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Improvement of reciprocating engine for solar thermal power generation
(Improvement of controllability under steam driven condition)

Shintaro ANZAI, Shigeki TOMOMATSU, Yoshinori NAGASE, Noriyuki HAYASHI,
Naoto MAEDA, Atsushi KUSUHARA

Abstract

Solar thermal energy attracts attention as one of renewable energy source. In the previous study, a reciprocating
engine was modified to a compressed air engine for solar thermal power generation. The purposes of this study are an
improvement of engine performance and controllability under superheated steam driven condition. In order to improve the
engine performance, cam profile for intake and exhaust valve was redesigned. After modifying superheated steam
generator for improvement of controllability, engine performance test was done. From the results of the test, the maximum
lift of the intake valve was increased from 1.50 mm to 4.67 mm, however, the engine speed in no -load condition did not
increase. Increasing the working angle of the intake and exhaust cam caused the increase of indicated work. In experiments
under the superheated steam driven condition, the controllability of the engine was improved by improvement of the
superheated steam generator, and the brake power was larger than the power consumption of the pump as the drive energy
of the engine. As a result, it is found that the improved reciprocating engine can be applied to the solar thermal power

generation.
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Engine type 2 stroke
Bore x Stroke [mm] 48.6%x43.0
Connecting rod length  [mm] 76.3
Stroke volume  [cm’] 79.77
Clearance volume [cm’] 11.4
Compression rate 8
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Working fuild Heated air Superheated
steam
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(Water)
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Chaging efficiency [%] 0.8 1.1
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Inflow enthalpy [W] 2770 8510
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M echanical efficiency [%] 18.7 23.8

Pressure [MPaG]
[}
[\)

F— B TINTHIEDOTEDLAMPIKITE L2120,
£ A 4000 rpm (28 DE D Z ENTE D o7z,

BUREFIER 9 @ P-VRROEETH Y . MEATEL D
BE 0.1 1, WBKKOLA 138 T &7, WEZELKD
F78 66 % bl o7, Zhudsl (4—1) OB OEWC
E 0 BEIR DM E BRI o= 2 Ik DT
bHEBZZD,
Blrfbgsfeix, Konflhd & misEofis LTRkbi,

REWD, KREFREGHEARK DS 379 W EE-
72

MURB R IR E R 2 P ~ DAL 872 0 o
MAT U ZVETHRLTRDZ, AT XL E TN
ZER DAL 2770 W, MEGK KDY E1E 8510 W & 785
Too TORER, MURIRITIMEAZEL DA 22 %, @E
KEOBEN 12%E o7z,

BN =R T dh ) % ORISR TR L CoRked 7=, IiEk
2R DAL 18.7 %, MBEK DAL 23.8 %L 72 o7z,
VEER IR Z G 22 0ICHE LB 22 V00
I CEID Z & TRAEIEE RO, REEOFHE
FERER S ITRT, RERCTHEH L7 Ly Hid,
JE S DA B9 D EE S L5 72, BRE) &R IE
EHDETIYA 7 E LT 4 A 70O % Lk

0.5 T T T T T
I ’ —— Heated air =5
0.4 Superheated steam
------ Valve lift —
G} 03 g
&
‘E 0.2 'c;)
Z G
$ 0.1 >
—
~ L
0
"

’ . I . B . .
BDC -90 TDC 90 BDC
Crank angle [deg.]
8. P-0#kH.

<
~

— Heated air
— Superheated steam_|

<
w
T

o
—

L L | L | L
0 20 40 60 80
Volume [cm 3]
X9. PV,



72 EE0 3 N S N 5

I R SR

@%%%ﬁ&bto:V7Vy#®%%%ﬁmzﬁowr
Hote, R 7OIEEE FE—ETHHZOREL
TEMEL TV DIRIET 4 & W®Iﬂkbfﬁ%*ﬁ%k
Dz, R T OMLEINL20W 2o,

SR OME, MAKKOEE I KT 5 HEE
JIDOWN | ZBZT-T-0EE L-ENEV L Z < 0ES
EHEBECTETNWDLILIIRD, ThROLEEKRE L TO
BENZ LI TND Z LD, KO K
BEFHLTITY Z &R TEE, KBRS EH LY~
DTV UIAEMTED E VR D,

#£5  REER

Heated air Superheated steam
Power consumption 2530 220
(W] (Cumpressor) (Pump)

Brake power [W] 113 234
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