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Newtonian Theory
for inviscid ¢, ¢, ¢,

Hypersonic Flow
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Fig. Drag coefficient for a sphere and cylinder with conical forebody as a function of Mach
number (symbols: flight experiments) [1]. Mach number independence starts earlier for blunt bodies
because of larger shock angles. ¢, (sphere, M ,=0) is for 10°<Re,, <10’ (laminar separation).
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Laminar-turbulent Transition (5) Hypersonic Flow
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Fig. Temperature along laminar-turbulent transition
a) pointed circular cone with flare, M=6, R, ,=2.5um [Horvath et. al, RTO-RSM-AVT-111, Prag, 2004].
b) symmetry line for Sanger lower stage, Re,,.,=1.5-10%m, L,=55m, M=6.8, a=6° at adiabatic (¢=0) and
radiation-adiabatic (cooled, £=0.85) wall; steady CFD with transition position fixed [2]). With radiative
equilibrium the temperature increase is strong. During transition the turbulent value 1s often surpassed.
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Viscous interaction (1) Hypersonic Flow

Nosecone

Fig. a Effect of an aerospike.
1 — front shock by spike, 2 — recirculation region, 3 — separation shock, 4 — re-attachment shock.
Density, Mach 7, thesis by Gauer, HyShot-IAG, 2006 (2-d axisymmetric CFD).
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Viscous interaction (2) Hypersonic Flow

Fig. b Aerospike with L/D=2, D/d=4, density- and axial velocity at M=7.
L — spike length, D — nose diameter of main body, d — of forebody; drag reduction: 46%.

MSc. course - Institute for Aerodynamics and Gas Dynamics




Viscous interaction (3) Hypersonic Flow

Fig. ¢ Like fig. b, temperature distribution (upper) and u-isolines in the recirculation region (lower);
middle: perspective view.
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