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Abstract : The thermal performance comparisons of the dish solar collector system are numerically
investigated with mirror arrays and receiver shapes. In order to compare the performances of the
dish solar collector systems, six different mirror arrays and four different receiver shapes are
considered and the radiative heat flux distribution on the inside of the receiver is analyzed. A
parabolic-shaped perfect mirror of which diameter 1s 1.5 m is considered as a reference of the
mirror arrays. Five different mirror arrays of twelve identical parabolic-shaped mirror facets of
which diameter are 0.4 m are proposed in this study. Their reflecting areas, which are 1.5 m', are
the same. Four different receiver shapes are a dome, a conical, a cylindrical and a unicorn type.
The solar irradiation reflected by mirrers is traced using the Monte—Carlo method. In addition,
the radiative properties of the mirror surface can vary the thermal performance of the dish solar
collector system so that the effects of the surface reflectivity and the surface absorptivity are
considered. Based on the calculation, the design information of dish solar collector system for
producing the electric power can be obtained. The results show that the dome type has the best
performance 1n receiver shapes and the 2AND4INLINE has the best performance in mirror arrays
except the perfect mirror.

Nomenclature temperature (above 300C). Also, solar concentrators
used in the mid and high temperature are sorted by
Q: Radiative heat , W geometry, Vacuum tube collector, PTC (parabolic

Trough concentrator), CPC (Compound Parabolic
Concentrator), Dish solar collector system, and Solar
tower.”

A highly concentrating solar technology is fast
T growing and it is necessary to develop the
g\]{ : radiative Eeat loss _ _ technology of high efficiency optical system. In high

: entered photon bundles m.the receiver temperature solar energy application, the dish solar
a : absorbed photon bundles in the receiver surface collector system is one of the most remarkable
systems. To successfully operate the dish solar
collector system, the optimal design of the receiver

N: The number of photon bundles

Subscrip

1. INTRODUCTION is very important and flux density distribution has to
be known.”
There are three categories in solar power In high temperature solar energy application, the

generation, which are low temperature (below 10 dish solar collector system is cumently being
0C), mid temperature (100C ~300T), high developed for application in industrial process heat,
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electric generation and chemical reactor. In recent
activity, ANU SG3 dish (400 kWth) was installed in
Canberma, Australia by the Australian National
University (ANU). Phase II (25 kWe) of the
Boeing/Stidling Energy Systems Dish Engine Critical
Components (DECC) project was installed in
Huntington Beach, Califomia, United States. Also,
SAIC/STM (30kWe) was installed in Golden,
Colorado and Phoenix, Arizona as a second USA
project. In Europe, DISTAL (9kWe) 1 was installed
by SBP and DLR at the Plataforma Solar de Almera
(PSA) in Spain.”

In Korea, the researches for KIERDISH [ and
KIERDISH II have been camied out by Korea
institute of energy research (KIER). These have been
installed, operated until now. Therefore, the
sufficient technology for the dish solar collector
system might be prepared. However, in order to
develop the more efficient and cheaper system, the
researches for the design factor such as the minor
armmays and the receiver shapes must be investigated

Therefore, in this study, the performance
comparisons are numerically investigated with the
miror armmays and the receiver shapes of the dish
solar collector system. For this, six different minor
armays and four different receivers are proposed in
this study. Six different mimor amays are perfect
miror, 2AND4INLINE, 2TOP, INLINE,
STAGGERED and STAR. Four different receiver
shapes are a dome, a conical, a cylindrical and a
unicom type. In order to analyze the performance
comparison of the dish solar collector system, the
radiative heat flux distribution on the inside of the
receiver is numerically investigated. In addition, the
radiative properties of the mimor surface can vary
the thermal performance of the dish solar collector
system so that the effects of the surface reflectivity
and the surface absorptivity are considered.

2. MODEL ING

To compare the performances of the dish solar
collector systems with minor amays, the perfect
mirror is determined as the reference of the mirmor
ammay. Fig. 1 shows the dish solar collector consisted
of the perfect minor. The perfect minor is 1.4 m in
diameter and has a f/D of 0.93. The mimor suiface
is a parabolic shape. The receiver is positioned at
the focal region of the perfect mirnor.

As shown in Fig. 2, five different mimor amays
which have the reflecting area equal to the perfect
mirror are proposed. The each mirmor amay consists
of twelve minor facets of which diameter and focal
length are 0.41 m and 1.5 m. The surface of each
minor is the parabolic shape and the receiver is
positioned at the focal region of the miror.

In order to compare the performance of the dish-

solar collector system with receiver shapes, four
different receiver shapes are suggested as shown in
Fig. 3. The width and height of each receiver are
assumed to be 160 am and 170 mm. Also, the

aperture diameter of each receiver is assumed to be
identically 150 mm.

To analyze the radiative heat flux distribution on
the inside of the receiver, the TracePro, which is
based on the Monte Cardo method, is used in this
study. This method involved the use of a random
number generator to model the statistical processes
of photon emission, non-specular reflection, and
absomption. Photons are distributed uniformly at the
aperture of mirror. The paths of individual photon
bundie are traced through the optical system using
geometry, and a tally made of the ultimate fate of
the bundles. Raytracing is repeated until photon
bundle is absorbed in the receiver surface or come
out the receiver cavity. After half a million photon
bundles are through the system, the radiative heat
flux distribution at the receiver is determined. The
number of entered photon bundles in the receiver is
N, and then the number of absorbed photon bundles
in the receiver surface is Na. Radiative heat loss due
to surface reflection is calculated using the following
equation.”

N-N
=0 ————= (W] (1)
QRL Qm N

By using the above processes, in order to
analyze the radiative heat flux distribution at the
focal region of the solar dish concentrator, a circular
plane characterized by blackbody on the surface is
positioned at the focal region of the solar dish
concentrator. And, photon bundles are emitted
parallel and have the annual-average daily direct
normal solar radiation 4.4~ 4.8 kWh/m'.> Also, all
photon bundles are incident perpendicular to the
aperture of minor.

Fig. 1 Array of mirror (Case | : Perfect
mirror)®
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Fig. 2 Array of mirrors (Case 11-V1)®
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3. RESULT and DISCUSSION

3.1 Radiative heat flux distribution
at the focal plane

The radiative heat flux distribution at the focal
plane with mimor amays is shown in Fig. 4. The
optical properties of the minmor surface are the total
hemispherical reflectivity 0.9 and the total
hemispherical absorptivity 0.1, respectively. As
shown in Fig. 4, the radiative heat flux distribution
of the dish solar collector system at the focal plane
is different with the mirror ammays. The radiative heat
flux distribution of Case I is the densest in all
cases. On the other hand, those of Case III, IV, V
and VI are relatively broad. That of Case II is the
densest in the multi-faceted mirror amays.

In actual dish solar collector system, the aperture
diameter of the receiver should be determined
differenly with minmor amays. However, in this
study, that is determined identically for the
performance comparison. The aperture diameter of
the receiver should be able to intercept

approximately 90% of the incident radiation. Based
on Fig. 4, the minimum diameter of the receiver is
found to be 0.15 m.
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focal plane (Case |-Vl)

- 664 -



3.2 Total absorbed energy with the
reflectivity of the mirror surface

Fig. 5 shows the total absorbed energy on the
receiver inner surface with the reflectivity of the
mimmor surface. As shown in Fig. 5, as the
reflectivity increases, the total absorbed energy
increases linearly for all the cases and the slopes of
all the cases are identical. These results show that
the performance of the dish solar collector system is
varied linearly with the reflectivity of mimor surface
and the minor surface reflectivity is a major factor
for the performance improvement.

As expected, the total absorbed energy of Case
I is higher than those of others in Fig. 5. And, the
total absorbed energy of Case IV is smallest among
six other cases. Case VI has the best performance in
the multi-faceted mimor amays.

Based on Fig. 5, the combination with receiver 4
and Case 1 has the maximum total absorbed energy
at reflectivity 0.95 and the combination with
receiver 4 and Case IV has the minimum total
absorbed energy at reflectivity 0.75. The difference
between maximum value and minimum value is 29
% Also, these results show that when the receiver 4
is used, the performance of the dish solar collector
is the highest in all cases.

3.3 Total absorbed energy with the
absorptivity of the receiver surface

Fig. 6 shows the total absorbed energy of the
receiver inner surface with the absorptivity of the
receiver inner surface. As shown in Fig. 6, as the
absorptivity increase, the total absorbed energy
increases gradually but the growth rate decreases.
The slope of Case I is steeper than those of the
others.
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Fig. 5 Total absorbed energy with reflectivity
of mirror surface (Receiver 1-4)
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In case of receiver 1, the perfformance of Case
I is the best when the absomptivity is less than 0.8.
On the other hand, that of Case VI becomes the best
performance when the absorptivity is from 0.825 to
0.875. That of Case I becomes the best when the
absorptivity is more than 0.9. Case IV has the worst
for all absorptivities. In case of receiver 2, the
perfformance of Case VI is the best when the
absomptivity is less than 0.875. On the other hand,
that of Case I becomes the best performance when
the absorptivity is more than 0.9. Case IV has the
worst for all absorptivities. In case of receiver 3, the
performance of Case Il is the best when the
absorptivity is less than 0.875. On the other hand,
that of Case I becomes the best performance when
the absorptivity is more than 0.9. Case IV has the
worst for all absorptivities. In case of receiver 4, the
perfformance of Case I has the best for all
absorptivities. Case IV has the worst for all
absorptivities.

Based on the Fig. 6, the combination with Case
I and the receiver 4 has the maximum value at
absorptivity 0.925, and the combination with Case
IV and the receiver 4 has the minimum valueat
absomptivity 0.775. Therefore, the performance
improvement of the dish solar collector system will
be possible about 29% according to the receiver
shape and the absorptivity of the receiver surface.

4. CONCLUSION

The thermal performance of the dish solar
collector system is numerically investigated
according to the minor amays and the receiver
shapes. -

1. The totalabsorbed energy in the receiver
increases linearly as the reflectivity of the minor
surface increases.
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Fig. 6 Total absorbed energy with absorptivity
of receiver surface (Receiver 1-4)
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2. The total absorbed energy in the receiver
increases gradually as the absomtivity of the
receiver surface increases.

3. Based on the calculated results, Case VI
(STAR) has the best performance and Case [V
(INLINE) has the worst performance in - the
multi-faceted minor amays.

4. Based on the calculated results, the Unicom
type has the best performance in the four receivers.

Consequently, the results show that the
combination with Case VI (STAR) and the receiver
4(Unicom type) is optimal in all the combinations
considered in this study.
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