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Design, Construction and Performance of the ISAS
High-Enthalpy Air Flow Combustion-Tunnel

I. The Pebble-Bed Heater
By

Hiroshi Tsuy, Tadao TAkeENo, Morio Hori
and
Kiyoshi MaTsul

Abstract : The ISAS ceramic-heated combustion-tunnel was designed with the
primary object of providing a means of studying problems associated with combustion
in a high-enthalpy air flow, including supersonic combustion. In this first report, the
reasons are given for the decision to design and construct a pebble-bed heater using
alumina refractories. The constructed pebble-bed heater provides air temperatures of
up to 1,500°C, and the run time is five minutes duration at the maximum air flow

rate of 1kg/sec.
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This document is provided by JAXA.




g

1971 ££ 6 A

MEZL2BES

WEt%E

3000

RTWEEFEF

=—400

B BRART v Ny FinEEEREK

Qg BN R

=
-7V IFRTY
=T
il

E<——850" E"“ s

—!1600¢ —

— I8 =

Ve ] B

559

This document is provided by JAXA.



560 AL AR FTH H22(B) v

YIWESE a v

& rfuy b-FRER

550

511# \

%3 BERART N Ry FINBAEEES R —F

et s o St

This document is provided by JAXA.



1971 £ 6 A

©

RTVERE (°

1500

561

WREE /A R 1500°C
iﬁiiﬁlﬁzfﬁﬁl&l&g/s

3 4

#REE AT A R 1500°C
ﬁgﬁl A ﬁ§‘ 0.14kg/s

3 4

rEELLEE

| n )| i
0.4 0.8 1.2

© 1000
!
g
Q
X 500
4
0
B 4 8% R (hr)
(a) NBRH A BE—FEDHE
1500
£ 1000
#
ng
=
™ 500
<
05 1 )
B 3% & B (hr)
(b) MNELA 2 D REIBETK B~ ) $h38 %
F4 RT W Ry PNk
1500 : 1500
1000 G 1000
il
ng
=2
500 4 % sof
0 04 X S %

NRINBHRES S DEE (m)

(a) MBAH ZABE—EDHE

FE5X MBKRTHEICBOBZRT .~y

RTINVBREH» S DFEE (m)

(b) MBAF ZOEIEAHADRIELE ZE LABE

FANEES

This document is provided by JAXA.



A v

Eni ;,...:_A;.:;.Agfg.u@;«;* RTRY TR

562 HEAEFHENERAHRERE ®T1% % 25(B)
1500 Y
. 0.4m p
o RTNBEEH 5O S O
~- 1000k |
S ' , .
og
¥
K .
£ 5001 ) ~
MBZERRE 0°C 1.0m
% R W O’ lke/s »
% 1 2 3 4 5 6 7 '
B 34 BE B (min)
(a) BEARSSHRE B Y HESK (a) DIBE
v % i
50 b (ERREE)  — -G R TVRE) e

~Om
~0.2 .
~0.4m €

i

0.6m

500 0.8m

1.2m

MLTIRRE, RTVERE(C )

B 3% 8% [ (min)

(b) BREXBRLATIERE 514 '35 51X (b) DA
BOR T Ny PR

(D) DIBAIRIBRT W - Xy FEEFORESDL LB Z TS,

MIT, BEMEABELTROEELZORBBEHICOVWTHARTAS. MBAIhE~EE
K[OYMEBEEA 0°C, E% lkgls L LEBADRT V- Ny FORBBHEEBOR (a),
(D) IERd. ZhoEHizEs5K (a), (b) KWRINKLMEERTHORT IV -~y FH
BEMMELLICLTHERE -TRBONbDTHY, 0 RESQHERE, 0: BERK
BEZRLTVS. KEBEESARICBI2NASR> SORNZEREER, (a)DHAKKE
1500°C 512 EAEETET, (b)DEBEATH 2% BEDEKTEALNAICTET, £H
b, MEESEREES SLATREHZEZSEERIZE—ELANTENTES. B8, 4R
DT ETHAHH, EEMEBRS K> THBERERE . —E IR DB EFHRRE IR EIC f
KT 5. '

5. EERENARIUVREER
BERENAZ, MAELEABROMIEY >h3AE 100mm OF T, BEERRER
1500°C, WitfEid 15kg/em?-G &8 >TH Y, HOEBRELKEI L - T Ebh, 2855
25 (28> 52 ET LM 2~5 BTh 5.

This document is provided by JAXA.



1971 4 6 H MERZREEES 563

400

900

IR BEIS—EEESEAR

BARIT 100 ¢ BEEENFOERICED Oh, MEARZEELTELK 15000C 0&FR
2oL, MEBRAENLNZLTEONTELEREREEZRBALT, ERORECHRERER
ARERICHIBRT 2D DO D TH B, TOBEEZE TRICORT D, RN ENFHE
B, F+ ZAARDIIE TS, Y

6. H & H =
PIlE, bhbhMBRESELOOH IEEIANERRERREBICOVTOREDE 1 #
LLT, B EECESYINTHEBCE >TRELLERAKRREEE (ERMEAR S
JURAE) KON TR~. BB 45 EFICEYINCHERICK > T OMBEERRE
BOWRE, EhH, BEOHME - FREGEE—XLRAMEL, BRNEEFEOFETINLE

This document is provided by JAXA.



564 RARFFHM RS ®T1% ¥®2%5(B)

BREBOTAM, EE HEIFEZTL6L, SESKEESEREZREBL LTR3¢ 378
T, BESREENDPTH 5.

COEBREBEORKICELTIL, REFTMLEDRIERELTI EILY 5TV B2,
BERMEED SO BL VB, MEPHELLOHELVLL VL. HEBORXIE LT
MEZLEES, BLE—HEMEELORERM, SBABAREE VY, Fht—9n
LORE, BMICOVWTRICEFHPERRE FEXRE, FZYHE BUKRBERICH
RAZNEbL o1, ULDEL OF %2 OMiEE, @Hhice L CicEL @LE LLET 3.

TR ORBORELEYNIN, BARBHIELT D HEFETEMRRLSHEORN, Bic

WOERRE, il ERE BRAH, W% EER, GHEROZMICH LR
HOBEERLIL.

1971 £ 4 A 30 B Bk

2 % X M

[I1 S.S. Penner and F. A. Willams: Recent studies of flame stabilization of premixed turbulent
gases, Appl. Mech. Rev., Vol. 10, No. 6 (1957). pp. 229/237.

(2] & &: SEKWPICET 2k8LEl, BAMEELEE, $£10%, £ (1962), pp.
122/123.

[3] F.A. Williams: Flame stabilization of premixed turbulent gases, “Applied Mechanics
Surveys”, Ed. by H.N. Abramson, H. Liebowitz, J. M. Crowley and S. Juhasz, Spartan
Books, Washington, D.C. (1966), pp. 1157/1170.

[4] J H. Childs: Flame stabilization, “Design and Performance of Gas Turbine Power Plants”,
Ed. by W.R. Hawthorne and W. T. Olson, High Speed Aerodynamics and Jet Propulsion,
Vol. 11, Princeton Univ. Press, Princeton (1960), pp. 119/165.

[51 = B8 3B <Filé, FTER, LEWES: FchERm S hcBkREERER, ik
FFEMEARRRE, £ 1%, $45 (B) (1965), pp. 475/498.

[6] BEEKIFRAERZRREZLS: BEETHMAERERTWE, ERAEMEHERER,
3%, %65 (B)(1963), pp. 389/618.

[7] BEFERRRERS v—7: 50cm BERETHERROHEEEE, MEFERNFREFES,
TR-116 (1966). 64 p.

[8] WOEXR, BEAR: TRARARTIVINRBOREH, =FET L4444, M. T. Bull, No.
48 (1967), 25p. '

[9]1 O.F. Trout, Jr.: Design, operation, and testing capabilities of the Langley 11-inch ceramic-
heated tunnel, NASA TN D-1598 (1963), 32p.

[10] ERAH, TOHBSMAR: BEABXARE MHD %EF Pebble Heater m#ilE, =HET

' EHRSHIIEER, 25QG 3436 (1967), 28 p. ”

[11] & . BERREE BRBHRESE £ 70%, $583 5 (1967), pp. 1205/1214.

[12] =  B&: 8EEMeE, AXBRES, 55306 Q#TLEM (1969), pp. 63/73.

[13] R.A.Cookson: Supersonic combustion studies, I. Design, construction and performance of

a high-enthalpy facility, The College of Aeronautics, Cranfield, CoA Report No, 200 (1967)
27 p.

This document is provided by JAXA.

s ‘,,,..;a.,‘.-—:n—g\ﬁj ERNIVICLS

]

FOACR AN N

i e S e 4

PRI SN SRR S



Tt

1971 4 6 A it 2R 2HEES 565

[14] R.P. Shreeve and J.K. Richmond: Design and operation of the BSRL pebble bed heater-
windtunnel facility, BSRL Flight Sci. Lab., Report No. 110 (1966), 42 p.
[15] BEAE: EERAFEFEMEHATSERIEREZBEEARGE No. 2 (1969), 17p.

This document is provided by JAXA.





