.- E%§|%C*§§Elfjﬁ?§ 2013-10-08 ASME ORC 2013 Rotterdam, Netherland

A

Modeling and simulation
of solar ORC system for
regional feasibility test

Taehong Sung, Hyun Dong Kim, San Youl Yoon, Kyung Chun Kim
Pusan National University

South Korea



2013-10-08 ASME ORC 2013 Rotterdam, Netherland

Contents

Introduction
Modeling
Weather Modeling

Single Expander Simulation
Multi Expander Simulation

B 2 D —

Conclusion

[ﬁ% s Tﬁlo(lﬁfa ?Elfi‘lf ??% ! I[:Il,?l'?cr)\lNAL UNIVERSITY



Infroduction 2013-10-08 ASME ORC 2013 Rotterdam, Netherland

Target system
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» Solar ORC with Storage tank and R245fa refrigerant

» Test feasibility of Solar ORC system by dynamic
simulation of ORC system
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= Current Solar ORC system is developed at monthly
averaged daily dynamic simulation.
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Weather variation
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Solar Cycle

dUg;

dt - Qsol - QORC - Qstand [1]

v' 50m? solar collector area
v' 800L solar storage
v' Standing heat dissipation 2W/K
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Solar Collector Efficiency Curve
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ORC Cycle

» R245fq

» Fixed cycle
= Evaporate at 6 bar (70.0C)
» Condense at 2 bar (33.4C)

» System operation start at 125C

» System operation end at 85C
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Scroll Expander Modeling
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In experiment large operating range can be possible but it must be
limited due to safety issue

In simulation 60% of maximum operating mass flow rate is applied
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Weather Analysis
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Daily Irradiation Curve

» Weather data is re-organized by sine fitting.
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Annual Irradiation Classification
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Annual variation of solar irradiation Duration of sunshine vs. solar irradiation

v Weather can be classified with season (duration of sunshine and
ambient temperature) and daily solar irradiation amounts.
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Annual Irradiation Classification
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v In El Paso (desert), solar irradiation distribution is concentrated to
fine weather condition.
v In Busan (city), the distribution is very large.
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Ambient Temperature
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Ambient Temperature Effect

effect comparison
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Total Power Qutput (Wh)
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Single Expander Operation
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Scroll expander can be appropriate for large range of solar heat flow
2. When solar irradiation is small, optimum operation mass flow of system
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is shifted into left (maximum power output at low flow rate)
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On/off Fluctuation

1000 Expander Work N 1000 Expander Work

S &0 IR 1000 - —— Expander Work
= 800 800
5 800 : g
i S 600 5 600
S 400 = I=3
o > 400 S 400 -
¥ 200 Q ]
:g:) .Xﬁ 200 é 200
0 -
: ‘ 2 o S
1
0 4 8 12 16 20 0 4 8 12 16 2 24 0 4 8 12 18 20 24
130 4 — Solar Storage Temperature 130
130 -
N Lo . Solar Storage Temperature )
120 - b Loy | 120 i A Solar Storage Temperature S
— o | | ' —~ " = 120 ’ -
£ i Y & G s
o 10 ‘I‘I‘ ‘ “'“‘-“\ 5’110 ;110 \\
=1 P I 5 = /
2 | ] P 2 = N,
g 100 R i P ‘ T 100 T 100 -
2 0 Al D | @ _ @
90— [ ! Lo o _ Q
g E 9 - — _ = - £ 90 J— S
[ ()
- 80 F 80 = 20
, | . . T
0 4 8 12 16 20 0 4 8 12 18 20 24 0 4 8 12 16 20 24

Time (hour) Time (hour) Time (hour)

Water storage: 200L Water storage: 800L Water storage: 4000L

/

v If mass flow rate is overbalanced, the speed of heat consumption in solar

storage is very high then on/off fluctuation is occurred due to small
capacity of solar storage robustness
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Expander sizing
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Seasonal Comparison
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Regional feasiblility test
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Weather fluctuation is small: single scroll expander with small size storage tank is
possible

» Weather fluctuation is large: single scroll expander can draw power but system
fluctuation is occurred

» Small size dual and triple expander can overcome without installing large size solar

storage
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Multi expander
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Case study: Summer
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Case study: Winter
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Conclusion

®» Performance analysis of various scroll expander
sizing according to the variance of duration of
sunshine and daily solar irradiation is performed.

» Total power output simulation shows designed-size
scroll expander can be used in both big and small
weather fluctuation area.

® |n large weather variation area, system on/off
conftrol is occurred due to fast temperature
decrease in solar storage. By sizing solar storage the
fluctuation can be overcome.

= By infroducing small-size multiple expander in
parallel both power output and control can be
overcome.
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