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ABSTRACT

Considering the optical performance of the reflector and analyzing heat losses from the recerver,
the optimal diameter of the absorber for a PTC(Parabolic Trough Concentrator) system was
numerically determined. The results of this study were compared with the results of the
IST(Industrial Solar Technology)-PTC test to verify the validity of the model. Good agreement
was obtained with the deviation range from 0.4 to 7.7%.

Generally, the net energy gained by the receiver shows the maximum at the particular absorber
diameter and the specific gap size between the absorber and the glass envelop because the heat
losses from the receiver becomes the minimum. The results showed that the conductive and
convective heat losses became the minimum when the gap size was 7 to 10mm. Finally, it was

known that the optimal absorber diameter was 62mm at 100C, 57/mm at 150C, and 53mm at 20
0C of the absorber surface temperature, respectively.
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Nomenclature

focal length [m]

beam radiation [W/m']
rim angle [deg]

beam spread [m]
sun’s width [mrad]

slope error [mrad]

- tracking error [mrad]

receiver alignment [mrad]
specular reflectance error

[mrad]

number of standard deviation
reflectance of reflector
absorptance of absorber
transmittance of glass

envelop
flux capture fraction

heat loss [W/m]

radiation heat loss from

absorber surface to inner
glass [W/m]

convection heat loss from

absorber surface to inner
glass [W/m]

conduction heat loss in
glass envelop [W/m]
convection heat loss from

outer glass envelop to
ambient [W/m]

radiation heat loss from

outer glass envelop to
ambient [W/m]

PTC length

absorber outer diameter [m]
glass envelop inner diameter

[m]

D ass. o glass envelop outer diameter
[m]

Nu average Nusselt number

Ral, modified Rayleigh number

K, conductivity of air [W/m K]

€ emittance | |

T bs absorber surface temperature
[TC]

T gass glass envelop temperature
[C]

T ambient temperature [C]

T gy sky temperature [C]

Uy overall heat transfer
coefficient [W/m’ C]
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Fig. 1. Reflection of nonparallel rays from a
parabolic trough collector
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Fig. 2. Heat loss mode
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simulation model
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Table 1. IST PTC Specifications

rim angle 72 °
focal length 0.762 m
PTC length 61lm
reflectance 0.83(3M SA-85)
absorber diameter 0.051 m
glass envelop diameter 0075 m
absorber absorptance 0.94
. 0.1 (100T
absorber emittance 0 25E 00" C;
glass tré,nsmittance 091
glass emittance 0.92
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Fig. 4. Flux capture fraction with rim angle
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Fig. 6. Heat loss with gap size between
absorber and glass envelop
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Fig. 7. PTC gain energy with absorber diameter
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