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Previous investigations show that it is not easy for the freestream to enter a submerged inlet with flush-mounted

planar side entrance. To improve the performance of this type of inlet, three important entrance parameters, side

edge angle, ramp angle, and characteristic parameter of aft lip, are introduced in this paper, and their effects on the

performance of the inlet are studied by both experiments and computational fluid dynamics. Based on the results, a

submerged inlet with a trapezoid entrance is designed and tested over a wide range of flow conditions. Results

indicate that the designed submerged inlet can give excellent performance at the design condition and provide

satisfactory performance over a wide range of test conditions. By using a numerical analysis, the influences of the

freestream Mach number, the angle of attack, yaw, and Mach number at the exit on the performance and flow

structure of the submerged inlet have been obtained.

Nomenclature

a = constant radius of lemniscate function
Cp = static pressure coefficient
D = diameter of the exit
L = length of the submerged inlet
Me = Mach number at the exit�

M0 = freestream Mach number
P�Avg360 = mass-average total pressure over the entire engine

face
P�min 60 = minimum mass-average total pressure over any

60 deg sector around the centroid of the fan face
P�rms = mean square root of fluctuation total pressure around

the engine face
P�0 = freestream total pressure
W = synthetic flow distortion index
Y = offset of the submerged inlet
� = angle of attack
� = yaw
��0 = circumferential total pressure distortion index
" = dynamic total pressure distortion index
� = characteristic parameter of aft lip
� = side edge angle
� = total pressure recovery coefficient
 = ramp angle

Subscripts

Avg = average value
e = exit
0 = freestream

Superscript

� = total or stagnation condition

Introduction

B ECAUSE of their advantageous geometrical characteristics,
submerged inlets have received considerable attention. This

type of inlet is superior to conventional nacelle-mounted inlets due to
decreased external drag and minimization of foreign object damage.
However, because the inlets are entirely embedded in an air vehicle
body, the outside boundary layer is almost entirely ingested into the
inlets, which results in low total pressure recovery and high flow
distortion [1,2]. Thus, in the early 1940s, research studies were
initiated for the so-calledNACA submerged inlets [1–5], whichwere
employed only for the auxiliary applications in the aircraft [3–5].
Since then, great efforts have beenmade to improve the performance
of this type of inlet mounted on the cylinder so that it can be used as
the main air induction system of the propulsion engine [6–12]. As a
result, some examples of this type of inlet were employed on several
air vehicles. Today, with the ever-increasing demand for high
survivability, a submerged inlet combined with the stealthy fuselage
featuring flat surfaces is the common choice for most hi-tech air
vehicles. But in this combination, it is not easy for the oncoming flow
to enter the inlet due to the lack of favorable three-dimensional
effects particular to the cylinder-shaped aircraft applications. In fact,
in the 1980s preliminary computational and experimental studies
demonstrated that a two-dimensional submerged inlet performed
badly with lower total pressure recovery and less mass flow rate
[13,14]. Then, at the beginning of this century, a submerged inlet
with finite width for a stealthy uninhabited combat air vehicle
(UCAV) was designed by Yu [15]. It was found in the experiment
that the inlet could deliver sufficient mass flow to the engine.
Furthermore, this study was followed by extensive numerical
simulations and low speed wind-tunnel tests which revealed that the
counter-rotating vortex pair [16–19] generated by the side edges of
the entrance was one of the main impetuses that sucked the airflow
into the submerged inlet [15]. Nevertheless, this inlet exhibited
excessive total pressure loss and flow distortion [15] according to the
experimental results obtained by Yu.

To improve the critical system-level performance metrics of total
pressure recovery and flow distortion, it is important to obtain the
parametric trends of key design variables and to establish an
engineering design methodology. In this paper, three important
entrance parameters are introduced and their effects on the
performance of the submerged inlet integrated with a stealthy
fuselage are obtained. Furthermore, a new shape is designed through
selecting a suitable group of entrance parameters and its performance
and flow structure are investigated by both experiments and
computational fluid dynamics (CFD) over a wide range of flight
conditions.
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Methodology

Experimental Setup

The inlet studied is placed at the aft part of the fuselage which is of
a trapezoidal cross section. The distance from the apex of the fuselage
to the leading edge of the inlet is 12D, whereD is the diameter of the
exit section of the inlet. As shown in Fig. 1, the total length of the inlet
is 4:6D, and the vertical offset is 0:87D, which is the distance
between the center point of the exit and the belly of the fuselage.

The wind-tunnel test model with a total length of 1000 mm
includes the fuselage, a submerged inlet, pressure instruments, and a
conic flow plug, as illustrated in Fig. 1. Because of the constraints of
wind-tunnel blockage and internal flow measurement, the wings are
not taken into consideration.

The exit measurement plane of the inlet contains a 40-point total
pressure rake and four static ports tomeasure total pressure recovery,
flow distortion, and mass flow. The rake consists of eight branches,
spaced at 45 deg intervals around the exit. Each branch has five
pressure sampling tubes, made of 0.8 mm-diam stainless steel tubes.
The probe tips, which are on rings of equal area, extend 5 mm ahead
of the juncture to minimize disturbance. All pressures are measured
by an electronically scanned pressure transducer system (ESP). The
pressures obtained from the ESP have a margin of error of 0.05%
over the full range of calibration. Four Kulite gauges are placed
counter-clockwise at 22.5, 157.5, 202.5, and 337.5 deg, respectively,
along the circumference to obtain high-frequency information. In
addition, the mass flow plug, placed at the model exit and driven by
an electric motor, provides flow control for measurements at
different mass flow ratios.

The experiments were performed in the NH-1 high-speed wind
tunnel at Nanjing University of Aeronautics and Astronautics
(Fig. 2). The test section is a 600 mm � 600 mm square. The unit
Reynolds number of the wind tunnel ranges from 1:2 � 107=m to
1:77 � 107=m. During the tests, the freestream Mach number varies
from 0.50 to 0.80, the angle of attack from �2 to 8 deg and the yaw
from 0 to 6 deg.

In this paper, the customary mass-average total pressure recovery
coefficient � (P�Avg360=P

�
0 , where P

�
Avg360 is the mass-average total

pressure over the entire engine face and P�0 is the freestream total
pressure) is used to qualify the pressure recovery performance of the
inlet. In addition, to qualify the uniformity of the total pressuremap at
the engine face, the circumferential total pressure distortion index

��0 is calculated as follows:

�� 0 � �1 � P�min 60 deg=P
�
Avg360� � 100%

where P�min 60 deg is the minimum mass-average total pressure over

any 60 deg sector around the centroid of the fan face.
Furthermore, the synthetic total pressure distortion index W, a

common criterion in Russia, is also used in this paper. This index
contains the above circumferential total pressure distortion index

��0 and the dynamic total pressure distortion index ". The
performance indicesW and " are defined as follows:

"� P�rms=P
�
Avg360 � 100% W ���0 � "

where P�rms is the mean square root of fluctuation total pressure
around the engine face.

By such definitions, circumferential distortion levels less than
5.0% and the synthetic distortion levels lower than 8.5% are
generally considered to be acceptable.

Numerical Approach

In the paper the FLuent flow analysis software is used for the
flowfield predictions. The Reynolds-averaged compressible time-
dependent Navier-̄Stokes equations in three dimensions are solved
by using a finite-volume spatial discretization in which the state
variables are stored at the cell center. In the computations, the
inviscid flux scheme is Roe’s method, and the monotonic upwind
scheme for conservation laws (MUSCL) approach is used for
variable extrapolation. Turbulence is modeled by the k–" equations.
A steady-state solution is obtained through the Gauss–Seidel
relaxation.

To eliminate the boundary effects on the CFD results, a large
column flow domain, with 20D in diameter and 30D in length, is
chosen, and the channel zone is extruded 2D at the actual exit of the
inlet. Additionally, no-slip adiabatic boundary conditions are
imposed on the solid walls, and characteristic boundary conditions
using Riemann invariants are applied to the far field. For the pressure
outlet condition at the exit of the inlet, a backpressure is specified.

In the flow domain the truncation error highly depends on the grid
resolutions. Therefore, it is important to choose a grid size that is
sufficiently fine to solve the flow domain accurately for this specific
problem and that is small enough to save computational time. To
determine the grid sensitivity involved in the numerical study of the
submerged inlets, a sequence of three grids with increasing
resolution is used. For each grid size, the grid topology used for the
computations contains 21 blockswhichmatch each other exactly and
compose the complex flow domain. Figure 3a shows a close-up view
of the surface grids around the entrance of the inlet. A side view of the
grids on the symmetry plane and the exit plane is presented in Fig. 3b.
By specifying the first cell height and the stretching ratio, we ensure
that there is a clustering near the wall region and the channel zone.
Table 1 shows the number of cells and the corresponding
performance at the engine face of a specific submerged inlet. By

comparing the values of � and��0 in Table 1, it can be seen that the
difference between 1,200,000 cells and 900,000 cells is 2.2% for the
total pressure recovery and 4.3% for the circumferential distortion
index. That is to say, the truncation errors are acceptably small for the
submerged inlet. Thus, a grid of 900,000 nodes is adopted in the
subsequent numerical analysis.

Results and Discussion

Trends of the Entrance Design Parameters

This paper conducts a trade study for a range of possible entrance
design parameters of the submerged inlets. The influences of three
entrance parameters, side edge angle �, ramp angle  , and aft lip
characteristic parameter � (Fig. 4), are obtained by varying one
design parameter and keeping the two other parameters constant
under the same constraints of the fuselage and freestream condition
(M0 � 0:7, �� 0 deg, �� 0 deg). The purpose of the trade study
is to gain physical insight into the effects of the entrance parameters
on the performance of the inlet and to find suitable entrance

fuselage airfoil

submerged inlet

pressure instuments conic plug

4.6D12D
0.87D

freestream+

Fig. 1 Sketch of the inlet model.

Fig. 2 Submerged inlet installed in NH-1 600 mm � 600 mm wind
tunnel.
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parameters for achieving lower total pressure loss and flow distortion
at the exit.

Part 1: Influence of the Side Edge Angle �

From the development of secondary flow vectors along the duct
[16,17], it can be seen that a counter-rotating vortex pair [16–19]
originating from side edges of the entrance induces an upward
velocity component which sucks the main flow into the duct.
Moreover, the vortical structure has remarkable impact on the
distribution of the low total pressure region at the exit. Therefore,
attempts have beenmade to change the vortex strength byvarying the
side edge angle.

Figure 5 presents the variation of the total pressure recovery
coefficient with the side edge angle � at the fixed ramp angle
 � 23 deg and characteristic parameter �� 40 deg. When the
side edge angle is increased to 4 deg, the total pressure recovery
achieves the highest value. It may be the result ofmore capturedmain
flow due to the increase of the vortex strength. When the side edge
angle continues to move up to 12 deg, the total pressure recovery
decreases to less than 0.91 because of the loss from the strongmixing
process instigated by the large side edge angle (Fig. 6). Additionally,
it also can be observed in Fig. 5 that the CFD results agree well with
the experimental data and the deviation is less than 1%.

Figure 7 displays the effect of the side edge angle on the
circumferential total pressure distortion index, where the CFD and
experimental values match well, and both bottom out at �� 4 deg.
To interpret the tendency in Fig. 7, the total pressure recovery
coefficient contour plots at the exit with three different side edge
angles are shown in Fig. 8. It should be noted that, when �� 0 deg,
the contour plot shows a large region of low total pressure near the
top surface, which indicates a high flow distortion. With the increase
of the side edge angle, the low total pressure fluid migrates from the
top surface toward the bottom surface and the flow distortion index is
reduced to less than 4.0% due to the fact that the accentuated vortex
pair pulls the boundary layer around the engine face perimeter.When
the side edge angle is increased to 12 deg, as a result of the
aggravating vortex structure (Fig. 9) and the strong mixing loss, the
accumulation of the boundary layer fluid near the bottom surface
raises the circumferential flow distortion index to over 6.0%.

Part 2: Influence of the Ramp Angle  

The static pressure coefficient distribution and the velocity vector
around the entrance on the symmetry plane indicate that the pressure
gradient perpendicular to the freestream near the fore lip forces the
coming flow to enter the inlet. Hence, it implies that the value of the
ramp angle has a great influence on the performance of submerged
inlets.

The sensitivity of the total pressure recovery to the ramp angle is
illustrated in Fig. 10, where both the experimental and the numerical
analysis indicate that the inlet with ramp angle of 23 deg yields the
highest total pressure recovery when the side edge angle is 4 deg and
the aft lip parameter is 20 deg. To account for the effects of this
parameter, the distributions of the static pressure coefficient and
Mach number on the symmetry plane with three different ramp
angles are compared in Fig. 11.

As displayed in Fig. 11, the local static pressure coefficient of the
fore lip near the entrance varies from �0:57 (Fig. 11a) to �1:08
(Fig. 11c),which indicates that the pressure gradient perpendicular to
the freestream is stronger at a higher ramp angle, and thus more main
flow is sucked into the duct. On the other hand, with the increasing
ramp angle, the flow acceleration near the fore lip is intensified, and a
local critical shock occurs at � 25 deg, leading to a sharp increase
in boundary layer thickness. Consequently, as the ramp angle
changes from 20 to 25 deg, a small increase followed by a substantial
decline in total pressure recovery coefficient can be observed in
Fig. 10.

Fig. 3 Grids of the submerged inlets on the plane.

Table 1 Grid sensitivity analysis for a specific submerged inlet

ID No. of cells � ��0

1 600,000 0.916 4.1%
2 900,000 0.911 4.9%
3 1,200,000 0.909 4.7%

A

flow
direction

A

side edge angle

ramp angle

A-A

ψ

θ=20°θ=30°θ=40°

Fig. 4 Entrance parameters of the submerged inlet on the plane.
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Figure 12 presents the total pressure distortion index ��0 with
respect to the ramp angle  . As shown in Fig. 12, CFD and
experimental results agree well, and both achieve the lowest value at
the ramp angle of 23 deg.Obviously, the ramp angle has an impact on
the total pressure distributions at the exit. According to the
experimental results, the high total pressure region climbs upwith the

increase of the ramp angle. When  equals 23 deg, the high total
pressure region is found at the center of the exit and the boundary
layer is distributed circumferentially when the other entrance
parameters remain at 4 and 20 deg, respectively.

Part 3: Influence of Aft Lip Characteristic Parameter �

For the submerged inlet, the shape of the aft lip plays an important
role in obtaining an acceptable flow distortion. In this paper, a type of
lemniscate function is employed to obtain a suitable aft lip profile
with the control parameters of � and � (Fig. 13).

Similar to the ramp angle sensitivity analysis described in the
preceding subsection, �, which determines the thickness of the aft lip,
is used to examine its effect on the performance of the submerged
inlet on the plane. The aft lip characteristic parameter � ranges
between 20 and 40 deg. The side edge angle and ramp angle are left
unchanged at 8.5 and 23 deg, respectively. The total pressure
recovery coefficient and circumferential distortion index are showed
in Table 2. Although the total pressure recovery is not sensitive to the
change in �, the circumferential distortion index is highly affected

0.0 4.0 8.0 12.00.88

0.89

0.90

0.91

0.92

0.93

CFD Results
Experiment Results

ξ(0)

M0=0.7,α=00,β=00σ

Fig. 5 Total pressure recovery coefficient versus side edge angle.

a) 

b) 

ξ

ξ

= 4°

= 12.5°

Fig. 6 Streamlines near the entrance with different side edge angles

(CFD results).

0.0 4.0 8.0 12.01.00

2.00

3.00

4.00

5.00

6.00

7.00

CFD Results
Experimental Results

ξ(0)

Μ0=0.7,α=00,β=00∇

σ0(%)

Fig. 7 Circumferential total pressure distortion index versus side edge

angle.

0.836

0.867
0.8980.929

0.960

a) ξ

0.848

0.877 0.905
0.934

0.962

b) ξ

0.903

0.
929 0.955

c) 08.5ξ =

00=

04=

Fig. 8 Contour plots of total pressure recovery at the exit with different

side edge angles (experimental results).
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and the minimum distortion is obtained at �� 30 deg. As �
decreases from 40 to 30 deg, the local pressure gradient
perpendicular to the freestream increases due to the increase of the
area contraction near the aft lip, which deflects the local core flow
downward and pulls the boundary layer evenly around the engine
face.

In summary, the flow distortion of submerged inlets is sensitive to
the side edge angle, the ramp angle, and the shape of the aft lip. The
total pressure recovery is also apparently affected by the first two
parameters. Therefore, the cooperation of these three entrance
parameters is important for the performance enhancement of the
submerged inlet.

Characteristics of a Newly Designed Submerged Inlet on the Plane

A submerged inlet on the plane with the side edge angle of 4 deg,
the ramp angle of 23 deg, and the characteristic parameter of the aft
lip of 30 deg is designed and tested in a high-speed wind tunnel to
obtain performance enhancement and characterization. Table 3 gives
the detailed geometry information of the inlet studied.

30m/s 30m/s

0
0ξ = 0

8.5ξ =
Fig. 9 Secondary flow at the exit with different side edge angles (CFD

results).

20.0 22.0 24.0 26.00.88

0.89

0.90

0.91

0.92

0.93

CFD Results
Experimental Results

ψ (0)

Μ0=0.7,α=00,β=00σ

Fig. 10 Total pressure recovery coefficient versus ramp angle.
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0
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6
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0.40
-1.09 -0.63 -0.17 0.29 0.75 1.21 1.67 2.13
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0.78

0.70

0.63

0.11
1.08

0.04 0.19 0.33 0.48 0.63 0.78 0.93 1.08
Ma

-0.12

-0
.0

1

0.52

0.20

0.41

-1.08
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ψψ

ψ
Fig. 11 Distributions of static pressure coefficient and Mach number on the symmetry plane with different ramp angles (CFD results).
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Fig. 12 Circumferential total pressure distortion index versus ramp
angle.

SUN, GUO, AND WU 991



Through the experiments and the computations, the performance
and the flow structure of the improved inlet under different exitMach
numbers, angles of attack, yaws, and freestream Mach numbers are
obtained.

Effects of the Mach Number at the Exit

Unlike pitot inlets or S-shaped inlets [19], the capture area of the
submerged inlet is difficult to determine. Thus, the Mach number at
the exit is used instead of themassflow ratio in the analysis. Figure 14
presents the relation between the total pressure recovery coefficient
and the Mach number at the exit. Because less low-energy flow near
the fuselage enters the inlet compared to the total mass flow captured
at a higher Me (Fig. 15), the total pressure recovery coefficient
increases gradually and reaches 0.923 when Me � 0:4. When the
Mach number at the exit is larger than 0.48, a sharp drop in the total
pressure recovery occurs. This is due to the increased friction loss,
mixing loss, and possible separation loss.

Figure 16 shows the variations of the circumferential and the
synthetic total pressure distortion indices with the Mach number at

the exit. In spite of an obvious upward shift of��0 andW at higher
exit Mach numbers, both indices are only 2.1% and 4.9% at the
design condition (M0 � 0:73, �� 2 deg, �� 0 deg, Me � 0:4)
and do not exceed the acceptable distortion level until Me � 0:5.
Figure 17 gives the total pressure distributions at the engine face of
two different Mach numbers at the exit. It can be inferred that, at the
design condition, the submerged inlet with carefully selected
entrance parameters can produce a vortical flow structure and a
pressure gradient that make the boundary layer around the engine
face. However, at a higherMe such as 0.59, a large region of low total
pressure appears due to the flow deterioration near the aft lip induced
by the sharp turn of the local stream tube and the strong vortex
interactions.

Effects of the Freestream Mach Number

Figure 18 illustrates the effects of the freestreamMach number on
the total pressure recovery coefficient. It shows that the recovery
coefficient decreases with the increase of the freestream Mach
number because the coming boundary layer of the inlet is thickened
due to the increase of the adverse pressure gradient downstream of
the nose of the fuselage (Fig. 19). For a freestream Mach number
larger than 0.73, the recovery coefficient decreases more rapidly.
This trend probably arises from a local shock (Fig. 20) occurring near
the fore lip of the inlet, which accelerates the development of the
local boundary layer and deteriorates the internal flow.

According to the test results, the total pressure distribution at the
exit is not sensitive to the change of the freestream Mach number
except for slight differences on theminimum total pressure value. As
shown in Fig. 21,when the freestreamMach number is below0.8, the
circumferential and the synthetic distortion indices vary slightly and
are found to fall in the acceptable range of 5.0 and 8.5%, respectively.
Unfortunately, when the freestream Mach number reaches 0.9, the
low momentum fluid, aggravated by the shock/boundary layer

O F1a

C'

θ

rotate

B

CP
δ

A

D

B' P'

Fig. 13 Sketch of the aft lip (upside down).

Table 2 Impact of the lip thickness on the inlet performance

(experimental results) (�� 8:5 deg,  � 23 deg)

ID � � ��0

1 40 deg 0.911 4.5%
2 30 deg 0.912 3.1%
3 20 deg 0.911 3.8%

Table 3 Geometry parameters of the newly designed inlet

Parameters Values

Diameter at the exit D
Total length of the inlet 4:6D
Offset of the inlet 0:87D
Area shape distribution Polynomial spline with modest turning
Centerline distribution Special polynomial spline
Entrance of the inlet Trapezoid
Ramp angle 23 deg
Side edge angle 4 deg
Characteristic parameters of aft lip 40 mm, 30 deg

0.32 0.40 0.48 0.56 0.640.75

0.78

0.80

0.82

0.85

0.88

0.90

0.93

0.95
σ

Me

Μ0=0.73,α=20,β=00

Fig. 14 Total pressure recovery coefficient versusMach number at the

exit (experimental results).

0.93

P*/P0
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a) Me=0.33 

0.93

P*/P0
*

b) Me=0.42
Fig. 15 Captured flow tube of differentMach numbers at the exit (CFD

results).
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interation near the fore lip, accumulates on the bottom surface and is
contained in the maximum distortion 60 deg sector (Fig. 22). As a
result, both distortion indices reach a high level, which may threaten
the stable operation of the engine.

Effects of the Angle of Attack

Figure 23 demonstrates the variation of the total pressure recovery
coefficient with the angle of attack (ranging from�2 to 8 deg). It can
be observed that, with the increase of the incidence, the total pressure

Acceptable upper
boundary of W

Acceptable upper
boundary of

0.32 0.40 0.48 0.56 0.64

2.00

4.00

6.00

8.00

10.00

12.00

Me

Μ0=0.73,α=20,β=00

∇

σ0(%)

W(%)

σ0

∇

Fig. 16 Circumferential and synthetic total pressure distortion indices

versus the Mach number at the exit (experimental results).
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0.92
0.74 0.7

4

0.
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Fig. 17 Contour plots of total pressure recovery coefficient at the

engine face (experimental results).
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Fig. 18 Total pressure recovery coefficient versus freestream Mach

number (experimental results).
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Fig. 19 Captured flow tube at different freestream Mach numbers

(CFD results).
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Fig. 20 Machnumber distributions on the symmetry plane atM0 � 0:8
(CFD results).
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Fig. 21 Circular and synthetic total pressure distortion indices versus

freestream Mach number (experimental results).
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Fig. 22 Contour plot of total pressure recovery coefficient at the engine
face atM0 � 0:90 (experimental results).
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recovery goes up and approaches 0.95. This tendency is interpreted
as follows: with the increase of the angle of attack, the entrance of the
submerged inlet exposes to the freestream gradually and captures
more of the freestream. Furthermore, for a higher incidence the up-
wash flow around the fuselage sweeps part of the oncoming
boundaryflowaway from the inlet, which also leads to the increase of
�. Figure 24 gives a clear picture of the effects of a positive angle of
attack. Obviously, the cross section of the captured stream tube
appears much taller and narrower at �� 8 deg than at �� 0 deg,
which suggests that more high-energy flow and less low-energy flow
are sucked into the duct at a higher angle of attack.

The static pressure coefficient distributions along the top and
bottom surfaces when �� 0 deg and �� 8 deg are shown in a
nondimensional form in Fig. 25,where fewdifferences can be seen in
the streamwise pressure gradient within the duct. This implies that
the angle of attack has themain impact on the stream tube captured by
the submerged inlet but slight influence on the internalflow structure.
Hence, the performance improvement of the submerged inlet is
expected to strongly depend on the management of the boundary
layer along the fuselage.

As shown in Fig. 26, with the increase of the angle of attack from
�4 to 8 deg, the circumferential distortion index and the synthetic
distortion index remain below 2.8 and 5.6%, respectively, both of
which are far less than the typical engine tolerance. This indicates
that an acceptable performance over a wide range of flow conditions

can be achieved for the submerged inlet with flush-mounted planar
side entrance by carefully selecting the entrance parameters.

Effects of the Yaw

Effects of the yaw on the total pressure recovery coefficient are
displayed in Fig. 27. With the increase of the yaw up to 4 deg, the
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Fig. 23 Total pressure recovery coefficient versus angle of attack

(experimental results).
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Fig. 28 Streamlines near the fuselage while �� 4 deg (CFD results).
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total pressure recovery increases gradually due to the reduction of the
developing length of the boundary layer along the fuselage (Fig. 28).

According to Fig. 29, the circumferential and the synthetic
distortion indices are acceptable though both increase with the rise of
the yaw.

In Fig. 30, the total pressure contour plot of the engine face at the
yaw of 4 deg is presented. Compared with Fig. 17, the low total
pressure fluid at the exit in this figure shifts in a counter-clockwise
direction due to the dominating vortex structure from the lee side.

Summary

This paper presents an experimental and computational study on
the key design parameters of submerged inlets with flush-mounted
planar side entrance. Based on these results, a submerged inlet with
trapezoid entrance is designed and investigated over a wide range of
flight conditions by both experiments and numerical simulations.
The conclusions drawn from this study can be summarized as
follows:

1) Entrance parameters,  , �, and �, are found to have significant
impacts on the aerodynamic performance of the submerged inlet.
Both the total pressure recovery and the flow distortion indices
achieve the optimal value at �� 4 deg,  � 23 deg, and
�� 40 deg. As to the ramp angle, any deviation from 23 deg yields
an unfavorable influence on the performance of the inlet. The
circumferential distortion index is highly affected by the
characteristic parameter � of the aft lip and bottoms out at
�� 30 deg, though the total pressure recovery almost remains
constant over the tested range.

2) For the freestream Mach number ranging from 0.5 to 0.8, the
circumferential and the synthetic distortion indices are both well
below 80% of the maximum acceptable value in spite of the apparent
decline of the total pressure recovery coefficient. However, for the
freestreamMach number of 0.9, both of the distortion indices ascend
rapidly to a high level, whichmay threaten the stable operation of the
engine.

3) For the inlet embedded into the belly of the fuselage, the
increase of the angle of attack is beneficial to both the total pressure
recovery and the distortion indices over the tested range.
Furthermore, the total pressure recovery coefficient rises gradually
with the increase of the yaw and the distortion indices are still within
a tolerable level despite the unfavorable effects of the yaw.

4) The experimental results confirm the excellent performance of
the newly developed submerged inlet based on the knowledge of
effects of the entrance parameter. When M0 � 0:5–0:8,

���2–8 deg, and �� 0–4 deg, the total pressure recovery
varies from 0.886 to 0.980, the circumferential total pressure index
varies from 1.4 to 4.4%, and the synthetic distortion index varies
from 3.5 to 7.7%.
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