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ABSTRACT

In this study, a numerical model was developed for prediction of Nusselt number in solar cavity receivers. Thermal oil and water were
used as the working fluid. A dish concentrator with different shapes of the cavity receiver, including hemispherical, cylindrical, and
cubical, was investigated. The different shapes of cavity receiver were studied under the same operating conditions for prediction of
the internal heat transfer coefficient correlation for each cavity receiver. The system is investigated under the variation of solar
radiation, flow rate, and inlet temperature of solar working fluids. The developed thermal model is validated based on the
experimental data for the cylindrical cavity receiver using thermal oil. The results reveal that the hemispherical cavity receiver had the
highest cavity heat gain, heat transfer coefficient, and Nusselt number values compared to two other cavity receivers. It could be
concluded that the cavity heat gain, and heat transfer coefficient, and Nusselt number amounts had improved with increasing solar
radiation, increasing flow rate, and decreasing inlet temperature of the working fluid. Some equations were suggested for prediction
of Nusselt number with the variation of solar radiation, flow rate of the working fluid, and inlet temperature of working. It was
concluded that application of thermal oil had resulted in higher Nusselt numbers than the use of water as the solar working fluid.
Consequently, the application of oil is suggested for high-temperature systems.
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1. Introduction

Nowadays, the application of solar energy due to the negative impact of fossil fuel application such
as global warming, environmental pollution, ozone layer depletion, and acid rains, is increased. Solar
collector manners as a heat exchanger for converting solar radiation energy to thermal energy [1].
The solar dish concentrator is accounted as an impact and high-temperature technology for
producing power and heat [2]. There are different shapes of receiver for the dish concentrator,
including external, cavity, spiral, and volume receivers [3]. Generally, cavity receivers due to low heat
losses are accounted as the efficient receiver for the dish collectors systems [4]. On the other side,
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investigation of convection heat transfer, and prediction of Nusselt number in the solar system are
accounted as important parameters for estimating thermal performance of solar systems.

Some researchers investigated thermal modelling of solar dish concentrators with cavity receivers
[5]. Bellos et al. [6] numerically optimized different shapes of cavity receiver as dish absorber under
the aspect of thermal and optical analyses. They found the highest optical and thermal performance
for the dish concentrator with a cylindrical-conical cavity design. Venkatachalam and Cheralathan [7]
experimentally considered a solar dish concentrator with different aspect ratios of a conical cavity
receiver under energy and exergy aspects. They evaluated overall thermal heat losses from the solar
dish system. They found the aspect ratio of the solar system as an effective parameter for estimating
the thermal performance of the dish collector. Loni et al. [8] presented a research review paper
related to the application of nanofluids as a solar working of dish concentrators based on
experimental tests. Different shapes of cavity receiver were used as dish absorbers. They reported
the highest thermal performance improvement for hemispherical cavity receiver with the application
of nanofluid. Pavlovic et al. [9] studied a dish concentrator with spiral and conical cavity receivers
under optical, energy, and exergy aspects. They reported conical cavity receiver had resulted in
higher optical and energy performance compared to the spiral cavity receiver.

Yan et al. [10] investigated and optimized a new structure of a dish concentrator. They presented
equations for designing the novel dish structure with the highest performance. Loni et al. [11] showed
a comparison study related to energy and exergy performance of a dish concentrator with different
shapes of cavity receiver. Thermal oil and water were used as solar working fluid. They found the
highest exergy performance of the dish concentrator with the application of a hemispherical cavity
receiver. Also, thermal oil and water were introduced as the best selection for high-temperature, and
low-temperature use, respectively. Yang et al. [12] suggested a new structure of a solar dish
concentrator with a cavity receiver. They found increasing the thermal and optical performance of
the proposed system compared to a conventional dish-cavity structure. In another work, researchers
[12] considered numerically and experimentally the performance of a dish concentrator with a
cubical and cylindrical cavity receivers. They concluded the highest thermal performance of the dish
collector using the cubical cavity receiver compared to the cylindrical one. Soltani et al. [13]
investigated an optical and thermal performance of a dish collector with a helically baffled cylindrical
cavity receiver. They investigated different parameters for the optimization performance of the solar
system. They found selective optical properties of the system can be accounted for as an effective
parameter for increasing performance of the system.

On the other hand, some researchers were investigated convection heat transfer of the working fluid
in solar systems. EI-Genk and Pourghasemi [14] studied convection heat transfer in microchannel
based on laminar flows. Water and air were used as the working fluid. They presented some Nusselt
number equations for the investigated system. Hu et al. [15] developed a numerical model for the
simulation of silica/molten nanofluid in a solar system. They predicted an average Nusselt number
that shows a good agreement with the experimental tests. Zhang and Yang [16] considered a
numerical model for prediction of heat transfer of air in vertical channels. Ghritlahre and Prasad [17]
developed heat transfer modelling of roughened solar air heaters using the ANN method. Kumar et
al. [18] developed a numerical method for prediction of Nusselt number in a multiple V-pattern
dimpled obstacles solar air passage based on experimental tests. Du et al. [19] predicted Nusselt
number of a porous volumetric solar receiver based on numerical models.
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It could be seen from the literature review, there is no reported research related to the prediction of
the Nusselt number for different shapes of cavity receivers. Consequently, prediction of Nusselt
number of a dish collector using different shapes of the cavity receiver is a novelty subject for
research. In the current study, the influence of various parameters such as solar irradiation, inlet
temperature, and volume flow rate of the working fluid, is investigated. Three types of cavity
receiver, including hemispherical, cubical, and cylindrical cavity receivers, are numerically simulated.
Thermal oil and water are examined as solar working fluid. The Nusselt numbers of different
investigated shapes of the cavity using various investigated working fluids are predicted based on the
developed numerical model. The mathematical model is validated according to some experimental
tests with a cylindrical cavity receiver using thermal oil. The results of this work predict the internal
heat transfer of different cavity receivers (cubical, cylindrical, and hemispherical) under variation of
solar irradiation, inlet temperature and volume flow rate of the various working fluids (water and
thermal oil).

2. Methodology and Description
2.1 Optical and Thermal Modeling

In this research, internal heat transfer of three shapes of cavity receiver was investigated based on
the numerical method. Internal heat transfer and Nusselt number of working fluids are assumed as
important parameters for prediction of thermal performance of solar thermal systems. A solar one
point concentrator with different tubular cavity receivers was evaluated based on optical and thermal
analyses. Three shapes of cavity receiver, including cubical, cylindrical, and hemispherical cavities,
were considered. Also, thermal oil and water were used as the solar heat transfer fluid. It should be
mentioned that real optical, and structural parameters of a dish concentrator with tubular cavity
receivers were used as solar dish reflectivity of 0.84, tracking error of 12, optical error of 10 mrad,
dish aperture diameter of 1.9 m, focal dish distance of 0.693 m, cubical aperture wide and height of
14 cm, cylindrical aperture diameter and height of 12.5 cm, aperture hemispherical diameter of 12.
cm, and cavity tube diameter of 10 mm [20].

It should be noted, the cavity receiver dimensions were selected based on optimization analyses that
were conducted by previous papers of Loni et al. [2], [3], and [21] for the cubical, cylindrical, and
hemispherical cavity receivers, respectively. Also, it is good to know, the optimized cavity receivers
as mentioned above were built and tested using oil, and different oil-based nanofluids such as
alumina/oil, silica/oil, and CNT/oil nanofluids based on experimental tests by authors [5, 22-24]. A
schematic of the investigated solar system with different cavity receivers is presented in Fig. 1.

Analyses of the current study were conducted in two steps. At the first step, the optical performance
of the solar system was investigated by SolTrace software. Based on the developed optical analyses
in the SolTrace, heat flux distribution along the cavity tubes, and absorbed solar heat flux by the
cavity walls were estimated. A view of the optical analyses of the dish concentrator with three
investigated tubular cavity receivers is presented in Fig. 2. At the second step, thermal performance
of the solar systems and prediction of the Nusselt number were numerically developed in Maple
software. Energy balance equations and thermal resistance method were used for thermal
modelling. The internal heat transfer of the solar working fluids, including oil and water, was
numerically developed and investigated in the tubular cavity receivers for prediction of Nusselt
number and cavity performances.
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Fig. 1. A schematic of the investigated solar system with different cavity receivers
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Fig. 2. A view of the optical analyses of the dish concentrator with three investigated tubular cavity receivers
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In this section, developed thermal modelling for the solar focal point concentrator will be presented.
As mentioned energy balance equation was used for thermal modelling of the solar system.
Generally, thermal heat losses from the cavity receivers include convection, conduction, and
radiation heat losses. It should be mentioned that the cavity receivers were insulated with mineral
wool for reducing heat losses. The conduction heat losses accrue from the insulation layer in a
thickness of 5 cm. The convection heat losses occurred from the inside of the cavity receivers, and
outside of the wall cavity receivers. Finally, radiation heat losses from the inner space of the cavity
receivers are accented during thermal modelling.

Absorbed heat by the solar working fluid (Qnet) can be calculated as follows [25]:
Qnet = Q* - Qloss (1)

Where Q*(W) is received solar heat flux by the cavity walls that can be calculated using the SolTrace,
and Qyyss(W) is heat losses from the cavity receiver that can be estimated by the below equation
[25]:

Qloss = Qloss,cond - Qloss,rad - Qloss,conv (2)

Where onss,cond(W) is conduction heat losses, Qloss,rad(w) is radiation heat losses, and Qloss'com,(W)
is convection heat losses. More detail about the heat loss calculation form the cubical, cylindrical,
and hemispherical cavity receivers are presented in refs. [2], [3], and [21], respectively. It should be
mentioned that the thermal efficiency of the solar system is calculated as follows [25]:

Ntn = Qnet/ Qsolar (3)

Where Q ¢,;4-(W) is received solar energy by the dish concentrator that can be calculated as below
[25]:

Qsolar = Isunn'Dép,dish/Ll‘ (4)

In this equation, I, (W/m?) is solar beam radiation, and Dgp aisn (M) is aperture dish diameter. For
calculation more accuracy results, the cavity tube was divided to smaller elements along the receiver
tube of three cavity receivers. Then the receiver surface temperature (T ,,) and the useful heat flow
(Qnet’n) at the different elements of the tube are calculated by solving the equations of this
subsection with the Newton—Raphson Method [25]:

1 Qnet.i
(Ts,n - ?:11 <L“ - Tinlet,o)

) M Cpo
Qnet,n = 1 1 (5)

(hinnerAn 2 mcpo)

The Nusselt number of the internal working fluid flow is estimated as [26]:

5
Ntipmer = (5)-Re-rr (6)

1+ 12.8. %. (Pr068 — 1)
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The friction factor (f;.) is calculated as [26]:

f» = (0.79InRe — 1.64)~2 (7)

Moreover, the inner heat transfer coefficient is calculated as [27]:

, NuinnerKfluid
Rinner = T (8)
tube

The net heat transfer rate can be calculated using the below equations [25]:

Qnet,n - Q*n - Qloss,rad,n - Qloss,internal convn Qloss,external convn (9)

N
Qnet,n = Q*n - AngnU(Ts,n4) + A, z Fn—jng(Ts,n4) - Angno'Fn—ooTo‘é
j=1 (10)
Ay
- An (mZTs,n + CZ) - R— (Ts,n - TOO)
cond
Finally, the heat transfer of each element of the cavity receiver can be defined as [27]:

hn — Qnet,?/ T n T (11)
(An(Top — Cmm ™ Touen/ )

Then the Nusselt number for each element of cavity revivers can be defined as [27]:

— hn- dtube

Nu, (12)

kv s

Consequently, the overall Nusselt number of the investigated cavity receiver can be calculated as
[27]:

N
_ 21 Nu,
Nuoverall - N

(13)
Where N is the total element number of the investigated cavity receiver.

It should be mentioned that the thermal properties of the thermal oil are calculated based on the
bellow relationships [28]:

w (14)
k; = 0.1882 — 8.304 x 1075(T, —
f X ( f) (n;é(
- (15)
cpr = 0.8132 + 3.706 x 1073(Ty) (kg—K
k 1
pr = 1071.76 — 0.72(Ty) (m—‘g3 (16)
Pr = 6.73899 x 102 (Ty)~ 77127 (17)

Whereas, the thermal properties of water were estimated by [27].
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2.2 Validation

Numerical results of this study were validated based on some experimental results that were carried
out in the Renewable Energy Research of the Tarbiat Modares University, Tehran, Iran (located at
35.68° N latitude and 51.42° longitude). The experimental setup consisted of a dish concentrator,
cylindrical cavity receiver, and hydraulic cycle. Thermal oil was used as the solar working fluid. Inlet
and outlet temperature of the solar working fluid at inlet and outlet of the cavity receiver, and
working fluid volume flow rate were measured during the experimental tests. Whereas, ambient
parameters, including solar radiation, ambient temperature, and wind speed, were measured, too.
More detail related to the experimental tests was reported by ref. [29]. A view of the investigated
experimental setup is presented in Fig. 3.

Oil Qutlet ¥ | dwbe=10 mm

7 ]
\/5
L

foﬂ Inlet

(b)

Fig. 3. A view of the investigated experimental setup, including a) dish concentrator, and b) cylindrical cavity
receiver [29]

A comparison between the experimentally measured data by ref. [29], and calculated numerical data in the
current study was presented in Table 1. It should be mentioned that all of the operational and ambient
measured parameters, as reported in Table 1 were used as input of the numerical modelling. It can be seen
from Table 1, there is a good agreement between the measured experimental data, and calculated data at
noon when the system is at the steady-state condition. The average amount of the deviation was calculated
to equal to 1.89% that shows acceptable accuracy of the calculated numerical results.

Table 1
A comparison between the experimentally measured data for the cylindrical cavity by ref. [29], and
calculated numerical data in the current study

Measured Parameters Experimental Numerical Derivation
Time T (°C) (\,:;7‘;1'2) (Tg;’ Vuind (M) Tow(C) T () mmn Tt (C)  Mn
9:10 47.00 850.00 2540 0.20 105.44 0.56 106.62 0.61 1.11% 10.35%
9:30 56.00 879.50 2750 0.20 120.36  0.56 119.78 0.60 0.48% 7.06%
10:00 63.00 911.80 25.60 1.10 126.32  0.57 12412 0.59 1.74% 4.33%
10:30 57.00 941.80 24.10 0.00 121.84 0.60 117.65 0.60 3.44% 0.96%
11:00 61.50 942.30 24.00 1.00 12753 0.61 121.60 0.60 4.65% 1.75%
11:30 57.10 926.00 27.70 0.70 123.82 0.58 121.06 0.60 2.23% 3.40%
12:15 58.00 926.00 28.30 0.00 121.08 0.59 117.78 0.60 2.73% 2.38%
12:30 52.10 924.00 26.90 0.20 119.72  0.59 116.84 0.61 240% 3.17%

25



Journal of Advanced Research in Numerical Heat Transfer
Volume 8, Issue 1 (2022) 19-35

13:00 53.00 902.00 28.40 0.10 113.26  0.57 112.27 0.1 0.87% 6.33%
13:30 5450 913.00 2570 0.90 11356 0.56 113.39 0.60 0.15% 7.86%
14:00 55.10 877.30 26.20 0.10 118.10 0.58 115.47 0.60 2.23% 3.49%
14:30 55.20 840.00 26.70 1.10 120.00 0.59 116.17 0.60 3.19% 1.54%
15:00 4990 824.00 26.20 0.00 110.00 0.58 108.96 0.61 0.95% 6.19%
15:30 4990 726.00 27.20 0.30 98.60 0.57 98.91 0.62 0.31% 9.28%
15:50 62.60 670.00 26 0.00 107.60 0.53 109.64 0.60 1.90% 13.84%

3. Results and Discussion

In this section, calculated results will be presented in two subsections as follows:
e In the first subsection, the influence of three shapes of cavity receiver on convection
heat transfer and Nusselt number of oil as the working fluid will be presented.
e |n the second subsection, convection heat transfer and Nusselt number of
hemispherical cavity receiver with water and oil will be compared.

3.1 Comparison of Three Cavity Receivers

In this section, a variation of cavity heat gain versus change of solar radiation, flow rate of working
fluid, and inlet temperature of working fluid for three investigated cavity receivers using oil was
depicted in Fig. 4a, 8b, and 8c, respectively. Hemispherical, cylindrical, and cubical cavity receivers
were studied. It should be mentioned that default values of solar radiation, flow rate of the solar
working fluid, and inlet temperature of the solar working fluid are assumed equal to 800 W/m?, 50
ml/s, and 502C, respectively. On the other side, variation of solar radiation, flow rate of the solar
working fluid, and inlet temperature of solar working fluid are investigated in the range of 500 W/m?
to 1100 W/m?, 10 ml/s to 150 ml/s, and 40°C to 90°C for water and 40°C to 1502°C for oil,
respectively. As seen in Fig. 4, the hemispherical cavity receiver had resulted in the highest cavity
heat gain compared to other cavity receivers for all of the investigated conditions. It could be
concluded that the cavity heat gain had increased with increasing solar radiation, increasing flow
rate, and decreasing inlet temperature of the working fluid. Also, there is an optimum value for the
flow rate of the working fluid nearly 30 ml/s for three investigated cavity receiver that can be saved
requested energy for pumping oil with achieving the highest thermal performance.
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Fig. 4. Variation of cavity heat gain versus variation of a) solar radiation, b) flow rate of working fluid, and c)
inlet temperature of working fluid for three investigated cavity receivers using oil

Fig. 5a, 9b, and 9c present variation of heat transfer coefficient of the working fluid versus variation
of solar radiation, flow rate of working fluid, and inlet temperature of working fluid for three
investigated cavity receivers, respectively. Thermal oil was used as the solar working fluid. Different
shapes of cavity receiver were studied as the dish absorber, including hemispherical, cylindrical, and
cubical cavity receiver. Default values of solar radiation, flow rate of the solar working fluid, and inlet
temperature of solar working fluid were assumed equal to 800 W/m?, 50 ml/s, and 502°C,
respectively. Whereas, a variation of solar radiation, flow rate of the solar working fluid, and inlet
temperature of solar working fluid were investigated between 500 W/m? to 1100 W/m?, 10 ml/s to
150 ml/s, and 402C to 90°C for water and 402C to 1502°C for oil, respectively. As understood from Fig.
5, the highest heat transfer coefficient was calculated for the hemispherical cavity receiver for all of
the investigated conditions. Also, it could result that increasing solar radiation, increasing heat
transfer coefficient in a meaningful manner. On the other side, a variation of flow rate and inlet
temperature of the solar working fluid has not shown a significant difference in values of the heat
transfer coefficient.
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Fig. 5. Variation of convection heat transfer coefficient versus variation of a) solar radiation, b) flow rate of
working fluid, and c) inlet temperature of working fluid for three investigated cavity receivers using oil

Variation of Nusselt number prediction of thermal oil as the solar working fluid versus change of solar
radiation, flow rate of working fluid, and inlet temperature of working fluid for three investigated
cavity receivers have been presented in Fig. 6a, 10b, and 10c, respectively. Different shapes of cavity
receiver including hemispherical, cylindrical, and cubical were investigated. Default amounts of solar
radiation, flow rate of the solar working fluid, and inlet temperature of solar working fluid were
assumed equal to 800 W/m?, 50 ml/s, and 502C, respectively. On the other side, variation of solar
radiation, flow rate of the solar working fluid, and inlet temperature of solar working fluid were
studied in the range of 500 W/m? to 1100 W/m?, 10 ml/s to 150 ml/s, and 40°C to 902C for water
and 402C to 150°C for oil, respectively. As seen in Fig. 6, the hemispherical cavity receiver had
resulted in the highest Nusselt number amounts compared to two other cavity receivers that
followed with the cylindrical cavity, and finally the cubical cavity receiver for all of the investigated
conditions. It could result that the Nusselt number had improved with increasing solar radiation,
increasing flow rate, and decreasing inlet temperature of the working fluid. Also, some prediction
equations of Nusselt number with variation solar radiation, flow rate of the working fluid, and inlet
temperature of working fluid for three cavity receivers with thermal oil as the solar working fluid are
presented in Table 2, Error! Reference source not found., and Error! Reference source not found.,
respectively.
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Fig. 6. Variation of Nusselt number versus variation of a) solar radiation, b) flow rate of working fluid, and c)
inlet temperature of working fluid for three investigated cavity receivers using oil

Table 2

Nusselt number prediction with the variation of solar radiation, flow rate, and inlet temperature

Cavity Shape | Nusselt number prediction ‘ R?
Variation of solar radiation (Ip.qm)
Hemispherical | Nu =-0.03621,.4m° + 115.1910pcqm 0.9976
Cylindrical Nu = 10.6061p04y, + 3603 0.9971
Cubical Nu = 9.150614m + 2691.6 0.9969
Variation of flow rate (1m,;;)
Hemispherical | Nu = 2E-05m,,;;* - 0.0068m,,;;* + 0.9285m,,;,% - 54.4851,,;; + 69501 0.993
Cylindrical Nu = 0.0006m,;;> - 0.1827m,;;* + 17.485m,,;; + 11735 0.9638
Cubical Nu = 0.0004m,;;> - 0.1343m,;;* + 12.864m,,;; + 9771.3 0.9642
Variation of inlet temperature (T}, 5i1)

Hemispherical | Nu=-33.252 Ty, ,; + 70074 0.9997
Cylindrical Nu = -18.206 T}, o;; + 13128 1
Cubical Nu =-20.229 T;y, ,;; + 11140 1

3.2 Comparison of Two Working Fluids

In this part, a variation of cavity heat gain versus change of solar radiation, flow rate of working fluid,
and inlet temperature of working fluid for the hemispherical cavity receiver using water and oil have
been displayed in Fig. 7a, 11b, and 11c, respectively. It should be noted that default values of solar
radiation, flow rate of the solar working fluid, and inlet temperature of solar working fluid were
assumed as 800 W/m?, 50 ml/s, and 502C, respectively. Also, as seen in Fig. 7a, 11b, and 11c variation
of solar radiation in the range of 500 W/m? to 1100 W/m?, flow rate of the solar working fluid
between 10 ml/s to 150 ml/s, and inlet temperature of solar working fluid in the range of 402C to
909C for water and 402C to 1502C. As understood from Fig. 7, water as the solar working fluid had
absorbed higher thermal energy compared to thermal oil at all investigated conditions. Also, it was
concluded that the cavity heat gain improved with increasing solar radiation, increasing flow rate,
and decreasing inlet temperature of the working fluid.
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Fig. 7. Variation of cavity heat gain versus variation of a) solar radiation, b) flow rate of the working fluid and
c) inlet temperature of working fluid for hemispherical cavity receiver using water and oil

Fig. 8a, 12b, and 12c depict a variation of cavity surface temperature versus a change of solar
radiation, the flow rate of working fluid, and inlet temperature of working fluid using water and oil,
respectively. The hemispherical cavity receiver was investigated as the dish absorber. The default
values of solar radiation, flow rate of the solar working fluid, and inlet temperature of solar working
fluid were 800 W/m?, 50 ml/s, and 502C, respectively. On the other side, variation of solar radiation
in the range of 500 W/m? to 1100 W/m?, flow rate of the solar working fluid between 10 ml/s to 150
ml/s, and inlet temperature of solar working fluid in the range of 402C to 902C for water and 402C to
1509C for oil were investigated in Fig. 8a, 12b, and 12c, respectively. As seen in Fig. 8, the highest
cavity surface temperature was estimated for application of oil with the highest solar radiation,
lowest flow rate, and the highest inlet temperature of the working fluid.

Also, a variation of heat transfer convection coefficient using water and oil versus a change of solar
radiation, the flow rate of working fluid, and inlet temperature of the working fluid are presented in
Fig. 9a, 13b, and 13c, respectively. As mentioned, default values of solar radiation, flow rate of the
solar working fluid, and inlet temperature of solar working fluid were assumed as 800 W/m?, 50 ml/s,
and 50°C, respectively. On the other side, solar radiation was varied in the range of 500 W/m? to
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1100 W/m?, flow rate of the solar working fluid was changed between 10 ml/s to 150 ml/s, and inlet
temperature of solar working fluid was investigated in the range of 402C to 902C for water and 402C
to 1502C. As shown in Fig. 9, the application of water as the solar working fluid had resulted in higher
values of the heat transfer coefficient compared to water one. Also, the heat transfer coefficient
improved with increasing solar radiation, increasing flow rate, and decreasing inlet temperature of
the solar working fluids.
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Fig. 8. Variation of cavity surface temperature versus variation of a) solar radiation, b) flow rate of the
working fluid and c) inlet temperature of working fluid for hemispherical cavity receiver using water and oil

Finally, Fig. 10a, 14b, and 14c depict a variation of Nusselt number values for water and oil in the
hemispherical cavity receiver versus a change of solar radiation, the flow rate of working fluid, and
inlet temperature of working fluids, respectively. Default values of solar radiation, flow rate of the
solar working fluid, and inlet temperature of solar working fluid were assumed equal to 800 W/m?,
50 ml/s, and 50°C in this analysis, respectively. Whereas variation of solar radiation was studied
between 500 W/m? to 1100 W/m?, flow rate of the solar working fluid was investigated between 10
ml/s to 150 ml/s, and inlet temperature of solar working fluid was evaluated in the range of 40°C to
909C for water and 402C to 1509C. As revealed in Fig. 10, oil had resulted in higher amounts of Nusselt
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number compared to water as the solar working fluid. Consequently, the application of oil is
suggested for high-temperature systems.
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working fluid, and c) inlet temperature of working fluid for hemispherical cavity receiver using water and oil
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Fig. 10. Variation of Nusselt number versus variation of a) solar radiation, b) flow rate of the working fluid
and c) inlet temperature of working fluid for hemispherical cavity receiver using water and oil

4. Conclusions

In this research, the internal heat transfer coefficient of water and oil as the solar working fluid in
cavity tube was investigated. A dish concentrator with three shapes of cavity receiver including
hemispherical, cylindrical, and cubical cavity was investigated. Influence of some operational and
environmental parameters including solar radiation, flow rate, and inlet temperature was
investigated on the thermal performance of the solar system. The main achievement could be
summarized as below:

e |t was found that the hemispherical cavity receiver had resulted in the highest cavity
heat gain, heat transfer coefficient, and Nusselt number values compared to two
other cavity receivers for all of the investigated conditions.

e |t could be concluded that the cavity heat gain, and heat transfer coefficient, and
Nusselt number amounts had increased with increasing solar radiation, increasing
flow rate, and decreasing inlet temperature of the working fluid. Also, there is an
optimum value for the flow rate of the working fluid nearly 30 ml/s for three
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investigated cavity receiver that can be saved requested energy for pumping oil with
achieving the highest thermal performance.

e Some equations were suggested for prediction of Nusselt number with variation solar
radiation, the flow rate of the working fluid, an inlet temperature of working fluid for
three cavity receivers with thermal oil were presented.

e |t was found, water as the solar working fluid had absorbed higher thermal energy
compared to thermal oil at all investigated conditions.

e The highest cavity surface temperature was estimated for application of oil with the
highest solar radiation, lowest flow rate, and the highest inlet temperature of the
working fluid.

e |t was resulted, application of water as the solar working fluid had resulted in higher
values of the heat transfer coefficient compared to oil.

e |t was concluded that application of thermal oil had resulted in higher amounts of
Nusselt number compared to water as the solar working fluid. Consequently, use of
oil is suggested for high-temperature systems.
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