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ARTICLE INFORMATION ABSTRACT

Original Research Paper Plume reversion due to missile ascending and related flow expansion and its interaction with missile
Received 19 September 2017 body especially with missile base has been an important concern of investigators and missile designers.
Accepted 16 January 2018 The aim of the current is investigation of effects of different parameters on the interaction of plume and

Available Online 10 February 2018 missile body. To do this, heat flux on the missile body at different conditions including different flight

conditions, turbulence modeling, base length and nozzle modeling has been studied. In the following,

Keywords:

Nozzle plume induced flow separation is studied. To model flow field, Gambit 2.4.6 and Ansys Fluent 17 are

Plume used for grid generation and flow simulation respectively. The results show that with increasing in flight

Flow Separation height, plume at the base of missile gradually expands and finally covers the base completely. As well

Base Heating as, it can be seen that plume expands more rapidly in the base region and reduces heat flux when the
nozzle is not considered. The reduction of heat flux is different in various parts of the base, ranging
from zero to a maximum of 83% in areas far away from or near the nozzle. In the end, the effect of the
base length was investigated. The results showed that as the base length is increased, the vortices are
further expanded and this expansion leads to increased heat flux so that when the base length is doubled,
the heat flux is increased by 20% at most.
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Fig. 1 A section of plume flow field of a racket at low altitudes [1]
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Fig .2 Phenomena related to plume and far field interaction [13]
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Fig. 7 Velocity contours in the missile exit at different Mach numbers (m/s)
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Fig. 12 Comparison of basal heat flux variations with/without nozzle
modeling
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Fig. 13 Comparison of missile heat flux variations with/without nozzle
modeling
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Sglate Flo slael jo Sige oy Job 3o )l Lo ol s 9 JSCh

Fu —— M=0.9
+ e W =1.2
L M=z
40 = M=3
L - M =4
3 M=5
L M =4
L v M =7
30
g0
=
E L
< |
=0t
10
ol

Y (m)
Fig .10 Heat flux variations of missile base at different Mach numbers
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Fig .14 Comparison of base heat flux variations in various types of
turbulent models

sbadae glgils S g Job )3 (5l L Sl anlie 14 SO

Y509

* Spallart Almaras
2k-e


www.SID.ir

O 9 (Slodw adaa

ok SIS HS Plyd inlds 03333 9 Subige A3 9 AT e D)l IS HUb 533 w2

York: Wiley & Sons, 1992.

[2] L. J. Alpinieri, R. H. Adams, Flow separation due to jet pluming, AIAA
Journal, Vol. 4, No. 10, pp. 1865-1866, 1966.

[3] J. M. Kineberg, T. Kubota, L. Lees, Theory of exhaust plume/boundary layer
interactions at supersonic speeds, AIAA Journal, Vol. 10, No. 5, pp. 581-588,
1972.

[4] G. D. Kuhn, Calculation of separated turbulent flows on axisymmetric
after bodies including exhaust plume effects, AIAA Journal, Vol. 18, No. 3,
pp. 235-240, 1980.

[5] R.J. McGhee, Some Effects of Jet Pluming on the Static Stability of Ballistics
Bodies at a Mach Number of 6, NASA No. TD- 3698, 1966.

[6] R. J. McGhee, J. A. Martin, Exploratory Investigation of Flow Field
Resulting from Forward-Facing Nozzles Exhausting Near a Large
Cylindrical Body at Free-Stream Mach Numbers of 3.0 to 6.0 , NASA No.
TND-5030, 1969.

[7] R.J. McGhee, Jet Plume Induced Flow Separation on Axisymmetric Bodies
at Mach numbers of 3.00, 4.50 and 6.00, NASA No. TM X-2059, 1970.

[8] E. V. Myshenkov, Regimes of laminar lateral flow separation due jet exhaust,
Fluid Dynamics, Vol. 29, No. 1, pp. 103-107, 1994.

[9] A. Talebi, Reduction of aircraft plume infrared signature using geometric
changes in the exhaust nozzle, Journal of Passive Defense Quarterly, Vol. 3,
No. 4, pp. 37-43, 2012. (in Persian .. ls)

[10] H. Ahmadikia, S. H. Talebi, The fluctuating flow of ultrasound on a rocket
with plume, The 10" Dynamic Fluid Conference, Yazd, Iran, October 31-
November 2, 2006. (in Persian ..,l8)

[11] M. Farshchi, A. Gorgi, Numerical analysis of the flow field at the end of the
body of the missiles with the output jet, The 2" Dynamic Fluid Conference,
Esfahan, Iran, February 4-6, 1993. (In Persian .., )

[12] S. H. Talebi, E. Shirani, Numerical simulation of supersonic jet with
turbulent model k-e, The 8™ Dynamic Fluid Conference, Tabriz, Iran,
September 8-10, 2002. (in Persian .,)

[13] J. Kim, J. Woo Lee, J. Choi, K. Kim, Investigation on the characteristics of
plume induced flow separation and wall heat transfer, Journal of Spacecraft
and Rockets, Vol. 49, No. 1, pp. 189-192, 2012.

[14] S. Saha, S. Rathod, M. S. R Chandra Murty, P. K. Sinha, Debasis
Chakraborty, Numerical simulation of base flow of a long range flight
vehicle, Journal of Acta Astronautica, Vol. 74, No. 1, pp. 112-119, 2012.

[15] ANSYS Fluent Theory Guide chapter 4: Turbulence, ANSYS, Inc., 275
Technology Drive Canonsburg, PA 15317, 2017.

[16] J. Lee, J. Kim, K. Kim, Effects of AI203 particle on convective and
radiative heat flux to rocket base surface, Seventh International Conference
on Computational Fluid Dynamics, Big Island: Hawaii, pp. 103-111, 2012.

[17] K. Deere, A. Elmiligui, K. S. Abdol-Hamid, USM3D simulations of saturn v
plume induced flow separation, Journal of Spacecraft and Rockets, Vol. 49,
No. 4, pp. 679-690, 2012.

[18] C. Bauer, A. Koch, F. Minutolo, P. Grenard, Engineering model for rocket
exhaust plumes verified by CFD results, 29th ISTS, Nagoya: Japan, 2-9 June ,
2013.

[19] Y. K. Leel, H. D. Kim, S. Raghunathan, A study of base drag optimization
using mass bleed, 15th Australasian Fluid Mechanics Conference, Sydney:
Auwstralia, pp. 50- 59, 2004.

[20] M. Mehta, F. Canaba, S. B. Tashakkor, S. D. Smith, Base Heating Sensitivity
Study for a 4-Cluster Rocket Motor Configuration in Supersonic Free Stream,
TFAWS Patent NO. M11-0717, M11-0847 and M11-0848, 2011.

oais ails p ol 4 3 sla o Sladllas o a5 col cly (ol Siige
oS s s i ol e e

o e 65) 57 4l wbie gl el & Gl -1
G S 0 &S Ad G 4 i3z 4l ol ] oo 9929 &S
oy e b L (852 4l cnl ojlul a5 g9k
4l oo 0z ga ainy Slel Cand o poly 51 AL by Slalae
68 ol cwnd Jlad con Gl el gebee (pl ogdle
D s

Gl A bt Jake (JSr a5 5 glis) Gl L -2
e ol gt Lo IS 55 85 polan e EalS ol
Sel G,k 5l bwgie (il L wliee Gl )] oS
S Vb olelas )| o oS (ol S 4y il oo 2alS ST b (JB
S5 o0 yo plp Loy (Sl

Sl L SlesS 59) (o Vgns8 Joe glgil 36 addllae () )0 -3
o Bl (S Joe o5 b (655 4zt 9S85 )18 oy 990
lioo sk ey o0 Gl S Je e

st Sl W Sk U6 sile e pas 86 iz o2 4
g 0,0 052y g 0 (6 S i Dgles 4T wl cowlice g W
O S9di o (Sl gld pals cel iU iledoe poe
blodleel J3b Jols b,z gilodoe pac aas oo olis gl
ol Sgl o Sl e pelS (295 0 Gl 5o
it 55§ el Sglie G e itz blE 0 )l Lo
390 Jaled 1o 5 dy go do o 83 & (J3b ooy ) >
ey s e 41 ] 5 S5

Sl o 50 ol ;5L Sge dwiin Slpis &5 ol 515
allhae cnl o 55 Jale (ol 0)lo B (g 5 Sbge iy 595 2
Sl o Jlde S (e Jsb (B L Bly 0 ad o)
25 i Jsb a0 s b oS 6leisT 4 e
Syl gae 020 auliEl ool L

&&ln-10
[1] G. P. Sutton, Rocket Propulsion Elements, 7th Edition, pp. 127-149, New

02 o)leit 18 0953 1397 castuns )l Qs Sl AlSa G s


https://arc.aiaa.org/author/LEES%2C+LESTER
www.SID.ir

