
'. 

Copyright © 1998, by the International Council of the Aeronautical Sciences (ICAS) 
and the American Institute of Aeronautics and Astronautics, Inc. 

ICAS-98-2,1,4 

A98-31492 

EXPERIMENTAL AND NUMERICAL INVESTIGATIONS 
ON WAVERIDERS IN DIFFERENT FLIGHT REGIMES 

D. Hummel, R. C. Blaschke 
Institute of Fluid Mechanics, Technical University Braunschweig, Germany 

Th. Eggers, D. Strohmeyer 

Institute of Design Aerodynamics, DLR Braunschweig, Germany 

Abstract 

A waverider configuration named DLR-FS has been 
generated at M~ = 12.0 with practicable distribu
tions of camber and volume. The investigations on 
this geometry comprise both experimental and numer
ical studies in the whole flow regime from subsonic up 
to hypersonic Mach numbers. 

In hypersonic flow the performance characteristics 
remained constant in a wide range of Mach numbers. 
If the shock detaches from the leading edge LID in
creases by expansion flow or by leading edge vortices 
on the upper surface. The leading edge bluntness can 
be minimized in order to avoid a significant increase 
of wave drag and thermal loading can be handled by a 
proper combination of material and structural design. 

In the transonic flow regime the highest LID is 
achieved. The performance characteristics are domi
nated by leading edge vortices on the upper surface, 
and the movement of the terminating shock leads to 
considerable changes in the centre of pressure posi
tion. 

In incompressible flow a complex vortex structure 
exists on the upper surface which is distinctly different 
from that on delta wings. In the \"ortex centre exists a 
region of reduced velocity which is due to the leading 
edge curvature in the front part of the waverider. 

The Euler and Navier-Stokes codes used in the 
present studies are powerful tools to predict the flow 
around the configuration in the whole Mach number 
range. 

1. Introduction 

The waverider principle for the design of hyper
sonic vehicles is well-known since a long time [1], [2]. 
The exact solutions for the inviscid basic flow past 
wedges and cones can be used to design simple flow
fields around 3D bodies with shocks attached to the 
leading edges, with the basic flow on the lower side 
and with the free stream flow on the upper side. If 
the methods for inviscid flow are combined with a 
boundary layer analysis and an optimization routine, 
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so-called viscous optimized waveriders [3], [4] turn out 
which yield high LID values and in some cases also 
reasonable volume and camber distributions. 

In recent studies of the waverider principle the basic 
flow on the lower side taken from a cone has been re
placed by the 3D flow in the vicinity of a shock wave 
with a given shock angle and an arbitrarily shaped 
cross section [5], [6]. For small crossflow compo
nents the 3D lower surface flowfield can be calculated 
from locally conical flows related to osculating cones 
with constant values of the cone angle and the shock 
strength but with different cone lengths depending 
on the local shock curvature in the cross section. On 
this basis the possibilities to design waverider config
urations and to meet constraints for practical appli
cations have been enlarged greatly. 

Further studies of the waverider principle have 
been carried out in a close cooperation between DLR 
Braunschweig (Institute of Design Aerodynamics) and 
TU Braunschweig (Institute of Fluid Mechanics and 
Institute of Aircraft Design and Struoture Mechan
ics) [7]- Using the interactive computer code WIPAR 
[6], [S], [9] baseline configurations for realistic vehi
cle shapes have been created, and volumetric require
ments for the integration of structures, fuel, systems 
and payload for various missions [10], [11] have been 
taken into account. The Euler IN avier-Stokes code 
CEVCATS [12], [13] as well as experimental data in 
hypersonic flow [7] have been used to validate [14] 
the design tool WIPAR and the surface inclination 
method SOSE [15]. For practical applications the 
free stream upper surface of the waveriders has beeIL 
replaced by an expansion contour in order to create 
a wing body configuration with trailing edge flaps. 
Comprehensive studies on the off-design behaviour of 
waveriders have been carried out in supersonic [16], 
[IS] as well as in transonic and subsonic flow [17], 
[IS]_ The effects of leading edge bluntness have also 
been studied [IS] _ Recent optimizations of the perfor
mance data in the subsonic and transonic flow regime 
lead to planforms with a highly swept front part and 
a rear part with moderate sweep [IS], [19]. 
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