 mm. The second air heater (SHAW) has same
dimensions and it has been packed with aluminum
wool. The utilized aluminum wool has a density of 2700
kg/m? and a thermal conductivity value of 237 W/mK. It
is aimed to enhance heat transferby adding aluminum
wool. Both heaters were coated with matt black spray
paint. The surface area of both heaters is 0.16 m2. A
view of aluminum wool used in the solar heating
systems is shown in Fig. 2. Thermal insulation material
with 50 mm thickness were placed on the bottom side of
the heaters to prevent heat losses. Thus, the heat loss
from the bottom will be minimized and more accurate
measurements will be taken in the experimental study.
Low energy consuming AC fans (40 W) with the same
features were installed at the inlets of the heaters. A



wooden platform was produced to install heaters in
desired position. The angle of inclination of the
produced platform is 32°.

Experimental studies were carried out in Burdur/Turkey
in October. Experiments were started at 09:00 and
continued for 8 hours. Experiments were carried out at
three different air flow rates (0.014, 0.010 and 0.006
ka/s). All measurements were performed at 15 minutes
intervals. A view of experimental setup is shown in Fig.
3. Air temperature measurement was made by utilizing
5 K-type thermocouples (accuracy: 0.5 °C).
Temperature measurement points can be seen in Fig. 3
(orange circles). Moreover, two dataloggers were used
in logging measured temperature data (accuracy: +0.3
°C). Solar radiation and velocity were measured by
utilizing a solarimeter (accuracy: £10 W/m?) and an
anemometer (accuracy: 2%), respectively.

systems

; ometer
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thermal
insulation
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3. THEORETICAL CALCULATIONS

Mass conservation of air can be defined by using the
following expression:

XMy, = Y Mgy 1)

here, m is mass flow rate in the solar air heating system
(kg/s) and can be obtained by:

m = pVA 2)
Specific heat capacity of air and air density can be

calculated by using Eqg. (3) and Eq. (4), respectively
[22].

Cp =999.2-0.1434 X T + 1.101 % 1074T2 —

6.7581 x 1078T3 €)
p = 353.44/T 4)

where T is temperature (K), p is densityf air (kg/m?)
and A is area (m?). Reynolds number ca
by using Eq. (5) [23]:

Re = (pVDy)/p

Nusselt number can b
expression:

(6)

where k%
transfer

U]

iciency of the solar heater can be found as

(€)
where A, is surface area of the solar heater (m?) and I
is solar radiation (W/m?).

Coefficient of performance can be calculated by
utilizing Eq. (9) [17]:

COP = Qus/Wi 9)

here, W; is total electrical power. In this study, low
energy consuming fans were utilized and this value can
be taken as power of fan.

Total experimental uncertainty can be expressed by Eq.
(20):
1
aR aR aR /2
W = | GEwn)? + Gown)? 4 -+ (G wn)?| 7 (10)

Here, wj,w,,w, are the
independent variables.

Total uncertainly for mass flow rate can be found as:

uncertainties in the

1
i m m /
Wi = [Gowy)? + Cowp)? + G w2

Total uncertainty for thermal
calculated by using Eq. (12):

efficiency can be

— | 2 on 2 on 2
Wy = [GRw)? + (G we,)? + G war)? +

1

/2
W, )2 + (Gl w)?

FYv (12)



4. RESULTS AND DISCUSSION

Change of ambient air temperature over time is shown
in Fig. 4. Accordingly, average ambient air temperatures
for Exp. 1, Exp. 2 and Exp. 3 are 26, 26.62 and 26.34
°C, respectively. Change of solar radiation with time is
given in Fig. 5. Accordingly, the average values for
Exp. 1, Exp. 2 and Exp. 3 are 804, 818 and 788 W/m?,
respectively. The highest instantaneous solar radiation
value for this study is 948 W/m? in Exp. 2, which was
observed at 13:00.
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of solar radiation values

and Exp. 3, are 3.97, 4.80 and 6.79°C, respectively.
These values for SHAW are 5.24, 6.21 and 8.59°C,
respectively. The highest instantaneous temperature
difference value was observed as 11.20°C in SHAW at
low air flow. In a study by Singh et al. (2019), the
average temperature difference values in the heater with
single pass and wavy absorber surface were observed
between 4-12°C [25]. In other study by Perwez and
Kumar (2019), temperature difference values were
measured as 4.4-10°C in a single pass and modified

heater [26]. It can be seen that the temperature
difference values of the heaters with waste materials in
the current study are similar to those in the literature
[27,28].
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.90%, 39.42% and 33.63%, in the
ted out at 0.014, 0.010 and 0.006 kg/s

, 44.75% and 39.98%, respectively. Average
gfficighcy values achieved as 56.98%, 51.20% and
42.69% for SHAW, respectively. Moreover, the
maximum instantaneous efficiency values calculated for
SHAW obtained as 62.61%, 55.09% and 48.25%.
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Fig. 7. Time-dependent variation of thermal efficiency values

In a study by Kabeel et al. (2016), the efficiency of the
heater using phase change materials was found in the
range of 14.4-50% [29]. A heater with corrugated and
porous surface was analyzed by Badescu et al. (2019).
According to the obtained results, the thermal efficiency
value varies in the range of 52.5-66.2% [30]. In the
study by Abuska and Sevik (2017), a heater with v-



grooves was designed and tested with absorber surfaces
with different materials. According to the results, the
average thermal efficiency was obtained in the range of
43-60% [31]. The heaters examined in this study are
produced from waste materials and has low cost. It was
also operated with fans with 40 W power consumption.
Although the heaters examined in this study are small-
scale and have appropriate thermal efficiency values
when compared with the complex heaters in the
literature. At the same time, a significant improvement
was achieved in thermal efficiency values with a simple
modification by using aluminum wool.
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Table 1. Uncertainty values

Parameter Unit Uncertainty
Air velocity m/s +0.27
COoP - +0.13
Solar radiation W/m? +0.50
Temperature ‘C +0.56
Thermal efficiency % +0.89

Table 2 demonstrates some studies which investigated
packed bed solar heaters. As it can be seen, obtained
thermal efficiency in the present study is in acceptable
range when compared to related studies. Also, it should
be indicated that developed solar heater in this study has
simple structure and low investment cost which make it
compatible with more complex solar heaters.

Table 2. Some studies which investigated packed bed solar

heaters
Reference Application n

Buchberg and honeycomb 43-62%

Edwards [33]

Ramani et al. double-pass, wire mesh 58.4-

[34] 78.2%

Ho et al. [35] double-pass, wire mesh 42-62%

Ming et al. [36] offset strip fin 40-45%

Thakur et al. [37] | packed bed with low | 54-77%
porosity

Gupta et al. [38] transverse rib surface 47-65%

Akhtar and single glazing 47-68%

Mullick [39]

Varshney and wire mesh 57-78%

Saini [40]

El-Sebaii et al. double-pass,  limestone | 48-69%

[41] and gravel

Sopian et al. [42] | double-pass, iron scrap 60-70%

This study single-pass, made with | 33.63-
waste material 42.90%
single-pass, made with | 42.69-
waste material, aluminum | 56.98%
wool packed

5. CONCLUSION

Effective utilization of renewable energy sources and
waste management are two key points for a sustainable
development in future. In this study, two solar air
heaters produced from waste materials were
experimented. According to the results, it has been
observed that the use of aluminum wool can
significantly increase thermal performance of solar
heater. The average thermal efficiency values of the
unmodified heater were calculated in the range of
33.63-42.90%, and the thermal efficiency of the
aluminum wool integrated heater was calculated in the
range of 42.69-56.98%.

The surface area of the produced collectors was quite
small. In future studies, thermal performance can be
remarkably increased by increasing the surface area and
also increasing the air residence time. In addition to
aluminum wool, different fin and baffles can also be
integrated into these heaters. Improved versions of
heaters examined in this study can be a considerable
alternative for economical air heating systems. In
addition, it is considered to be a short term solution for
sustainable heated air production for less developed
countries and regions.

Besides, since waste materials were used in these
heaters, it can be stated that waste materials can



contribute positively to our developing world regarding
environmental sense. It can be concluded that these
systems produced from waste materials can be used in
different processes such as space heating and drying.
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