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Abstract

The solar thermal power system attracts attention because solar energy is a kind of new energy
which does not adversely affect the environment. A steam turbine which is used for the solar thermal
power system uses a lot of water. The Sun Belt zone which has high direct solar radiation is suitable
for the solar thermal power system. However, these areas correspond with desert zone and water
shortage water zone. Accordingly, it is needed to develop an electricity generating system which
does not use the water. In order to solve the problem, the authors develop a generator with a
reciprocating engine driven by only compressed air. This engine was remodeled from four strokes to
two strokes. Valve timing was decided by considering ideal p-V diagram. Intake valve opening
period is from TDC to 100 deg. and exhaust valve opening period is from BDC to TDC. During the
valve closing period, internal gas expands adiabatically. The engine takes compressed air from a
compressor through a surge tank. The maximum supply pressure was 0.7MPa. In the experiment,
temperature of intake and exhaust port, cylinder internal pressure was measured. In order to evaluate
the performance of the engine, indicated work and various coefficients was calculated. As a result, it
is found that the maximum efficiency was approximately 6.6 % under 443 W of load condition. In
comparison with the theoretical efficiency, it is very low. Therefore, further development should be
done.
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Study on Power Generation Engine for Beam-Down Solar Concentrator

i N RCEMRZER T Vv ki BEL, ZoTr Y
VR ERZERCEEIT 5 2 L. AT K o T Lo

v BT BIFEACEIEHRTE LT B 2k - MEDLIENT 2EMET 2L TH D,

TWD 28, BRERIECFERES ) b A REN D BREE

CEBBORVH TR X LR LT KR EICER 2. B
NEmE-TND,
KGBFEBITEEL LOFHATE 2nizd, b M 1 ICEMiZER T Y OB A 2 VD p—V
I HiuHE & R 2 B H ST 8RO S\ Rk AN LT B, MRETRT, OV A 7 0E, BRIV T EZELSE 12
Z O HIIR T ADEE O SR H S IFIEE AR o D2 FETEREMNL, 205 3 FTHREZITV., 3 THEX
7JM/ﬁm%F%¢6 a2 "B o T NVTEBALD, TO%, 305 4 ETHEWEIEL, 4 T
LF 50 Z 2 CHEHR O R T HKREZE DT BER VLT BB & 5 ECERENT D, &I, 5o
KIGBFEEPITZ DL LD, KELEL LRWREELX 51 FTHREITV. | TRV TEEHU S, EMEE
DB D EEZHND, R P ATRBEE T T, EfER Ty P 2 BEE)
F ZTAME TR, KBEFEIZBWTREHW 24 TN, EMEITREISGDEEA N BIEE-TLES Z
Dl rFux U rn, KGEAEEICEHATE 50 ENBZONTZTD, EITREZRTZEE L, 2

ERET A0, KEFEHLARWEESTR S LT DY A 7T 80 cc DEBHEDT VU B#HEICHNEB
ESEANTLY T oo DU REEN L TREZRAL D, FOBREFEH L7 D, BEAOKRLRA L - y LD

AWFFEO BHIL, IMNHET L E L THREHOZ V% FEHEZHWT, Bt A 72 vicBiF 25 ITROZERD
RREZE KD,
At > A 7 A THEHEBRFEREA Wiz, =V OENERD DO 1 ITRRHTZY O

REFY AT A TR HFELIERAL VKD,

OMIER L AT A LR SR L= {m3 xc, % (r, -, )}
R 22T S LEFEIR - {Vl x (P3 - P, )}+ {(V4 =V )X (P4 - P )}

(M



180 TR LR E FME
P 4 «
| <t
EPT Ve
2 > oL (NN S TN
P3 [ S - S \\\
N
¢ 12
Pa 6 17.2 ¢ 17.2
P11 . (a) BA D A (b)HES R 2
2 WHEGFRR A
: V o)+ N N
Vi V3 V4 D 2TVERFG % 100 °W IR, B AL OE S % 3.0 mm
K1 JEfEZERT Y OB A 7LD p—V HRK. ELT, 2O, TABEKROREINNELLoTLE

OB O w WX, [BIEEEL N [rpm] & T 5 ERAT
#zINn5,

W:Lxﬁ ®)
60

BBIZT D DORERD T, TV DRNE %]
TR TSRO D Z L3k b, BimthA 7 ickids=
VUV DRERITK 037 Elod,

Oin : AJT=FILF (]

D ZEROE R [ke]

cp 1 TEELEEN [Jkg -+ K]

D EERHEN [Jkg - K]

U X HNET] [Pa]

DU RS [m]

T:RE [K]
WAFIER N IZBT 2 TROBFICHIE L TN D,

m

Cv

P

~

3. EREBRIURERAE
3.1 EMERTUIUOHEME

4 A ha—I ORIV P 2 A e —IDE
WERK= VT 201, WHOZ VU REHO
TV DALT XY T NESNVT AT T OSEET
>77,

Iy 7 N ATy T NOREEERE 11123
L7, BT FEFHLIEVE L, K2I12h
LAOMERE, K3 IchLTa” 4 —VERT, fiXs
TGV T FONRT AT A MITFHLRNWE S I
WERZ 0 12.0 & Liz, B AIIERAADN 68 °Th o 7h3,
WSSV T BBV EZEIRR S WD, TR

Iz, EEMZERA T mm k&< Lz, —F., #ER
DB VT T T2 7 FHE 180 °h D 360 °F THER 24T
DT, AEHAZ 180°& LTz, £/, A LDORKITA 1L
DO I NEEMAT 3.0 mm, BERMT43 mm 2725 %D
WL, 777 AE10 o LICRERERNLDOH ALOE
SEERKL VKD,

_ 3 (9-s50F+3 0=0=1000 (4

in 2

@xz—f%K9—18®—9d?+43 (180= 6 =360) (5)
Lin : WRMOEEHEM NSO I ALOFE [mm]
Lox : BERMBIOZEHEM DO ALOE X [mm)]
0: 777 AE [deg]

WSO T 237 T 7 0 °TRAR LARD, 50 °T
HEEMLLON ALUOFEEA3.0mm 720 RV T
BDEROLAVWTHDREELE RS, LT, 7707 /K
100 ° CRZ NSV T DB U CTRABKE T T2, —FH., R
MDA 27 T2 7 FAEE 180 O THER LA, 270 o CH:E
M0 h AUOFE SR 43 mm 7220 HER V7 W
HLEWTWDIREEL 72D, £L T, 777 AE 360°T
PSSV TR CHER S T 15,

JEMEZE R T v T IR = o D TS TR T

ZRDENNEL . W IV T NENC L - TRL AT
BERD D720, BRIV RERKRENICHZ D
OB EAT T2 7NV T ATV 73 T —F12 kD 5.9
mm 72U LD DT o Tndzd,
TATYV U TOMFTHFIEZ7 v 7 OERIEY 193N &7
b, WKDES P % 0TMPa & 32 &, EXOMT I F
ER(6) LV 157 TN L7225, A3 VT OEMME TH 5,

F'=PA (6)

WS T DR S TR CTREETH D 7201213,
DI EUNVT AT T OMT R EKOWT X
DL RELTIOILERD D, o, WEITHWE
YAMAHA O¥EMIZ 2T o HHiERXD LW HRES

avi%



V— 25 v RAKGHEGEEDI2ODFSER LT P v OWise 181

WA T PER B AR

L I T N I
i L
5 ! !
£ ) i
o 2f 5 | _
' 1 1
N L
= 1 1
N : :
2 : :
N e .
0 90 180 270 360
777 0 [deg]
X3 hrrlar4—).
F1 R"ATRFY T OHEE.
75 BRI %
A (mm) 20.0 20.0
P (mm) 15.8 15.0
H #4& (mm) 26.9 35.0
1L EHMN/mm) 3.27 14.7

KEBEALTEBY, BESLD ENV EEENELS, [
BHRRY RN ERBELRWMEMA L Ro TS, =
vV Ly DEEEE A HLE OREHEEU RIZT 2 0ERH D,
N TNBERERD ST POBELS LY Bl
P EDOEEREIZT 27212, NV T AT Y v 7 EIFRE
BLOREVWLDIZEF LTz, £ 1 ICEERZDO LT A
TV T O ERE T,

3.2 EREE
aryFryhbiffrshsERIT, Y—v X0 %
WY, VAR IND, ZO—HEDRNADHF T,
WRES & RPEIRE . BlEEHKEZHBI L, =07 Ly
TN BRELNIZEMBERIOEZ TN R BRI CH
ET L0, IRENC LV EMICHAIRD Z LN TERNO
T, IV NUEENGF EREHROMICT —UF 7 & AT
5 Z L TIRENVZINZ oy =& 7 b VD
DR—=IVNV T TCREDOREEZT-oT-, £, REEX
OREREIZBEX AW ZN, T2 1T 5709
WICRBEMEORIZT 7 P EBRY 7=,

TV OV U EADEMEIITOT AT — UK
FENFE RV, ZHUTHEEEOEM 2 BREFICE
L CHNTDHLOEN, ZOEIFINTH DD,
HEOBRIZIET U v VEIEE & BEHEESR M A=A b L
AT T ERAEDETER L, EHRIEOA ML
AT T ERWDERE, SO UDEFREEAT
IMEND D, MEDRKER., BENSENZRD HEIC
VDR IERREIT 1.5517 MPa/V & Ve,

[EfRE OBIE I, AN A Y > MR E v,
ZOMBEERY M, BREOT A N U E T T HE

#2 EBREM
[Rl#5%% (rpm) 3000
ATFW) 0 | 216 | 443
B 7RI (us) 10
IS 500000
% 5)E F1(MPa) 0.7

FAWTERSZRE LT, HE L EFEDEFLE
R BHEETE S L) IR > T35,

3.3EEBRAE

EFT. ATy PR EMREREEY ., TV RUE
FERFHCEAZRD 723 6 JEI034 0.7 MPa 1272 % %
TH—=VF 7 IR BT, BEANEE-T26, ¥
— RIS T TR =T B B TERMEZER
UM L, REMICEIY M EEEDE T
HBELIZZ AR L, RELMIE LD, BEREWH
BENFICORT TANENT T2, TO%, A=A L
FTTHEHLARNS, =Y OEEERK % 3000 rpm 128
b, 2V rOREEENEE LT —Xai—T0
gk A Bde L CRSOREE., HESURE., =Y rov ) v
AWNES, EFEEBE L, £ 2 ICEREMEEZRT,
FHRET AR 20T 5 & 4000 rpm 2 FERI>TLE 9,
F72. 3000 rpm & FEIZ & HE LR 25780, [EHEE
£ 3000 rpm CTEBRZITHZ & L LT,

4 REBBERBIUBE

FKICERERE, M4 lZp— 0 E, M5 p—V
M E AT, KPR OEMOBBRITRE LT NI
HAiEEZRLTRY ., ARIOMRIIHER SV 7 3B & 44
WHNEERLTND,

X4 Lo, WKEBERZIZIEORETHL—EENNT
BoTW5D, Tk, WKBMBERZIIZEROME D mEN
MR EINIZ WD, JEREERBN VY XN &
TEDHHESEA MR FRY JEIRFR->TNDEZ
ERBZBND, £, HimV A 7L TIE, BN E—
JICHET D EWMERT £ TEDIEN MR 5137228,
B4 TR —7 2R CET TR > TLEL>TND, Z
AU WK D 77 L OER AL 100° TH Y | 450 50°
ZBED LMK VLTI Chh, EROM D EEN K
{Ipo T, £z, BRAMAXT T 7 HEN 180°
WCRDETTERLED, VU UHREBEBEML TOE,
JENR TR TV EEXBND, HERITRIZE W THE
RETHENZEND ER->TW5B, Ziuk, R L7 3R
L DI ONTEROBOLEMEBIHEL 20, FEfESNT
WhEEZLND,

BS5 L0, ARV ELR2BICONTHAB/REL 2
STWDHZ ERbnd, Ziuk, ElEEHEE 3000 rpm (26



182 ERL YN

37
5]

bl % s

#3 EBRKEE.
BERDOE(H)
0 3 6
W SIREE(K) | 286.0 | 286.8 | 288.3
PERIRE(K) | 244.5 | 237.2 | 236.8
KREEZ(W) | 512.3 | 655.8 | 882.1

bR DICAR—=N LT ORI EA THRE AT 9 )8,

ﬁﬁ#$é<@5i&ﬁ~”%”7%%bf“<_&L
720 MRESIBTR D20, HAB/hE<72oTin<
EEZLND, KIICERERERT,

3LV HRIBEDNRKIRE LD TR TWDHH,
%hﬁﬁ?ﬁ%ﬁ@%bfwé#m%%@?%&woi
7o ES5S o B HErITEE LV, 22T, WRKE T HHE
%%ﬁﬁmif%ﬁﬂﬁbfwékﬁmbf ZDOHT
WS OMREORE LY, TORIIBITFLENETY

D/Z(xx%kT HER ﬁ‘ﬁﬁ‘

0.8

—
Afi (FERIE)
443W .

—216W
ow

o
=N

e ] >,‘1T

U ZWNESP [MPa)
(=}
~

1
1
0.2 |
1
1 1
L 1 1
L i i PER
. . 1 . ] ]
0 90 180 270 36(
7T B G [deg]
4 p— ORI,
0.8 , , , : . : . : .
At (FERE)
443W 1
— 216W
gom ow
x
5
0.4 .
py
=
N
=
» 02F 7
! | ! | ! | ! |
0 20 40 60 80 100

SN U BIRFEY Teel

5 p—V#X.

AR ER(DITOANT 5,

P - p(ﬂjk
7

P REFATOVY U FHNETS [MPa]

P RFEHREHRDOVY A HNET [MPa]

V:RE\ERTOTY U HERE [m?]

Vo RREEZROV ) CHER ]
WD RO IZES ERBORTOES & Dbk
EiToTc, TNENOMEZELET 2 LIZIER CEE 72 -

(7

Toieh, WRKET N OHERBAE THBW R L T\ 5 &
EZzbhb,
EhiZ, MR- Lozt &, REZ—F

CDRERRIT20 %BRETHD I, *ﬁ\rmlﬂi/
T ORI ZT% TH DD, EBRERILT %I
M=o, Sk, EEMZ, EEER= Y OMFE
Z ESERVIRY . KFBREICBWTERY —E
@ﬁbOKEWWki///%%%é LiIFEELWEE
FASY (N

5. #as

%

NS ﬁm@V/7ui///@@%®T
T 57012, BE
///%%WL e 2
5 Z & TU T OfER %Hto

B & 1
@I///%AHXLFW*%I
W2k B U BRENER AT

1. i‘/?‘/@lﬁl%ﬁiiﬁ%%}fi%iﬁ Y ORE IR EL L
CF B 2 & T ERERT Y VY O R
?6%% ETE DT LTt

2. JEMEZERIC LA oD BRI ER AT 2 LI L
0., BRINNELRBIZONTHATNEL 20 %)

RIHEV B LIRNZ ERaholz,
ZE XM
1) ISERIED 2 4 TR AL R 4, p 58,

(2001)
2) TANE, R—F TN D=L —F —HFOEE,
BISL 50 BEREESFEE - OOD45E, p2. (2005)

3) KEWESIEM 2 4, A7 A MHD BEHEZFIH L2
IBRBEEEE > AT HAOEHEIREL. p 1. (2009)



