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Abstract [77 2 7271]

A solar power system

K5 E

AT Lh

is provided

for converting sunlight into electricity.

KA ERICEBRT 2E-OICREsh TS,

The solar power system

T D KIGF

BUAT LI

utilizes

FATS

The cavity

TOZEREIE

a mirror

HE

to focus the sunlight

K aERT 5101

into a cavity of an absorption chamber.
WX ZE DZERTE O HIC,

includes

B0

heat conducting shoes

EMRE R RE

which absorb the solar energy reflected by the mirror
(CDERIRIT) BRI Lo TIPS K= RN — 2N 5
and conduct the thermal energy

ZTLT, B L —518 ¢

to a plurality of a free piston Stirling converters
BEDOT)— AR RS =V TP HERRE ~

mounted to the absorption chamber.

AR == BT,

The Stirling converter
FDAR—Y 7 IR
converts



ERTD

the thermal energy into electrical energy.
BIR)NF—EERTRNF—IT,

The solar power system of the present invention
AFERADOKGHEBY AT LI
reduces

Hiog

costs of typical solar power systems
L2 KIGH B AT LDOARNE

by using a plurality of free piston Stirling converters

BHOT)—E AN RS — U TR FWT

of a size

small enough to allow the use of a simple monolithic heater head
Bl — (B O IMBE BRSO A &35 T DI+ 43/ NSWHED
which is simple and inexpensive to fabricate

(ZOFEENL) I LI, Bl Toro>L Ml Thb

and does not require complex external tubular heat exchangers.
TLC, AR GZERDAS T BT HELR EIR DB A AR & LB L 720

The free piston Stirling converter
TV =B AN RE =Y T BRI
does not require

WEELZLY

and thereby

a crankshaft or contacting seals
DIVOBE T — IV E

FLT, ZOZElZLD,
is reliable and low maintenance.
[EHEIEDS B IRSF () D2,

o



Description [HiAIEAC]

FIELD OF THE INVENTION [#fr57 7]
01.
The present invention
ARFEER (S
relates
to the field of electrical energy generation
BRTANFX— RO EFIZET S
through solar power collection,
KT F—INELBL T,
and more particularly
LT, JREEL T
to solar power generation
KNIGHEIZ(BET )
using free piston Stirling engines
TV =B AN ARV T D BERLTO
implemented in a directly illuminated solar cavity.
BRSNS TOD KRG e 7 (ZERIfE) OHIT
(ZDTVNE) FESTND,

BACKGROUND OF THE INVENTION [3Bioiy 5]

02.
The desire
to decrease and ultimately eliminate dependence on fossil fuels
HHLTOE, 2L TRMEBNTE, A BE DR LB LTINS FEE I
has stimulated
RHLTETLS
research into clean and renewable ways
IV = CIOBAERRRITIE~DRRE
to produce electricity for the global marketplace.
T — ST AT CERELET 720D,

1) A& to] +EFER (R ER) (LD ERT D4 G DB
The desire to decrease dependence on fossil fuel
and ultimately (to) eliminate dependence on fossil fuel
renewable ways to produce electricity



2) Mm% OwrgE]; linto] \Z3E B
research into clean and renewable ways
CEMAY

FT | KEDDLFELIED D,

03.

Solar power

KBTI RILF—IE,
has become a viable option
BERNSRFTLavIlE>TETVS

it is a clean form of energy production
RERBIE FNNTIF — LRI N T, SNV THEND,
and

there is a potentially limitless supply of solar radiation.
TLTC, TS, R EWVOBTERZIERI RO EIE D, 50D,

04.
ZORMBIZ M T,
it is estimated
EFNIE EESN TS
the solar energy flux from the sun
KB HDKGTFNF—DHRE
is approximately 2.7 megawatt-hours per square meter per year
FAZOE, 1 FEFA-MUZOE T2, TAH IV B THD
in certain advantageous areas of the world.
PR OHT CREGO RS 2S) BB e HIgIC I\,
AR E
1) Tthat] NEBESINTND, —RSCETITRE OFEH 12N, B EO LB
BT, SV R— IR TH D,
It is estimated that the solar energy flux is 2.7 megawatt-hours.
The solar energy flux is estimated as 2.7 megawatt-hours.
2) ZZTRRBOFEZLTCONDHOT, #EN RS 2720, & R RENCELIIT N0 T,
litis ... that] LUV DHEEX G RERBIN TN,

05.
With this tremendous amount of free and clean energy available,



RN CA O ENO R A TR = RN F— DD KRR BICL - T,
and the desire to reduce dependence on fossil fuels,
ZLUTCACEBBI A~ DERFZFO LTINSV REREIZ L > T,
solar power production
RGFEIL
is now, more than ever,
A0, INETL EIZ,
being reviewed as an important means
BELRFERILTRESNTETWLS
to help meet the energy consumption demands
xRN R BECAIET B0 B0
in various parts of the world.

HROSEXF IO,

RER

1) DIRRED be BhFH) + NRBED be BiFi —ing) + (58T 57 ed)
06.

Technological innovations and improvements
BIROEHFE VR RIE,

have helped
to make terrestrial solar power generation
R TOKIGHEZRTREICLT=
a feasible means for large scale power production.
KAWL FEEZATO RBATRERFBREL T,
1) Thelp to make {ZZZTlE, NEDZEZ BT THDIIREE, EFEATLS TWHAA, Tto
make] % HAVEELL T, &2 & 12 BT T ihBhER | LFR A A EH AR TH D,
2) [to make (a) solar power generation (b) a feasible means] : (a)&(b):L T{32 T

07.
IMore specifically
FORFE(LT AL,
the reduction in the magnitude of capital investment required
VBEILEARFEDRESDRD :
and the reduction in recurring operation and maintenance costs
KON BEEBLOMRTFE ORI
allow_
AREICLTLVD




solar power generation

to compete with other forms of terrestrial power generation.
KIGFHEMUOE R TOMKR TCORELHEET HILE,

{

N

E
1) Tlallow xxx to zzz| DFEDO XL E, HAFETIIIOIHRRHRILEEIT/20,

gttt

08.

BIZ,

the scalability of solar power plants

K55 BERTORRE RIS,

has
ALTWS

the potential to enable smaller facilities to be constructed,
R SO ENgR A /NS THIEEFIRRIC T DIBTE % |
with production capacity on the order of ten kilowatts,
10 m Dy MEEDAFERE A FFD,
for communities with smaller demands
INSTRFRBELDRN A2 =T AT T
and
larger facilities
capable of producing one hundred megawatts or more
ZL T, 100AH Ty b B2 A pE S 5T & 03 P RE7R K ARAR M 3%
for large metropolitan areas with higher energy demands.
FOREpTNF—FBEL L RER T[T T,

1) The scalability has the potential to enable smaller facilities and larger

facilities.

09.
To address the above demand for solar power systems
KGFEEL AT DIKT D EFEOBERIZISEA T
many configurations
2 DBRALERAY,
have been designed and implemented.

(INFETIO)RETSIN T, BEINTETIS,

10.



One such implementation
ZDEIRREDOVEDI,
is a concentrated solar power system
EPRREHEESRATLTHD
that collects solar energy
ZIE, KRBT RNF—5E0,
and concentrates that energy onto an absorber.
WIIEE D b~ £DOTRNF =2 P TD,

11.
The thermal energy from the absorber
RN D DB R )L F—IT,
is then used
to drive a conversion engine.

WNT, B U ERE T S 1=0ZFh b,

12.
Typical systems
Y72 AT Ll
employ
ALTLS
kinematic Stirling engines.
R FRIAG =YV T IO %,

13.
Kinematic Stirling engines, however,
EEN BRIV T I DU LUt
utilize
FMALTWS
a crankshaft to extract power from the engine
TV H M DI OS50 Vg

and turn an external generator to produce electricity.

ZL T, BROEMDT=DIZ, SMER (T HivTz) S B AR 70!

R CE
1) Stirling engines utilize a crankshaft to extract power and to turn a generator.

14,
This requires

-
“—o

10



NI BEETD
a contacting lubricated seal on the crankshaft
77 RO IRV L — v (BRI %2
to seal and contain
the high pressure working gas within the engine,
TV DWNECOR BRI AL EEIL THE T 57201,
resulting in a system
with low reliability and high overall maintenance costs.
(EDOZEIDRERELT,
BB L OREDORTE DTN AT LLRD,

1) require xxx to seal zzz: ZZZ% L — )NV ATOIIXX XA LEETAH

15.
The high recurring cost
associated with the use of kinematic Stirling engines
GEEN S ERAS T D AT LI BT
EOEBREIHERF O AR
makes
HIITTLS
the present day solar power generation systems
BIEDOKGHED XT LE (LLFOLHID)
that require their use economically unattractive.
(Zhid) N bOE AR EEICHR O EmANE D LTS,
AR E
1) make xxx that yyy: XXX% that {23 TTLESTWS

i

16.
L7eD3o T,
a need
WHEMMN
exists
for a solar power generation system
KBV AT LIZBWTCHEET S
utilizing a reliable and cost effective mechanism

(ZDU AT WD) BB Em2 AR O RO ZFIHL TV

for converting solar power into electricity.

11



K2 NF —ZBRUEWA D20 D,

SUMMARY OF THE INVENTION [ZB D ]

17.
The present invention
AFEBRIX
provides
RIS
a solar power system
RIGHRES AT L%

for converting sunlight(i.e., solar energy) into electrical energy.
KIGH (bbb RT3 F —) ZER T AN T — TR D720,

1) The invention provides xxx for converting yyy into zzz.

18.
The solar power system
ZORBFEEY AT LI
utilizes
FAYTS
at least one mirror
Wi Eb—2 D%
to focus the sunlight into a cavity.
ZERENC R AR R T 572801
RGO
1) The system utilizes xxx to focus yyy.

e

19.
The cavity
Ze R &
is formed
by a plurality of heat collectors,
BEOBIRERITL>TEREIN TS,
which function to absorb the incoming solar energy

(Z DR RRIT) Ao TRLKG =N —Z WIS DI

and conduct the energy

(ZfB<

12



ZLTC, DT INX—F -T2 ()
to a plurality of free piston Stirling converters.
BEOT)— AR A2 =Y T IEHER~,

Ji

it

A3
1) The collectors function to absorb xxx and to conduct yyy to zzz.

z
fn

20.
The free piston Stirling converters
TV —E AR e RS TR,
convert
LT %
the thermal energy into electrical energy.
M X —ER T RIFT—IT,
e

1) The converters convert xxx into yyy.

e

21.
The solar power system of the present invention
AFEHDOKGFHBEY AT LI
reduces
B9
the capital and recurring costs of typical solar power systems
HRIRY 2 RIS FEE L AT MR E B LI OBRBMSFaR M
by using mulitiple free piston Stirling converters
BEOT)— AN A=) TR fRE RNDHIET
as the energy conversion device.
TR —BHIEELLT,
AR
1) The system reduces xxx by using yyy.
2) use xxxasyyy: XXXEYYYELTHIATS

22.
Friz.
free piston Stirling converters of a small size(less than 3 kW electric)
(BkWHTHDE ) D) /DT Y — AR« A2 =V 7 BRI
are very simple by design
and inexpensive to massproduce

13



REHIBO TR T, REAEICRETHD

the required heat exchangers
IR biE | MBS NAB AR

can be incorporated

within a simple monolithic heater head.

iz — AT O MBVHEREE (b — 2 —AvR) AT #ARAEN TS TH D,
1) Tbe ®iFl + [TERF I OMAE I, EFFEOKGEHNZRBELR D THE L, EFEOTE
DRBERTHEDVHD, WEOXDTIIMD THNENTHD, ZZTIL, Isimple &
linexpensive | %, ZOZEBERDOEA O BHEL ML=,
2) exchangers are incorporated within ....: ZAUTEFEORELFRFL D, E R
lincorporated | 1ITERF Th D,

23.

surface area
KEED
does not scale
proportional to volume,
RY 2 — MBI TO T EEF VO T,
larger scale free piston Stirling converters
P AN S SRS SN - T
require
WELT D
heat exchangers,
BT HARR |
typically multiple tube heat exchangers,
BRI OB OB LR,
external to the core vessel,
L DB IIMFIT S TS,
to provide the required heat transfer surface area
VERBMRERE R R 572012
resulting in a device
(ZIUD)FERLLTEAT D) EBIT>TND
that is complex and expensive to fabricate.
ET DO R B IO Bli7R,

14



1) That is resulting in a device.: B ~NTE/=ZEDLLFDOLIZRMERITIRD, L )HZeé, &
DA . Tresulting] DETICZ <~ TCREIHRXTH A,

2) The device is complex and expensive to fabricate.: ZZ Td Tbe BhEd | + [TEAF |
ITEMEERDLTNEO0, JREEZR DL COAODHENEEL, ZZTIIREES DT
[Z LTz, % CEE(22) 2SRRI,

24.
it
a system
VAT L
employing multiple Stirling converters of a smaller size
(ZDVAT ML) FONSIp Y AZXDEI DAL =) 7 EWIR A AL TS
that_utilize a simple monolithic heater head type
(D Wiz T) Bl —F RO — & —~y FREFI HL T D
is more cost effective.
FOARRHEA R,

25.
IBIZE,
the free piston Stirling converter
V=B AR e AS = T EHRERIE
consists
of a Stirling engine and linear alternator
A=Y T IO E MR EREN DTS
all contained within a hermetic vessel.
BELUFEEDORICETUIE TN QOD,

{

RE U R
1) ZOXEIZ2EOEIOBERIN TS

The converter consists of a engine and alternator.

patil

The engine and alternator are contained within vessel.

26.
There
is no crankshaft
D5 T FEELGEL
required to drive an external generator

15



(EDIT7 IHRIT) SN B A BREN T 5720 WEESD
as with a kinematic Stirling engine.
BN ) FIUARS— ) AR T,

1) Tthere is]DTis | ITFFTET HEVD ERD BEIF ThD,
2) 2MEDOHETTHEBEIINTND:

There is no crankshaft.

The crankshaft is required to drive a generator.

27.
The free piston Stirling converter
TV RN RS T BRI
uses
EATS
noncontacting clearance seals within the device,
REOWNT, FEEMIORMY—ILE,
ZHTHHNG
there are no contacting parts to wear,
BT A& =YD, FTITITEL,
resulting in very high reliability and low maintenance.
(EDZ L) FERELTHER @ WERIERB LOMERWRS () 2672577

28.
hus,

ZDIIIZ,

the use of multiple free piston Stirling converters

BEOTV— AN AR =) AR DERI,

greatly reduces

RWNZIEBT
the overall capital cost and maintenance costs
EEROBEERBIOMRTERZ
when compared to current systems
BATOVAT AepERaS Tz &%
employing large kinematic Stirling engines.
(FDT AT ML) WY ) FRAE =N T o D R LT,

RS )
TOLEITLU T O ERLLI-HDTHD T, when it is compared to current
16

Z B
il



systems which are employing large engines |

29.
Further areas of applicability of the present invention
ZRFE BA D35 I 0D B 72 SRR
will become apparent
from the detailed description provided hereinafter.

PUF CRESH TSR AN, BN IRETHSD,

30.
It should be understood
UTOZEPBEESILTLNDRETHD
that
Tiabb
the detailed description and specific examples
FERIZ2 R dS KON BRI
are intended for purposes of illustration only
FAD B DA BEREI TN
and are not intended fo limited the scope of the invention.
ZLC AFEHAOFHZHIIR T 5 LTERSH TR,
LG CE
1) Tlimited ] i limit) DREREE B b,

SCERAR

A, PO B TIRAT REERTID AL =) 7D DR EORAE, R3O
NAERIEL TODOT, ZaUE, BEHOMEZ B RIGE ~TOB LT ODT0,
OEETEZIL, R IOEREL T, BRERICTREEOTIIAN,

e

BRIEF DESCRIPTION OF THE DRAWINGS [ BaaiiA ]

31.
The present invention
AFEBRIL,
will become more fully understood
FOOFEINCIBBEINDLIITEETEHD
from the detailed description and the accompanying drawings,
BB LU O BRI

17



JERE L E
1) REEEF DT Tbe BEIILEEEN K SN H D, f:&i&i\ 'become . seem] .
[appear] . Tlook]., lremain) 72y, W NHRBEMIDICERBL T LH12DICHVLID, 22
Tlibecome]) + 52T 257l ed | DAY T, [ZDIHRRBIZIZ AT A L7 TE T &
PRREERBLL T D,

ZIZBNWT:
FIG. 1
is a schematic of a solar power system
B11%, RIGHEI AT LORFETHS
according to a preferred embodiment of the present invention;
RIS OIFELNEREHNEH T
FIG. 2
is a sectional view of the solar power system of FIG. 1
H2l%, 1OKGHES AT LAOWER THS
taken along sectlon line 2--2;
W RE 2 — 212V > TD;
and
<L,
FIG. 3
is a view of an alternative embodiment
of the solar power system of FIG. 1
H3i&. K1DOKBRES AT LOROEEFHORTHS
along directional line 3--3.
FF MRS — 31T,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[AF ELWEREBI ORI ]

32.
The following description of the preferred embodiment(s)
HFELWEREH OLL T ORI,
is merely exemplary in nature
ZORBENZRNT, BIZHIITBERL
and is in no way intended
to limit the invention, its application, or uses.

18



FLT, VDR HER TG, AR, 207 7V r—arFiiiBiRg
HIR D2 BIELT=EDTIHELY,

33.
With reference to FIG. 1,
K1z T
a solar power system 10
KGFHERTL10
in accordance with a preferred embodiment of the present invention
RIEADIFEUNFEHRFNZHE-TD
is shown.
RSILTUNVD,

34.
The solar power system 10
ZDOKRBFEL AT L10F
includes
B
collection system 12.
NS RT L 12%,

35.
The collection system 12
FOIEDRT L1214,
gathers
£
sunlight 14
K5k 14%
and transmits
ZLTC BT D
the solar energy
KT A —%
from the sunlight 14 to a conversion system 16.
KRG LANDERL AT LI6ET, ,

36.

The conversion system 16
FOEWR AT L161F,

19



uses

ERTS
the thermal energy
AT rIIL¥—%
from the collection system 12 to create electricity.
BRE LT ToDIC, WEVAT L1205,

37.
The collection system 12
WNED AT L1121,
includes
B
a mirror 18.
#E18%,

38.
In one preferred form)
1D ELVVERRIZ RN T,
the mirror 18
D181,
is generally
dish-shaped and parabolic.
—IREOICIE, IIBOBLO, KRR oD,

39.
LLZ2 i35,
virtually any shape of mirror(s)
FHEIN, 85 (s) DV DRARD
could be employed
BRSNS
provided
it is capable of focusing the sunlight onto a predefined target area.
KRG ZEHHNUDE DT BIEEFEIRICRPSELIENTED, ENIHTEn R
HEENTNB (LVIHEBED T T),

40.
The sunlight 14

20



KEEFE1410&,
strikes
1o
the mirror 18
#R18%
and is reflected
to a focus 20 of the mirror 18.

ZLTC, #H18DER20ITRETSN A,

41.
The mirror 18
18I,
is coupled
to a support structure 22
TR EW 221 EEIN TS
that supports the mirror 18.
FIE, B18EILEL T,
42.
The support structure 22
TOXFEEM22(14,
is further coupled
to a pivot assembly 24.
ARy TR TY2412, BITEFEINA TS,
43.

The pivot assembly 24
FOERY T VT 241F,
is rotatably coupled
to a base 26.
[E|EE AR/ R HE T, R—R 26| EfESN TULVD,

44,
The base 26
Z DR —R2613,
is affixed
to a ground surface as shown.

RENTWVAINNC, HIFREITI/RASN TN,

21



45,
The pivot assembly 24
iRy T 24(5,
enables
the mirror 18
to be adjusted to track the sun
#18M%, KIGZ BT 5I0ICHEBESNOZ L TREICL TS
as the sun travels across the sky.
KIGPRZECBETHIZONT,
JEFE
1) enable xxx to zzz: XXXMWZZZ T HZ L% A REICT 5
46.
FeE 3 AuE
the pivot assembly 24
Ry N7 T 241,
provides
RIS
two axes of rotation
PASIRIE] 7 ik e
(i.e., vertical and horizontal)
(FT7bb, BEIBIUKFED)
for the mirror 18,
#E18IZKIL T,
as known in the art.
I W TRMD I,

47.
A controller 28
coupled to the collection system 12 )
IR AT B 2ITHEFESNTNDHR L M —F 281,
controls
w2
the pivot assembly 24
Ry TR TV 24%

ZDIHZLT

22



it causes
the mirror 18 to track the sun.
v, #8181, K& BIREE5,

48.
More specifically|
JORE T U,
the controller 28
avkA—528ld,
drives
BlEh 9%
a motor (not shown)
T4 — (MRET) &
associated with the pivot assembly 24
(FDE—H— )RV INT 2T V242732 TND
to pivot the mirror 18 as needed.
VEIZSU T, #5184 BIERSHHT20DIZ,

49.
The sunlight 14
KISFE14(F,
is reflected
from the collection system 12 to the conversion system 16
AT D2 AT M 6E TR E SIS
as shown in FIG. 2.
B2 TRSALTNDEIINL,

50.

The sunlight 14

KE&H141%,
enters

the conversion system 16 through an aperture 30 therein.
ZFOHF OB H30%WMLT, B RTL16IZAS,

51.
The reflected sunlight 14
A Sz RIGH141E,

passes

23



through the aperture 30 into a cylindrical receiving cavity 32
AR B2OHIC, B FH 30% @Rl Tl b

defined by a plurality of hot shoes 34.

(ZD3213) BEOFRIREHRER AL T TR EHHIL TS,

52.
[In this embodiment
AEREHNZIBNT,
the receiving cavity 32
ZHZERE 321,
includes
BT

six hot shoes 34 arranged into a circle,

M ICEESN, 6O EREREE347%,

with four circles defining the length of the cavity

as shown in FIG. 1.

B USRS TNBENC, ZHRBORESEED COD, 45D M,

53.
LINL72736,
it will be appreciated
(LLFOZERD) RBHLNDTHAD,
that
a greater or lesser number of hot shoes 34
BIRERER3ADEN LN L THARTH

could also be employed

BHShI %

as well as a different number of circles.

RIRDBOH ERERIZ,

54.
The hot shoes 34
mRERRAR 34T,
can be made
from a thermally conductive material,
BB M PN HESh S,

such as, but not limited to,

24



BIZIE, ENBIZRDB D TITRWA,
nickel, graphite or copper.
=iV, BENEI I,

50o.
Referring back to FIG. 2,
21D
the hot shoes 34
IR RER34(E,
are supported and enclosed

by a cylindrical structure 36.

M RIBEMB6ICE>TRIFSN T, BENTWLS,

56.
The cylindrical structure 36
MR IBIE Y361,
is lined
with an insulation 38,
ZIB8ITIN>TI RSN TS
for example microtherm or bulk insulation, * microtherm : I A<BH
B2 AR 7 VAR P A
to reduce potential heat loss.
BIERVBMBRZID 772012,
o7.
The cylindrical structure 36
MRS 3614,
also defines
(UTF) &bBEL TS
a plurality of openings 40
BROROE40%
through whichl
FhaiaL T

portions of a plurality of conversion engines 42
extend.
OB T DU A0S0, ROV 5,

58.

25



The conversion engines 42
BT Do 42(4
are coupled
to the hot shoes 34 for receipt of thermal energy.
B XX — T WDToHIC, BiRERRI4TEBINTINS,

59.
RBETHE,
each hot shoe 34
#HEIRERAFI41E,
conducts
B8<
the thermal energy
BIr)LF—%
received from the collection system 12
(ZFDTRNF—T) INE L AT A1 20DZ TSI
to a monolithic heater head 44 on the conversion engine 42.
BRfm 42 BIZH D — RO — Ry R44F T,
e

1) conduct xxx to zzz: XXX#&#ZZZ~E<

60.
The thermal energy
BIRILF—IF
drives
BrEN 9%
the conversion engines 42
BT DL 42%
to produce electricity.
BREBAESHLHDIZ,
R CE

1) drive xxx to zzz: ZZ7Z7F A7 ICXXX % R4 %

61.

In this embodiment|
ARERFNTFNT,

the conversion engines 42

26



BT U422,
are free-piston Stirling converters.
TV—E AP AF =D T BRI TH D,

62.
The free-piston Stirling converter 42
TV—E AR AR =Y T EHRRRA2IT,
is highly reliable
FEHIEBEEATL
while having a relatively small size and lower cost
than other available energy conversion engines.

FOMOF I CEAHT X —FHr 2 L0

HB R NSI P A X B LR LN A AN H D3R,

FRECE
1) Twhile] AT OSCEIZLL T OXEDEMETEL 2D
while it has a relatively small size ....

63.
The conversion engine 42
BT DU42(F,
is cooled
by a cooling system 46.

BH AT LABIZE-T, AilEh b,

64.
The cooling system 46
FDOWH AT 2461,
circulates
BIRSED
coolant to and from a radiator system (not shown)
TV TG VAT M(EIRET) o~ DD EIEE
which dissipates the waste heat to the environment
(ZDWMEMIE) AV DREIL, FEEVE S ED
via convection and radiation.

xttds L O 2% C,

65.
An alternative embodiment of the conversion system 16

27



IHL 2T K16 DRI DERES! .
is shown in FIG. 3.
R3[IRENTLVS,

66.
In this embodiment,|
ZDERFNZIBNTIE,
the hot shoes 34
EIRERER 341,
are replaced
BEEFRALSNTLS
by a heat pipe heat transport system.
b RS T BN E D R T LR T,

67.
For purposes of clarity|
BARE D=1,
when available)|
FIATELEXIT,
the same reference numbers
FILBIHESH,
will be used herein.
ZZIZBWTEDR TN,

68.
The reflected sunlight 14
A ST RKBBA 141,
passes
through the aperture 30 into a receiving cavity 32.
SCZETRR 320 %1, B A 304 L TRBY %,

69.

During operation)|
B{EDR,

the sunlight 14
KEH141,

strikes
T




the mirror 18 of the collector system 12.
INEBIEE AT L1208818%,

70.
The mirror 18
18,
concentrates
£hTD
the sunlight 14 to the focus 20,
BR20I2, KIBHK14%,
which is essentially at the aperture 30.
(Z£D201%) EBE LI, Bl A 30I27E%,
71.
The sunlight 14
K514,
passes
through the aperture 30 into the receiving cavity 32.
S IEZERIR 32051, B A 30% ML TiEViAELD,
72.

The solar energy
generated by the reflected sunlight 14
RS SN KB 1A E>TRAE LR ¥ — |
is absorbed
by the cavity wall 32.
ZEIREBE3 212 &0 C, RIREN D,

73.
The back side of the hot cavity wall 32
R 2SR EBE 32O RE I
is covered
with the heat pipe evaporator wick material 48.

b S TR BB ASTE B TNVS,

74.

Contained within the evaporator wick material 48
AR CMBABDFIZEEN VDL

29



is  the heat pipe working fluid 50,

b= A TVEERIABOTH D,
typically sodium or potassium.
FAVTHBIENIT T N NETI AT A TH D,

75.
The heat
absorbed on the cavity wall 32
22 RTE BE 32| TN S AT B,
will increase
tHEES
the temperature of the cavity wall 32
Ze iR BE 320D R E%
and, at a point,
ZL T, HDHRITENT,
cause
the heat pipe working fluid 50 to evaporate,
b A T VEETRIRS0% BRHES DR ELD,
effectively cooling the cavity wall 32
(ZH3) RN ZERRRE3 221G 0T 8 LR,

EEE T EE
1) cause xxx to zzz: XXXAZZZEHAFERLINE

76.

The resulting vapor

ERELTAELDLESIEL,
is transported

to the heat pipe vapor space 47.
E—bh A TERAR—RAT TR SN B,

717.
The vapor in the vapor space 47
ARRAN—ALTDERIL,
will condense
on the relatively cold condenser 49
HEIRIR O T oY 40125 HET 5

FTITBUNT,
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heat
BT,
is being removed
via the Stirling converters 42.
ALY T IEMRRRA2E A LT, BRI,

78.
The heat )
deposited via condensation of the working fluid 50
TEZETRIARSODEERE A CHERE L 72 B
effectively transports
BRBIHIET B
the absorbed heat energy
WINSNT-BATRILHF—F
from the cavity wall 32
to the heat input zone on the Stirling converter 44,
ZERTAIRES 2730, AL — Y VT WERA4 LD BN KIRE T,

79.
The Stirling converters 44
Ap =) 7 EHERAAIL,
convert
ETD
the thermal energy to electrical energy.
B X% BRTRAX—IZ,

80.
The condensed working fluid 50
BEE S TR RIABOIE,
is returned
to the evaporator 48
RFBABITESND
using a combination of gravity and the evaporator wick material 48
within the heat pipe.
B SATORTO, BRI UOEFEIR T B8O AT E AT,

81.
This approach
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ZOHEE,
provides
BRI 5

even distribution of heat to the Stirling converters 44.

AL =N T A D 5 ER b,

82.
The solar power system 10
KIGHEL AT L1101,
provides
iRit9 5
a cost effective method

SAMHRD B EE

for producing electricity from solar energy.

KGN —nbEREEVH T2 D,

83.
ST NN
the use of multiple free piston Stirling converters 42
B DTV — AR AH— ) TR ERA2OF R,
greatly reduces
RIBIZEDT
the overall cost and maintenance costs
2EORM B I ORTEE
when compared to current systems
BATO RSN L&

since
A AN YR
the free piston Stirling conversion engine 42
V=B AN AZ =TT DU 42(E
does not require
WBEELEL
a crankshaft or contacting seals.
DUV EI IR — LT,

84.
Reliability

32



EREMEIK
is improved
WESN,
and capital costs
ZLTC REERIE
are reduced
fieihEnsd
by the use of a plurality of smaller Stirling engines 42
BEOIV/NESNAS =N T IO A2% VA EIZE ST
of the type using a simple monolithic heater head,
i/ — Bl o —&—~y R WS ZOBDOH AT D

since
VAR E
large Stirling engines
RKENWARE =V T TP
require
WHEETD
large and complex external tubular heat exchangers
REAEHERINROE R E AT W AR %
that are difficult and expensive to fabricate.
FIUIED DI, L <E /M THD,
85.
SBITE,

the arrangement of the hot shoes 34
to form the receiving cavity 32
ZNZENRE 325 TER D7 DERERZRIADEFIE,
results
in a simple, highly reliable receiving cavity 32
FERELTHM/R, FFICEEESBVEZ A EREI212455
while providing efficient energy transfer to the conversion engine 42.
ZD—T7TC, BT U A2 BRI e AN X IR R D,

86,
The description of the invention
RFEHOERBA I,

is merely



exemplary in nature
BIRDZELILDE BB THS
and, thus,
LT, <L T,
variations
that do not depart from the gist of the invention
ARFEADEBENORBLI N T—2a v
are intended
to be within the scope of the invention.
AFEHOHEANTHHSENBREIN TS,

87.
Such variations
ZDEH7pN)T—2avld

are not to be regarded

as a departure from the spirit and scope of the invention.

ARIEADOIE R EFIHNG | B TODHD LI AIRENRN,
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Claims [#5#Fi5R D& ]
(BRES) HL—LDHER

1. A solar power system
a housing
a mirror
a heat conducting shoes -- wherein
an engine
. a mirror
. shoes
. engine
. hot shoes
. a control system

®» o1 A WO N

7. a controller

8. A solar power system
a mirror

an absorption chamber *{LEEEAICE K7L

an engine
9. absorption chamber

10. heat pipe

11. working fluid

12. a mirror
13. shoes
14. engine
15. absorptive chamber
16. a control system

17. a controller

18. A solar power system

an absorption chamber
a mirror
a controller
a heat conductive shoes
an engine

19. engine

20. mirror
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What is claimed is:
ERENTWDLO
1. A solar power system
iﬁ[%%%ijﬁ VAT I
CTZITRBNT,
sunlight
KB
is converted to electrical energy
BRTINX—ILEZIHND
comprising:
LN CHERTS:
a housing
defining a cavity,
TR EED TCNDINIDUY
at least one mirror
to focus the sunlight into said cavity;
RTRLO RN RKG A BT 2720 0D bb— DD,
a pIurallty of heat conducting shoes within said housing
RIRLOND T 7 DR OB OB T LR
for absorption of the solar energy
KB ANF— % BRI T D7D D
reflected by said at least one mirror;
(EDTZNF—3) BIFE DD 7l b — DD I > TR ST
and an engine
LT, TPy
that converts thermal energy to electrical energy;
(FOxZ VN BN~ BRTINK — AT D,
TZIZBNT,
said plurality of shoes
ARLE SO ERIFIE,
are conductively coupled to said engine.
ATRE T 2T BRI (B8 rTREZOIRAE ©) i S T g,

2. The system of claim 1,
FEREL1DTVAT A,
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LN BNT,
said at least one mirror
AER DD 72 Eb— D DRI,
includes
B
a parabolic-dish-shaped mirror
IR T 55 %
that focuses said sunlight to a focus point.
(ZD#IT) BAALES, BIRCORBIEZER TS,

3. The system of claim 1,
FEIRIE1IDV AT A,
FNTBWT,
said shoes
FIEM2E T T HER
are constructed
of a thermally conductive material

BB BN LESNTND

selected from the group comprising one of copper, nickel and graphite.
(ZOMEHT) R, =v v, BERDIHD 1 DEHERL CHHT NV —T D big

Rz,

4. The system of claim 1
FERELDOTAT A
T ZITRWT,
said engine
EIEVR AN
includes
2
a free piston Stirling converter.
TV RN A=V T ERERE

5. The system of claim 1
FRIALDT AT A

2ZUTBNT,
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said hot shoes
AFEOEIRERSIL. % Thot) VIO BEFE NS TCNDDIEIZ THIDH T
are surrounded

by a layer of insulation

M OG> THENLTWS
for protecting against heat loss.
BABR BT,

6. The system of claim 1
HRELOVAT L
further including
BIZETe
a control system
HIHIS 2T L
for aligning said at least one mirror with the sunlight.
BIRLOD e &b — DD Z  KEEHIZ, AbED120 D,

7. The system of claim 6
EREODT AT L
TR T,

said control system
BIEC OIS AT Ll

includes

B
a controller
avka—5%

communicating with a pivot assembly

BRI T BT VERBE LTS

coupled to said at least one mirror

(DT 27 IE) BIREDO D7 Eb — D OICER/B SN TS
for moving said at least one mirror with respect to the sunlight.
RIGICZBREL T, BIREOD 72— D DEEZ NI 7217,

8. A solar power system
KIFER AT 5
TR NT,



sunlight
VN R
is converted to electrical energy
BRIRIF—ITEZLND
comprising:
LT CHERLTS:
at least one mirror to focus the sunlight;
K a BRI HD7<&b—DD;
an absorption chamber
NS
defining a cavity for receipt of the solar energy
KB RNF =TS TSI D DZERFEHEL TS
reflected by said at least one mirror
(FO=3NVX—3) BiRe D e Eb— 2 DEIC L > TR A S
a plurality of heat conducting shoes
BEOBREERS (HRELTVD)
lining an interior of said cavity
RIREZERE OB 1> T A TN
for conduction of the received solar energy;
ZTE ST KB AN —DIRED T D
an engine
TV
in thermal communication
with at least one of said heat conducting shoes
D7 Eb— D DRTREMAEEREY, Balash—sal g (ToTN5)
that converts thermal energy to electrical energy.
(ZOERBD) B ¥ —E BER T R/VF— BT 5,
EEE
1) ko lchamber) O SCETARE CriMu
[defining ) i Tcavity | & [shoes | DT T IZH) D EHEL 7=

T

9. The system of claim 8,
SESRIASD U AT I,
Qe SIANEN
said absorption chamber
I E N

is lined
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with a heat pipe.
[ A A S N | AN Y (I G AYAN

10. The system of claim 9,
FERIFID T AT A,
ZZUTRNT,

said heat pipe
ISt VAY (A

has _
BIS
a volume contains a working fluid.
TR A2 & o RiEZ,
SRR

1) BAfESZ K<, AT ORI 2
Said heat pipe has a volume which contains Ja working fluid.

11. The system of claim 10,
FERELIODYV AT I
ZZAITIRWT,
said working fluid
UL 37 REN W
includes
£Xh
at least one of lithium, sodium, and potassium.
DI EBVF UL TRV LRI OHIY LD—D%,

12. The system of claim 8,
FERIESDU AT A
FIITRBWT,
said at least one mirror
AR DD 7alEb— 2 DRI,

includes

X

a parabolic-dish-shaped mirror

R A 5%
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that focuses said sunlight to a focus point.
(ZDHT) BARMLEIC, AR A LA R 5,

13. The system of claim 8,
FERIESD T AT A,
TN,
said shoes
AIFCORREF(E,
are constructed
of a thermally conductive material
gL ESN TS
selected from the group of copper, nickel and graphite.
(ZOMEHI) EH, = TNV BLOREA DT N—T D BRIRENC5,

14. The system of claim 8,
FERIESD VAT A,
ZZIZRBWT,
said engine
G AIF N
includes
B0
a free piston Stirling converter.
V=B AR AF = T ERERE,

15. The system of claim 8,
FERESD VAT A,
AR,
said absorptive chamber
GIER2LES N
is surrounded
by a layer of insulation
HafxDBIZE>THENTLS
for protecting against heat loss.
BB 2 BTN,
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16. The system of claim 8,
EERIERD T AT A,
further including
BICETe
a control system
HlAE S AT 2
for aligning said at least one mirror with the sunlight.
RIEC DD 72 Eb—DD8% | KIS YLD,

17. The system of claim 16,
HRTE16DT AT A,
wherein

FIIZBWT,

said control system
AIRCOHIEI L AT Al

includes

£Xh
a controller
avha—o%

communicating with a pivot assembly
ERy T BT UERBEL TS
coupled to said at least one mirror
(20727 NE) RIREOD e Eb—D>DEEITERF SN TN D
for moving said at least one mirror with respect to the sunlight.
K BEL T, AR 72K Eb—2>D&EE NI 72D1T,

% 7L —ATIZFET

18. A solar power system

KIBFEEL AT

wherein]

TZITRBWT,

sunlight

KB,
is converted fo electrical energy
BRTRNLX—IIEZHND
comprising:
UUTERERRTS:

an absorption chamber having a cavity;
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ZERE AT DN E

at least one mirror

Wipd &b —DD 8

coupled to a pivot assembly

Ry BT ICERESILTND

which focuses the sunlight into said cavity;

(Z D) BIFCOZERENIC . KB EEIRTD;

a controller

Y = B

in communication with said pivot assembly
BIELE Ry M7 B 7Y EHEL TND

to position said mirror with respect to the sunlight;
KGHAEEL CRIFEOSEENLE DT AT D

a plurality of heat conducting shoes

BEOBIREERS

operably associated with said cavity

RO ZER A (A EB AT REZIR AR T/ o Tz

for absorption of the solar energy

KB AN DRI DT D

reflected by said at least one mirror;

HIRE DD b — D DI L > TRE ST,

and an engine

ZLT, o

thermally conductively associated with at least one of said heat shoes
DIad &b — D DRI OBERERITEI ) F I, HEIZ OR300z
that converts thermal energy to electrical energy.
(FDOTLDNT) A AN F = BRTIIVX — LB 5,

19. The system of claim 18,
FHRIEISDUVAT I,
FZIZBWT,
said engine
CIERAR N
is a free piston Stirling converter.
TV—E AR RSV T BB TH D,

20. The system of claim 18,

43



FERIE18D VAT A,
QS SIANEN
said at least one mirror
GRS St} -1 N
includes
BU
a parabolic-dish-shaped mirror
TR AL 85 %
that focuses said sunlight to a focus point.
ZAUE, BN EICRTRE R BT D,
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