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Numerical investigation of lateral jet interaction effects on aerodynamic
behavior of a supersonic projectile
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Lateral jet control systems are being considered as attractive alternatives to conventional control
Received 25 December 2016 systems in recent years. In present study which is divided in two parts, the effects of lateral jet
Accepted 05 March 2017 interaction with supersonic cross flow on aerodynamic behavior of a standard projectile at zero angle of

Available Online 29 April 2017 attack has been studied numerically. In the first part, results of the effects of parameters such as jet

location, Mach number and nozzle type on pressure coefficient drag coefficient drag force and pressure

Ej{e“r”;’,rj‘; distribution on the fins are presented and analyzed. In the second part, longitudinal static and dynamic

Interaction stability coefficients of the projectile in presence of lateral jet haves been achieved and evaluated

Supersonic aerodynamic according to the mentioned parameters. According to the results, jet location is the most effective

i‘gg'l'efy parameter. In the first part, the pressure distribution on the fins is considerably dependent on jet
location. Effect of Mach number on pressure coefficient, drag force and drag coefficient is also
significant. Besides variation of the pressure distribution on the fins becomes more obvious at the final
locations by variation of Mach number. In the second part, lateral jet effect leads to decreasing
longitudinal static stability. Increasing the Mach number also results in decreasing longitudinal dynamic
stability and jet displacement make nonlinear behavior over pitch damping moment coefficient,
therefore choosing proper jet location is dependent on desired parameters of designer. According to the
results, effect of nozzle type has been insignificant for all cases.
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¢ Azimuth angles
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Fig. 7 Mesh for computational domain in presence of converging
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and boundary layer
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Table 4 Unsteady computation conditions
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Fig. 10 Pressure coefficient diagram due to the jet locations in presence
of converging nozzle at Mach 1.5 and 2.5
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Fig. 11 Nozzle type effect on pressure coefficient in presence of
converging nozzle at Mach 1.5
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Fig. 13 Normalized pressure distribution contour on the fins: Mach 1.5
at the right hand side and Mach 2.5 at the left hand side (jet location
from up to down in series: F2, FO, R2, R3)
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Fig. 12 Drag force and drag coefficient Results for Converging Nozzle
(C Nozzle) and Converging-Diverging Nozzle (CD Nozzle) at Mach
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converging nozzle at Mach 1.5
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Fig. 16 Variation of a and C,,, as a function of time: (a) Variation of
as a function of time, (b) Variation of C,, as a function of time
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Fig. 17 Variation of C,,, duo to a: (a) Variation of C,, duo to a for
k=0.1 by variation of A, (b) Variation of C,,, duo to a for A=0.25 by
variation of k
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Table 8 Results for effect of time step and inner iteration on pitch
damping moment coefficient

Com, + Gy, i N
-504.22 20 100
-507.18 25 100
-508.40 35 100
-509.18 50 100
-506.08 20 200
-507.24 35 200
-507.36 50 200

2EES sy a2l 2alS il 8 g g o3l 53l @l 9 Jour

Table 9 Results for effect of amplitude and reduced frequency on pitch
damping moment coefficient

Cmy + G, A (deg) ktt b olSe
-507.18 0.25 0.1 F2
-507.53 0.5 0.1 F2
-507.78 1.0 0.1 F2
-421.32 0.25 0.2 F2
-395.50 0.25 0.4 F2
-412.31 0.25 0.1 R2
-406.37 0.5 0.1 R2
-405.06 1.0 0.1 R2
-373.15 0.25 0.2 R2
-372.14 0.25 0.4 R2

k e b oo ,obeas gsil)t‘ oD S oy 10 Jou=
Table 10 Pitch damping moment coefficient variation percent by
variation of k

Cmq-I-Cmd)#;J_\.p)a K s J3b o
17% 0.1 » 0.2 F2
6% 0.2 » 04 F2
9.5% 0.1- 0.2 R2
0.2% 02— 04 R2
440


https://dorl.net/dor/20.1001.1.10275940.1396.17.4.53.9
https://mme.modares.ac.ir/article-15-10338-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.4.53.9 ]

Obed 9 VLS )33 Sexo

23950993l A3l 33 K (Sa0lin 39 22T JUB) 3 HEL B SIS 31 B3l B3I w2

2 s i oddoly sla il (Sealus Jsb gl cupd (o)
uM?u REOH PR d‘j')‘ Ry C.aL.a PP P Eo 4\.._‘3)? )Ja.a
HGWWE
osgaseer Uil Gl b op e Olycd co 5o b —
RO Sesd ol sdioe [li o Jloged o €S
2,0 Ly 5958 9 pon SNz
e Ol 63k Sl (Sinly LSIL (59, JLad mjsi e —
gkp Cosi ol jo cwbul Dlpss o 55 el fren )l
o IS osbar LS o Hloged 55, Ele dae 81 SL 0 —
>l oo 5 Cx gslr a4l yo oo jlid coyo Jlade bl
2y ol Sty
ool Ly s g Gl Ele dae MBI L Ly o
b e
35 LFO 5 F2 slap5e ;o Sl (59, 5Lid mjsi ogos —
el 4255 BBR3 5 R2 sla e jo g 50zl Flo sue
el 0392 502 L oy 390 3l ples 2 J3b g RSB -
iPed i
GILL ol o Sl Il Jols piomy glas -
Syt (Sl Job
s (Sl Jsb kSl ca jpa> S b -
85 7,5 oIl edgame 5l Al a5 s S5 ja80]
520 Sl B2 oS olee <oyl p by Wb -
]
5gn (Serlizd o 5ty 215 o 2o sae A -
39S @l core 28 Olo Ol lug ok s b -
SEES  olee s ojhul il palS ulSE il -
D83 oo Bl (cwgume b | (ciomn
ol 59 Fubl ipte Olpear S Be s BSE -
9 WS o0 dbml (St )3 (ohomn ygliS ol oyl
St b L 550 (sl el &) o bl S il

by gl 8 am0 g0 olts [18] (ilr o jpm 300 (025 Ltalej]
s 0om Sul @ls » Uil g5 b 0 ge saalie Ll Ll &
o Selios a0 ol 7] el Lagpin W6 56 ) lacdl>
i S gle e p 36 £ S g, W 1S, (ren
iz HiS ol oo ol 15 Fl sae o el 52l e
6 Saaliss o sl Jae Sl al 5 i ol ol 555
card ol gy bl et Olsea Co ole s il sl
Sue 3 A sk A oo Sl (Sl ()8, (ham HsleiS (ole
e ps o3l als sals R2 4 F2 5l 56 oS s L 1.5 £l
Lol oo Gal38l ojlail ol 2.5 2o sue o Lol e ciiomy jgliiS
el s ey 031 25 5 15 o s 55 ;o 0 R3 & R2 5 lSe yuris
S Gl 1S 15 o sue s alige alfl sty jgiS
F2 Ko ;025 #le sae ;o s R2 16 1o J3b 65,18 L (Sl
0,5 361 IS ara Ky 36 ol 5l sl ol e bl s 3L
Lropl 5o ael Casoay (Silwl Job )lul cl> )0 oS glams aiile
dlio rizmad )l (S glib 5 5 90 sla el )l 4 Sl ol 5
sl S jeax e 2 Gl @B L il e 0 s
PR & (B liaS gl cupd polie 2.5 glesue s wad o plis
2 aiten ol L polis (2l R2 (ol o 4S5 sty ol Spo
€855 amt ol oo oty i dzgi i LT aals 15 Lo sue
Sa05 5 Seals Job s bl 59, I Sl el czge VL gl sae
o o cape ol e 4 glamn sLaS ol cupe Sl o

Beden (il S jpa> (e

& S a1
8y Gy peiies Glyr 5 ol Cor GRSHal SISl G Gl o
st O30 420 sho > ayl; 50 Do gsile iy So (Sealndg ]
Jol @mls cass 25y 0wl planil 3 90 50 (g p nl 285 )18
(515~ %en 5 [Fan) b, 5 Jib g5 5 glo sue o ol b )
@ S 5, JLi8 mjes 0970 5 by o 5 wmye LIS oo )
R P9 AR o D Jules g ) (7] Bh5 Sl eSS @l (lgie
rd g > b el iy (Selus 5 (Sl Jsb s lak s,

ol 25 85 5,50 sl L plyiea o ol b (St Job (sl
-2504
-3004 k.. it AP 2
1 —e— CNozzleMach 15
5 7 - - ®- - CNozzle Mach25
I 200 ] ——&—— CD Nozzle Mach 1.5
(_;_) e % — #— - CD Nozzle Mach 2.5
EO' _450_? —a—— jet-off experimental Mach 1.5
(@] ] \ ——&—— jet-off experimental Mach 2.5
500 = Projectile
-550
E T T T
0 100 200 300

Axial location (m)
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