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SOLAR DISH ENGINE

PeterSemancik, FrantiSekkKoval

ABSTRACT
This paper deals with the use dish/engine systems. This paper described use Stirling cycle engines and
Brayton cycle engines.

1. INTRODUCTION

Dish/engine systems convert the thermal energyolarsradiation to mechanical energy and then to
electrical energy in much the same way that conweat power plants convert thermal energy from costion
of a fossil fuel to electricity. As indicated indg-i, dish/engine systems use a mirror array teecefand
concentrate incoming direct normal insolation toeeeiver, in order to achieve the temperaturesiredo
efficiently convert heat to work. This requiresttiae dish track the sun in two axes. The concedraolar
radiation is absorbed by the receiver and trarsfietw an engine.
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Fig.1. Dish/engine system schematic. The combinatfofour 25 kW units shown here is representative of
a village power application [1].

Dish/engine systems are characterized by high ieffty, modularity, autonomous operation, and an
inherent hybrid capability (the ability to operaie either solar energy or a fossil fuel, or bothj.all solar
technologies, dish/engine systems have demonstrdted highest solar-to-electric conversion efficignc
(29.4%)[1], and therefore have the potential todnee one of the least expensive sources of renevesigyy.
The modularity of dish/engine systems allows thermbé deployed individually for remote applicatioms,
grouped together for small-grid (village power)emd-of-line utility applications. Dish/engine sysi® can also
be hybridized with a fossil fuel to provide disgable power. This technology is in the engineering
development stage and technical challenges remamcecning the solar components and the commercial
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availability of a solarizable engine. The followidgscribes the components of dish/engine systesteyyy and
current activities.

2. ENGINES

The engine in a dish/engine system converts heatetthanical power in a manner similar to convemtion
engines, that is by compressing a working fluid mitds cold, heating the compressed working fl@dd then
expanding it through a turbine or with a pistoptoduce work. The mechanical power is convertegldotrical
power by an electric generator or alternator. A benof thermodynamic cycles and working fluids h&een
considered for dish/engine systems. These inclualgkiRe cycles, using water or an organic workingdfl
Brayton, both open and closed cycles; and Stiriygles. Other, more exotic thermodynamic cycles and
variations on the above cycles have also been @eresd. The heat engines that are generally favesedthe
Stirling and open Brayton (gas turbine) cycles. Tise of conventional automotive Otto and Dieselireng
cycles is not feasible because of the difficultregtegrating them with concentrated solar enekpgat can also
be supplied by a supplemental gas burner to allperation during cloudy weather and at night. Eleatr
output in the current dish/engine prototypes isuata® Kw for dish/Stirling systems and about 30 k¥ the
Brayton systems under consideration. Smaller Dt&\Y, dish/Stirling systems have also been demonstrated.

1) Sirling Cycle:

Stirling cycle engines used in solar dish/Stirlisgstems are high-temperature, high-pressure eXterna
heated engines that use a hydrogen or helium woprgas. Working gas temperatures of over°@QL292°F)
and as high as 20 MPa are used in modern high+peafice Stirling engines. In the Stirling cycle, therking
gas is alternately heated and cooled by constampdéeature and constant-volume processes. Stirliggnes
usually incorporate an efficiency-enhancing regetwerthat captures heat during constant-volumeirngand
replaces it when the gas is heated at constanmenlirig.2 shows the four basic processes of arfgtidycle
engine. There are a number of mechanical configuratthat implement these constant-temperature and
constant-volume processes. Most involve the uggistbns and cylinders. Some use a displacer (arpitat
displaces the working gas without changing its )i to shuttle the working gas back and forth fritwn hot
region to the cold region of the engine. For mogire designs, power is extracted kinematicallyabytating
crankshaft. An exception is the free-piston configion, where the pistons are not constrained bykshafts or
other mechanisms. They bounce back and forth anggpand the power is extracted from the poweopisty a
linear alternator or pump. A number of excellerierences are available that describe the principlestirling
machines. The best of the Stirling engines achiteemal-to-electric conversion efficiencies of abd0%
[2-4]. Stirling engines are a leading candidatedish/engine systems because their external heatikgs them
adaptable to concentrated solar flux and becauieenthigh efficiency.

Currently, the contending Stirling engines for dstgine systems include the SOLO 161 11;Kiiematic
Stirling engine, the Kockums (previously Unitedrltg) 4-95 25-kW, kinematic Stirling engine, and the
Stirling Thermal Motors STM 4-120 25-k\kinematic Stirling engine. (At present, no freetpis Stirling
engines are being developed for dish/engine apgmita) All of the kinematic Stirling engines under
consideration for solar applications are beingttfail other applications. Successful commerciaiirabf any of
these engines will eliminate a major barrier to th&oduction of dish/engine technology. The priynar
application of the SOLO 161 is for cogeneratiorGi@rmany; Kockums is developing a larger versiothef4-
95 for submarine propulsion for the Swedish nawy the STM4-120 is being developed with Generaldviot
for the DOE Partnership for the Next Generationkiity) Vehicle Program[2-4].
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Fig.2. Schematic showing the principle of operatiba Stirling engine [2-4].

2) Brayton Cycle:

The Brayton engine, also called the jet engine,lngstion turbine, or gas turbine, is an internal bastion
engine which produces power by the controlled mgrof fuel. In the Brayton engine, like in Otto abgesel
cycle engines, air is compressed, fuel is added tlaa mixture is burned. In a dish/Brayton systeatar heat is
used to replace (or supplement) the fuel. The tieguhot gas expands rapidly and is used to progoeeer. In
the gas turbine, the burning is continuous anceipanding gas is used to turn a turbine and aligrna

As in the Stirling engine, recuperation of wastathie a key to achieving high efficiency. Thereforaste
heat exhausted from the turbine is used to prehearom the compressor. A schematic of a singleftsh
solarized, recuperated Brayton engine is showrigrBFThe recuperated gas turbine engines thatardidates
for solarization have pressure ratios of approx@ya®.5, and turbine inlet temperatures of abou®°85
(1,562°F). Predicted thermal-to-electric efficimwiof Brayton engines for dish/Brayton applicatiane over
30% [5,6].
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Fig.3. Schematic of a Dish/Brayton system [5,6].

The commercialization of similar turbo-machinery fearious applications by Allied Signal, Williams
International, Capstone Turbines Corp., Northeredech and Engineering Company (NREC), and othags m
create an opportunity for dish/Brayton system davets.

58



51707-1C-1-2005-1-CZ-ERASMUS-IPUC-3

3. TECHLONOGY

1) 1997 Technology:

The base-year technology (1997) is represented hiey 25 kW dish-Stirling system developed by
McDonnell Douglas (MDA) in the mid 1980s. Similaost estimates have been predicted for the Science
Applications International Corporation (SAIC) systewith the STM 4-120 Stirling engine [7]. Southern
California Edison Company operated a MDA systenaadeily basis from 1986 through 1988. During itst la
year of operation, it achieved an annual efficieat$2% despite significant unavailability causedspare part
delivery delays. This annual efficiency is betteairt what has been achieved by all other solarredeststems,
including photovoltaics, solar thermal troughs, guadver towers, operating anywhere in the world J[8The
base-year peak and daily performance of near-teghnblogy are assumed to be that of the MDA systems
System costs assume construction of eight uniter&@ijon and maintenance (O&M) costs are of thegbype
demonstration and accordingly reflect the problexyserienced.

2) 2000 Technology:

Near-term systems (2000) are expected to achigy@fisant availability improvements resulting in an
annual efficiency of 23%. The MDA system considieathieved daily solar efficiencies in excess 8%2when
it was operational. The low availability achievedhathe base-year technology was primarily causeddiays
in receiving spare parts and by the lack of a dadit O&M staff. A 23% annual efficiency is, themnefpa
reasonable expectation, assuming Stirling engires@mmercialized for other applications, and sjpants and
a dedicated staff are available. In addition, rieamn technologies should see a modest reductidheircost of
the dish concentrator simply as a result of theebitnof an additional design iteration. Prototyfasthese near-
term technologies were first demonstrated in 19§5McDonnell Douglas and United Stirling. Similar
operational behavior was demonstrated in 1995 blCS¥hd STM, although for a shorter test period arower
system efficiency. O&M costs reflect improvememtséliability expected with the introduction of aromercial
engine. Production of 100 modules is assumed. istghoduction rate, component costs are high, tieguin
installed costs of nearly $5,700/kW

3) 2005 Technology:

Performance for 2005 is largely based on one ofstilarizable engines being commercialized for a-non
solar application (e.g., GM’s introduction of th&N\ 4-120 Stirling engine for use in hybrid vehiglegse of a
production level engine will have a significant iagb on engine cost as well as overall system cls
milestone will help trigger a fledgling dish/engimedustry. A production rate of 2,000 modules pearyis
assumed. Achieving a high production rate is keyraducing component costs, especially for the solar
concentrator.

4) 2010 Technology:

Performance for years 2010 and beyond is basetiemimtroduction of the heat-pipe solar receiverat-e
pipe solar receiver development is currently beaingported by SunLab in collaboration with industpartners.
The use of a heat-pipe receiver has already denadedtperformance improvements of well over 10%itlhar
STM 4-120 compared to a direct-illumination receijH. While additional improvements in mirror, eseer,
and/or engine technology are not unreasonable &mts, they have not been included. This is,efoee, a
conservative scenario. A production rate of 30,0@@ules per year is assumed.

By 2010 dish/engine technology is assumed to beocaphing maturity. A typical plant may include smle
hundred to over a thousand systems. It is enviditinat a city located in the U.S. Southwest wowddéhseveral
1 to 50 MW, installations located primarily in its suburbs. Antral distribution and support facility could
service manynstallations. In the table, a typical plant istased to be 30 MW

4) 2020 - 2030 Technology:

Production levels for 2020 and 2030 are 50,000 @d@00 modules per year, respectively. No major
advances beyond the introduction of heat pipe$en2010 time frame are assumed for 2020-2030. Hemvev
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evolutionary improvements in mirror, receiver, andéngine designs have been assumed. This is anadae
assumption for a $2 billion/year, dish/engine irtdysespecially one leveraged by a larger autorsoiidustry.
The system costs are therefore 20 to 25% less phgrcted by MDA and SAIC at the assumed production
levels. The MDA and SAIC estimates are for theirent designs and do not include the benefits lndéat-pipe
receiver. In addition, the MDA engine costs are dor engine that is being manufactured primarily dotar
applications. Advanced concepts (e.g., volumettidii®y receivers) and/or materials, which couldpiove
annual efficiency by an additional 10%, have natrbmcluded in the cost projections. With thesermmpments
installed costs of less than $1,000/k&lve not unrealistic.

3. CONCLUSONS

Dish/Engine Systems use an array of mirrors, agdng the shape of a dish, to concentrate suntigtd a
receiver placed at the focal point of the dish. Tikat produced by these systems is transferrechémbengine
which converts the heat into mechanical energys €hergy then drives a generator to produce etdytri
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