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Performance Prediction of a Solar Power System with Stirling Engine
(Matching Collector/Receiver with Engine/Generator Systems)

Myung-whan Bae and Hyung-sung Chang
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Abstract

The simulation analyses of a solar power system with monolithic concentrator by using a stirling
engine are carried out to predict the system performance in four test sites. The site has different
intensities and distributions of direct solar radiation respectively. Seoul, Pusan and Cheju in Korea, and
Naha in Japan are selected as test sites. To accomplish the same demand of a 25 kW output that the
power level of a system has, it needs to take the matching of collector/receiver with engine/generator
systems. In such a case, also, the size of the collector is sometimes adjusted. In this study, the
diameter of the collector is decided by using the solar radiation of design point, which is defined as
the sum of average and standard deviation ¢ of maximum direct solar radiation distribution for a day
during a year in the respective test site. It is found that the average power output during the. system
operating time in the case of slope error g, =2.5 is within the range of 9 to 13 kW.
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Table 1 Specification of concentrator and receiver

Type of error mrad
Slope error( ds ) 25 X 2|
Tracking error( Sensor, Drive ) Each 2.0
Receiver setting error 2.0

Reflecting mirror setting error{ 0y, ) |20 X 2

Specular scattering error ‘ 05

Solar image 2.8
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parameters
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Fig. 2 Distribution of maximum direct solar radia-
tion among the day throughout the year at
Naha site in Japan
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Table 2 The solar radiation of design point b and
the diameter of parabolic concentrator Dc
with a slope error 6s = 25 at every site.

Site Slope error Ib.of desiglzm Dia. of parabolic
os [mrad}| point [W/m] | concentrator [m]
Seoul 472.022 16.398
Pusan ”s 522.050 15.238
Cheju 525.432 15.179
Naha 835.447 11.836
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Fig. 3 Monthly predicted system performances with
slope error 05 = 25 mrad throughout the
year at Seoul site in Korea
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Table 3 System performance predicted for a year

Slope
site | eor | her | (Wabes | ((Wal | (lyear
(mrad] (kWh/m?] | [kWh] kW) (%)
Seoul 491.3 | 17298 9.3 15.2
Pusan 25 556.1 | 18566 97 | 162
Cheju) ™ 502.6 | 17325 95 16.8
Naha 1397 | 39041 13.4 228
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