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Effects of Flight Conditions and Attitudes on Thrust Performance of
Hypersonic Aircraft Equipped with Airframe-Integrated Linear-Spike Nozzles

TAKAHASHI Hidemi (JAXA), MUNAKATA Toshihiko (Hitachi Solutions East Japan, Ltd.),
and SATO Shigeru (JAXA)

ABSTRACT

The airframe-integrated linear-spike nozzle concept applied to an extemal nozzle for high-speed aircraft was evaluated with regard to the thrust
augmentation capability in the various angles and ambient air conditions. The baseline airframe geometry was first premised to be a hypersonic waverider
design. The main focus was on the vehicle aftbody. The baseline aftbody case had an extemal nozzle comprised of a simple divergent nozzle. The extemal
nozzle section was hypothetically replaced with linear-spike extemal nozzle configurations. Performance evaluation was mainly conducted by considering the
nozzle thrust generated by the pressure distribution on the extemal nozzle surface at the aftbody portion calculated by computer simulation at various flight
conditions under angles of attack and ambient pressures. The thrust performance of the proposed linear-spike external nozzle concept was nearly equivalent to
that of the baseline geometry at cruise conditions though the wall surface area can be significantly reduced. This is because the design of the proposed concept
had a compression wall for the exhaust flow, which resulted in increasing the wall pressure. With this insight, the configuration with the double-ramp exhibited
a potential for further improvement in thrust performance. Further potential was shown with the proposed linear-spike configuration in thrust performance
under angled flight conditions as well as off-design flight conditions. Thus, benefits were obtained by employing the airframe-integrated linear-spike external

nozzle concept.
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Nomenclature

A = area, m’

Cy = skin friction coefficient

D = drag, N

F = force or thrust, N

L = length, m

M = Mach number

m = mass flow rate, kg/s

NPR = nozzle pressure ratio

)2 = pressure, kPa

Py = total pressure, kPa

R = gas constant, J/(kg-K)

T = temperature, K

14 = velocity, m/s

x,y = axis coordinates (streamwise and vertical)
14 = specific heat ratio

0 = angle, rad

Subscripts

0 = stagnation condition
a(oo) = freestream or ambient condition
bt = boattail

cell = cell nozzle

combustor = combustor

cruise = cruise condition

ini = initial inclination angle
inlet = inlet

LE = leading edge

local = local contour

nozzle = nozzle

j = cell nozzle exit condition
sf = skin friction force
spike = spike surface

straight = straight section

throat = throat

total = total condition
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