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and the boundary layer is clearly evident near the 
walls in the viscous analysis. In Fig. 9, the pressure 
profiles are taken at the cowl lip, slightly aft of the 
diffuser throat, and at the exit. Agreement again is 
good except at the exit station, where the PNS results 
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Figure 9 - Pressure profiles for an axisymmetric super
sonic inlet internal flowfield. 

Moo = 3.5 

do not predict the large midstream pressure peak that 
is present in inviscid core solutions. As indicated pre
viously, there is no longer an inviscid core at this 
point, and thus little reason to expect agreement be
tween the two analyses. Note also that viscous effects 
serve to damp the pressure oscillations seen in the 
inviscid results. 

Boundary layer displacement thickness, 0*, is plot
ted in Fig. 10 as a function of axial station for both 
the inner and outer walls. The fluctuations in 0* 
closely correlate with fluctuations in pressure caused 
by the reflecting internal shocks. Similar fluctuations 
are observed in calculations made with the more 
approximate superposition technique where we 
employed a simplified boundary layer calculation us
ing conditions at the boundary layer edge provided 
from the inviscid analysis. For constructing wind
tunnel models or ultimately in the design of engines 
for flight, a smooth curve is drawn through the 0* 
data and the surfaces are adjusted correspondingly to 
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Figure 10 - Boundary layer displacement thickness dis
tribution for the axisymmetric supersonic inlet internal 
flowfield. 
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compensate for the "mass defect." A model based 
on these computations is in the fabrication phase. 

Similar solutions have been generated for a simpli
fied two-dimensional model being used to examine 
inlet starting characteristics. Comparisons at Mach 
3.5 between the PNS code and the inviscid code for 
this geometry are shown at three stations in Figs. 11 
and 12, where Mach number and pressure profiles 
are plotted at the cowl lip, throat, and exit. Agree
ment is again good. Wind-tunnel tests have been con
ducted for this simplified inlet and agreement be
tween the PNS results and experiment is excellent. 

As discussed previously, an important feature of 
the viscous flow analysis is the ability to obtain a 
quantitative assessment of the effects of viscosity on 
inlet efficiency. Figure 13 shows this effect as a func
tion of axial station for both the axisymmetric and 
two-dimensional inlet designs. The ratio of the ki
netic energy efficiency obtained from PNS and invis
cid flowfield analyses is compared, where for refer
ence the YJ KE values at the combustor entrance (exit 
axial station) for inviscid flow are 0.991 and 0.984 
for the two-dimensional and axisymmetric designs, 
respectively. Thus, viscous losses comprise about 
one-half of the total loss in typical hypersonic inlet 
designs examined thus far. 

CONCLUSIONS 
The advent of very-high-speed computers provides 

an opportunity to use computational techniques for 
the design of airbreathing propulsion systems. Judi
cious choices must be made to obtain results that are 
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Figure 12 - Pressure profiles for the two-dimensional su
personic inlet internal flowfield . 
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Figure 13 - Viscous effects on internal efficiency. 

sufficiently accurate to be useful in developing de
signs and at the same time not be prohibitively expen
sive. At present, the techniques described herein have 
proven to be extremely useful in both eliminating de
signs with poor performance potential and identify
ing promising designs to be examined in wind-tunnel 
tests. Much work must be done to realize the full po
tential of this approach. 
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