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Experimental Studies on Solar Stirling Engine TNT -3
(1st Report; Construction and Bench Test Results)

A 5L —*! — oA R K K F 9h*?
Hiroichi WATANABE Naotsugu ISSHIKI Michihiro OHTOMO
Abstract

A terrestrial solar Stirling engine “TNT - 3" has been developed and studied by the authors. TNT -3
is a pressurized,single-cylinder 7-type Stirling engine, having a transparent glass head which
receives the concentrated solar radiation and within which heat is generated at a copper wire mesh
beam receiver.

TNT -3 has been designed following working experience of two earlier prototype. It has a larger
regenerator and more heat transfer surface in the bayonet - type coolers than its predecessors. A
double James Watt linear crank mechanism reduces side forces, and friction, whilst W - shaped
piston rings reduce leakage. 4

The engine is rated at 1 kW and drives a newly - designed Tokuno electric generator which has been “
developed for windpower applications. Two TNT -3 engines have been manufactured, of which one is
a laboratory test model fitted with an electrically heated. This engine has produced 1 kW indicated
power and 600 W shaft power by the room test.

The present paper reports the design philosophy, constructional features and bench test results of
this engine. It was found that, for constant electrical heat input, the gas temperature at the hot
cylinder decreases with an increase in rotational speed, and further that there are discussed 1n this
report.

It is concluded that TNT -3 is one of a well -developed, high - technology Stirling engine suited to
solar and other heating sources.
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1. Shaft power 1kW _ (Engine power)

2. Thermal efficiency Over 20%

3. Engine type S type

4. Engine revolution 1000rpm

5. Engine head material Quartz glass (130mmdia.)

6. Working gas Helium gas
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TNT-13Y TNT-2%Y TNT-3%Y
Power piston
Bore X Stroke (mm) 4 80 X 36 4 80 X 36 ¢4 100 X 36
Displacer piston
Bore X Stroke (mm) 4 120 % 32 4 96 X 36 ¢ 116 X 36
Working gas He He He
Mean pressure(MPa) 1.572 1.572 1.572
Regeneratoer
Volume (ct) 342 336 519
Surface (cd ) 3,900 14,800 54,800
Dead volume () 299 279 382
Void ratio 0.86 0.83 0.74
Heater
Heating type Solar Solar Solar/Electric
Temperature (K) 773 773 773
Surface (cid) 830 1,100 10,499
Dead volume ( ci ) 161 213 505
Cooler
Cooling type Bayonet Bayonet Bayonet
Water Water Water
Temperature  (K) 323 323 323
Surface (cd) 1,220 1,220 1,800
Dead volume ( cd ) 94 94 72
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Type Merit Defect
Rohmbic mechanism Strict linear Complicate
motion Large size
Many parts
Scot Rassel Strict linear Exces of stress
mechanism motion for links
Compact size Large friction
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mechanism Aproximating Heavy
linear motion

(a)P.P.H

(b)D.P. A
E8 INT-3L UL DTS IAANZX L

Journal of JSES

By¥aZeel, IniFEEEIGESHTLBELHE
L7z, EPESEECHLT v M AH = XL IFEHEIC
AL INT3 ECH W /-FETHE, B 7(c) o
VY7 DOPADOKEADANIZH 0.003mm LA T, &
HIEAELEERNTHLZ by, »2EH
LIHREEFIE L2 o7,
RILINT3 LML OEREFERBOBEOIL
HERYT. K8a).b) X INT3 IZFERALAME R >~
DTy IEENEYRT

232 EXbvYVY, vy Fy—)  TINT3®
AR v 7RI B ERT L) ZWEIER b
YOV T EREERLE. SRR YT O—ESICWEK
KRB AABEE->THBLY FLRAY) V¥ T
HoT, TOLIR) Y7 &2 H—HICLTEY AA
WErHEWVIZIB0ETS LTER b YICHAFITA. &
WOADRZ WD TAY T LT ADRBRELR DL LIRS
ZENRTEA.

Flexible

W cut (upper fing)

/

Double ring

E9 WEIL b U > F

Power piston J—]’ Displacer piston rod

ﬁ&lml mle

O ring
Rod seal holder

Gas pressure

Rod seal case

V type rod seal

Eio @y K=

19974




V=5 —XF—=V 7z TNT—

SICHY 2ERME (B, vy v EXRVFFIN)

R4 EBHXL—ILDIESE

Quartz glass head seal

Glasseal plate

Cylinder head gasket

Gl | plate

Piston ring Wtype(Teflon + Carbon)
Rod seal Teflon rip seal
Shaft seal Carbon +tangsten carbide

Crank case seal

O ring

MEGEEmEER L2\, BHEEO/NS W
T7UYIIHERLBCEE R EL7DIIH 10
BDOH—Ry 2 ANTHELFERLA., YA MVicH
AAUCBIZ) Y EEAL TR ONZVDT) ¥
WiEEETIR e L.

Oy FY—d/7 — VY2 b v hRE %28 X715 C
TAATV—HEA M 2EBHTLI2O Y FORLLD
B ZADOREEFILETZ250T, HI0OL) %V
By 7y —NERwiz, ZEKTOY—VEDN) DL
SERXIEMECEREIETCHEHALL., K420
VICHWREBY - VOEEERT.

233 AHAZHAHNY—N INT3DI TV I —2A
BASICEBEAY Y A2 FHTB -0, BHEHOES
HICEAA Y-V ELHETS, Y-V ELTRE
ICHEEZRTIIRAI=Z ANy —VEFERLE
(¥ vrvy—Lt—ayis) |

CHNREEST A —K ) VT EBELZY Y TR
TYHN=NA RV TOREZEDERTHTAXERAL
I9LT2b0THY, —MIILFEHIATVEHAE
I LT, 797 EZEAMERLAEEL RS
FAHIDIT, HWICEMY —VEONT YA (V-
VREEMEEENT VATA Y I ) EEAOES O
EROEE) % 05I+4EL (05D F 5280k
o CTHMEICEET 2 FHEMENZ TIFTWn2 ©

FANZANY—VORREBRET H12DICFD
BBy —vilix ANTBLLLERDALDT, 141
EANBWRIAREI TV 7B XAV~
OHAIFBER) vy Ty —VTHEL, Y- LHEIZE
NOXICEFDORBEFANSY V7 X ) TFTHIC

HIZLT, FOFAANY Y7 D EFIZHVT REIC
YoTEISUVIEELERL .

FAREILEP LETRETA V- —HTH5D
T, FONEAANSY v ONEBRIERICEHZ PL &
LCEE S, FBMEICER) Fi7.

3. INT3DRVF TR M EZORER

31 EBREEBIUERER
311 BRWEEA~NY K TINT3DOXRYFFA M,
) VRIS BOBRIMARE Y — A EEAL

Vol.23,No.3

2 — Bypass passage
oil plug — [ yp/ passag

Oil level to crank chamber

Carbon ring

Seal fac p—
N =

Clank chamber

Output crank shaft

WCring T r" "'*'*'_:»,-“

E12 ESMEA Y K

E13 Mgy Revi-% v 21

THE$ 5 FETITo 72 ERMEIC L HHEBRIE, X
FHEIl X BRI B O FRERE L TERT, KB
L AMBABLRE L ZRBEDTTR—ETHEH T
EhD, KEBREIZBRALAEYANTEL LI IICL
7. ABRBREEBRTO~6kW FTEZONS. #
DHERD 7= INT3 X3 LTAT ¥ L ARDOESFM
BEANY FERIMEL.

KBz xVF—




BEBLA— « — K - KEFIA

BRMENY FONBLX 12/12RT. ERMEH

Iy FESOSAO 4 AFT L ) RERIZIEAL, a4
WIRIZEERARATA Y FRIZAR, FOEICEL -z
B 130 & ) ICHEERICEVIZAT vV L AL
(JMETOmm, HE50mm) %% TAL, 7v F2
N—ZADERER > 7z,

LGBIDL)LBEFRNMBBREAT VL ASBIIRE
LT, #F7ANY FEZREWHIL LY —F —ED
LEDHREGRABB L UT v FAR-ZAHAET
HHEHCLZObDTHY, ZNFEFTINT-1 B X
UTINT212 L TAT o CE A TUS sy HABRBEIC X
AMBAFELY SEBIGEL, »POAREBOLEMHEL
BATES.

F7z, EBIAANMEANY FEV ) Y F—REED
MEBETALE, LTFMAZEHICELNS LI,
ATV VABHATA 2B fFiF72
312 REE FEROIIICIKWORNT, @
AT 1000pm L FICBVTHEVHESET LIRS
BEHRODOTRLR Y, e LA ITHBHERARSEHE
{2 4000rpm fi:E TIREFEF L WKLYV v TEHEH
FTHIZRAEL EOBEERBLLEL T 50 THEE
EFEKREL RS, BeHERS, EEERLTHROR
WREBR T ROHER, BERAREERL L TEHER
ERZARL TV ARPREOEMRFEEE 7 12E
BL, AHEERBARICIIKMIIRT L) ZEE
BERMELEAZER L. BREABR TR
2000rpm Pk THBEHFIL 5 = 85% ThH o 7-.

TNT-3 D& K HFT 13 750rpm 3124 U A O THEE
wix27#L L.

14 EMXRER

313 BAER FI5ICEBERMAIC X 5 B8R ERE
BEDHZEROBEENY, M16I1CIEF0HNEEED—
Bl%RY.

LY YAEICANY Y LH A% ILTMPaB 5

Journal of JSES

1.57Mpa O#FTHIEL, ELRMEIZ L H 3.0kW 205
3SkW # A L7:. BiRE T AIREAK 473K (200
C) UEZRLZH, X5 — M MHE—Y —THREILT,

Data recorder

D.C. Amplifier

D.C. Amplifier

Thermal insulator Rectifier Load

Thermocouple
1 L
Pressure gauge - | Generator
HlE=l=

777

7
TNT-3 Stirling engine ~ Torque meter Rotary encoder

e
Motor for start

R15 I IUoMEEREBRIOv IR

Ml i
H16 TNT-3DESIMEEREER

=,

BYEELBE—F 240 BEL, REBRCERNEN
FNZCHAOMERFHELZ. HEEERSRBIC
RBRHMOFTABEB LT AES, BERRRENE
BE, TV 0NV, BRERENDSEEZHELL.

314 FEBR&ER 1712 INT-30 p-VERIO—F]
L, HIBIEERMEIC L A HERBRERO—FIZ R
T, REBREME, AREISKW, EBAAAY YA
DFEESIE 1.5TMPa TH 5.

INERA L, BRAAOREIHERIS L2513
CETTAEMERLTVA,. RRHEIB X U
35 EEBICBVTEREEZRL, RRHEHIZOW
Tl EEH A 1,000pm TH 800 W7, #E Hizo
WTIE# 750rpm T 584 W 15 7-.

315 RVFFRIMERDEBERE DLloXdic#s

19974




V=F5—=2F =TI YTNT - 3ICHTAERNE (E1R; 2oV v ERVFT RN

400

@ Heater side

< Q cooler side
% 200 & g
e
=1
173
171
o 0
.
-200 - L L L
0 100 200
Power piston stroke volume (cm )
Input 3.5kW
Mean pressure 1.57MPa,526.3rpm
17 p-VigREIO—BI
1600 1000
: @ Indicated power a DD o -4 800
1400 O Shaft power m} IID 4600
I A\ Generated power
- 400
1200 |- [JGas tem.(hot) 000 OO0 OO
i (OGas temp.(cold side) 3 200 g
— 1000 |- — Theoretical tendency EN) ©
2 ol g
5 800 | o ® 0.. g
& °® S
600 00 oo p
L o o 3
O,
400 | abd a0
A
A
200 Jay
0 L | L | L ! L L L I L

0 200 400 600 800 1000 1200
Engine revolution n [rpm]
(He:1.57Pa,Input power:3.5kW)

18 BRI & 3 MERERBRER

]R5 INTT > T DERELESE

TNT-1 TNT-2 TNT-3
Indicated power 190W 867W
Flow loss - - 86W
Shaft power oW 80w 585W
Generated power -e- 470W
Mechanical eff. 0.45 0.749
Quantity of cooler 800W 1,007W 1,941W
Engine revorution 350rpm 450rpm 759rpm

DHEBLELNZLDEBLTINT3ONRYF7 A
FEToTAER, RSWCART LI ICHEMLELESL Z
LATE. INT-1, TNT2RWw§FhdimsnEkid
ANy FEFTATL—AICX 2MATEE T ZAREIL
63K THo72DI LT, BERMATEARARE
720K, 7R H ) 800Watt, i M /7 600Watt T
B ALEELT A KW IR D EDL I LN

Vol.23,No.3

A69 —

T&E/.
DED#ERE LT, TNT3IZHLUTOZEENE

L.

() KBp# Nz & FARIC, ABRED —TE OBRIIME
HARENEEHE & BITHESL, Z0-0d 5[0
BEHICBVWTHRNICRKEZET A,

Q) LEDERHIZAY ) YA 7 NITBVWTIE,
TRERLFHENFELL, B—FEAK, A—%&
REOEASREEEREICBITA ZABICLELR 1
T4 NVGORER, BNFEFERNICI ) EEH
BIUBEICERRII—ETHA. LIrL, EKLE
EEHn 2 L5 ELEREI n IHAIL THERT
B0, ML L TCOZREMOBRERIIICH
BILTWRLEVDT, ZOERBRICLERREZEZ
nOEREELIZEAL, Lo TERBREBED
—ETHoTHHDEHTADBREIKTT L5, 5
Thab.

QEHREADBAEIIOVT, RF¥ =)y Ty
v Op-VIHE AR L & X AEURK T o,
HERED P WIBREROBBELD

Pa= T —r;]] — )
4 y ) 1+2a 60
n
= Cs Pn Va %0 (2)
TREINA.
7L,

Tw: SiBAYRARE, Tc: {EBBETREE, po
CEBAEHES, 5 EER (=Tu/Tc) ,
a7y FAR=ZM (&7 FAR-ZR /LY X
M OITRRER) , Vo BWBERER, Cs: ¥
—VEH
FRICEHEOERBIAABE T AL EXK 16
DEBOL LY, BKEPELSLIEHFESIC
5. ZHXENORRE S EAEOMEIIIE .

@ T, BHEAHCOVWTREGEZEOERICLY, i
Bk L BMIBR AT AT Ao Il ORKEIR
Iy EVEERISICHNMS.

B)F7INT3DAY —) Yy 7Ty IV e LTOME
2, RRBEMEIEH25%, ERAIREIH 17% &
BVDTRES L DERICOVTERLTENLZE
ETHLENDS.

(6)INT-3 DAY FF A MII DI RNVF-PTIZES6
DEH T, WHIBLLRBBEPKEV E2bH
A, IHNZEMEECESHTAERA MY YT, Oy
FY—VEOBBHIOZENKTH 5

(NINT-3 OEAHEHEFIFZEA TS RBE DT H

KL RrIF—




EERBL— - —EEIK - KEFEIL

200 CREECHDICEHNAY — b L7z, Edh o Nod, pp21-28(1991).
BEBOCHBECHAZEEIZLNT vy MEHEZD @~ WEH; REHY—F-25—0>rzTyvé]
. . — . KB F V¥ — , Vol17, No.4, pp3-8 (1991)

O COURDHIY LI 2 & & R1 G [V —TANF—ERRTHD] | KETANT
—, Vol.21, No.4, pp29-34 (1995).

F6 TNT-3 T 3 )V % — W3 (%) @t TERZALF—0#]  KBIHLF— Volis,
Input energy 100.0 No.d, pp2-9 (1992). '
Indicated power 333 (5) I Urieli, D. M. Berchowitz ; [ Stirling Cycle Engine Analysis | ,

Shaft power 16.7 1984, p39-43, Adam Hilger, Bristol.
Mech. & Flow loss 8.1 ©) EH, —&, KK, 2, [V-7-1-177 1% 7 TNT-3 0%
Cooling loss 59.0 at - BZ] , Hakataka | 1992,
Other loss 7.7 N —&; [AY=0rr7ry I 0% , TERAES (1983).
(8)Beale WT, Wood JG and Chagnot BJ ; [ Stirling Engine for
4. BbLVIZ Developing Countries | , 15th [ECEC Seattle, 1980.

EELINEYV-F—RI =) TV T YRR
LTERZD, TZORDI Y Y Y AEIZDOWT TNT-1,
INT2 L ED /-1, TNOLOFORAFZUBRLT
TNT-3 % 8L 7.

CHRERE, NV ANMEFHROLY YT
FIARRT T ANy FEDFRT 2 MBI % FHBIK
DEBERTBRBBLIUNIAY M —F—%HT P
BAY =TI I Thh.

FREANVDOY AL FATA N 2B SR BT
LTy VELRBNER 2 5> 7 #E L BV, X b
VY7 LTRBRAOL R VWEHRERWEY © 7 %68
L7,

DIV vOMEYMAZD, EBERNIZBWVT
BEMBEANY FICEARYFF RN 52fTo7:. 0k
RILYIVVIIEO THBIEE SN, ABRE 35kW
DB, N AFEES 1L5TMPa, BB F 2
BEE 720K, L v ¥ v [EERH 670pm O & X K AHEH
71584W, REEHE D 470W 2157,

NS IXEEMED KW IZI3ZE L % v A INT-1,
TNT-2 IZH L TR DU EL R L.

V=T —ORELARE, —EORANTEE ¢
L7 A I EEE oK E & D ICEET A RESREL
L, hoZBLEDTHAEH A EERTRERETT
CEDHEICREN.

UEDLICZDINTIRAY —) vy Ty
B EERTF R EE S VERERMBTD» ) T2
EEORFBICOETELRAEHLEEEAY - v 7
LYV O—DE LTHETEZIDOLEbNS. &

STULDINT3OBEBELOERIZIAEZOMA
FIZWRLTY =9 =5 =) vy I DA%
DERE~NETHLDE LIz,

B2EM
() JE#0 (34), —& , K7 WS (B) ; M#EAv—-5—2%

=TIV OMERERN] , KB AvE—,  Voll7,

Journal of JSES =170 — 19974




