
Letter to editor

Erroneous equations used to assess the
performance of a solar pond

Dear Editor,
With great interest, I examined the theoretical analysis section

of the paper ‘‘Performance assessment of a solar pond with and with-
out shading effect” by Mehmet Karakilcik, Ibrahim Dincer, Ismail
Bozkurt, Ayhan Atiz, 65 (2013) 98–107 [1]. The numerical part of
the study is based on shading area analysis in different solar pond
zones. I believe an incorrect format of equation was used in calcu-
lating the shading length of the layers. Another part of the study is
based on energy analysis of solar pond zones to determine the
energy efficiencies of each zone. Also, I believe there are contradic-
tions and wrong formats of equations in this part of the paper. The
equations used to calculate the net solar energy which reached the
surface of each layer (Qns) are incorrect. Also, the transmission
function (hI) and coefficient of transmission (b), do not only contra-
dict the ones referred to in the article, but are also in wrong
formats.

Unfortunately, these mistakes have been repeated in two other
papers published in this journal together with inaccurate equa-
tions for the specific heat capacity and salinity of the zones; the
1st paper is ‘‘The effect of sunny area ratios on the thermal perfor-
mance of solar ponds”, Ismail Bozkurt, Mehmet Karakilcik, 91
(2015) 323–332 [2] while the 2nd paper is ‘‘Investigation of turbid-
ity effect on exergetic performance of solar ponds”, Ayhan Atiz, Ismail
Bozkurt, Mehmet Karakilcik, Ibrahim Dincer, 87 (2014) 351–358
[3].

1. Mistake in calculating the shading length

In the paper, the equation used for calculating the shading
length of the layers is:

SI ¼ ½ðdþ ðI � 1ÞDxÞ tan hrf � ð1Þ
where d, thickness where the long wave solar energy is absorbed
(m); I, number of layer that varies from 1 to 30; Dx, thickness of
horizontal layers (m).

Firstly, the thickness of each layer in the calculations is 0.05 m,
not 0.005 m. Secondly, although the thickness of d is very small
(5–6 mm) [4], it is believed that the shading length has no correla-
tion with thickness of d. Therefore, to determine the average shad-
ing area effect, the correct equation for shading length calculation
in the intermediate plane (I) in each zone would be:

Average shading length SI ¼ IDx tan hrf ð2Þ

Shading area for the UCZ Ash;UCZ ¼ LWSI¼1

¼ LW ½Dx tan hrf � ð3Þ

Shading area for the NCZ Ash;NCZ ¼ LWSI¼8

¼ LW ½8Dx tan hrf � ð4Þ

Shading area for the LCZ Ash;LCZ ¼ LWSI¼22

¼ LW ½22Dx tan hrf � ð5Þ
Since fields marked in Fig. 1 must be corrected.

2. Wrong equations in calculating the energy efficiencies of
each zone

2.1. The heat loss from side walls to outside (Qsw)

In the paper, the following equation was used to calculate Qsw:

Qsw ¼ A01;zoneRpsðTzone � Tsw;zoneÞ ð6Þ
To determine the energy efficiency of the UCZ, A01;UCZ, which

is the surface area of the painted metal sheet on the side walls
was considered in the paper as ð8� 0:05 ¼ 0:4 m2) which
according to Fig. 1, would be (4� ð0:1� 2Þ ¼ 0:8 m2).

Since the overall heat transfer equation is as follows [5]:

Q ¼ AUDT ¼ DTP
R

ð7Þ

ðWÞ ¼ ðm2Þ W
m2 K

� �
ðKÞ ¼ K

K
W

� � ð8Þ

where U, the overall heat transfer coefficient W
m2 K

� �
; R, the thermal

resistance K
W

� �
.

In the paper, the parameter R was used instead of U, and this
should be corrected. Also, the R dimension in the nomenclature
section must be corrected. On the other hand, U in the paper was
written without considering the resistance of glass-wool as:

U ¼ 1
A
P

R
¼ KPKS

SpKS þ SSKP
ð9Þ

Since a layer of glass-wool as an insulating layer in 50 mm
thickness is used on the painted walls, therefore, its resistance
should also be considered:X

R ¼ Sp
AKP

þ SS
AKS

þ Sgw
AKgw

¼ SpKS þ SSKP

AKPKS
þ Sgw
AKgw

ð10Þ

Here, KP and KS are thermal conductivities of the paint and iron-
sheet while Sp and SS are the corresponding thicknesses. Also, Kgw

and Sgw are the thermal conductivity and thickness of the glass-
wool, respectively.

Also, for conductive heat transfer through the walls, the
temperature difference should be ðTzone � ToutÞ and not ðTzone�
Tsw;zoneÞ [6].
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2.2. Heat loss through the bottom of the pond

In the paper, the following equation was used to calculate
Qdw;LCZ:

Qdw;LCZ ¼ Adw;LCZRpsðTLCZ � Tdw;LCZÞ ð11Þ
Also in this equation, R should be replaced with U in accor-

dance with what was mentioned above. The general equation
for heat transfer through the bottom of the pond must be
one of the following.

If the bottom of a mini solar pond is in contact with air [6]:

Qbottom;LCZ ¼
ðTLCZ � ToutÞ

1
Ahi

þ Dxbottom
AKbottom

þ 1
Aho

ð12Þ

If the bottom surface is placed on the ground [6]:

Qbottom;LCZ ¼
ðTLCZ � TgroundÞ

1
Ahi

þ Dxbottom
AKbottom

þ Dxground
AKground

ð13Þ

2.3. Thermal energy transfer from NCZ to UCZ (QNCZ to UCZ) and
from LCZ to NCZ (QLCZtoNCZ)

In the paper, the following equations were used to calculate
QNCZ to UCZ and Q LCZ to NCZ:

QNCZ to UCZ ¼
kwAUCZ

DXUCZ
ðTNCZ � TUCZÞ ð14Þ

Q LCZ to NCZ ¼
kw;NCZANCZ

DXLCZ
ðTLCZ � TNCZÞ ð15Þ

whereas, the energy transferred from NCZ to a convective zone
(either UCZ or LCZ) when assimilating it to a flat surface was cal-
culated using the following equation [6]:

Q int cond�conv ¼
ðTNCZ � TU=LCZÞ
Rconv þ Rcond

¼ ðTNCZ � TU=LCZÞ
1

Ahc
þ Dxcond

AKcond

ð16Þ

Dxcond is the thickness of the pond considered for calculation.

2.4. The heat loss from the upper layer to air (Qwa)

In the paper, the following equation was used to calculate Qwa:

Qwa ¼ AUCZUwaðTUCZ � TaÞ ð17Þ
Uwa is the overall heat transfer coefficient from UCZ to air (W/
m2 K). Where Qwa is the rate of total heat loss from the pond
due to radiation, convection and evaporation [6–9,4,10–13] as
expressed below:

Qwa ¼ Q radiation þ Q convection þ Q evaporation ð18Þ

Qw ¼ hrAUCZðTUCZ � TskyÞ þ hcAUCZðTUCZ � TaÞ
þ heAUCZðTUCZ � TaÞ ð19Þ

Qw ¼ AUCZUwaðTUCZ � TaÞ ð20Þ
Thereby

Uwa ¼ f ðhr þ hc þ heÞ ð21Þ
The amount and method of calculation of Uwa was not men-

tioned in the paper.

2.5. The net solar energy entering to each layer (Qns)

In the paper, the following equation was used to calculate Qns:

Qns ¼ b E A½1� ð1� FÞhðXI � dÞ� ð22Þ
where b, entering rate of incident beam into water; E, total solar
energy reaching the pond surface (W/m2); F, absorbed energy
percentage at a region of d-thickness; d, thickness where the long
wave solar energy is absorbed (m); hI , solar radiation ratio reach-
ing the bottom of layer I.

At first, the solar energy (E) dimension is incorrect (J) in the
nomenclature section and should be corrected to (W/m2).

The equation used for b in the paper is:

Fig. 1. Schematic representation of the rectangular solar pond.
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