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The parabolic trough collector is one of the most promising technologies for medium temperature application.
The energy of solar radiation is directed by parabolic mirrors into cylindrical receivers and transmitted to a heat
transfer fluid. Thus, the characteristics of absorber tubes have a direct influence on overall thermal efficiency
of the system. A novel receiver (UF-RT01) for small-size parabolic trough collectors is tested using two coaxial
tubes made from stainless-steel with a selective coating, inserted in a glass envelope. In this layout, the fluid inlet
and outlet are at the same side. The paper describes the realization of a laboratory test stand for thermal loss

measurement of small-size receivers in steady-state condition, based on Joule effect heating supplied by multiple
electric resistances. A prototype tube is analyzed experimentally and performances are evaluated as a function
of different operating temperatures, reaching up to 180°C. A maximum value for thermal loss amounts at about
24 W when the receiver average temperature is 180°C.

1. Introduction

Renewable sources can play an important role in reducing the con-
sumption of fossil fuels. The energy request in industrial application
involves a noticeable fraction (more than 30%) of the total requested
supply for human activities in developed countries [1]. In general, solar
collectors could be used to meet the demand of industrial process heat in
the range from 60 to 260 °C [2]. At least, this sector represents the most
promising area for this technology [3,4], beyond power application. A
novel small-size parabolic trough collector was properly developed to
carry out this task.

As yet, the majority of concentrating solar technologies had been
limited to large installations in order to produce power [5]. For stan-
dard size receivers (absorber tube outer diameter of 70 mm) indoor test
stands have been developed at several institutions with the aim of study-
ing thermal loss. The evaluation of the thermal loss can be performed in
various modes such as steady-state equilibrium, quasi-steady-state equi-
librium and surface temperature measurements [6].

Vernon E. et al. [7], published a comprehensive technical report on
SEGS LS-2 solar collector efficiency and thermal losses. The tests were
done as a function of the operating temperature for different selective
coatings and vacuum level in the receiver annulus. The absorber diame-
ter of SEGS LS-2 receiver was 70 mm and the length was 4 m. The mea-
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surements were set up in off-sun mode, i.e. the collector was defocused
and the receiver was shaded from direct sunlight. At 180 °C above the
ambient temperature, the thermal loss is around 13 W/m with Cermet
selective coating.

F. Burkholder et al. [8], from NREL fabricated a test stand to evaluate
thermal loss of Solel UVAC2 and Schott PTR70 receivers in steady-state
equilibrium condition. In this paper, two coiled cable heaters and one
cartridge heater were used. At increasing absorber temperatures, the
cartridge heater supplies most of the thermal input to the system. Coil
heaters were used for compensating end loss effects and creating an
adiabatic boundary. Solel UVAC 2 and Schott PTR70 receivers showed
a similar thermal loss value of 370 W/m at operating temperatures of
400 °C.

Another study from NREL on UVAC3 parabolic trough receiver was
published as a technical report and UVAC3 parameters results were com-
pared to UVAC2 results. Three internal electric resistance heaters were
used in this report. The output values were 310 and 380 W/m at 400 °C,
respectively [9]. Two Schott’s 2008 PTR70 parabolic trough receivers
with 70 mm absorber diameter were also tested on NREL rig with three
internal electric resistance heaters including one cartridge heater was
fully inserted into the receiver and two outer coil heaters were used
in surfaces contact with the interior of the copper pipe (receiver tube).
Thermal loss correlation coefficients were derived from laboratory ex-
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Nomenclature

Abbreviations

PTC Parabolic Trough Collector

TC Thermocouples

RTD Thermoresistance sensors

Variables

A Cross section of the absorber [m?2]

CR Local concentration ratio [-]

DNI Direct normal irradiation hitting the collector [W/m?]

k Thermal conductivity of the absorber [W/(m °C)]

I Supplied current [A]

l Circumference of the absorber [m]

Py Gross power incoming the receiver tube per length unit
[W/m]

P, Supplied power due to Joule effect [W]

Qua Conductive power at the absorber’s inlet [W]

Q Power from longer cartridge [W]

Qloss Thermal loss [W]

Q Power from shorter cartridge [W]

U Supplied voltage [V]

U; Thermal loss coefficient [W/(m?2 °C)]

Tymb Ambient temperature [°C]

Thve Average temperature of the receiver [ °C]

AT Difference between the average and ambient tempera-
ture [°C]

Ax Distance between the temperature sensors at the ab-

sorber’s inlet [m]

Greek symbols
Absorbance of the receiver’s coating [-]

y Intercept factor [-]
p Mirror’s reflectance [-]
T Glass envelope transmittance [-]

periments. The thermal loss value at an average absorber temperature
of 320 °C above ambient temperature was 140 W/m [10].

J. M. Mérquez et al. [11], from PSA (Plataforma Solar de Almeria),
introduced a new test bench called HEATREC to study the receiver tubes
in a chamber with vacuum and atmospheric pressure conditions. Eight
internal electric resistances of ~6.3 Q/m were used as heaters. These
heaters were connected to two electrical power supplies. In order to
counteract the edge effect resulted in temperature drop in the absorber
ends, two additional small electrical heaters of ~750 Q were inserted
at the end of the receiver. The thermal loss value at 360 °C average
absorber temperature above the ambient temperature for vacuum and
atmospheric pressure condition inside the test chamber was 220 and
227 W/m, respectively.

S. Dreyer et al. [12] from DLR reported a test rig in order to investi-
gate the behavior of a receiver comparing the results with the thermal
loss predictions from optical measurements. For an absorber with an
emissivity of 7%, 9.3% and 11.4% at 400 °C, the thermal loss values were
about 189, 237 and 272 W/m, respectively. G. Hoste and N. Schuknecht
from SkyFuel studied thermal efficiency of parabolic trough receiver for
large-aperture collector, based on Joule effect heating in a steady-state
condition. In this setup, an electrical current was run through the re-
ceiver to heat the absorber’s material resistively [13].

J. Pernpeintner et al. [14], studied systematic temperature devia-
tions due to overheating by the cartridge heaters. This study presents
the measurement of absorber temperature over- prediction as function
of heating power and the results showed that absorber temperature over-
prediction is at a relevant order of magnitude for thermal loss mea-
surements of parabolic trough receivers (with 70 mm absorber). Also
M. Sanchez et al. [15] from CENER reported a testing facility for the
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measurement of optical and thermal properties of receivers: the stand
uses two electrical heating to reach the desired operating temperatures
consisting of an electrical resistance with 2 m length and two end coil
electrical heaters with 3 cm width.

Another study from J. Pernpeintner et al. [16] reported a method to
measure the optical efficiency of an assembled evacuated receiver using
a steady-state method in an indoor solar simulator. This study from DLR
in QUARZ Center reported two test benches for the measurement of the
specific heat loss at operating temperature and the optical efficiency.
For optical efficiency test based on increase of enthalpy, the receiver is
irradiated with solar simulator lamps in the ELLIREC test bench. How-
ever, test results from this optical test bench do not provide an absolute
value and a standard reference test sample has been introduced.

CF. Kutscher and J. C. Netter [17] from NREL presented a new out-
door thermal transient test method for measuring the optical efficiency
with potentially high accuracy of evacuated receivers in parabolic
trough solar collectors. In this study, water and aluminum shot have
been used as thermal mass inside the receiver tube. Results from this
study (based on proposed method) are in match with the true wave-
length spectrum of the receiver in actual operational condition. Inserted
aluminum tube inside the stainless-steel absorber tube showed signifi-
cantly better results.R. Lopez-Martin et al. [18], developed an outdoor
test bench to measure the optical efficiency of solar receiver tubes under
real solar radiation conditions. This study described the test procedure
and performance evaluation for two receiver tubes from a European and
Asian manufacturer. Similar to previously mentioned studies [16,17],
optical efficiency is measured by transient method based on a simpli-
fied energy balance. This study showed that the results were similar at
various ambient temperatures and at different times of the year.

Furthermore, a technical specification document has been published
on general requirements and test methods for solar receivers by Interna-
tional Electrotechnical Commission (IEC). IEC TS 62862-3-3:2020 in-
cludes the characterization and definitions of performance parameters,
geometry, technical properties and the test methods for optical charac-
terization, heat loss, and durability of solar thermal receivers for absorb-
ing concentrated solar radiation [19].

As mentioned before, all the cited studies are referred to standard
receivers for parabolic trough collectors. In order to spread the tech-
nology beyond power generation sector, for industrial purpose and heat
production (at medium temperature), such systems need be revised to-
ward a scale down process. Plants with mirrors of 5-6 m are indeed not
feasible for the integration in urban context and new, compact, modular
solutions and layouts have to be set up. The Department of Industrial
Engineering of Florence University developed a small size concentrat-
ing collector described in [20]. It was designed from an optical, ther-
mal, structural point of view through different physical models [21] and
some prototypes were built. Many measurement campaigns have been
carried out to test the single parts and verify the expected performance
of the system. Because of the reduction of the components’ dimensions,
experimental methods and facilities need to be adapted and improved,
especially for the small size absorbers. Sensor’s layout, such as heating
suppliers positioning, have to be configured properly due to the lack of
space, reaching a reliable measure without affecting thermal phenom-
ena.

In this context, a test rig has been realized at Department of Indus-
trial Engineering of Florence University for evaluating the thermal per-
formance of small size solar receivers (in the specific case the absorber
tube diameter is 10 mm). This paper describes the test procedure and
thermal loss test results on a prototype at steady-state condition with the
implementation of an internal heating process due a proper electrical
cartridge. A previous study had been conducted in the same laboratory
with slightly different test rig and receiver [22].

In that case a copper bar, insulated by a dielectric sleeve, was in-
serted inside the absorber forming a continuous electrical circuit with
the absorber itself (made by copper) and the Joule effect is given by a
direct current applied on it. Only one thermocouple could be used for
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Fig. 1. Scheme of the One-End receiver tube for m-
PTC and the set-up layout.

_—vKovar

20 mm

monitoring the internal temperature due to the limitations in space. Fur-
thermore, some assembling criticalities arise in the electrical contact be-
tween the copper bar and the absorber that was not accessible; the local
resistance could vary, introducing the possibility of non-uniform ther-
mal power supply. The results in the previous configuration had shown
that the maximum thermal loss was 23.5 W at internal temperature of
180 °C.

2. Experimental apparatus and procedure
2.1. Small size absorber tube

The receiver tube is a key component of parabolic trough collectors.
The one considered in this study is UF-RT01 (University of Florence —
Receiver Tube 01) receiver tube and has been designed and developed
by our research group. The tube has a specific design, being formed by
two coaxial tubes so that the fluid inlet and output are at the same side.
It was properly developed to scale the PTC technology toward smaller
size (chord length from 6-8 m to around 0.5 m): the purpose is the
installation in urban context and the application in industrial process.
The outer absorber tube is made of stainless-steel and has a diameter of
10 mm (1 mm thickness) for a length of 1860 mm; the smaller coaxial
tube is made of stainless-steel and has an internal diameter of 6 mm
(0.5 mm thickness). Furthermore, a selective coating (Cermet coating,
a=0.94 for 1<2.5 ym and £=0.13 for 4>2.5 ym at ambient tempera-
ture) has been selected to reduce the emission in infrared range and in-
crease the energy absorption in solar spectral range. The absorber tube
is covered by a glass envelope made of standard borosilicate without
anti-reflective (AR) layer. Inside, a vacuum level is fixed at 10~ mbar
to reduce the thermal losses to the radiative ones. In order to keep the
absorber tube aligned in the reflector focus, four springs support are in-
serted. A small cylinder of Kovar is used as a junction between metal and
glass tubes (on the right side of Fig. 1). This is to compensate the differ-
ent thermal expansion coefficients of the two materials and to avoid the
glass break. The stainless-steel outlet tube is then welded on a plug.In
respect to standard PTCs technology, the proposed small size receiver is
meant to be applied in collectors suitable for roofs or compact installa-
tion areas. The chord length is therefore limited under 500 mm and the
absorber diameter could not be directly scaled down from the standard
one to avoid too small flow section surface and high-pressure loss. The
diameter is then set at 10 mm. This led to obtain a concentration ratio
of about 13 (aperture length/absorber circumference), lower than in the
standard PTC. Consequently, thermal loss is expected to be higher per
unit aperture area. At the same time, the one side inlet/outlet configu-
ration is considered advantageous because it helps in piping layout and
in ensuring the internal vacuum condition over time (the glass envelope
is indeed sealed itself one side).

2.2. Test rig set-up

The thermal loss measurement is set up under indoor test without
Sun irradiance, imposing a controlled internal heating. This process is
based on the Joule effect, feeding electric heaters with current to ob-
tain a steady state condition at different reference temperatures. By re-
moving the inner coaxial stainless-steel tube, a cartridge heater (Q;) is

ol [/
\'v ; };
N

L

Fig. 2. External heater.

inserted along the length of absorber tube (Fig. 1). In order to increase
the uniformity of temperature along the tube and to eliminate the axial
temperature gradient, a second shorter cartridge heater (Qg) is placed
inside with a length of 250 mm from the outlet section of receiver tube.
An additional external heater (Fig. 2) is placed before the Kovar part
to meet the adiabatic condition, minimizing the temperature gradient
between the portion of the metallic tube which is covered by glass and
the one that stands in air. The cartridges are made of a nickel-chrome
wire (electrical resistance of 5 ©2/m) covered by polymeric shield and
they are fed with three different direct supplier up to 30 Vs.

Six thermocouples are used to measure the temperature along the
absorber (Type T with accuracy of +1 °C). TC1-TC5 are placed uniformly
along the tube (fixed to the heater to slide inside the tube Fig. 3a); TC6
is positioned outside to check the temperature gradient along the outlet
section. Furthermore, the temperature of the glass envelope is evaluated
by the placement of two 1/3 DIN class RTDs at the beginning and at
the end of tube: Fig. 3b shows their placement on glass. Another RTD
monitors the ambient temperature. Fig. 4 shows an overall schematic of
the experimental apparatus.

3. Test procedure and experimental results

The measurement chain was completed connecting the sensors to a
data acquisition unit. It has been programmed to manage data read-
ing and recording processes. A customized graphical user-interface has
been developed properly with Labview Software and used for real time
monitoring.

In order to achieve a desired uniform temperature along the receiver
tube, some preliminary test should be conducted on the heating supplier
parameters. However, the size of tube could not permit to check the
precise position of sensors and the real surface contact among them, the
heaters and the absorber tube.

Once the heating devices are placed in the test stand, electrical sup-
ply is increased step by step for all of them separately, until reaching
steady-state condition at different temperature levels. This procedure is
a slow process, taking also hours, in which every change causes an un-
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Fig. 3. (a) TC placement on the heater inside
the absorber, (b) RTD placement on the glass
tube of receiver.

(@) (b)

Surface of the Glass Tube Fig. 4. Schematic of the experimental apparatus.
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balancing of the temperature gradient along the tube. The input power the maximum temperature difference is limited at 9 °C with the excep-
P;, due to Joule effect is derived thanks to voltage (U [V]) and current tion of the final part of the receiver tube (TC1) which got colder than
(I [A]) for each heater with Eqn 1: 23 °C in respect to the higher value.
P o=V .1[W] o For the other tests, the equilibrium temperature increased with
in = higher electrical power, finding similar behavior of the rig. Table 1
The test procedure was repeated for 28 cases in the range of inter- shows temperature variation along the receiver tube among the 28 tests
est. For instance, in test 9, an average temperature of 88 °C was reached at stable conditions in addition to the electric power of heaters. In this
along the tube and Fig. 5 shows that the temperature stability was kept table, AT is the difference between average absorber temperature and
for over 20 min under the uncertainty of thermocouples. Furthermore, ambient temperature.
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Table 1
Test parameters and temperature variation along the receiver tube.
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Test Qg Power[W] Qs Power [W] Total Power [W] TC1 [°C] TC2 [°C] TC3 [°C] TC4 [°C] TC5 [°C] TC6 [°C] (Tayr-Tamp) [°C]
1 0.346 0.076 0.422 32 33 32 33 34 33 13
2 0.379 0.066 0.445 31 32 32 33 34 32 12
3 0.832 0.062 0.894 34 41 39 40 41 40 20
4 0.832 0.060 0.893 35 40 39 40 41 40 20
5 2.195 0.112 2.307 48 60 57 61 60 59 40
6 2.195 0.112 2.307 48 59 57 60 60 59 39
7 2.998 0.140 3.139 52 67 64 67 67 66 47
8 2.997 0.140 3.138 53 67 64 68 67 66 47
9 4.977 1.001 5.978 68 88 82 90 91 83 70
10 4.927 0.414 5.340 68 88 82 88 91 82 67
11 4.925 0.489 5.414 68 88 83 89 91 83 67
12 5.887 0.523 6.409 83 108 105 107 105 106 86
13 8.262 0.491 8.753 86 116 106 117 117 116 93
14 8.261 0.491 8.752 86 116 106 117 117 116 93
15 9.167 0.459 9.626 88 122 111 122 120 120 98
16 9.169 0.458 9.627 88 122 111 123 121 120 98
17 9.999 1.659 11.658 94 128 115 129 128 128 106
18 11.252 0.458 11.710 96 136 122 136 130 130 110
19 13.331 0.701 14.032 105 147 131 148 144 144 122
20 13.329 0.700 14.029 105 147 148 148 144 144 126
21 17.720 1.308 19.030 119 169 148 170 169 168 143
22 17.718 1.284 19.002 119 169 148 170 170 168 143
23 18.444 1.725 20.170 123 171 151 173 174 173 147
24 18.439 1.718 20.158 123 171 151 173 174 171 146
25 19.939 1.213 21.151 125 177 155 179 169 169 149
26 19.905 1.226 21.132 125 177 155 179 169 168 150
27 20.834 1.513 22.347 125 182 158 183 182 182 155
28 21.529 2.686 24.215 128 183 159 185 192 166 161

The overall evaluation and comparison of recorded data showed
that TC1 values are never in match with the others. This is mainly at-
tributable to a displacement of the thermocouple in the end of tube. The
lack in the contact between Q; heater and the tube is less probable: they
have a similar diameter and the tolerance is small while inserting the
heating device. In any case, it is not possible to verify the real internal
configuration because there is no access in that side of the absorber. For
these reasons, the authors decided to calculate and report thermal loss
for a reference average temperature T,,, excluding TC1 values. TC6 was
also not taken into account since it is not under vacuum conditions (it
is in contact with the outlet part of the tube beyond the Kovar cylinder.

It is also important to remark that test need a very long time (at
least 5 h for low power) to get stable conditions and a small incre-
ment/decrement in the power supply for one of the heaters causes a
non-negligible but slow change in the temperature distribution. In these
operating settings, a maximum standard deviation of 14.3 °C was ac-
cepted for the highest average temperature (test 28 at 180 °C) while, for
lower values such as 40, 59, 88, 106, 119, 143, 164 and 176 °C it drops
down to 0.8, 1.6, 3.7, 1.7, 5.5, 7.8, 10.7 and 12.2 °C, respectively. A
specific constraint was fixed as necessary condition: time intervals were
chosen for processing data only when each temperature resulted con-
stant with a variation inside sensor’s accuracy (+1 °C). The stable part
of test lasted more than 1:30 h on average.

Then thermal loss could be derived thanks to Eq. 2:

Qlass = QL + QS - Qad [W] 2)

Q.1 = S2.(TC5 = TC6) [W] 6)

Where Qg and Q; are the heater power supplying the absorber, k is
the thermal conductivity of stainless-steel, A is the stainless-steel pipe
cross-section area, TC5 and TC6 are temperature values and Ax is the
distance between them. The parameters k, A and Ax are 13 W/(m °C),
28.27 mm? and 40 mm, respectively. Therefore, again, Eq. (3) represents
the conductive dissipation (or contribute depending on the sign of the
temperature difference) through the absorber section area at the tube
outlet (Quq). Despite of the controlled heating device showed in Fig. 2,

the gradient between TC5 and TC6 was not completely zeroed during
test.

4. Results and discussions

The measurement set-up lets to find the correlation between ther-
mal loss and average temperature for a solar receiver in the range of
interest (up to about 180 °C). Since among 28 tests many of them are
related to the same interval, the temperatures along the absorber tube
during the campaign is summarized for 8 tests (Fig. 6). Excluding TC1,
the reference stable temperature is 40, 59, 88, 106, 119, 143, 164, 167,
176 °C in ascending order. For each value, the equilibrium supply power
for heaters (Qg and Q;) were evaluated and the same amount of power
is assumed to be dissipated to the external ambient mainly due to irra-
diation process (vacuum between absorber and glass limits convection
and conduction phenomena). In the outlet part of the tube, another con-
tribution for heat transfer arises where the stainless-steel joints Kovar
and creates a thermal bridge. It should be reduced as much as possi-
ble in order to characterize the intrinsic properties of the absorber tube
(for instance the coatings emissivity in a future modeling activity). With
this purpose, the third heater was implemented and regulated, to avoid
a significant temperature gradient from the external edge to the metal
part covered by glass.

In Fig. 7 and Table 2, the evaluated thermal loss power is reported
as a function of the difference between average absorber temperature
and ambient temperature (AT). A maximum value of 23.98 W is found
when AT is 161 °C (tube average temperature of 180 °C). The fitting
quadratic curve was derived through Matlab and results Eq. (4), with a
correlation coefficient up to 0.994 and a root-mean-square deviation of
0.2%:

Qjoss = 9.107 - 107#AT? 4 3.870 - 1073AT [W] )

Consequently, the thermal loss coefficient U; could be given per
square meter of the steel absorber surface as a function of the same
AT (Eqn 5:

U, = 3206 1075AT? + 1.191 - 1072AT + 5.066 - 10—1[W/(m2°c)] )
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Fig. 6. Temperatures distribution along the absorber
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Table 2

Test values for temperatures and thermal loss with errors.

Test T,,[°C] AT[°C] AT error[ °C] Quoss [W1 Qyoss €rror[W] Test  T,,[°C] AT[°C] AT error[°C] Qioss [W1 Qqoss €rror [W]

1 33 12.7 0.8 0.4352 0.0009 15 119 97.9 0.8 9.6288 0.0007
2 33 12.1 0.8 0.4589 0.0002 16 119 98.1 0.8 9.6289 0.0007
3 40 19.6 0.8 0.9003 0.0003 17 125 105.6 0.8 11.6571 0.0012
4 40 19.8 0.8 0.90018 0.00011 18 131 110.3 0.8 11.7103 0.0009
5 59 40.0 0.8 2.3107 0.0002 19 143 121.8 0.8 14.0333 0.0009
6 59 39.5 0.8 2.3110 0.0002 20 147 126.1 0.8 14.0309 0.0009
7 66 47.1 0.8 3.1452 0.0003 21 164 143.1 0.8 19.039 0.002
8 66 47.3 0.8 3.1455 0.0003 22 164 143.2 0.8 19.0167 0.0013
9 88 70.1 0.8 5.9070 0.0007 23 167 146.7 0.8 20.1839 0.0013
10 88 66.9 0.8 5.424 0.007 24 167 146.5 0.8 20.1854 0.0014
11 88 67.0 0.8 5.4872 0.0004 25 170 149.4 0.8 21.154 0.004
12 106 85.9 0.8 6.415 0.019 26 170 149.6 0.8 21.142 0.013
13 114 93.2 0.8 8.7661 0.0006 27 176 155.5 0.8 22.3472 0.0015
14 114 93.5 0.8 8.7657 0.0007 28 180 160.9 0.8 23.978 0.004
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At the maximum tested difference of temperature (operative to en-
vironment, 160.9 °C) U, reached 2.55 W/(m?2 °C). The correlation coef-
ficient arose 0.984 with a root-mean-square deviation of 0.4%.

Uncertainty is evaluated for all the measured values taking into ac-
count Type A errors for experimental data measurement and Type B
errors for instrument characteristics and equipment uncertainty [23].
Combined standard uncertainty is used for error propagation in the de-
rived parameters, based on the sum-of-the-squares method [24]. The
reported expanded uncertainty is based on a standard uncertainty mul-
tiplied by a coverage factor k = 2, providing a level of confidence of
approximately 95%. For instance, the error uy, associated to thermal
power could be calculated with Eq. 6:

_ anoss g anoss : 0Qloss ’
Uppss = \/(E“S) +< 0QL “L> + 0Qad Ugg )

where ug, u;, u,y are the errors related to the different heating con-
tributes. The total uncertainty values for the thermal loss in tests are in
the order of mW. For temperature difference, the necessity to use ther-
mocouples bring a maximum absolute error of 0.8 °C. Considering the
measurement span, relative mean error stands around 0.04% for ther-
mal loss and 1.5% for temperature.

Specific Cost[€/m]
400
400
30

Relative heat loss [%]
0.3%
0.5%
3.4%

As mentioned before, the UF-RT01 was developed aiming at scal- =
. . . . . 4 — =
ing solar concentrating technology towards small dimension to integrate AR

. . . . . N

them in urban context. Some considerations could arise in the compar- Z -
ison with receivers for standard PTC systems. In the market two tubes g
have been selected as a reference for UF-RTO1 even the application is
different such as working conditions and purpose (Schott and Archimede el
Solar Energy). In order to address the issue of space limitation in urban- ARER

industrial areas, UF-RTO01 has been developed with much lower diame-
ter (10 mm compared as 70 mm of the commercial absorbers [25,26]).

Table 3, indicates the design parameters of above-mentioned re-
ceiver tubes. The thermal loss of SCHOTT, Archimede and UF-RTO1
receiver tubes at 130 °C (difference between operating conditions and
ambient temperature) are 5.75, 9.30 and 8.28 W/m, respectively.

By considering the mentioned receiver tubes in a solar system unit
with a length of 1 m (in similarity with the other geometric dimensions),
the incoming power could be evaluated imposing the following bound-
ary conditions:

Specific heat loss [W/m]
5.7
9.3
8.3

e Direct normal irradiation DNI of 800 W/m?; é
e local concentration ratio [19] CR of 13.1 (indicative value for small .g 28«
systems); § 23 a

e intercept factor y of 0.96 [27]; g

o reflectance of mirrors p equal to 0.92 (for polymeric film reflectors). é

In this context other external variables which are related to the over- °

all system layout such as the incidence angle modifier, shading, end loss T
and cleanliness factors are neglected (fixed at 1). Consequently, the peak § 5
gross power comes P, in 1 m tube [W/m] (Eq. 6): 21333

P,=DNI-CR-l-p-y-7-a (6) -g

where [ is the circumference of the absorber. The product between CR
and [ represents the aperture segment for the collected Sun power in
the reference concentrator system (the analysis is carried out per length
unit). In relation to the specific diameter, the SCHOTT, Archimede and
UF-RTO1 systems receive 1861, 1861 and 245 W/m as a gross value,
respectively.

On one hand, with modules in similarity at 130 °C (difference be-
tween operative and ambient temperature), almost eight meters of UF-
RTO1 receiver are required to gain a comparable amount of net power
from one meter of the commercial tubes, including heat loss which were
directly deduced by the performance curve in the datasheet of products
[25,26]. In detail, 1855, 1852 W comes out from SCHOTT, Archimede
while eight meters of UF-RTO1s get 1895 W.

On the other hand,

Table 4 is reporting the reliable cost per meter of the different tech-
nologies. For the reference length, the lower performance of UF-RT01s

Diameter [mm]
70
70
10

SCHOTT
Archimede
UF-RTO1

Design parameters of solar systems with UF-RTO01 and two receiver tubes available in the market (Schott and Archimede Solar Energy) and thermal properties at AT equal to 130 °C.
Receiver

Table 3
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Table 4
Receiver’s reference length, collector’s width and cost for configurations with similar net thermal power.
Receiver Reference receiver’s length [m] CR[-] Reference collector’s width ~ Net Power [W] Cost [€]
SCHOTT 1 13.1 2.88 1855 400
Archimede 1 13.1 2.88 1852 400
UF-RTO01 8 13.1 0.41 1895 240
is compensated by a much lower specific cost per meter. Then, the UF- References

RTO1 receiver layout results the 60% cheaper than commercial solutions
at the same collected power.

5. Conclusion

A test rig for small-size solar receivers (UF-RT01) have been realized
and a specific prototype has been tested in order to evaluate the thermal
loss. The dimensions of the absorber force to adapt the procedures on
literature with a specific attention for sensors choice and positioning as
well as for power supply devices. Since the thermal loss are expected
to be low (under 50 W), simple wire heaters could be implemented,
managing small values of current (under 1 A) and voltages. That allows
high accuracy in measurement even if the experiments run for hours to
reach stability and changing boundary conditions is slow (many hours).

The results on the tested prototype show the behavior of its perfor-
mance at increasing temperature up to 180 °C. In that regime a maxi-
mum thermal loss of 23.98 W is found while at lower fixed temperatures
(40, 59, 88, 106, 119, 143, 164 and 176 °C) it drops down to 0.9, 2.31,
5.91, 6.41, 9.63, 14.03, 19.03 and 22.35 W, respectively.

Mentioned laboratory thermal loss test stand will be a useful tool
for evaluating the current and future small-size receivers for parabolic
trough collectors. By now, the work will be also focused on outdoor
testing of thermal loss for comparison and confirmation of results.

A preliminary cost evaluation was carried out to underline the po-
tential of the scale down process about concentrating solar systems. The
development and realization of the UFRO1 receiver demonstrated that
small sizes are not necessarily related to higher cost such as it is quite
usual in advanced technologies. In this case, even accepting a drop in
the thermal performance the designed absorber system results to be con-
venient and promising.
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