NAL TM-692

NAL TM-692

ISSN 0452-2982
UDC 533.6.011.5
533.6.013

it 22 3 i S0 WiF 78 P 'R

TECHNICAL MEMORANDUM OF NATIONAL AEROSPACE LABORATORY

TM-692

2 5 DOAGARD-BEIHERRNIC X 2 064 " Beak
TR AR D 2 FR P AR

% B B — - R H F @&@ - B R ¥ X
IE} B Of - W FE %X = - A XK &
1996 £ 4 B

IS N S (VIR ) T
NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



[ - o T LT T T T r eI 2
= PP 2
R 1-Ei D =4 =3 T O PSPPI 3
3.1 ERBREET oottt et et 3
3. 2 BEBUSTHREER ettt e e 3
3. 8 JEFFISRER --vveeeeerererrrneetiae ittt et ettt e e e et e e s e e s sttt 4
3.4 EREHOEHIEICE 287 (7, B5) OFIIE e 5
SREREEER & 2 DRRIT  vvvvvrrreresssrn et e 5
4.1 E—BHERNCVERT BZUGT) o ooovverererrerreoreree sttt e 5
4 1.1 B BREHNOREE L F—BEHNORBEISELSUEIC S BHAE (Ax/li=—0.068) e 7
(1) BB FHBIIL LY --rorevrmeermmmsre et e s 8
(2) PUFTERBL Gy crrevvvrermrrm st et et 10
(%) MIENhEe— 2 v FEY O T T R L R T PR L O LT LT ERR SY ST PITPD 11
4.1, 2 BOBRENOREEHE—RENORBER L D 40mm B IS BHE (Ax/L=0.013) - 13
(1) BEFHBBL Ly -+oeerreeeersmmrmei e ettt e e 15
DR AL 5 €0 LT PP I PPTI 15
(3) SRR T — A ¥ FREL Cpg sooorrreeessereesm et e 15
4.1.3 Wfa=0 255 38764 CLar, TR Con, B EURIBENE = 2 ¥ MER Cna
DTy NI Moo 1T BZE L -evvvrmrreermm et 17
IR = 7] L N0 T LT P 17
(2) PiTHRII Cpgy ++o+ersereererrsrreossntestemtessaaisteriaesonnatottasesetsasts s esse s anres s st ae s s s st et s e s e bbb et s b e s e aat et e 17
(3 ﬁ%n%_){ VOB BHET Crpgl vttt et sttt s 18
4. 2 B BMERNICHERIT BZEGS] --rvreeeereereerrne et e e 18
4.2 1 B BRBRORKS:F-BENORBEIELSNBICHBEAE (Ax/li=—0.068) s 18
DI Tl o T L PP 19
(2) BiTIAREG Cpg veotreersreanesttoramssiennieattsiissisnttastaoseiuatnanastanastiannasstonsnsassnentstiossoastnatsassanassttanessisssanss 27
(8) BERTL T — A U PEREI Crg roveerremme ettt ettt sttt bttt st et 21
4.2. 2 BOBBUNOREGHHE -BREHOREKEL 040mm ATHIZH 58S (Ax,/ 1=0.013) e 21
(1) BBFHEBL Cry ++oveeererrrreemrr s e e 2
(2) PLTIEEL Cpp -+vvvreeeeerermrreeeeren ettt ettt e bttt e e s st a et s s e bbb e e e e st e e e e s e nn bt e e e e st 24
(3) MEERINL T — A o PERBI Crpg weorererremere ettt st 24
4. 2.3 Ba=0 126 3BNEEH Cras, LR Corz, BLOHENE— 2 ¥ MAK Craz
DTy NEU Mo ITXFF B coorererrerr et 24
(1) BTJEHET Crap  wrrerereresroensssrmnmmenrri ittt et et e et e es s e ee s e s e sttt bbbt e e e e st e e e e aa e e e s e 24
(2) HUTJERRE Cppg +e-voor+resesassttrtocronmusssteraiisestsetaaiaesaataeasstasreassssaonasannastataeaasssantsontnsssastnttsssarassnssasosss 24
(3) MEIRN T — A ¥ FHEBI Gz wroreverorerrr et e ettt st ettt ees 25
4.3 B TBHERIDTE L) (FEFTHRLL) wevrererrrererer sttt i st 95
B, & R F A T TFBE coreeerreereett e ettt et e e e et e e et e e s e e a b s 2%
4.5 2B0HROMENa=0 DL EDEKGIID T oo 27
4. 5.1 HERIRORTEIBA Ax,/ L= —0.068 DILEL +verererrrrsrrte i 97
(1) FERIEEEEBE & B STIRE (@ =07 ) v eremrrerrmr ettt e et 29
(2) HARIRARESE S TN T — A ¥ MR (@ =07 ) coererrrrreme 29
4.5, 2 HRIBOBIBRAEAS A, [=0.013 DIBE -crecre s 32
ODIE S]] R -l R Rt (D TR O 32
(2) PATUFSPEBE S KRN T — 2 o FERE (@ =0°) cveererrrremrrreeesrnrite ettt e s st ra e e e e s s s 32
T b B rercesen ittt e e et ettt iae et e tee et ea et ettt antaetraa bt thetasenetansensaataten eeeteanthsnrneanesataansen 32
S LR T RSN RN PPN 35
g e ree e e sttt e r et s st r s s e e n st a e raas 36

This document is provided by JAXA.



2 BEDAGARD-BE#ERANC X 2465 "B
RO F 2 B

% B g8 — £ B K &' B R X XV
1] E )Y MR E = A K - a8

Aerodynamic Characteristics of Parallel Two-Stage-To-Orbit Vehicles
using Two AGRAD-B Standard Models in Supersonic Flows*

Junichi NODA*!, Kiyomichi ISHIDA*!, Hideo SEKINE*!, Nobutoshi HARA*!
Seizo SAKAKIBARA*! and Iwao KAWAMOTO*?

Abstract

To obtain the aerodynamic characteristics of the interaction of parallel Two-Stage-To-Orbit
(TSTO) space vehicles in the cruising regions and separation in the supersonic flow, 1.0=M_ =
2.5, an AGARD-B standard model and its half-model were tested using two 6 force balances.
By arranging the two models parallel in the same direction and changing the distance and the
angle of attack in the range —12< @ <12 deg, 6 aerodynamic force coefficients were measured
and compared with the coefficients for a single model. The aerodynamic forces of the upper
second stage plane model varied a short distance behind the shock waves of the partner plane.
This indicates that sturdy maneuverability is required for a TSTO, especially for the upper

second plane during their separation process.

Keywords : Interaction of two models, TSTO, Supersonic Flow
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