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A Numerical Method for Gas-Particle Supersonic
Flow past Axisymmetric Blunt Bodies

Hiromu Sugiyama

Abstract

A numerical method (inverse method) was developed for gas-particle supersonic flow
past axisymmetric blunt bodies. This method is based on two transformations (von Mises
and an additional one), which are convenient for determining the shock layer flow fields
and the body shapes.

In using the present method, the pure gas flow field around a sphere was first solved
numerically for the freestream Mach number M~=2.0. This was found to be in very good
agreement with the result of Van Dyke and Gordon. Then the gas-solid particle flow in the
shock layer around blunt bodies (nearly spheres) was solved for the freestream Mach
number M~=2.0, with particle diameter d,=2#m and freestream loading ratios @ =0, 0. 2,
0.5 and 1.0, respectively. The effect of freestream loading ratio on the shock stand-off
distance, the body surface pressure and the flow quantities along the stagnation streamline

is shown.
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Gas
streamline

r=r/R;

Body

Particle streamline

Nose radius of shock wave
R5 =R5 /Rs =1

0 x=x/Rg
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Dyke-Gordon ' O¥fEtEERbREN T
5o AHETKE - MR EB LOF
##1%, Van Dyke-Gordon @ ## & &
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vk (30 Rl EOENAAEEK 4
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1.5 0.6

—— Gas streamline

=== Particle streamline

0

[ S| AR R A AR N |

B5 I AREIcn S S L0 0 0.2 0.4

WLF DREE & ImBE DEAL K6 EHREHNOKMES LR FORHR

X 6ic, BEENOSALNTFORMERT HF3, BRERERTIEES 505, Wikic
>0 TR L, BHEA 6 (N6I1TRT) TURICEET 5T L0595,

8. ¥ <& &

A B & BN T 28 ORUAOBE ERICH T 5 —BUEMT L (L) PR S
Nize TOMBHEDOREHIZ, TREANOMNTICER S RRBEEES & BRI S N R R
BERER AR LTV 5 H1CH b,

BNT, AETEERVT, —Kik< v " M-=2 OIS OBE R ICE Hh 7Bk
FhhomnsErnt, TOERIZ, Van Dyke-Gordon!® DT ERFERE L —HT B &
DIRI N, RiC, SEMIE BRiTEW) o OEEMKT (77 28 280200
S, —BRR~ v M Ma=2, KT dp=24m OBEITH L TRIAN I, & DR, Fm
PoBpB, PAREE I DHE L CBERBICH SR OERICKIZTT RO loading ratioa
DB SIS T,

AFEO—EIL, EZLCHEENAREEE LT, bo v M REMEFHTER (UTIAS)
ITHEE LTV AR (BBFI564F 9 A~MBAISTES A) I s bDThB, KFFEAED S
My, BRERIBEEZ SN0, FRAREERICH LBIKERL T cZv/z UTIAS

(25)



686 % 1 EN

O L L Glass BIRICE MBERL$ . 37, EAFEROBEESLTT S - HBEES
B, VANBEELTOLEOLAEOHMB DS L CBRREHORRICHESE L
¥ | | (FRFI584FE 5 A 19H %)

X o

1) Rudinger, G., Fundamentals of Gas-Particle Flow (Elsevier, Amsterdam, 1980).

2) =% - /MK, BABZEFEY:AE, 30-342, p. 370 (F5D).

3) Chang, S. S—H., Physics of Fluids, 18—4, p. 446 (1975).

4) AH - 1L, HICRESEERFFTRE, 36-348, p. 89 (FE50).

5) Sugiyama, H., Bulletin of the JSME, 20—144, p. 711 (1977).

6) Marble, F. E., Dynamics of Dusty Gases, “Annual Review of Fluid Mechanics”, Vol. 2
(Annual Reviews, Palo Alto., Cal., 1970).

7) Gilbert, M., et al., Jet Propulsion, Vol 25, p. 26 (1955).

8) Knudsen, J. G. and Katz, D. L., Fluid Dynamics and Heat Transfer (McGraw-Hill,
New York. 1958).

9) von Mises, R., ZAMM 7, p. 425 (1927).

10) Van Dyke, M. D. and Gordon, H. D., NASA Tech. Rep. R~—1 (1959).

11) Hamilton, H. H. II, NASA Tech. Paper 1154 (1978).

(26)



