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NUMERICAL SIMULATION OF SUPERSONIC INLETS
USING A THREE-DIMENSIONAL VISCOUS FLOW ANALYSIS

Bernhard H. Anderson® and Charles E. Towneh#
NASA-L,ewis Res arch Center
Clevelana, Dhio

Abstract

A three-dimensional. fully viscous
computer analyses, which retains the viscous
nature of the Navier~Stokes equations, was
evaluated to determine its usefullprss in
the design of supersonic inlets., 7This pro-
cedure takes advantage of physical approxi-
mations to Limit the high computer time and
storage associated with complete Navier-
Stokes solutions. Computed results are pre-
sented for a Mach 3.0 supersonic inlet with
bleed and a Mach 7.4 Hypersonic inlet. Good
agreement was obtained between theory and
data for both inlets. Results of a mesh
sensitivity study are aleo shown.

Nomencluture

ho total enthalpy

hy ,ha,h3 metric coefficients

1y mixing length

Lyer reference length (35,56 om
(% in,) for M3 inlet, 18,33 cm
(7.22 in,) for P8 inlat) ®

mar, bleed mass flow

m capture mass flow

M free-stream Mach number

P static pressure

PREF reference pressure (28,5 N/m?
(58.8 psf) for M3 inlet,
701 N/mé (L4.6 psf) for P8 inlet)

Re Reynolds number per unit length
based on free~stream (reference)
conditions

UREF reference veloeity (640.2 m/sec
(2100 ft/sec) for M3 inlet,
1222 m/sec (4008 ft/sec.)
for P8 inlet)

U, V,W veloecitieés in computational
coordinates

X,Y,2 computational coordinates

S cartesian coprdinates

¥ distance from wall along com~
putational coordinate

¥ ratio of specific heats

F boundary layer thickness

‘b Von Karman constant, .H3

o effective viscosity, laminar +
tnrbulent

U turbulent viscosity

P density

*Head, Aerodynamics Analysis Section,
Member, AIAA
**Aerospace Engineer

Member, AIAA

Introduction

The design of three-dimensional super-
sonic inlets is a difficult task in view
of the wide operating range over which good
performance is desired. Design of such an
inlet system is strongly effected by the
requivement that the airceraft operate at
all speeds from zero to the supersonic design
point. In addition, most supersonic aireraft
must have a subsonic cruise capability where
fuel economy becomes important. As a result
of these varied and sometimes conflicting
requirvements, the design of supersonic inlets
is a difficult compromise.

The foregoing considerations suggest
that inlet design technology would benefit
from a detailed and accurate flow field cal-
culation procedure that includes sheok-
boundary layer interaction effects. Within
rectangular inlets operating at supersonic
speeds, these viscous effects cap be classi-
fied into three types: (L) incident shock
reflentions on the centerbody and cowl,

(2) glaneing shock interactions which take
place along the inlet sidewalls, and (3)
corner Fflow interactions. Calculation pro-
cedures which ave either two-dimensional or

do not account for boundary layer effects

have limited application towards understanding
these viscous interactions.

A number of expec.imental and analytical
papers have been published dealing with these
shock interactions. The analysis and compapri-
son with data of an incident shock wave
reflection within an axisymmetric inlet have
been accomplished by TFukuda, H%ngst and
Reshotko™ and Hingst and Towne®, In these
analyses, control volume methods were used
to solve for the properties downstream of
the interaction zone given the conditions
upstream of the interaction., A similar
approach was used by Paynter® for the analysis
of the weak glancing sidewall interaction,
These analyses yield correct trends and
represent useful design techniques. An
experimental. study of the glancing sidewall
interactiﬁp was done by Oskam, Vas and
sogdonoff™ and provides a detailed flow
“eseription from which to verify analyses.
wanoept for the full Navier-Stokes analysis
of the shock-corner bgundary layer interaction
by Hung and MeCormack® most of the analyses




of this phenomenon ave inviscm("7 and provide

no information as to the viscous interactions,

There agc however, a number of experimental

reportads? providing data on the viscous

corner interaction which ave helpful

understonding the flow structure itself, % = Momentum

Although full Naviepr-Stokes proccdures
would provide the necessary generality to
predict the flow within thpee-dimensional A (hoheout 9 I_8h 4
supergonic inlets, the requived computer time ax Lhghypu®) 4 [’57 *'i'" 3y 4 iy pw)
and storage would be prohibitive in terme of P i oh
present computer technology. Combined viscous- + [-3-;- + -&L] {hhy puw) h'....l. pvt
invigeid interaction analyses of the tyne ' ox
suggested by Reyhner and Hickeox10 for axis- -h oy wE 4 hoh Se_
symuetric inlets could be implemented for e PYT Y Maly
three~-dimensional inlets; however, the 2 /by du o 7 hib v
coupling procedares would be very complex, . —-( -—--) "az_( ; I“‘,T)
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Mn wtiractive alternative analysis would W\ hy Ty

retain the general three-dimensional vig aus

nature of the Navier-Stokes cquatinnsg bhut

wonld take advantage of physical. approximes

tions to Limit the high computer run time

and storage associnted with a complete

Navier-Stokes solutivn. In the present

andlysis, the agsumption if made that there y = Momentum

is o primary flow direction and that diffusion

in this direction can be neglected. In this

manner a set of cquations are produced for » T 2
fully viscous, pradominantly supersonic, [ ++— -T'-](hlh,pu\n + =55 hyhy pvE)
three-dimensional. flow which can be solved hy o y

T
by an efficient forward marching technique. 3 L oy S
i & qu + [Tz' + T;-Tl’-](h,h,pvw) hy =5y P

This paper rcpresents the first in a ahy op
series of studies to evaluate the marching “hgy W by

: unalysislgf Buggeln, Kreskovsky, and 4 2 7 hibh. av

- MeDonald™*, designated PEPSIS, and to detor- .o . --_.(-L—L ,4-—) + Tr('—‘ﬁ-'-/la 'a_z—>
mine its usefulness in the design of super- s oy z 3

. soniec inlets. Two inlets were chosen for

| this study; a Mach 3.0 configurationl? which
obtains its compression by means of a crossed
shock_ sgtructure, and a Mach 7.4 hypersonic
inlett3, Efforts to date have concentrated

‘ primarily on the ramp/cowl shpck wave boundary

’ layer interactions.

Governing Dquations

z = Momentum
In this study, the inlet flow fieH iﬁ

computed by a spatial marching method*™*»
which solves a simplified form of the three- )
dimensional Navicr~Stokes equations. A [-- +
curvilinear orthogonal coordinate system is ox
used with coordinate dirvections x, y, and z
and corresponding metric coefficients hy,

(L o | ohyy
=2 Jihghypuw) + [ 55 + T ] h,hypvw)

Ty
d oh oh,
+ 3 (hyhypW*) = =g pu - b5z PV

hp, and hy. Here x is defined as the op 2 [ hhe OW 4 (h,hz aw)
streanwise or marching direction, and y and z thheg ° '37( hy "37’) tITa\Th FE

are the two cross-flow direetions. The equa-

, tions are fivst time-averaged so that they

i apply to both laminar and turbulent flow,
Viscous terms are simplified by using an
order-pf-magnitude analysis. In particular,
in order to allow the use of a marching pro-
cedure, x~-dirvection diffusion terms are neg-
lected. The resulting equalions are:

Continuity

[ ] [
ax (hahypuld + W(hihsf’") + 5 thh, pw) = 0
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The energy equation is climinated hy
assuming the total entholpy hp is constant,

The pressure and density are related through
the equation of state,

y=-)
pe —-;—p[ho--!z-(u'w'-w')]
A mixing length turbulence model, is used, with
ot [ Ay (e (e e
By = ply (h‘ y) “( Py y) *(h. 0:) #(—'T'--ZT)

The mixing length distribution is given by:

£,(7) » 0,098, tanh| «¥ /(0.098,)]

The above equations are solved by starting
at the ramp tip and marching downstream
using an alternatign-direction implicit
technique. In this study, to aveid resolving
the laminar sublayer, wall function houndavy
conditions were used to compute tangential
vglgfities in all solid surfaces. Details

of the solution procedure are published
elsewhereig»iﬂ"lg. P

In the above equations, the metpric ¢n-
efficients can be computed by any available
method. For this study; since only inlets
with rectangular cross-sections and parallel
sidewalls are considered, hy and hp are
funetions of x and y only, and hg = 1. The
mesh was therefore generated uging the two-
dimensional method of Andersonk’,

Test Cases

In order to evaluate the computatirnal
procedure deseribed, two test cases weve run
with the PEPSIS analysis. The first configu-
ration considered was a large sca{s, variable
geometry, mixed compression inlet'~ designed
for Mach 3.0 and a Reynolds number per metepr
of 7.2X100 (2.2X106 per foot). This test
configuration was designated the M3 inlet
configuration. It was chosen to study the
hehavior of the PEPSIS analysis under condi-
tions of high Reynolds number and with a
complex grossed shock wave pattern in a
largely inviscid core. The second case was
a Mach 7.4 hypersonic inlet’® designated
the P8 dinlet. This case was chosen to study
the behavior of the PEPSIS analysis under
conditions of strong shock wave interactions
with thick boundary layers. In addition,
this inlet was used by Knightl8 as a test
case for a two~dimensional Navier-Stokes
solution. Each inlet configuration was run
with two computational mesh distributions,
Table I, designated the coarse and medium
mesh solutions. The coarse mesh had 20 grid

points distributed betwoen the ramp and cowl
surfaces while the medium mesh had 45 grid
points. The mesh points for hoth the coarse
and medium mesh solutions were packed in the
region near the vamp and cowl surfaces to
resolve the wall boundary layers. In this
study, sinece only 6 mesh points were used
between the inlet sidewall and the symmetry
plang, the sidewall boundavy layers were

not resolved., This did not lead to any
computational problems, however, For buth
inlets, the streamwisc step size distribution
was the same for the coamrsc and medium mesh,
Later steps in the evaluation procedure will
study the effects of vavying the spanwise

and streamwise mesh asize, The total computing
times, 1.c., CPU plus I/0 time, on the UNIVAC
1100/12 are also listed in Table I.

M3 Inlet Configuration

A schematie diagram of the M3 Inlet cone-
figuration showing the inviseid shock
structure Is presented in figurs (). fhe
inlet capture avea was 1264 cmé (196 in%) and
the initial pramp was inclined 7 degreces to
the hordisontal. The second ramp was inclined
14 degrees to the horizontal while the cowl
surface was parallel to the horizontal. The
inlet achileves internal. compression hy
means of a crossed shock structure as indi-
cated in figure (1), Cdlculations were made
on the M3 inlet with the ramp, cowl and
sidewall bleed vegiong slpwn i, figure (2). ,
The bleed rates were computed from the data
for configuration 80 of reference 12 and are
Llisted in Table II. A comparison hetween
the coapse and medium meshes used in the
caleulation of the M3 inlet configuration
is shown in figure (3)., A section upstream
on the ramp tip was added to properly resolve
the initial ramp shock in the calculations.
In the description that follows, u and v are
the streamwise and cross-flow velocities
in this coordinate system, In addition, the
gapwise distance is defined as the distance
along a coordinate line from the ramp to
the cowl. Comparisons between the coarse
and medium mesh solutions are presented in
figures (W)-(6). In figure (4), ozmputed
Mach number profiles in the centrr plane of
the M3 inlet have been plotted within the
inlet geometry. The coarse mesh solution
exhibited substantial numerical, noise, par-
ticularly in those regions where an oblique
shock either formed or was reflected from a
golid surface, This can be secen more clearly
in figure (5) where the u-veloeity (stream-
wise velocity) profiles have been plotted
as a function of normelized gap distance
across the flow field. Differences in the
computed shock wave structure are also evident
in figure (5). A more distinet second ramp
shock is apparent in the medium mesh solution
in addition to an upstream shift in the first
ramp shock-houndary layer interaction. The
dramatic differences between the coarse and




mediwn mesh solutions can also be eeen in
figure (0) which presents the v-velocity
(normal veloeity) profiles in the M3 inlet
center plane as a function of normalized
gap distance, The v~-veloeity is very sonsis
tive to mesh resolution and it is cvident
from figure (6) that the numerical problems
encountered in the coarse mesh solution were
egsentially eliminated in the medium mesh
solutions,

A comparison between the two solutlons
and experimental static pressure measurements
is presented in figure (Y). The mediun mesh
gave a forward shift in the shock-bhoundapy
Llayer interactions, but both solutions agrec
well with the data. The boundary layers on
both the ramp and cowl surface were thin
relative to the channel gap dimensions so
that detailed resolution of these interactions
would require additional mesh points, The
solution ended just upstream of the throat
because of a substantia. region of subsonic
flow in the core of the flow f£ield which the
PEPSIS analysis cannot presently handle,

In order to continue the solution past
this region, a second medium mesgh caleulation
was performed at over speced conditions, i.c.,
at a free stream Mach number of 3,25, and
the results are presented in figure (8).

The Mach number profiles which are plotted
within the inlet geometry roveal that the shock
impinging on the ramp shoulder has been can-
celled by the sudden expansion around the
shoulder., Compression downstream of the
shoulder thus takes place by a single reflect-
ed shock system. The increase in boundary
layer thickness as a result of the sudden
expangion around the vamp shoulder is also
evident, Again to properly resolve the flow
phenomena in the region of the ramp shoulder
would require a much greater m.ssh density.
However, the PEPSIS analysis does simulate
the gross features of the flow with the pre-
sent mesh resolution which makes it ideal

for design.

P8 Inlet Configuration

In order to investigte the ability of
the PEPSIS analysis to compute the details
of the shoek wave-bpundary layer interactions
a series of calculations was made on a Mach
7.4 hypersonic inlet. Under hypersonic condi-
tions, much thicker boundapry layers are
encountered so that greater resolution of
these interactions can be achieved without
increasing the number of mesh points.

A schematic diagram of the P8 hypersonic
inlet showing the inviscid shock structure
is presented in figure (9). The initial ramp
angle was inclined 6.45 degrees to th2
horizontal while the initial cowl angle was
inclined -1 degree to the horizontal. The
leading edge of the cowl on the PB inlet was

T T = e

blunt, with a diameter of 0.114 em (,0UN9 in).
Since it is impractical to vesgolve this

blunt body flow in a complete inlet analysis
an effective sharp cowl lending edge was
defined, Usigg the expressions from layes
and Probstein™ for two-dimensional, ehock
standoff distance, and positioning the
initial cowl shock tangent to the how Lip
shoek, figure (10), gave an cffective dis-
placement of 0.26 em (.10 in)., 7This compares
to on effective cowl lip displacement of 2.8
em (L.1 in) used in the two-dimensional
Navier-8tokes solution of thie inlet by
Knightl8,

A comparison between the coarse and
mediwn mesh Mach number profiles plotted
within the dinlet geometry is presented in
figurves (Ll)and (12), Flgure (L)) shows
the developing Mach number profiles for
the entire P8 inlet, while figure (12) pre-
sents an eplarged view internal to the inlet,
More distinct initial ramp and cowl shock
waves are apparent in the medium mesh solu-
tion. With the enlarged view of the internal
Mach number profile development, figure (L2),
the cowl shock wave interaction with the
thick ramp boundary layer becomes evident,
The reflected shocks off both the ramp and
cowl boundary layers are alsp clearly pre-
sent, Differences between the coarse and
medium mesh solutions become more apparcnt
by plotting the Mach number profile develop-
ment in terms of normalized gap distance
aeross- the inlet channel, figure (13). ,

The numerical noise disturbances geperated
Just downstream of both the ramp and cowl
shock waves in the coarse mesh solution,
figure (13a), are propagated along Mach

lines and act like weak shock waves.
Increasing the mesh density essentially
eliminated these numerical disturbances,

The medium mesh solution, figure (13k),

had enough grid points to resolve the detailed
flow events within the length scale associated
with this interaction. The boundary layer
buildup along the ramp surface and its
interaction with the cowl shock is clearly
evident. The static pressure profile deve-
lopment in the center plane of the P8 inlet,
Figure (14), reveals more clearly that the
numerical noise disturbances are propagated
along Mach lines in the coarse mesh solution
and that increased mesh resolution eliminates
these problems. Note also that there is a
substantial nommal pressure gradient across
the vamp and cowl boundary layers within the
interaction zone.

Comparisons of the coarse and medium
mesh static pressure solutions with measure-
ments in the center plane of the P8 inlet
are shown in figure (15). The caleulations
were performed assuming turbulent boundary
layer flow along both the ramp and cowl
surfaces while the experimental test had
subgtantial laminar flow on both surfaces.
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Agp @ result, the analysig predicted a thicker
boundary layer enteping both Intepaction
regions which resulted in a slight upstroam
shift in the shock location, In spite of
these differences very good static pressure
predictions were achi: ved with the PLEPSIS
analysis. The PEPSIS code is presently being
updated to include a laminar-turbulent
transition capability., It is expected that
with thinner boundary layewrs still bettep
agreement will be achieved, A comparison
between the PEPSIS viseous analysis and
inviseid calenlatdons®”! is presented in
figure (10) and shows & strong ramp shock
interaction oxtending well upstream of the
invisedd shock impingement point and a
substantial upstream displucement in the

cowl shock interaction region.

Coneluding Remarks

A serics of caleculations werae performed
on two inlet configurations using a three-
dimensional viscous flow analysis (PEPSIS)
and the following vemarks can be made:

1, With proper overall mesh resolution,
the PEPSIS analysis is oble to define the
basic featuves of high Reynolds number thin
boundapry layer flows with highly complex
shock wave structures in a largely invisedd
cora.

2. EBven when the soluvion mesh is too
coarse to properly resolve the small length
seale events asgociated with thin boundary
layer~shock wave interactlons, thae overall
features of these cventes can be predicied.

3, with adeguate mesh resolution of the
shock wave-boundary layer interactions, the
PEPSIS analysis predicts the gross physics
of this flow cvent,

4, Depending on the mesh density, the
PEPSIS analysis can be used cither as a
design tool, whewe the overall inlet flow
Field die the Important factor, or as an
analysis tool where the smull scale flow
events occuring in dinlets can be studied.

5. Numeprical noise disturhances can
develop within the solution which will
distort the flow field, but proper mesh
resolution can eliminate this problem.
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TABLE I, - TEST CASES FOR PEPSIS
Test cases| Computational mesh | Computing
time
Distribu- Total | on UNIVAC
tion 1100/42,
min
M3 inlet
Coarse | 20%x6X180 21 600 58
Medium | 45%X6%X177 47 790 129
Medium | 45%X6X260 70 200 190
P8 inlet
Coarse | 20%X6x350 42 000 113
Medium | 45%6X340 9] 800 248

*CPU plus 1/0 time.

e -

TABLE

IT. - BLEED RATES FOR M3

INLET CONFIGURATION

Bleed | Bleed mass flow, | Bleed velocity,
zone mBL/m00 v/uref
RA 0.0097 0.00902
Ry .0053 .00528
RC 0193 .00769
RD 0214 .00832
CA 0120 .00295
CB .0699 .00431
SA .0120 .00451
SB .0147 .00748
Sa .0176 .01277

ﬁm = 7.006 kg/sec (15.45 1bm/sec).

ref

= 640.2 m/sec (2100 ft/sec).
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Figure 1, ~ Schematie diagram of M3 Inlet con(

iguration showing
Inviscld shock structure,

14,00

2 NN
NN AN
N

. 29
28,00 3,5 4% 55,56 61,59

NN

{a) RAMP,

14,00 —— % b\‘i

N

|
sz sy 0%

{b) COWL,
040 200 829 555 61,59

ld'm L\—\ \4,\ ALMRN ALY

AN ARG g
V77 N 10, 65
10.00 N
5,20 \\\
0.00

28,00 3505

{c) SIDEWALL

Flgure 2, - Bleed raglons for M3 inlet col

nfiguration, (Distances are model
stations from ref, 12,)

S
o T
ﬁo’x\’ﬁ‘*’ﬁi‘&% 00 4;
e
AN s
oWiG




SR dad

1.5'—'
s SR
i xi;'-&\'
weor Bl .
s [N W AN RS NN WU N N N
g {a) COARSE MESH,
G I
215
2 ..‘
2 05 it ilittntieii
I
sx i
05““‘ \ t
o5 RN RN N NN U MR D R N
.50 .00 1,50 200 25 300 350 400 45 500 550
AXIAL DISTANCE, XIILREF
{b) MEDIUM MESH,
Figure 3, = Comparison of coarse and medium mesh used In computation of M3 Inlet flow field,
- »
1,5 —
J5
B
g .
; - [ I | 1 1 l T
g {a) COARSE MESH,
§ chS"""
a
g 15 ”]W’ \\ W\\MW
il
S
. | | L. l J | | | | |

5
100 150 200 25 300 35 400 45 500 530 600
AXIAL DISTANCE, X'/Lpgr

(b) MEDIUM MESH,

Flgure aﬁ - Mach nlémber profiles in center plane of M3 Inlet configuration. My = 3.0: Re =
7.2x10%m {2, 2x10°/4t),




B

NORMALIZED GAP DISTANCE

IR ek it

Is) COARSE MESH,

NORMALIZED GAP DISTANCE

2 s

{b} MEDIUM MESH,
Figure 5, - Effect of mash on the u-velocity profiles in center plane of M3 inlet configuration,

A gl s s e R

WNRIMTIS ;
{2) COARSE MESH,

{b} MEDIUM MESH,
Flgura 6, = Effect of mesh on the v-veloclly profiles in center plane of M3 Inlet configuration,

EPRODUCILITATY OF THI
%RIGINAL Paun IS POOR




”lo o
2,0 b= ANALYSIS
; s MEDIUM MESH
| 15,0 = wre e COARSE MESH °
10,0 |~ O  DATA, REF. 12 ]
I
g 5ro o
0 —
B
g 5,0 ' | l | l .
& {2) COWL SURFACE,
| g 5.0
} 2 w0k
» B
| 15,0 foee @
10,0 b=
510 ad
0 b
5.0 I l | l | |
0 1.0 2,0 3.0 4.0 50 6.0
AXIAL DISTANCE, X'/Lpgr
{b) RAMP SURFACE,
f Flgure 7, = Effect of mesh on the wall slatlg pressiyre distrlbution -
. . * I center plane of M% Inlet'configuration,

1,2 =
2
2 J
= sl | x | i
: ‘ (il
’!‘ g N-R ’ { t\u\ \
E 2 L
! E . | l { | | | [ | | | | J
‘15 L% LIS 25 215 3.5 375 4% 475 55 575 65 675
AXIAL DISTANCE, X'/Lpgr
Flgure 8, = Medium mesh flow field solution for M3 Inlet conflguration: at overspeed conditions, My, « 3,25,
%é




Figure 10, ~ Definition of elfective cowl leading odge (not Lo scale),
1 ]

- v

1%
T e
, l“ ” 'ijyj =
ey
sl - T ""r"“r""r"'r""i""T"T"‘f‘“'T"‘u
Z (a) COARSE MESH,
& 1L
«
= {11 ! J) 7 T
e B .
) ’ JJJ),JJUMJ (il
¥ i ) Jf//
O A Iy N St [ '""""—l"'"“"T'"""'T""T""T"”l
5 17 27 3,75 s 5.7 675 715 8,75
AXIAL DISTANCE, X'/Lpge
(b) MEDIUM MESH,
Flgure 1), -

Mach number profiles In center plane of P8 Inlet conflguration, M =7, 4; Re = 8,9x108/m (2, x105/11),

SNINY
) \
X pOOR
< O‘Xﬂ“ﬁ 5} (‘xl‘ Xb
YA‘YR AL i
XGY&




| 1T T W)
15 o JUEMDD JJ),)),))I'M) et T ——

50
58 U S Y U A Y s S
]
00

{a) COARSE MESH,
'1. —
100 TG UL \\\\
L m et S
' " Vi A
50:./‘ ’
25lllllllllllill
5,00 5,50 6,00 6,50 7.00 1,50 8,00 8,50
AXIAL DISTANCE, X'ILppr
{b) MEDIUM MESH.
Figure 12, - Internal Mach number profiles in center plana of P8 Intet configuration, Mo =7.4 Re

8, 9x106/m 2 7x106/tt>

— ‘ "“m lmlllluuww

ity r:i—"f:{;

{a) COARSE MESH,

U ’!ﬂl'léﬂ"“"iiﬁ@mﬂ!«m “

NORMALIZED GAP DISTANCE

{b) MEDIUM MESH,
Figure 13, - Effect of mesh on Mach number profiles in center plane of P8 inlet configuration,




R sl

NORMALIZED GAP DISTANCE

STATIC PRESSURE, Ploger

// ((&Q {’I//
<(< Sl 40/&’?{(”"?/ i

i

{b) MEDIUM MESH,
Figure 14, - Effect of mesh on slatic pressure profiles In center plane of P8 inlet conflguration,

ANALYS|S

{TURBULENT FLOW)
60,0
==== COARSE MESH
00~ O DATA (LAMINAR/
TURBULENT FLOW)
2,0 |~
0
mo ! | I |
{a) COWL SURFACE,
60.0 r—
40,0 (—

S
[
%

U
38
.U,O
o

5.8 6,6 7.4 82
AXIAL DISTANCE, X'/Lgg

(b} RAMP SURFACE,

Figure 15, - Effect of mesh on wall static pressure dis-
tribution in center plane of P8 inlet configuration,

REPRODULCINT *TY OF TIW
ORIGINAL PAGE IS PO™




STATIC PRESSURE, plpper

60,0 —
——— VISCOUS ANALYSIS
0/~ O INVISCID ANALYSIS,
20,0 —
0 b
;0 | r | |
(a) COWL SURFACE,
2,0 —
20,0~
2.0—
0
0 | | | |
2483 5.8 6.6 7.4 82
AXIAL DISTANCE, X'/Lpge
(b) RAMP SURFACE.

Figure 16, - Comparison of medium mesh viscous solu=-
tion with Inviscid analysis for wall static pressure In
center plane of P8 Injet conflguration,




Report No 2. Government Accession No. 3 f!ctlsllvnF;N(L;lul()g Nao

NASA TM-81411

4 Tulg and Subtitie ) ) 5 Report Date
NUMERICAL SIMULATION OF SUPERSONIC INLETS USING ]
A THREE-DIMENSIONAL VISCOUS FLOW ANALYSIS 6 Perfutnung Orgamzaton Code
7 AQ!hor(sl 8 Performmg Orgamzation Rl‘;T;; ;:: ]
B, H, Anderson and C, E, Towne E-395

0. Work Unit N

0. Perforoung Organization Name and Address

R B

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohlo 44133 13. Type of Report and Period Covered

11, Contract or Grant Nu

12. Sponsoring Agency Name and Address Technical Memorandum

- o

National Aeronautics and Space Administration

14. Sponsoring Agency Code
Washington, D,C, 20546 v A

16. Supplementary Notes

16. Abstract
A three-dimensional fully viscous computer analysis, which retains the viscous nature of the

Navier-Stokes equations, was evaluated to determine its usefulness in the design of supersonic
inlets, This procedure takes advantage of physical approximations to limit the high computer
time and storage associated with complete Navier-Stokes solutions, Computed results are pre-
sented for a Mach 3, 0 supersonic inlet with bleed and a Mach 7, 4 hypersonic inlet. Good agree-
ment was obtained between theory and data for both inlets, Results of a mesh sensitivity study
are also shown,

17. Key Words (Suggested by Author(s)} 18, Distribution Statement
Supersonic inlet Viscous flow Unclassified - unlimited

Parabolized Navier-Stokes Marching analysis STAR Category 34
Shock waves

19, Security Classif, {of this report} 20. Security Classif. (of this page) 21, No. of Pages 22, Price’
Unclassified Unclassified

* For sale by the National Technical Information Service, Springfield, Virginia 22161




	1980007106.pdf
	0001A01.tif
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif




