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Abstract

An advanced solar Rankine cycle system with CPC (Compound Parabolic Concentrator) solar collector and high-
temperature LHTES (Latent Heat Thermal Energy Storage) steam accumulator was newly proposed.

First, the present paper describes improvement of the thermal efficiency of the CPC collector. A lot of
improvements were done including double glazing filled with Kr gas, insulations, and selective coating.

Second, the phase-change steam accumulator with high temperature phase change material (PCM) was designed
and evaluated both experimentally and theoretically. The present steam accumulator has twice as better performance as
the conventional sensible heat steam accumulator.

Third, the new steam turbine (expander) was invented and designed under the “Concept of Superposition”. The
proposed turbine consists of numerous thin disks of the same diameter with blade elements. The steam is introduced
from a nozzle to this turbine with pulsating flow. So, this turbine is named “Pulse turbine”. This unique turbine is cost
effective and can be easily extended to incorporate “Cascading”.

The present paper reports experimental results of the proposed system under actual solar radiation and under heat
stored accumulator conditions.
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Table 1 Comparison of solar Rankine cycle system

with PV cell
System SRCS PV cell
Operation Dynamic Static
Electricity
generation O O
system
Hot water supply O —
Cooling O O
Steam supply O —
Sterilization O o
/disinfections
Drying O .
/process heat
Desalination O .
/distillation
Fuel production O O
Characteristics High efficiency Low efficiency
in the summer (16~20%) (6~8%)
Applicability +Geothermal
+Ocean thermal
*Energy recovery
*Energy storage
*Middle and -
bottoming
cycles
*Combination
with the fuel cell

Vol.28, No.6

2. U—=F—=FUF ANV RAT L

H1iz, KB IAX—REOFREZEZINLY—%F
AEIBEE LT ERET LY —F—TFF P71y
AT LPOOD R AR, AR THRE T HSRCSIE, E
B (FBRAEEHWEENE . CPC) Y — T —aLs¥
OXONE | R T I F —FFBUAF — LT X2 b —F
(2)(9)(10)(11)(12)’ j;sg:tﬁy\g—_bi;\:y\,\"yy(u)@zj(g?ﬁ:
LA, EBERICPC/ —7—albsX CERAEKEEYD, 7
TV aRATHRTINF — T THOB AT NLF —iT
BRAF — AT Fa bl —XTEAL, LEIZRUTERE
RAESETAF—LTF 2L BIUORBEIZI>TEE
ETpE5b0ThHS. RSN EER T=r 7o Tl
ENTOBLBEUTFa b —FIIEDN, 2T TR
BENEEROGHKIIRESLEOBRRBICRIAT2ZL
BHAFET, SRCSIZZ DI za— Y= b — 3 (Co-
generation; BVE )L L THEXD.

ZOTF LY AINTHE, PIREEBIRCOREMR
DB AP AT NI EITH_RTHRAMIZBRFTHS. Zh
M, BB OERCEB ROV ERINHEEIZILE
BAEE LR TIENRTERDIT, ZOBEOBNER
AR EABEVRLL, 2T U TOIREL {RE
BETBEHS AT N(HIN ) —F AT NYDEGH IS
BIENTEARICHEBLHD.

Electricity
generator

Steam
expander

CPC solar TN
collector

Cooling
water

capsule L

Condenser

Fig.1 Solar Rankine cycle system
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Table 2 Specifications of optimum solar

Rankine cycle system

Application General housing
Type CPC solar collector
Acceptance °
anpgle 32
Solar Aperture 65mm
collector Area 30m’
Tilt angle 30°
Azimuth angle 0°
Solar radiation 1.3kW/m”
Type LHTES accumulator
Capacity 2002
Accumulator Mannitol
PCM + CaSO4(5wt%)
Packing factor n p=0.6
Type Solar pulse turbine
Disk diameter 194mm
Expander Disk number 50
Cascading 3 stage X 2 parallel
Pulsation 0.5s ON + 1.0s OFF
Working Latezty ﬁzat of e
fluid . 112.5 kJ/kg
evaporation
Power 7.6 kW
(n =19.5%)
Outlet Hot water 17 kW
supply {(n =43%)
Total efficiency 1 =64%
v Electricity
<]D Steam expander generator
> X3
Evaporator
CPC solar Sgg.irng
collector ;é é l Y
q?t A
A%
LHTES steam Condenser

accumulator

Fig.13 Solar organic Rankine cycle system
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