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ABSTRACT

A numerical investigation of wing/nacelle interferences of USB configuration was

carried out. A grid system about the realistic configuration of wing/nacelle combination-
was generated by the multi-block grid generation technique. The Euler equations were
solved by the second order accurate upwind scheme.

Results were obtained for M. = 0.7, a = 2.0. The existence of channel flows accom-

panied by strong shocks between two engine nacelles were confirmed. Power effects of
two engines were examined by modeling both the plane of intake and that of jet exhaust

appropriately.

1. F & B &

EHIER D 3RTUER ) DN A EDHETH
COETHLEINMEELIOE, FOLHISEE
FAERVEPTH S, BRI DK OEM S it
TIEONT, BULBEORBERAHMAGDOEEFE
HENEBAED T DN, B—OEEZTELES
HBERATRZOABLOBEENTH S,

H—OBBERTHEELERAERIBE, Bk
LROLZAEZMICEY 2 ABOBRE E1FTICE
TOIHRBTHS, —FH, wAF 7oy 2gEEFT
NWABERBETIHBREBMIIERICAE LT 210
WHihd b7 m ., JAHEEHMORNEIZED, 2hb

* e TR 4+t
*x B 78 T AT FERr

1,2)

ORI ETERAEZD ", foT, vAvF 7D
y JHETEIPROTRBERICIE > THEYET o
y BT RO REERMNIRELS,

L LS, wvF 7o, JETEESHORF
LOEEESREESE b S, Fictitious corner&
Hh 5 EESFRE TR ERDIHEZRADOE
DRAANE DS, BAMICIESELTEZ L8R
BEEAHOSCETHREARBIITILIEMNTE LN,
VBEEOARASHAICHEL TR AICEZ LS54
iI2(3, ABA EBHFRMBRERET HcHIC, K&
NEELL UBLOTHEEVBSLETH S,

EEHOIT, BENLEKEO OIS OB O
I, TOTLFT 0, JHICKABBEER D — F
EREESEROCICAREBREICL S 3RLETHE
TR0 — FORBRAZEDH TS, T TIIPED
WIGAEIE LT IRE) ORF VRO EAT -

Thic dociiment i nrovided hv TAXA



40 MZETHBERARTRHNER 7 5

oo UTTRE&KNNBEROH, RUSEERL
RLTEMBSERICHET 27T vy vy VERT,

2. B # kR

M1 mBEREAEERE oMb E, H2i4
WEANTEEDOH %A RT, B AVRIZBEO7 o
s I EENTEY, STEEHRTERLE T 5 8
fADEENERI NS, MREBOERIIINSD
BEORMICES NG, BFaOBIT 64 x51 %37
BTHY, CoREMRRBOLI—nbathn
T3,

wFT 0, JEEREANCHEOBEEEZEZT
bdl, - TEEREIRMBAMICETTEDEE
E & OEEMNSHEBESH O A THL, Ll
HHDOREQTHSHCH, OBDOEBFIIENTLHE
CORFREVNBELTLIUHBEOGZOFEZIHOT
PO, IRl BETHILELH-TEBDS
TEY—DERZ B EMUNBOFHREN AL, 1212, B
BUEREZBEBIHRZA S LV HERAEZED £
—EMBLTLIRAETHICHIBDTHY, $12
R=¥— V.- =BT A EY - HRE
FHCRKE (- TETEY, BRMCIESIVRIE
i EEbh s,

3. it B &

CCTIIHEMHEREREEZ L ECTHDT
B~xIgF 47— HBATH 5, BIIIR~T
o, ARAREA RO TRBOYETERA
Bad s, BREBECHEVOBRABLIGED
BRIE LV HOTEYR RO (LABESY 515,
CITHREK ST AFHRER FESETRD S,

BOICEEZSBE ROEDANY — = vBEE
FENG DT, €0 DBRAE KL =2 DREDE
PREOHALRE, BB LE Y — < EEL B
CEICE 5 TR, O LREABET 50

BEALSNTOEOT, Bk OREREARGE
BROL( b — > OHMKERORI TEDENS,
O PEEEER M LTS, TNAMT A H=
Zahs@T, BEUEELTHSALNTLE H,
CHAEB B, FHAERGERDBA K
FEE RSB RS L ST o T BY

/

N
i
H
‘ )
T
A
:
]

Ul

A g
Wity Il
I

M1 #EZEEAEEHR O

1)

\

y
\\\\\\

‘fS\\
AW
ﬁw

%

QR
{0\

\‘}‘\ \

N\

55

A

pRXCY
LS

\

M2 [REY OR - ) ROBEH

Thic dociiment i nrovided hv TAXA



FADMERABTESNFE Y VRO Y L5 E 41

B EESETREBWMHEIT, L OEROHEEO
MEBICLIREDO I EYBRBOESD—KRDHA
KBTS D0, B LCBCRIZdhoESCH
RLBREBIHERICHIET 5, —KREEOR+— L4
THHEBEORUD LV DOBRTO(4x) THY
HOORRE LTHOhAMBEOKRE X120(422)
LB, ZOs, —REEOE 3 TEFEFIOKY
DR Lk E S 1800,

TREBEAF - ATHELVHBICHBEOBES
H2RETH5DTHRUENO(4x®) THY , MHHEO
RKE3@0(dx?) &35, HLPLESCHIET 2
6 0(4x°) OBERSETCKRLIOTHEEILI K
WEET D (ZRoBERAMAMLTALAKT=
BEEDORF—ilT A EETARETHS ),

EVRICEIT 2P BEOBESMOEXIRD L
LRI, BINWERET IZ@OELLEEZ %
CTORBERDODM%2 B THEUT 5, Z&
MBRO=MBOFERKIIKZ LT

9= ;T §Z:f<f>¢f
(k=1-1, 1,

EWrcTEmotkE s, L, fFRIEELICIK
BMBEEDL, 46=6.0-& 1 ThHb, CDE
PROENMICKHT S 2 KB OFHARTE
b5
HEBUHMICESLZMADLELNTHIZOEZ
503, CORELZERTFHEBMSAERIICENLLT
HEV S AR AK T D, B fictitious corner TD
BEDOERICHEN DD, 48, BIAEE DI
THERELSOEDICY I 2—284MLTH 5,
WICHEREHORB I >VWTN L 5, SHEHE
BARIEWL D OERNH 50, BAMNCIER
BENEBA /GHERO Sl 65, BiK
BEATCHERRUI A VF —FHESBICLOES
L2 EBBRELINEL, TAWABEETORE
B L0, O TIIBRCERIS HRD
EHBOA N OENERDI,

—7, WA/ RHBRIIHFE 0RO L D Ik
51, BREAEBETHBER THBELOIER LTD
HBEBDETIIN(ZITOHREKTHS, I T

t+1)

BCOWHEAY) -~ YEEAREILE-TEA
o RUAKMNIHEBROT CAMICRBMNL LV AR
ELTE L BRARHICHRT 2EEL 52, #
RORPOEL L NOYEE L OO Y — < V&A%
B ERLI >TERTOHRBEALRD 5, B EESY
ETHEBIC) -~ v HELECRO TV HDTH
BIIEE R N A LB L LIS,
HBSERATRREMN LV AIC—BERELS X,
LTy OV IRV DESRAORTY = » FHER
OTHBERN I v vy ORERB TR ONCEREAL
52T 3Y

CDOEFR OB NS OBEIIBICEB TH S 154
TELC, BERIHTHS I ERUBENEIRN
HABEPY = » JBREIKTIBE MO TE
ETHHIETHD, ChiZBEESPEAT LK
BN ROIREZMIZ 5 LPBERATON
MEENB_H>OMBEEOHMAEFAORRIETE L
L2, BILBECHODWTRBAOKHRICEETH
55,7)0

4. B H/R

HEEFER~  ~EH0.7, BAMN20EDOEA
BT o720 O1BEH L L TBIICAETDOEIVHIC—

Physical Space

top surface
(free boundary)

root plane
{(free boundary)

rear surface
(free boundary)

&

REN
|
solid surface Jet-exhaust
V-

tntake

side surface
(free boundary) front surface

(free boundary)

bottom surface
(free boundary)

K3 BESEARUOEA

Thic dociiment i nrovided hv TAXA



42 ZEF

BRiGtr252, StEBBER» OS2 TOERGH
ERUI, BATHEAFHAR IR,
AREOMEFHERMAAOM 380 T -7, it
BRI EFRA KD 2 2 TICB & % 20 BRI E
LT, BB IHEBRETT > T a0, B
BHALT 2 &2 OO E M A BB LT
SAERHOEHEIIETHL, LhLL, Thllto
EABSHECH L TR RN —FEBTIZHZ A
BRETHORIT PWAEBEHPHLELLA D,

K4 FEIE +E2rvOERRET
ZOEBICHET EENDT

MR BIER 7 5

AERRARZ I, N4 BEBCOENHAEZ
CIERELLHOT, REECHBEMSELELTO
5E000B, BEEONEITY - » MERO &
DHFFICHADTENERECE# S THBRIRONN
L THICIZY = » MEEROBEMSHLENE  FH
DRR[EEEOENISOLHBENERSEI SLD
ZEBBEBRLTSE EE DN S,

oI vy LDEIEBTF s AT O
WEELTEY, ThwZ BB ICEOEEE
EHELTVSE, T OmIZIBITEMKESDOTH
ZAAEF > TASTERBERIIL L 2 ET7/N— v/
ANZBBE DI DT Lil7E 5,

AERRIBHBROBR CHBMZ LT 5,
MUROAE THAVHBE T 2561008 LTHERSE
OPDBREMBITOATVL S, HBERICKRLIBED
e M DBELHEZRF — ACE TN AR
e OMEDEMNREREE LN S, BEOHRNTAK
MUK S A E D E S A0S, L
PIVKRIACHL EIIHENPTHH D, K5 il
N ORREE TOE~ » ~BRAERT,

/

K5 @yt i Od R EiC ) 5 Mach 3

Thic dociiment i nrovided hv TAXA



BARMEBRSAREINFE Y RO LR XE 43

HADF N DOHRMEARTOE N5 H 4K 64
R, BFROK O Htcy = » FIBOIEELKRICE
ML LA, Rty = » MEKTIZC DB
Br2BEOIRINEBEEEOHOED Y 2 5 710D
BAaBARTRIBL LARSAILL, HERO

X 6b) #AHEFerhmmmicki 2FENDH

NWORBERITOERIIZTADFEVTREIED A%
OIEBBIGEAH 2 D bANLOBL IR
7500

HEBHNS 3R / BfSF v vORETH S
B, CHIRBESNASORREZEDBRETASTL

Thic dociiment i nrovided hv TAXA



44 EFHNM B RSB 75

F o mMETEMO/ SFAUNENSFR4MOT LY
Ssfcl Eic kB, STEETLVORKERITERBEL
AVERT A L ICER Lt BREROBEAELT S b
DTHD, FRMICREREOBRARDEIRAZRDH T
HEREEY A7 LOBYLLHEBEZ ON LM

AR OANT — 2B EREERGH D,

HENPERAO Y 27 L8 L, stEEEAME O
DLOMEICEBRLILE LT, ZOEEUALEGT
HHDEEBZOEHE I FOREATIEIOELE
FBUVATLORENILIEDEERDNR D,

b m # |(C

BE, MEFHERMAHTE TME) OBF &
B EE A NASA D AMES B9t & O RO
—BELTEELTEY, TITHONICERE
REDHBAEINMSTITFETHS, TR
BLTHOThREBREERI., ERAEA b &
IR =7 2HBEBNTIRT A TETH S, SH2
BILERTLTHAI A==V Ea— 42— D
HaEBEZ5E, DIOWXTFEMCEROD 5 KM

et EETHINELRAILADSOHB LE R,

EA b2z OEBICMG THEAEDHIINEEZ TH
5

Nk, ARREIBMOFFE L O)IBETELM
EFEERPFTRPERE L T2 8ERE D FC6
T 5 HEHAOKRO—F T 5,

)

2)

3)

4)

5)

6)

7)

Z £ X @

Lee, K.D.: 3-D Transonic Flow Computa-
tions using Grid System with Block Struc-
ture, AIAA Paper 81-0988.

Sawada, K. and Takahashi, S.: A Multi-
Block Grid Generation Procedure and its
Application to a Complete Aircraft Con-
figuration, Proc. of 17th JSASS Annual
Conference, 1986.

Roe, P.L.: Approximate Riemann Solvers,
Parameter Vectors, and Difference Sche-
mes, J. Comp. Phys., Vol. 43, 1981, pp.
353-372.

Chakravarthy, S.R.: The Versatility and
Reliability of Euler Solvers based on High-
Accuracy TVD Formulations, ATAA Paper
86-0243.

Sawada, K. and Takanashi, S.: A Numerical
Investigation on Wing/Nacelle Interferences
of USB Configuration, Submitted for the
AIAA 25th Aerospace Sciences Meeting,
Reno Nevada, 1987.

Asai, K., Private Communication, 1986 :
also &F £, /hb B, hFHIERI, b,
"BEFEIIBHAIVUY - FELEHOD
EASHORIE " H24BRTE Y v £ o A
A%, 1986 Nov.

Ishii, R. and Umeda, Y.: Free-Jet Flows of
Gas-Particle Mixtures, AIAA Paper 86-
1317.

Thic dociiment i nrovided hv TAXA





