
JOURNAL OF SPACECRAFT AND ROCKETS
Vol. 34, No. 4, July–August 1997

Experimental Study of Cone-Derived Waveriders at Mach 5.5

T. Ohta,¤ T. Miyagawa,¤ and R. Matsuzaki†

Tokyo Metropolitan Institute of Technology, Tokyo 191, Japan

We describe experimental studies of aerodynamics of a cone-derived waverider model. The experiment was
conducted at a freestream Mach number of 5.5 and a Reynolds number based on the model length of 1:3 £ 105.
An on-design model and a comparison model are fabricated and tested, the latter having the same planform as the
on-design model but with a � at lower surface. The results show that the on-design model has better aerodynamic
performance and attains a maximumlift-to-drag ratio as high as 3.8 at zero angle of attack. The comparison model
shows a lower ratio due to � ow leakage out of the compression surface.

Nomenclature
CD = drag coef� cient
CL = lift coef� cient
L/D = lift-to-drag ratio
Lw = model length
M1 = freestream Mach number
R = curvature radius of upper surface
® = angle of attack
¯ = conical shock-wave angle
± = cone semivertex angle

Introduction

W ITH the growing interest in hypersonic� ight,waveridercon-
� gurations have become an important subject of experimen-

tal research.
The waverider1;2 is a kind of high-speed aircraft that maintains a

high-pressure layer below the body with a shock wave attached to
the leadingedge.The con� gurationattainshigh-L/D � ight at hyper-
sonic speed. The original concept of the waverider was developed
by Nonweiler3 in 1963 as a caret wing. It was extended to a coni-
cal � ow� eld by Jones4 in 1963. Waveriders are classi� ed into two
types accordingto the � ow� elds on their lower surfaces: the wedge-
derivedwaverider (such as the wedge wing or caretwing, producing
two-dimensional plane shock waves) and the cone-derived wave-
rider (either idealizedor general, generatingthree-dimensionalcon-
ical shock waves).

Many researchers have studied waveriders, but most studies
are concerned with numerical calculations5¡8 or experiments re-
stricted to caret wings and idealized cone-derived waveriders.9

Few experimental studies have been performed on general cone-
derived waveriders; moreover, models of the general cone-derived
waverider have been designed according to the hypersonic small-
disturbance theory10¡12 (HSDT). Using a personal computer, our
study group has designed a general cone-derived waverider for
� ight at low hypersonicMach number, basedon the Taylor–Maccoll
(TM) equation13 instead of HSDT, and has constructed the model
with a numerically controlled milling machine. The results of var-
ious tests performed in the Tokyo Metropolitan Institute of Tech-
nology (TMIT) hypersonic wind tunnel at Mach 5.5 are reported
herein.

The main contentsof this paper are designand constructionmeth-
ods for the model, a veri� cation test of the model as a waverider
from oil � ow pattern visualization and schlieren photography, and
aerodynamic tests of the model. From these studies, the advantage
of the cone-derivedwaverider is shown experimentally.
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Cone-Derived Waverider
Design Method

The designof the waveridercon� guration is performedaccording
to thefollowingsteps.First,we establisheda methodof aerodynamic
design and construction of the general cone-derived waverider for
a low-hypersonic � ight. In designing the waverider, we de� ne the
z axis in the freestream direction and assume a conical shock wave
and its apex angle whose center line is on the z axis, as shown
in Fig. 1. At step 1, the upper surface of the model is parallel to
the z axis. To simplify the construction of the waverider model,
we make the upper surface of the model cylindrical (step 2). Then
the crossing line of the conical shock wave and the upper surface
makes a leading edge of the model (step 3). We trace streamlines
downstreamfrom the leading edge. Here we use the TM equation13

to � nd the streamlines. A set of the streamlines from the leading
edge conforms to the lower surface of the model (step 4).

Usually, HSDT is applied to calculate the streamline behind a
conical shock.5 This theory is described in algebraic expressions,
so it is easy to calculate with a computer. However, HSDT loses
its accuracy at low hypersonicMach numbers and for a model with
large apex angle of the conical shock as shown in Fig. 2. So in the
present study we use the TM equation, which is expected to be in
good agreement with real phenomena, independent of Mach num-
ber. In thisway, � ow� eldsarenumericallycalculatedat anon-design
� ow condition of Mach number 5.5. The pressure-distributioncon-
tour and the aerodynamiccharacteristicsbased on the TM equation
are shown in Fig. 3 and Table 1, respectively.

Construction of the Model
This waverider model is manufactured using a numerically con-

trolled milling machine based on this design method. We shall call
this model the on-designmodel. The shapeand size of the on-design
model are shown in Fig. 4, where the apex angle of the shock wave
and other dimensions are determined under the constraint of the
blockage ratio of our TMIT hypersonic wind tunnel. As a result,
the model parameters of the on-design model became as follows:
Lw D 32:67 mm, ± D 19:15 deg, and ¯ D 23:5 deg. No optimiza-
tion (such as viscous optimization) is performed on the on-design
model. For the purpose of comparison, a nonwaveridermodel with
a � at lower surface, the same body length, and the same body width
is made and used for all tests at the same � ow conditions. We shall
call this model the comparison model. The shape and size of the
comparison model are shown in Fig. 5.

Experiments
Wind Tunnel

A hypersonic test section is attached to the TMIT supersonic
wind-tunnel system. This system has a transonic test section and a
hypersonic test section. The two sections have a common reservoir
tank and a joint exhaustvent.The layoutsof this wind-tunnelsystem
and its test sections are shown in Figs. 6 and 7, respectively.We call
the hypersonictest section of the system the TMIT hypersonicwind
tunnel(TMIT HWT). Experimentsareperformedin theTMIT HWT
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