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Application of MSAP to JDAM Separation from an F/A-18C Aircraft

Seungsoo Lee

A successful store separation analysis tool, MSAP(Multi-body Separation Analysis Program)

has been applied to F/A-18C/JDAM CFD Challenge IL

The challenge was devised to challenge

CFD community to use CFD methodologies to predict and match the trajectory of a JDAM MK-84

separating from F/A-18C.

Trajectory simulations for two flight conditions were performed.

Comparison between computed and measured flight trajectories for both conditions shows a good

agreement.
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Fig. 1 Structure of MSAP

21 73T oy

75T AN Agmst gRFZEY A o=
o AE=E AAS7] Yo HAe FHAY
S AHE e AA4F 4 Z2a9e JEog g
o] F&&A ZRaWL Euler ¥4 2 & Roed §2
A& ¥ (Flux Difference Scheme)$ ©)&31¢] o)2ks}
stolom,  2~3xel  FoldziexE: RS
MUSCL{Monotone Upwind Scheme for
Conservation Law)¥rH & 2 &34t}

H4d 528 #4387 dste ZAF A =
23] o]FAZt AW (Dual Time Step- ping)
< FEsAT. olFTAN HEYS UAA o
Zti Qle A¥shexel ADI(Alternate Direction
Implicit)dg o] ZAF AFE3hol 28 2248 AA
3t7) 915t At PP oz 999 AzHEe ot
o o) NZFoR ADIPEY AR HEWWNE 3
A Folth. dfo] o]FAZ HEHLE AP
of g 22te) HBAEE z2tm gk HEHQ ol
st HAAL ()R Fo|F

LD LD 'L AQ'=— kdtR (1)
o7l k,2 blanking indexol™, 2(1)9 Qlzt=

&3 ol Folx),
Liz[D+krM{Mi+I/ZASH-I/Z_Ki+1/ZASi—1/2}] @

5l B @ A N1Ee FuERM])

A #e 4 qdo.

22 25 &4
% A4 2EddE An3gEe dde 4%
Y EEANA Add §718% o439 4 Q)Y 6
AHE $F 442 J2A ANIY,
2F, =m(U+ QW~RYV)
SF, = m( V+ RU~ PW)
ZFZ =m( W+ PV— QU) (3)

2L = PI,— RI,+ QR(I,~ 1)— PQI,,
2M = QI+ PR(I,—1)- R+ P,

>N = RI,— PL+PQI,—I)+Q
o 7] ol A F,F,F,LM&} N& 3793
Eiectors] 8t %3 =go] uxe oo},

A3y Alztel diste] 4x49] HAFQ A} (Truncation
error)E 21 0+ 4 stage Runge-Kutta B8 L o]

g3te] ARAABY ARE Adetsoh

2.3 Chimera A X7+ M

MSAPA A A}-£-3l= Chimera AA74 AL
T ZAxA (Multi block grid systems) AFo}e] &
Hoz a%d § gth. MSAPAE 39 Azt
AL o) &3 EA(body)EE Rdstn ol o
7Y AARY AAEEe  g§ Ao ze
Chimera A 74& B3 2dgsict e, 3
el pylonFT& FFE A$, olaiy AFe g7
A A g3 g AxE N2 PAgsteer e Fa)
A& 2% olyE EAAELE $3d7] 95t
AgAH oz 3 B g AxA FHo) 758
=g 745 9.

gtz oz Chimer FATHL F 719 wAE
8t AP Chimera hole A ™ WA 1 <)
TEolth. fFHA ZzadoA AlLEE wug
block-to-block AW %2 AEE o]&s9 =)
ER3AE A48, EHAS Zones of interference
gdn8E3  Hole-map ¢adZd 2 83l
Chimera hole 743t F4% hole boundary<
o F o WAHE FAHIIL o059 WARR
& stencil walking® gradient search& o]|43lo F



e GG H2URy Q1
[ SER7] %t | I@
gt E9, cut-paste WHE ol &5 g 4. MSAPS] M 23}

FHIEE FAY F£x Uk oo Wi AAE W
£ T2 iedHe U oA wHe
MSAPS donor cell search A] FolXdojy Eo)F
BABAA search7} Asts F97F EAdF oy,
E =89 FE£H MSAPE o188 FAH S 504
2 Solde dHE Fo AAARY A4
block-to- block A Z2#A& A3 ol EA
Z g3 AAs Y

3. F/A-18C 2 JDAM g2l

F/A-18CE 35709 ARAR FAHANeH, & &2
g 43748 AApFoz ol Fof FHul  Inboard%t
ouboard pylone ZtZ 3749 ZAX A, 6% 9H e
AAgeoz FAHEHY og¥dadgars 4 Az
A 3w 28A2 FAESHRY. =8 dEriegy &
2l & JDAME 59 AAA 4504y AAAR
TR, HAEE 27 LolsAl 7] Ao 2
A H-HE=He ARA7 idadast JDAM
FHel AbgER e, ARFEY £ 74 TR
233k 5 Aelh. 497F AxpAlel 175w ARES
ol g3t F/A-18CE] JDAM Reside 889
=

Fig. 2 Surface definition of ¥/A-18C and
JDAM

MSAP$®] Chimera A4 o] wel F/A-
18C, &% drda IDAMS 44 5¥9 o379 &4
AAZ C' continuity® ZtEE Ayt FAFAC.
ey, pylon 2% @ B Folg olgdn FHa
e FHTEE 2t o] body AAA F JDAM
o) Ay EUREAe Ao nel 3], 8-
A 9 pylono] wWidte] dgAQ £Fo] 7A5HES
sl T},

41 AN =AU

F/A-18C/JDAM ACFD challenge ol A= % 7}
29 wlgAyg =@39 IDAMY ARE AT
HPANY 274L X 12 898 4 glen, § 237
BT 40% o9 ZAd F gRAFEL ey
e Al FE7Y £2x BHojon FrlEHe o
ol oig 2 z7olrt gbe] AEANE e Fak
MO!I 2 ejector forcedl w3 ABE= ACFD
challenges] #Hodd 7]or] LT =RAH RS
+ A5l

Table 1 Flight conditions

case 1 case 2
u] 8 o} 8} 0.962 1.055
NE ft 6,332 10,832
W52t deg 0.46 ~0.65
748z}, deg 43 44
42 A d1

28 33 4oy M=09624 By HEE IDAM
o F7IRRE FRA8A AF 2L Fuler 48 ¥4
ek #E 2Yde dgAgdM 4& Axn
AEDCH XNAIRE o} &3lo] A4kt A {519 2ol
Blaadth. XNAIRE® °F 7003 AAA e AAA 9
k—w SST model€ °]43 HA FERYEL ol&
& Aztelr}, ol MSAPoIM AL&§ A7 71E L
0.005sec® ATV 0.00080 Hlated 62581 A
RAS AEEGY. AW Aoz 9rld 2FH
HA S%AL, AR 0.0025secd BIFAE 2
AM Y Heolrt A9 ¢SS #glaidn ugARHY
A #E photogrametric B 7 telemetryE o] 83}
3% dag ol =AY Add JpAMe
#AAHL vPA g dog B dAE ASE G+
ot B3], telemetry & °) &3l SAF FAxe} A
A7t 2 st AE 4 £ Jed, ole AEDC
9l BRE e AFL ¥olxm gl FREHI6I
2&A 7 T telemetryel 93te] 23 AAs
¥ Afen vin dgoenzd AMNRHAGAEE o
3 A7t o FE3 A4EE A4Fsn dee
2 F 9t

3% 49 =AlE R ZAE Euler 2% Bluts}



e 92 2 %FH%’]

FRAHHATH

837 %2t |

o B@, MSAPE o]4& &j4 ZAzsl AEDCY Al
2 Aol o] 02x o]F 9 pitch attitude’t B2
Aol Holn Utk ol YR AHE £ o]Fq
FF719 5] MSAPS o] 83 Zi9} AEDCH
Axde TIHA &gty mEeoez dwdEdg. =
3], roll angle°] 713 &58% AFc] oL A&
A3, T U4y BRE v PANY Ao} vuy §
g A3 g wolm ot

oY 5% 62 =&

= R

M,=1.055%14 Eel&e 4

Store Displacement, ft

L e
105 0.1 0.2 0.3 0.4

Time, sec

Fig. 3 Store displacement (case 1)
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Fig. 4 Store orientation (case 1)
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Fig. 5 Store displacement (case 2)
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