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Numerical Analysis of Flowfield over Various Blunt-bodies Using Upwind Navier-Stokes Method
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ABSTRACT

A finite-difference method based on conservative supra characteristic method(CSCM) type upwind flux difference
splitting has been studied on the bluntness effect on the wall heat transfer rate and wall pressure over blunt-body.
The results show that the stagnation heating varies inversely with the square root of the nose radius.
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2. ANALYSIS

S, 454, ¢4 71, A FE8FE AW WAAL S FEANA tEF Zo] 9y
BE JHE YEd 5 A

la_q_'__?_ E’Lf+€—l—yg +i n—"f+n—_y.-yg
Joo Gl J Iy oni J Iy m
— JBA+AFHAG = AF+AG

0471*1 qr‘:- & ¥, 1o g ¥R B8, f, gt AN EYH2E UST 2 dARFE o

D dedsta J1AFGE g5ty
2) AU R 7)1 ABER (712-749, BAEE AHAA T 213-1)

— 78 —



q={p,pu,pv,€)"
f=(pu pu? +p,puv, u(e+p))
g=(pv puv, pv? +p, v(e +p))| @
£, =(0,64,7,,u0,, + vt +KT,)
=( Uy +VO + kTy)T
CSCM Upwind ol lojA ¥l A4 E2% A FE g Zo] 98 ez 245 Ao
— _l —
8,F = Ad = MraT M la
£ g4 gd
= MTAT“aéa = Waga (A =TAaT™!T) 3)
= MTA aéi
o714, q= YAH(primitive variables)
E = EA]H 45 (characteristic variable)
BE¥S g9 QRS § 39T S4¥s § £ Oes 2e dug et
8§=M"aq , d4=T'8 )
MAge BAUS GE nEus § 2 28 2= 9oy T 9de dAusE S4dRse
e gdoln] Wxo ¢F a3 vlEsE td(logarithm) AEFEE wppo] FE x4

scaling% AHg-¥et
e 4E)E olgstd A'ATE ¥EAY £92d AF9 geoz Py Faeiw oed 2L B3

Ag Fojof @k,
AF = MAAT , AA§ = M7AF = M'aq )

24 2¥E M7e Tad WAy Y298 91t 942 ENE £ g
dZ9Y WeEsE ASeted n4A 2ol g AFE e 2ol FE + ok

F* =MTD*T" A’ A§ = MTD* T~ M"'Aq = A*Aq )

Dt=%(li|%|J

o 714

2 (6)% o] flux difference splitting & B EWF q & ol8dtd EAIGY. 99 2L wFoz
CSCM Flux Difference Splitting "}'H& Roe & Hej2 Yeld 5 Qlth

Numerical discretization
Upwind g & o] &3l dutz el ij A W¥de J3aE WAL 7|esld otgjs} 2o

[14 B ag)s + (Roay), +B8,), + @A), ] 8a,,
= —(A*AQ);, +(ATAQ) +(B*A,9),, +(BA,),

—-79 —



AN A% VE DY L FRFE AR50l WARS

A5 2N ¥ Lombard
S[200] o18% tiztAN ADI B8 E=Ush e o] 2 2

2
i
o

[-&*, B, &~ Je*[-B',E, B~ ]oq = RHS
A7],E = 1 +A*-A+ B* - B-
A4 Best 2e ANE B4 eAUeE A T & Uk
[-&, E, & |&g = RHS
[-B.E, Bla = Eaq

Boundary conditions
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@ 4 Physical boundary consitions (density,total energy and flow direction fixed)
@ 4 Numerical boundary conditions (0" order extrapolation)

@ Axisymmetric boundary conditions

@ Isothermal and noslip boundary conditions

@

Computing domain

3. RESULTS AND DISCUSSION
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4. CONCLUSIONS
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Table. 1 Test conditions

Air Model Mach no. Altitude Rey Ry Cone half angle T

Perfect gas 15 S0km 0.760E+04 0.0254m 5° 1000K

Table.2 Heat transfer rate comparison to reference condition

1
dy =—==0q41 ,qw = 4.212[MW/m?][5]
JRy
Sphere 1.5to 1 Ellipse 2.5to 1 Ellipse 3 to 1 Ellipse
q. (24 q,;(Reference) 3.4392 2.6640 2.4320
q: Computing 4212 3.6242 2.9902 2.8083
results
%Difference * 4 12 15
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1% 1. Tese nose-tip shape 17 4. Pressure contour plot over blunt body
with 1.5 to 1 ellipse nose-tip shape
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1% 5. Pressure contour plot over blunt body
with 2.5 to 1 ellipse nose-tip shape
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13 3. Pressure contour plot over blunt body .8 6. Pressure contour plot over blunt bedy
with 1 to 1 ellipse nose-tip shape with 3 to 1 ellipse nose-tip shape
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21 7. Temperature contour plot over blunt body % 10. Temperature contour plot over blunt body
with 1 to 1 ellipse nose-tip shape with 3 to 1 ellipse nose-tip shape
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1% 8. Temperature contour plot over blunt body 19 11. Comparison of wall pressure distribution
with 1.5 to 1 ellipse nose-tip shape profile among different nose-tip shape
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3% 9. Temperature contour plot over blunt body 1% 12. Comparison of heat transfer distribution
with 2.5 to 1 ellipse nose-tip shape profile among different nose-tip shape
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