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Recent Development on the Stirling Engine

By
Shigeji Tsukahara

The Stirling engine was invented by Robert Stirling, a Scottish minister, in 1816, and the principle
of this engine is based on the Stirling cycle which is consisted of two isothermal changes and
two constant volume changes.

At that time, thermal efficiency of this engine was considerablly low because of the use of
air as the working fluid and of the low efficiency of regenerator. But in last decade, this engine
was developed to highly efficient prime mover, for high pressure hydrogen or helium gas was
used as the working fluid and the efficiency of the regenerator was improved. As the result,
thermal efficiency of this engine has increased as high as that of the internal combustion engine.

Because the Stirling engine has an external combustion system, low level of vibration, noise
and emission characteristics of this engine are suitable for marine, automobile and other use.

In this paper, recent development on Stirling engine is reviewed with the theoretical and ex-
perimental analysis which was reported in last decade in many countries, and described on the capa-
bility of the application in many fields. It is seemed that the points of problem of this engine

is laid on sealings, heat transfer units and controls.
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ﬁ&"é’*ﬁkb IC=st/Vse """" 0.666, 0.8, 1.0, 1.3
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and 120
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Srrr ey, —RECHINIRT 55, B
BRERTHLVOIBRBEC S, Fig. 13, 15, 17
CxOEMERBTENTES,

3.2.3.2 RElen¥ (Fig. 12, 13)

ZOHE I EREH BV HRERIEE 2 300°K —5
L L, BOREMBAZBEMEE Y 400°K 55 1500°K
FTELRBEOHRER LI, FHLAZ XS &R
RIOIRER LR 213 SESE, EkitHE dTEHE
AN AL TS, 7L X=0.25 T € % 0.7
PLECEEENZ 0o Th R ARLS, Th
vk Fig. 12 5L pR XS CZEER c cElL—%
THLHOIT LHEER c it LAE{HMAL, X=
0.25 DB €=0.7 TZOERELLIELLARD
EBLNIVEVEREBESTFEHBELMEITLES
LTk,

3.2.3.3 TEFEHLOME (Fig. 14, 15)
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€ =0.3, a=90deg

(268)

BEE5E £ DEIX 2 XYV RENVELZALH S,
L7 o CIARTEAMSEMRTEARC B LTK
ELMB L ERE I LI EZ L Ut Bk
EHETS,

3.2.3.4 {I4Ef a OB (Fig. 16, 17)
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€=0.3, X=1.0, a=81deg, K=0.745

p-v BEERR L, BX DEEELOLPERL T
KX, BT L RIREDN SRIEE{L X v SRE b
DHBPNEV, £ OFRIATR LB D TH S,

3.3 FENAGOEMEICL BHEY

I B TR DM REIC 5 % B HAR T A —
ZROWT BNTERE RLUH, ZOETIE D.W.
Kirkley iz X b etk oflicowve, BrERE
FEREER (EMEY I 2V~ b LEERERERLTC
fBohcdo) ZHELEMRICG 22 EERFTL
72D OWT SN B,

3.3.1 EBHRIHOEEL RBRIBREE

DB X NIEHRD 3.1 @ Finkelstein ©
MHEFL XS DDTHS O TEHRITOVTIE
<s

FELLTiE3.208aLRkTH B2, 2o T
CEREIRCRTIZCLEEDIDTH S,

1. #MERISMENT () CEEEZOh
%,

2. THAREBCHBOMOE 1 21X KRATS X
%,

n
AP:~2f7 %(‘ji_:) ...... (3.26)

z T f=PEBMRE, n=0.2Th5,

3. FBEOLEI—ETH B,

Fig. 20 12 d R B 5 EEOIREE & S5
NRORBOMZ R Ui, T b bR IR ER
OEREERTL, EMEIIEEHROX Tk LEL
2o
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H5,
B3R ERATTRAH=239.2in?
ERRZERTRAT£=230.2 in?
vA VAR =90°

IR =40.7 in3

YEBDI A =%#

bis 4Bl s =200~1,000 rpm
Dmax =0~500 psia
TInEAZRIR BE =750°F
WHIBREE =62°F
FERSR =0~0.82
R =156~427 in—*

AR E X CEERB0: Fig. 21 ERRTALN
BIXOSIEARYEBRTZ S AV P OREINR L
v, FV7 4 20EELE LY LCEEZTGL T
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hs,
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IR LB R R R B IR oBE& OEEERL
27T, ERROBEGRBIIIRERTHD L TY
v £ OWERELETEVWEDILDS L BbhE, L
L, BiBlORZELEINLELLEINEVEEZ BN
D5, WHNKELZ &b TH5 EERIRD 1.8 %
T5LHEREERICEV—FE R,

PLEDFER» SEBTRE LTCER (BR) LDK
Fe~VvaRFERAL, EAEEL, ERHdpEE
BRETH B L B3bd> -7,

Table 2 i3 &K O YN %Z, F7 Table 3
KIS HOFERREOMER THER L, KXW
FTHRLFESFEL L X BHRET R DIAEL,
LR TRERRRC X5 EEPREVOIILT, XK
#, ~U 7 ACTRHEERNROLBEBEEHL VKRE
WEIBETZRLTVWSZ E3bd 5,

3.4 (REREMOHAKE"

Z Officix F.A. Creswick OfT7 - 72 BAAHa g DEL
o ToORS,

3.4.1 KXOFEHLEMF

BEER L FHEERRDLERTROZ RS,

#7E®E L Colburn @ j RFIOT

F(Re)=St.pM3 e (3.27)

FEEER T LTid (BsifEm)

Ap=Ff(pV¥/2go)(L/rn) - (3.28)
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Table 2 Z{EBhifik o Motdfl

iy |~V v oA 7K =S
H En & 7kg/m3(0°C, 760 mmHg) 1.2922 0.1786 0.08994
E JE M B cpkeal/kg deg (0°C 760 mmHg) 0.240 1.251 3.403
B {£ i & Akcal/mhrdeg 0.0333 0.147 0.221
(200°C) (100°C) (200°C)
BB {Z M % a=2/rcp mi/hr 0.1073 0.658 0.721
Table 3 {EB)iftiADEGNRD I
£ B R & = ES 7K A ~ Yy ¥ A
% # BREhHR % | WE X% | B R | RE% [ BAMBY | FHEREY
he=hg=co
=0 56.5 56.5 56.5
E=1
} 17.0 } 17.0 } 17.0
he=hg=0
F=0 39.5 39.5 39.5
E=1
} 5.1 } 5.1 } 5.1
he=hg=0
=0 34.4 34.4 34.4
E=0.82
} 12.6 } 0.9 } 1.8
he=hg=0
f=156 in—t 21.8 33.5 32.6
E=0.82
Fefi L h=EMERER, f=REEEGRR, E=EABOELRT,
T C, E e thEiask L ORREREZ R T,

7oL Re=v A VR, St=2Z2v v, pr=

75 v-b ¥k, f=Fanning OEEHGRE, L=tk

BEX, n=XKI1EETHS,

j & f oHENENE Fig. 27 WRT X5k h,
fli olBEE—ETH5,

F Fo Y RBAASHR IR O EGRTITIA < St b Number of
Transfer Unit (New) 1RO X S CEHKENDDHDT
b5,

Niu=hzAs/wcp
7eRL T ha=BMZER, A=FHTE,
BiIRE, G=FFELHTHS,

A&~V FBEOEECE Nu B—EXHEEE
T B ORBECEAVERDLTOTHNVS Z
EMTED, REEE, ADEE—ECTERROES
ik Fig. 28 o X 5wk, Thbbd

w="4g
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Fig. 28 Ny O#ESE

Nw=St-(L/rn) e (3.31)
3.4.2 KBEE Ao
IR X DEICOWTEET 55, DThEER
e L TERIEELT 5,
(8.27) & (3.31) RopbRABIELND,
Now=j(L/rn)/p23 e (3.32)
MEOR w=pAV 55 (3.28) REKRADOX S
%5,
Ap/p=1(1/2 gopp)(w/A)2(L/7p) -+~ (3.33)
(3.33) X% (3.32) ATHL Az kDL
w 35,9/8
AF‘/u]Z?m(“j‘i) ey (3.34)

LR w B—ELL, w BPREBEEIEATS L
Fx 5 Len A0 p=p/RT 55

w~p/RT e (3.35)
LedoT (3.34) RIIRD I HSHERER D,
~ N, tu f ,,,,,?I_Z,/?,, ......
4z JApUAfT>2wRT (3.36)

(3.34) & (3.36) K& BROFERPEBOHPND,

1. DEARREEER A 13 Now OFFRITEHL,
Ap/p OFHBHILHIT 5,

2. Nuw, 4p/p B35 2 Sicifs, Az IBECHREE
T DOKIPEECE R EHRTH 5,

3. EATFETHTAER R omvikkix Az 2/
{Tx%, Ldo T Table 2 10kt & 5 wkE®
~NYTARAZ =Y VI A 7 AEEL TN 5,

4. Az FIREOERE VL OFHRC LG5,
3.4.3 #MTMBHAREE L
(3.32) A&l zrick->TL 2185,

L:Ntup72/3rh/j ...... (3.37)
7e72L 7 13 Re BOBMTHEOLDIRD XS

BB ET B,

j=cj(Re)™ e (3.38)

a8 # B TI% 0.3~1.0, ELFE T2 0.2~0.4 T

»5, TITT Re=4Gra/p, w~p/RT L (3.36),

(3.38) &AW (8.37) RitL A L TROEFRREE
%,

PR LD

(RT)n2 ci(fl)mE

prEm/3
[ ]
ZEAE DL Re DA WHIFT n=1/3 BFHL

TwbEEZLNS, (3.39) R DR EANEE

5,

1. LiZigs AL New iHBIT 5,

2. Lixrn Wia 8BIh, ra 221/2 75 L1x1/2
PITiephaLlin s,

3. LE4GFERAOCHERCIVEITES, 20
ThiRiE Az 1FEH TRV,

4. L 3E@iikoEND» LR T HIEE EL L5,
BESEL B ERIT S,

3.4.4 WIYHRIE
MINFRIT LAz THEZ LN ERHRDES VL

%,

1. PERERIAREIE NG00 [l U, (dp/ p)a—mop2
CREFIT 5,

2. NEESIARNE 70t T B,

3.4.5 ERERELENTETOHR
SETCHHECR LRBEENB—ETH B L{KE

LT&e, —RCHEEENPIRER TH HEHEIT

1. @EHitsbRkodk £ & 7 OERSEERR TIRL
5L @Y TR,

2. FHIRD Nw EENZFEAL RO IIRIZ T
DESEBETIRIELL vy,
EEROBZEDF — 2 2EHGATS L

XL TRRELZOFHEPHELEI TV, kExiE

Nu $0& Re BV HHEIETNVEER RO T — £

Iz 5 VO HERH B VITIEER & B S RkR

MEBd5E VI ME LD 5, TRMESIRE LT

DTV BEE (/2% IRBIENIRIE) / CFSEE) >12

THE Nu FUZZEHHR LD KEVEWS 5D H 5,

LA LBIEETAZ—Y v /B X 5 cithokm

HEHNBZED B LS5 BRGHET 2V TOMEER -,
REWHKEERON, EWHRO f & J 2FEEEHD

FHZIZRRREVWTH A5 L LTHVS Z & b—FTk

Thb, ENHELT 5imnicst L Kays and London
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DR L7 X 5k Baciaissh® . N ORGRZEH
THZERERRREVZEATLIZLILH D, ¥
BHINLOBERIE ot/dx L ap/dz B0 LFEELT
kY, BEERLTCVS EBCEALEVWSLTDH
%,

A=V ITH A I NDOFERNREFHAETE S
B hikiiind, EFmeEcERWTHHRETKRE
W, LMo TAZ—Y v YA 7 LORNEZEEED
FEFT Now Z2EHEE LCRDBHEITIE New OFEIZ
R EBT 555, (w,p,T) Oz d 5 HicHk
DEPHBHVIED D FHEHEE D 55 LT
KT 501REYTHS, N OFHHEIEILR
DORBEE L\,

...... (3_41)

Scycle I wldt
EFRRBEPNBEL X > TdEbLD, DK

HOMBICK T HHTHTILERD S, Lz

HAZOGE T RS OREE TGN 5 OB EE

LEZ LD,

3.5 ERMMRCHTIELH
D EETE % &5 LERBVIIEL DECRDZ

LHBVEB,

1. FEROR % —Y v 7B EENR E L TER
REFIVKE, ~VTADIIREHSFETHA
E R OBEWIRESEE L,

2. AZ—Vv7BREOREGHIIHEHET, v
HEEEVEBR N,

3. fESARIE X=Vp/Ve 38R EGKL
TW5, ThLFFERCHI, Lk TX%E
b BB AT L B RORREEERE LT
P F S BV,

4. {BEN € =Twe/Twe WHNSWEBEEBE,

5. FIRAMIL £=Ve/Vse 2EL LR E VS EPX
WEBR,

6. POAA o ORBRI LI ERE AW,

7. SURELIMIEE LR B UGG, SRA LD
5 R EBREBI A TIE R & v,

4. RBRLEAL

4.1 RERIC & ZRARRAES

* %5 v &icdH 5 Philips Hiz A &2~V v SHEEOM
RERNCIK Y Y, A EELEFEZAME LT
EHYRAR LIBPOSHTHEN, AL~ VI
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BoBR BT %5 it c B3 hi b oo
Ll & #Ak1e4E L A General Motors #h4» S G X
NiebO® BH 5D TLRITONTIHERS,

Bk U7z X 5ic 1938 4E Philips 3 cHOA % — Y
VI 7 AR OBRECEFINIDT TH EH,
ZOEME LTI ERHOERE LT Thok,
EOEBHE 2 e L CEE SR oI e
<L, 1958 S#ZERREME (Fig. 6) OFPHIC X - T
F 4 ATV EROHRNTREL D, ¥ — LD
PHER -V 7 [BEREOHBIC X - CTHEEKHE
HHVIE~Y Y AOBRANTEEENBESER SN
72

—H TRy A 7126 L e migeEEL,
196341 12°K #8232 L iwThl, =4 v A-
GDT 4« AV EEHLBEEEREZTE - TW5,

1958 4 11 A Philips 4t & HfffRHE L7 2V 2D
General Motors (X ERNZHHE L TR L — U v 7
Bl&BI% T 5 Z Liwi o7, General Motors 1 CHIZE
BFEPOEREEIIROLE YV TH D,

Model “PD*’, 1036, “1036R”’, “GPU
—10PS/3,000rpm(s/ b v A4 1)
Model ¢S 1050, <“S1201”
—80~90 PS/1,500 rpm(s/ ¥ v 34 H)
Model 3015”7 —30PS/1,500 rpm (/Y v &3 9)

“PD” By { EHBO MYEIAEE LR
XhdoT, HEHRE LTKB= 2L F2FIH LI
&8 Na-K 2t ik & U C = 5L ¥ 2 R EASHgs i
5z T\wb, BEESINEEE » #H L cikikes
N— 7 CHEEpT “PD-67" 3[4t Allison Division
3\ T 1000 B O AGRER 2T biv/e,

“GPU” fzE T 8fEshikd — =V Y
VCER, BEAREWELFRIh T3,

“1210” 3 U.S. Navy fl& L TR hZ DO B
HiboRBH T4V v £ 360PS/1,500rpm TH 5,

4.2 {RBI1%AE

4.2.1 HRAEE

Fig. 29~31 2% General Motors #CEHZFE S tvie
GPU2 Xt GPU3 otffgx R L, Fig. 33 ik
GPU 3 o4 otk Fig. 31, 32 @ GPU2 ok
REE BT 5 L, BMEHEERVWThD GPU3 28
BwZ Enbhrd,

X LITBB L BORRE, #EEREY GPU2 Tl b
N 45kg HIWA X R EZEOMICEEFOHAIUES
NTVWBERIZNREHLTRELET 5,
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TEBHTLENIPH R, BERL~Y Vv /EETIIH
HOHEEEBEOELIC X v T o T3

Fig. 32, 34, 35 i% Philips % C5%k X /e HEEIM:
FET, XD GPURX WENBRKEVIDTH S,
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Table 4 KR L OLLEE (1960 D F — %)

VN U S & oM B
B oo M AZ=YvS F v b — WO RV s Fa—¥L H VUV
mEy 14 7 0 AER—VVE F oy b — F o b —2E-VVS Fa4—¥L F v b —
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U MRS kR
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hTVBZEnbhrsb, fw
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OWB DIRB) & HNEIEEE, £ L THikticzosr—
PARFHEXNRBEE IOV SAND, 2 TR
AL Lz fic ontitshbhTuwiny, &
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Fig. 43 X B R THEONTHR (Ref. 9 k1)
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