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Performance of Stirling Engines
(Arrangement for Experimental Results and Performance Prediction Method)

Shoichi IWAMOTO, Koichi HIRATA** and Fujio TODA
** Ship Research Institute, Shinkawa 6-38-1, Mitaka, Tokyo, 181-0004 Japan

The authors have been manufactured and developed five kinds of high-and low temperature
difference type Stirling engines. Their engine performance was investigated by experimental
operations. And in order to consider about parameters affected to the engine performance, the
experimental results were discussed and compared with the calculated results by analysis simulation
methods. This paper shows an arrangement method for the experimental results, and considers about
the performance of general Stirling engines. After using the arrangement method with non-dimen-
sional numbers by a dimensional analysis, a prediction metiod, which is used in an early design
process, is lead. One of the non-dimensional numbers in this prediction method is calculated from the
engine specifications including specifications of the working gas. Then, the prediction method has the
characteristics that are able to predict the engine speed, the output power, effects of kinds of the
working gas and the operating conditions.

Key Words : Stirling Engine, Heat Exchanger, Friction, Engine Design, Mechanical Loss, Pressure

Loss
1. % 8

TR T, TBRBEEY - BT RX ] ITHBRAZ
FAECEAZEEE 2, ThodERE LTRE—
YTV VUBRRAESATE D, TOTyUr
BB D50, EoPACTRAMIZED b, %
 OWRRBENR/LEINTERECO, Lhrl, =rov
DHERERFEIL, DX 5 REFICTE ST DO,
IOV TDORMAVLHRE - FIRITIZE A LTI TE
b9, TIUCBEET AMREE L R 5,

—FH. TUVORFHIBEL T, BExbhni-REE
B> TR NP rnFER LY, =0y
COMRERE R RE X HERIT A Z LiX, B TEE
RTETHD, — R, =P ORI EET 5
BEETEIL, =V PUoFERPREL, BTHRBER
DB O EEE S OFHIRENET LT BITh
No, LaL, RETOEBIEEOHRERTBVTIL,
TFEREOET 2R FI0, = VU OFERORE
& R HERERAEIC BE - 2 EREHEHE 21TV, Falic
UV DR R TR L TR SENRH B,

* EREZA 1998 4 7 A 28 H.

*IEE, RREAAZE T RRAEATY v ¥ — (B 169-8555 3
TR K ARG 3-4-1).

*2 1F B, AGREETITZERT (@ 181-0004 =BT/ 6-38-1).

* ER, BEKE(S 338-8570 AT T ARALL 255).

E-mail : khirata@srimot.go.jp

T T, BELIZ, BRORL HHBEERE K
BEER Y sBEEZRG - RIEL. Zhb%E
L TEOMREFEERN, V2 b—va VEHE
EBaEnE B L., =P Ol XE
FTHEFIZONWTRE L, AT O O/FBR LY,
TV OYERERHERBR TR S i 2 DR E D
FEEZEE T2 REEREBL, ZhEhRF—V
TV O—RREe R W TR L, =
T ORI RS T A ERET R B OBES RN &
LT3,

2. BEROMERETRIE

TV OEER X VEIES Ly 2 RAED 51TiX,
REYE—AEOET V=2 MO X 2B
FEBRBINTEY, TRENKRDOLIRLDTH
Do
i) B/ By ; W. T Beale iZ X 3HAWFRRETH-
T, ByidROXTERER TV,

L
PmVSSEn @

ZZIZ, P, ; (EBYZERINOIIE S (Pa). Vg ; IR
ZEROITREFRM?)., n; B4 O P EiEK
@ps), TH 3,

T T T MMBAGROBERE D 650 CRREDEIREER

N

— 361 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2548 AY — )7y ot ReE it

TV T, BHABERKR e b D R
BIFDE—NE By L, R 0.15 1020 LBESNT
(AR

i) VX ME Wy ; C.D. West 2MERELTWVB H DT,

IV By EMIEL, KA TERSH B,
I"'S

P, Vgn EEQZIE_
Tg +Te

TZAT, Ty ; MARERANON RBEE, T, ; FHEZ2R
HDHFRRE, Thb,

ZIT Wyld, B8 5~150kW D T
42025, LT, WHABNERLUTFTOTL Y ekt
LTk, B 0.35107k5, tHEShTNAO,

ZDXINT, BB BT X MR BV,
TUVUOEER LV AHEHEET S LI TE S
D ZAUTITEMB P BK & e B o iR AR
ETHOUNERS D, ZDh, = OFEHREO
BRRUC, WEEE K MRt R PRI B3, = vy
DR OSEIREA U T, B Ly & st n &
DR K OVEBY A 2 DFIE & Bl ) & OBIRAS, 22
RS GILTORITIITAR 5700,

Wy, = @

3. KAEDEHEE

FHDON, BIAEECIBR L-ERESEEMIER
BEER 2 — ) 7D DR ER BT\ 0
W LI VORI N I 2 L— g
VEHEEAT o T m b R RS U RS R,
WAL ED X 5 2R FICKER & TV B D338
LONTIa 0Tz, LT, {FBYH ADE K L S
DRI X DHRR S & A%, S K X Ao
BERIZLTWAZ EBXbholeDT, Tt 2 KE
TOMHEEE, ROLIREBEZFTL-TED, =
VU kB UGl S - B B O ERE A BT 5,

3-1 I RADEAEE ISR, BABROW
2R & 0 R S 2 BT HERN A TN B 1EBV Y 2 DJE
i, HEHERUC X > CEABETRETHDT, =0
TEMEGLIC X 1% %E, ESEATIEMBL TS, %
LT, Rttt (ERZERNOEYESL P, =y
YOREE ((HE). BIRZEMNO T AEE Ty ROVE
HEZERIPN DA AIREE T ITHRAE L, BESHEHIRT B1E
By ADEAERT. RIMEEOR/IMNIKE < BHRT
b, ZOENEKT, o ER,. B EoER
Zeft, BESHISNDVEBIAT R DEEEE o . BIESE v RO
BB ORI BEIND, TO-DENBRDH
HIZRFHELE, IEER R OB HIBROEREOFEE-HESE

A~ M v I RO EBRE Lis, REFORK
BFEIEL THOLTRWE TEARY, LiL, BER
Gt - BUEES N < OBHERT. Bl LIk
DHLONREL, TNOLOFETEIL, = Vrok& &
KEFL TS bDLRLNE, LT, WRZERD
BT, —KEITRD HND T LMLV DT, B
SONRIT P ORES HE) [KEETH LD
EEX, TNERTRENLEL LT, WEERDIT
BAME Ve 222 LicT 5, ¥£7-, BARZRMNICE
DN A DIEE . o e BEE Ty, FHES
%P, TLTHREKE R &FHUd, 0,=P,./ RTp
ROBRIZH DT, ESHRRICE R RITT 1EE Y
ADYNEEEZRTRLE LT, TAERR RUYEBIH X
DB v 2R D 2 L1015,

3-2 BBSOBERIC L SHmIE%  Zihudr—
0RO MR L LRSI T B EEI BN
DDT, 7 — 1 VR X DEEBMRE 1, KOSk R
B e, B3, = VO HEHER T DR T & o
TS, T2 TR 1 11, FEROBRER TE
REND U ATROTL, FIFR—O/ET, ¥
FEVEBEBUREL e 12, =P U D-HEIZ X o T—&MIT
REDZHDEEZLNBDT, o, DL, BEEZRD
ITRREE Va DXNC Lo TRES b0 EBba,
T T, BIRRERTRENRYEEL LT, R
ZERDITIRAM Ve 252 L LT3,

3-3 |G BEOEY  FdoEBZELy, v
DMEREIL., ROBIBEMRIZ L > TR Y T TWB LD
LE2 3,

=W, P, ™ Vg™ .R™.T,™ .v™.n" )

ZZ Wy 1A 7 V729 o), P, ; 1EE)
ZERINDEBIE S (Pa). Vg ; BARZEMDITRAR@mS).
R W AEHI/kgK). Ty ; BARZERINO A ZBEEK).
v D IRE Ty RKWES P, EIT BIEBIY X OBk
@m%s), n ; YUY Ox Y EEEEEps). Th B,
7286, EREZERNO T ARE Toit, WANWASRER
DT P ATDWTIRETLIRER, Yoz
WTbHHE Y RELHEENRONRVOT, BEDO=T
YU UTIR T OEMEE—EITAR D, EEZLTVS,
KL, BEEM, X L, B T RONEE 0 DA
BRERAWTERTEE, RO LSRR,
n = [MLAT2 ] ML [P [ P [Le e
oy [l “@
ZI T Z PV O B O SR TR A
HTBZ LIZEB L, WAWASKRELIEER, kD3
DOOERTENE LN,

— 362 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

AF =V vy Y ORERE _ 2549
« nV, %
n = SE (5) 0.10 Calculate Experiment
v 0.09 Pl=078 i o ';' 073 [
x> . ———ee- P'=055 b
- _ W & o084 el | Gty
Wg = (6) E //"‘~\ avo, ..""'i\ A pra045
PmVSE a m 0.07 ] z:\_:“o%b(bo = p'-036 | |
22 . e, %%
. T.RVgH - §§omr ~ %%hq&
gt =_E S > . .
Vz ; % 005 , \ -.l %A \\‘\
ZIT, D EEUVVORKTEES, weE T vy By 00 " ~
o e N e e < % 0.03 . e
DR TR LFERZ I12T5, B, VU VFE 2 0.02 \ .
5 ] o N
DEVRPMUDARPa—I HERELWDZ P TIEL, = 0.01 P’I"”"'ﬁ \ "~
H(G) CEH R b HE u=2Hn) & AV TR o =22 N N
0 200 400 600 800 1000

=
_kEP_ (8)
v
ERDe TIIT, RKITEE =(n/4)P12) THD, T2
b, ERTEEE L, VU UFED BREESE

L725A ORRZERIPIC I BIEBIH A DIEM: S &S
WHEDEERLTNWBEDT, LA AT, #L
T, ERTHEE we'id, R()TEZESND B —LEK
IZHEY LTV 3,

—H. BER MY o TROE— T YD — VSR
O-HEROHHERL, REHRICEE SNAEBIZERN D
BRATRROFERES Py, KLV RESh, oz
v OEIREMAL, (FBENROBREICL>TEXD
N5, £ LU TERERIT. ERFHFICLoTRELE
FENDDT, EEFMERTERTREL LT, B
TEES P ROMERTTIRE T 2Kk D &L 5 I12EEHET 5,

. P

P =2 9
Plim ()

T.ETE—TC (10)
Tg + T,

ZZiT, Py (ERVZERINOTHIE S, Py, ; VEBhZER]
PODRFEBARTHIES, Ty : MARZERIPNO H AREE,
To 1 FEREZERIPIO N RBE, T,

4. RAHEOEEFERANIEE

EEOITL > THF SN2 100 Wik /il oy
100602 58HR U, 3Rl S FESoiR B « D ERE %
FICEE SN R ERTRE AV TERET 5,

X 1iE, fEET R~V U aRERL, ERTRE
T3 042 (Tg=490 C. T=40 C) DHEAE. KGRV
(6) TER SN2 TR ITEERS n" & ERTEEE we' &
DERERIR LI b DO TH D, RPOERBL. SRR
WETNEN—R & UTHEBIT 2 DIEBR R O
BREZEB LV Ial—a 38 (0WbYw3
2nd A —Fik, LLTREER) Lo TROTBERTH

Non-dimensional speed n* [=nVse*/ v ]

Fig. 1 Effects of non-dimensional pressure (He)
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Fig. 2 Effects of non-dimensional temperature (He)
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Fig. 3 Effects of non-dimensional temperature (N,)
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Table 1 Specifications and operated condisions Table 2 Engine performance of prototype engines
of prototype engines
] Engine name A A B c D E
Engine A B C D E Engine type r r a 8 3 r
Engine type Y a B a Y Pressure 0.9 0.8 0.55 38 1.0 0.22
Engine specifications Pm (MPa)
Permitted pressure 0.9 0.55 4.0 14 0.25 Expansion space gas | 488 464 451 503 92 100
Plim (MPa) temp., Te (°C)
Permitted temperature| 650 650 700 130 130 Working gas He Ne Air He N2 Air
Thm (°C)
Working ges Helium 1 Alr Helium | Nitogen | Air Sweptvolume of | 814 | 814 | 98.2 | 132.7 | 20100 | 40200
Nitr
exp. spase, Vst (cm3)
ngfgp;c‘f‘:',me(::“a) 814 %82 1327 20100 | 40200 Non-dimensional | 418 | 352 | 149 | 101 | 151 [ 1.24
exp. SE . N 15 14
Operated conditions |__engine spec,, S x1011 | x1012 | x10%2 >1< 212;3 ><714(2/ ><119(1
Operated pressure 0.4~0.9 0.1~0.3 35 0.3~1.0 0.1~0.2 MaxLoutpu(tV:’))ower 102 ral 59
Pm (MPa) S,max
Opera::ed temp.of | 340~490 | 290~570 | 300~500 100 80~100 Engine speed 1103 | 954 | 560 | 1407 | 139 93
exp. space, TE_(°C) )
Engine speed ~1400 ~1200 ~1600 ~300 ~220 Non-dimensional | 9.32 | 6.05 | 474 | 106 | 170 | 295
n (rpm) output power, Lsmex’ | %101 | %102 | x102 | x103 | x10* | x103
Non-dimensional 517 3.21 1.52 369 | 7.84 1.76
| _engine speed, nop” | x102 | x103 | x103 | x103 x104 | x104
5
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- S =1.24x 10" * R 2 - N
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Fig.4  Non-dimensional output power as a function
of non-dimensional speed
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Table 3 Published engine performance data of high temperature difference type Stirling engines

Name Type Pm Te Gas Vse S* Lsmax  Nopt Ls,mex™ Nopt™ Builder Reference
(MPa)  (°C) {cm®) (kW) (rpm)

NS-03M B 6.2 698 He 161 2.75x10' 3.81 1401 1.50x10° 4.70x10° Mitsubishi (1)
NS-03T o 6.4 718 He 190 3.05x10"™ 4.14 1299 1.47x10° 4.86x10° Toshiba (1)
NS-30A a 147 660 He 148x4 3.63x10™ 30.4 1500 8.43x10° 3.04x10* Aisin Seiki (1)
NS-30S8 a’ 155 685 He 145x4 417x10' 456 1805 1.20x10* 3.64x10* Sanyo (1)
V-160DMA o 12.5 625 He 160 1.15x10™ 16.2 1500 8.12x10° 1.16x10* SPS 2)
P40/4-95 an 15 750 H2 95x4 6.58x10' 45 4000 1.39x10* 596x10* USAB (3)
102C B 1.2 8002 Air 67 3.85x10 0.48 1600 1.46x10% 3.77x10° Philips 9)
MP1002CA B 15 700 Air 59.4 7.03x10'2 025 1500 1.10x10° 4.81x10°® Philips (3)
PD-46 B 102 660 He 81 521x10® 3 3000 1.79x10° 1.12x10* Philips (3)
Basic 400hp B 11 694 He 17400 1.74x10' 29t 452 2.43x10* 6.15x10* Philips (3), (4)
MELSE HI o 45 585 He 302 251x10"® 3.1 1000 1.31x10° 457x10° MEL (5)
GPU-3 B 6.9 746 Hz 120 6.16x10' 895 3600 3.98x10° 1.18x10* GM 3)
1-98 B 22 630 He 98 298x10™ 15 3000 8.33x10° 2.90x10* Philips (3), (4)
1-365 B 105 6002 H: 365 4.65x10™ 30 2500 1.26x10° 3.38x10* Philips (4), (9)
Mod | a™ 15 660 H2 124x4 8.19x10™ 53 4000 1.87x10* 8.47x10* MTI (6), (9)
MT79 at 10 6502 He 189x4 228x10" 57 2500 1.44x10* 4.14x10* Aisin Seiki (7), (9)
4-275 o 15 7502 Hz 275x4 1.37x10™ 118 2600 2.39x10* 8.06x10* USAB (9)
4-215 a 20 6502 Hz 215x4 2.63x10' 127 4000 3.96x10* 1.67x10° Philips 4), (9)

*1 Four-cylinder double acting type Stirling engine
*2 Estimated value from heater wall temperature
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