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Abstract: In view of the engineering background that CK drone aircraft needs modification and upgrading to improve
its maneuvering performance，numerical research and analysis of air inlet aerodynamic performance are carried out.
Firstly，based on the introduction of the theoretical knowledge involved in aircraft maneuvering flight，parameters
such as aircraft attitude and engine mass flow etc. required for the aerodynamic performance calculation of CK drone
aircraft air inlet are determined. By analyzing the test data of WP6 engine inlet distortion simulation board，the typical
indexes are extracted as the basis for evaluating the air inlet performance of CK drone aircraft. Then，the aerodynamic
characteristics of the inlet of CK drone aircraft under different maneuvering conditions are numerically studied，and the
total pressure recovery coefficient and pressure distortion index of the outlet section are obtained. Several conclusions
and suggestions are formed after the study. When CK drone aircraft flies at positive angle of attack，the inlet has good
aerodynamic characteristics，which can meet the requirements of engine intake during high maneuverable flight. In the
flight of negative angle of attack，the total pressure loss and pressure distortion at the outlet section of air inlet increase
sharply，which cannot guarantee the stable working of the engine. On the premise that the aircraft attitude is satisfied，
CK drone aircraft can use three engine thrust states of“Rated”，“Modified rated”and“Maximum” for high
maneuverable flight.
Key words：CK drone aircraft；high maneuvering flight；suspended nacelle inlet；total pressure recovery coefficient；
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0 Introduction

CK drone aircraft，a high subsonic large entity
drone，is developed by Nanjing University of Aero‑
nautics & Astronautics（NUAA，formerly known
as Nanjing College of Aeronautics） in 1968. After
more than half a century of development，the air‑
craft has formed series products such as CK1
drone［1］，CK3 drone［2］ and CK2 unmanned aerial ve‑
hicle（UAV）［3］，respectively for high altitude，low
altitude， high maneuverability， hedgehop， rock‑
et‑propelled，navy，air force，and so on. The drone
has played an important role in China’s nuclear test‑

ing，missile identification， and fighter appraisal.
Even now，it still has an irreplaceable position in
China.

CK drone aircraft is a very mature aircraft plat‑
form. At present，more than 300 aircraft have been
used in NUAA，and a large number of flight tests
and verification have been carried out. The maxi‑
mum flight altitude is more than 14 000 m，the max‑
imum flight speed is about 900 km/h，and the maxi‑
mum stable normal overload is about 3g—4g［1］. Due
to the development of technology and upgrading of
airborne equipment， Research Institute of Un‑
manned Aircraft of NUAA started the modification
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work of CK5 drone aircraft in 2016［4］. One of goals
is to increase its maneuvering performance from the
stable normal overload of 3g—4g to 5g—6g. Con‑
sidering the modification designing cost and opera‑
tion cost of the aircraft，the CK5 drone aircraft basi‑
cally follows the original aerodynamic shape and
power device.

The CK drone aircraft uses a modified retired
WP6 engine as the power device，and the engine is
suspended under the fuselage，as shown in Fig.1［5］.
The main work of engine modification is to remove
the original after‑burned system，shorten the nozzle
and change the adjustable nozzle to fixed nozzle. Af‑
ter the modification，the service requirements and
working reliability of the engine are similar to the
original engine， and the thrust is slightly im‑
proved［6］.

Due to the improvement of maneuverability，
the work to be demonstrated by the power system
mainly includes two parts：One is whether the en‑
gine can withstand such overloads， the other is
whether the inlet can provide qualified intake condi‑
tions for the engine. The normal overload of 7g was
pulled out in the test flight for the J‑6 fighter with
the WP6 engine［7］. This shows that the optimized
modified WP6 engine can meet the overload require‑
ments of CK5 drone aircraft. Therefore，the next
important problem is to study whether the inlet can
meet the requirements of the engine in maneuvering
flight.

There are many researches on the aerodynamic
performance of air inlet at home and abroad. Accord‑
ing to the published papers，the research on basic re‑
search［8‑10］， new S‑shaped inlet and diverterless
supesonic inlet（DSI）［11‑16］，as well as inlet studies
of fighter［17‑19］ and passenger planes［20］ account for

the majority. Structurally similar to CK drone air‑
craft inlet，the passenger plane has a suspended na‑
celle inlet，but the front end of the air inlet is gener‑
ally beyond the wing to eliminate the effects of the
wing，as shown in Fig. 2. Similar to CK drone air‑
craft，J‑10 fighter has an inlet which is installed near
the fuselage. However，the air inlet of fighters has
enough length for rectification to eliminate the im ‑
pact of the fuselage on the air flow，as shown in
Fig. 3. So far，no public research results on CK
drone aircraft inlet have been searched.

Due to the long flight test time，high cost and
high risk，and with the improvement of computer
performance and the development of technology in
the field of domestic inlet research，numerical study
has become a highly reliable method. The inlet of a
new UAV［21］ developed by the Research Institute of
Unmanned Aircraft of NUAA is also designed
based on a large number of numerical studies and
supplemented by a small amount of air blowing test
modification.

To preliminarily prove whether the inlet can
meet the technical requirements of CK5 with a small
investment，and provide a technical reference for
the low‑cost modification of CK drone aircraft，this
paper conducts a numerical study on the inlet perfor‑
mance of CK drone aircraft in maneuvering flight.

1 Theoretical Basis

This section introduces the theoretical basis re‑
lated to aircraft maneuverability，engine operation，

Fig.1 CK1 drone aircraft[5]

Fig.2 Passenger plane C919

Fig.3 J‑10 fighter
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and inlet aerodynamic performance.

1. 1 Basic assumptions

The numerical study in this paper is based on
the following basic assumptions：

（1）The front flow for inlet is dry air.
（2）The influence of the sudden wind is not

considered.
（3）The research is limited to the flight state

that CK drone aircraft may face and the correspond‑
ing engine thrust states.

1. 2 Maneuver overload and attitude of air⁃

craft

CK drone aircraft realizes the simulation of ma‑
neuvering characteristics through horizontal steady
hovering. According to the basic knowledge of flight
mechanics，the corresponding relationship between
roll angle and overload of drone aircraft is

cosγ= 1
ny

(1)

where γ and ny are roll angle and overload. The roll
angles corresponding to typical overload values
shown in Table 1 can be obtained by mathematical
calculation.

In the process of hovering maneuver，although
the aircraft has a roll angle，the roll angle does not
affect the inlet flow. Nevertheless，in the process of
establishing the roll angle，the airflow has the side‑
slip angle relative to the aircraft. The larger the roll
angle is established in the same time，the larger the
sideslip angle of flight will be.

As long as the aircraft has a roll angle，the lift
component used to bear the weight of the aircraft
will gradually reduce. At this time，in order to main‑
tain the height，the aircraft must improve the wing
lift，generally need to increase aircraft flight angle of
attack，or use large thrust state to improve the flight
speed.

Therefore，aircraft attitude involved in aerody‑
namic performance calculation is mainly flight angle

of attack and sideslip angle. According to the gener‑
al aerodynamic analysis，the maximum sideslip an‑
gle of CK5 drone aircraft faces during the establish‑
ment of 6g overload is not more than 10°，and the
maximum flight angle of attack required for hover‑
ing is not more than 10°.

1. 3 Engine state used by CK drone aircraft

The improved WP6 engine is equipped with
CK drone aircraft to provide“Maximum”，“Modi‑
fied rated”，“Rated”，“Cruise 1”，“Cruise 2”，

“Cruise 3”and“Idle”for flight［1］. During the us‑
age，the aircraft can adjust the thrust value of each
state according to flight requirements，while the
change of engine thrust is realized through the
change of throttle status，and different throttle sta‑
tus corresponds to different engine speed and air
mass flow［22］. Table 2 shows the thrust state adopt‑
ed by CK5 drone aircraft. In Table 2，F is the static
thrust under standard state，n the converted rotation‑
al speed，and Wacor the converted air flow.

In Table 2，“Idle”is intended to be used for
drone aircraft sliding，“Cruise 1”，“Cruise 2”and

“Cruise 3”are intended to be used for drone aircraft
cruising under different requirements，“Rated”and

“Modified rated”are mainly used for drone aircraft
climbing and maneuver hovering，and“Maximum”

is used for climbing and hovering for short time un‑
der special cases.

1. 4 Engine flow conversion

Because the air becomes lean with altitude，the
actual air mass flow（physical flow）of an engine at
the same speed decreases gradually. The physical
flow of the engine can be converted by［23］

Table 1 Aircraft overload versus roll angle

ny/g
γ/ (°)

2
60.00

3
70.53

4
75.53

5
78.46

6
80.42

Table 2 Engine states for CK5 drone aircraft

Model
Maximum

Modified rated
Rated
Cruise 1
Cruise 2
Cruise 3
Idle

F/N
24 990
23 030
21 070
18 960
16 850
9 410
980

n/(r·m-1)
11 100
10 780
10 550
10 250
10 050
9 000
4 470

Wacor/(kg·s-1)
43.32
41.15
39.79
37.88
36.56
29.35
6.59
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Wa=W acor
288.15
T *
0

p*0
101 325 (2)

where Wa is the physical mass flow rate，T *
0 the to‑

tal temperature of the incoming flow，and p*0 the to‑
tal pressure of the incoming flow. T *

0 and p*0 can be
calculated by［24］

T *
0 = T ( )1+ k- 1

2 Ma2 (3)

p*0 = p ( )1+ k- 1
2 Ma2

k
k- 1

(4)

where T is the static temperature of the incoming
flow，and p the static pressure of the incoming flow.
k=1.4 for dry air，and Ma is the local Mach number

Ma= u0
c

(5)

where u0 is the flight speed，and c the sound speed
at the corresponding altitude［24］

c= kRT (6)
where R=287.06 J/（kg·K）for air.

1. 5 Total pressure recovery coefficient for air

inlet

The total pressure recovery coefficient σ is an
important indicator of the aerodynamic performance
of the inlet，which reflects the total pressure loss in
the inlet. It indicates the perfection of the stagnation
process of the air flow in the inlet，and has a signifi‑
cant impact on the engine performance. Generally
speaking，a 1% decrease in the mean total pressure
recovery coefficient of the inlet can cause about
1.25% decrease in engine thrust［23］.

The local total pressure recovery coefficient of
the inlet is defined as the ratio of the local total pres‑
sure at the outlet section of the air inlet（the engine
inlet section）to the incoming flow total pressure［25］

σ= p*2
p*0

(7)

where p*2 is the local total pressure of the air inlet
outlet section.

Generally，the average total pressure recovery
coefficient of the inlet can be used to preliminarily
judge the aerodynamic performance of the inlet，
which is defined as the ratio of the average total
pressure of the inlet outlet section to the total pres‑
sure of the incoming flow［25］

-σ =
-
p*2
p*0

(8)

where -p*2 is the mass flow weighted average of the
total pressure at the inlet outlet section.

1. 6 Distortion index for air inlet

The distortion index is another important index
reflecting the aerodynamic performance of the inlet，
which directly affects the working stability of the en‑
gine. It refers to the uneven degree and pulsation de‑
gree of airflow on the inlet outlet section（engine in‑
let section）. The higher the distortion index is，the
more likely it will cause the unstable working or
even flameout of the engine.

According to the flow parameters， it can be
classified into pressure distortion，temperature dis‑
tortion and velocity distortion （namely cyclone）.
According to the characteristics of the spatial distri‑
bution of airflow parameters，it can be classified in‑
to radial distortion and circumferential distortion.
According to whether the distortion changes with
time，it can be divided into steady distortion and dy‑
namic distortion.

In the matching of inlet and engine，the most
important distortion is pressure distortion，which
generally refers to the total pressure distortion. The
influence of the circumferential distortion on the en‑
gine stability is much greater than that of the radial
distortion，so the circumferential distortion of the to‑
tal pressure is generally concerned.

Distortion index DCθ is commonly used to re‑
flect the uneven distribution degree of total pressure
in the flow field of the inlet outlet section. It is de‑
fined as［25］

DCθ=
(-p∗θ ) min -

-
p*2

-q2
(9)

where-q2 is the average dynamic pressure of the sec‑
tion，and (-p∗θ ) min the minimum value of the average
total pressure in the circumferential θ sector. DC 60

corresponds to θ= 60° and DC 90 corresponds to θ=
90°.

1. 7 Matching requirements for WP6 engine

and air inlet

The matching of inlet and engine mainly refers
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to the matching of flow，that is，in each flight atti‑
tude and engine operation state，the inlet should en‑
sure enough air flow for the engine，and the distor‑
tion of the flow in outlet section should meet the re‑
quirement of engine.

CK drone aircraft adopts a subsonic nacelle in‑
let，and the flow matching for inlet and engine can
be automatically matched through the flow coeffi‑
cient. Therefore， the key point of matching is
whether the flow distortion in the inlet outlet section
meets the requirements of engine.

Since WP6 engine is a product of the 1950s，
all the J-6 fighters in which this engine used have
been retired，and it is difficult to find the specific in‑
dex requirements of inlet distortion in the open liter‑
ature. This paper refers to the technical indicators
provided in“Inlet Distorted Flow Field Simulation
Plate Experiment”in Ref.［25］as the evaluation ba‑
sis.

In accordance with the spirit of the J-8II fighter
Inlet/Engine Matching Conference held in Beijing
in 1983，the 204 Research Office of NUAA accept‑
ed the commission from 601 Research Institute.
Firstly，hundreds of tests on a small test device
were carried out，and three simulation plates re‑
quired were obtained. Then，an engine test rig was
built，the inlet was matched，and three simulated
plates were verified by WP6 engine. Three typical
test results are summarized in Table 3.

The tests show that the engine can work nor‑
mally without surge or flameout when the distortion
simulation plate is installed in the inlet. The maxi‑
mum inlet distortion index obtained in the test is
| DC 90 |= 0.351 2，which indicates that WP6 engine
can work stably as long as | DC 90 | ≤ 0.351 2 in the
engine inlet section.

2 Calculation Model and Method

2. 1 Physical model

Fig. 4 shows the 3-D diagram of the front part
of fuselage of the CK drone aircraft. Due to the sub‑
sonic flight of the aircraft，the model simplifies and
removes the wings and the rear section. The origin
point of the model is located at the vertex of the
nose，and the maximum diameter of the fuselage is
550 mm. The inlet section of the nacelle inlet under
the fuselage is 1 727 mm away from the nose ver‑
tex，and the inlet center point coordinate is（1 727，
-865，0）. The inlet radius is 300 mm，and the to‑
tal length of the inlet is 640 mm. The center point
coordinate of engine inlet is（2 367，-865，0），and
its radius is 297.5 mm. The faring cone radius is
100 mm，and its length is 200 mm.

2. 2 Computing grid

Fig. 5 shows the 3-D computing domain estab‑
lished for the above model. The forward distance is
9 m，and the height and width of the far field are
both about 12.7 m.

Multi-block structured grids in the computing
domain is generated with ICEM software，and the
total number of grid cells is about 5.7 million. The
mesh is refined near the wall. The distance of the
grid near the wall is about 0.1 mm. Fig.6 shows the

Table 3 Ground test parameters for WP6 engine and air

inlet matching

Model
A
B
C

Ma
0.800
1.802
2.047

DC90
0.196 59
0.351 20
0.326 50

-σ
0.958 50
0.889 24
0.950 39

Fig.4 3-D model of CK drone aircraft (Part of forward fuse‑
lage)

Fig.5 Schematic of computational domain
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grid of the fuselage and the inlet surface，and Fig.7
shows the grid of the engine faring cone and the in‑
let cross section.

2. 3 Calculation method

FLUENT software is used to calculate the air
flow field，and the implicit solver based on density
is used to solve the continuity equation，momentum
equation，energy equation and turbulence equation.
The k‑ω SST model is used for turbulence calcula‑
tion. Since the computation is developed on the tra‑
ditional computational fluid dynamics method，the
mathematical equations and parameters are not intro‑
duced here.

The total pressure recovery coefficient σ of the
inlet，the average total pressure recovery coefficient
-σ and the pressure distortion index DC 90 of the outlet
section are all calculated by the self-developed pro‑
gram. This program reads the flow parameters of
the inlet outlet section which are obtained from
FLUENT. Starting from the horizontal line，i. e.，
the starting edge，every 90° sector is established
when the starting edge is rotated by 10°，and the av‑
erage total pressure of these 36 sectors is calculated.
Finally，DC 90 is calculated with the minimum aver‑
age total pressure.

2. 4 Boundary conditions

The solid boundary in the model included fuse‑

lage，inlet，engine nacelle skin and saddle-type tran‑
sitional section， as well as engine faring cone.
These solid surfaces are all set as stationary wall
boundary with surface roughness constant of 0.5.
The near-wall area is assumed to be non-slip bound‑
ary. Adiabatic boundary is used for solid wall sur‑
face.

The far field boundary is used upstream and
around the drone aircraft，the ambient pressure and
temperature are determined according to the flight
altitude，and the incoming flow velocity is calculat‑
ed according to the flight velocity and the aircraft at‑
titude angle.

The outlet section of the air inlet adopts the
pressure outlet boundary. The air flow is calculated
by Eq.（2）and the total temperature is calculated by
Eq.（3）.

The outlet of the calculation domain adopts the
pressure outlet boundary，and the static pressure is
determined according to the flight altitude，and then
the total temperature is calculated according to
Eq.（3）.

3 Results and Analysis

3. 1 Aerodynamic performance of CK drone

aircraft air inlet

CK5 drone aircraft intends to provide target by
maneuvering hovering at an altitude of 5 000 m with
a flight speed of about 240 m/s. The above method
is used to calculate the local total pressure recovery
coefficient，the average total pressure recovery coef‑
ficient and the pressure distortion index under differ‑
ent engine states and aircraft attitudes. The results
are shown in Table 4. It shows that the average to‑
tal pressure recovery coefficients of Cases 14，20
and 22 are low，which will cause a large thrust loss.
The pressure distortion indexes of the correspond‑
ing cases also exceed the scope of test verification in
Section 1.7， which may cause unstable engine
work. The common feature of these three cases is
that they have large negative attack angle and side‑
slip angle at the same time. It corresponds to the
hovering maneuver while the aircraft descends，
which does not exist in the flight mission planning of
CK target aircraft. In other cases，the average total

Fig.6 Grid of fuselage and air inlet

Fig.7 Grid of inlet section and faring cone of engine
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pressure recovery coefficients are bigger than
0.992，and the pressure distortion index DC 90 of the
outlet section can meet the requirements for the sta‑
ble working of the engine，indicating that the air in‑
let can meet the flight requirements of CK5 drone
aircraft. The detailed aerodynamic characteristics of
the inlet are analyzed in the following.

3. 2 Characteristics versus engine mass flow

The flight state of the drone aircraft is related
to the thrust state of the engine，while the thrust of
the WP6 engine is corresponding to its air mass
flow. This section analyzes the inlet characteristics
versus different engine states.

In Table 4，the engine flow of Cases 1—5 cor‑
responds to the thrust states of the five engines
states used by CK drone aircraft，namely“Maxi‑
mum”，“Modified rated”，“Rated”，“Cruise 1”and

“Cruise 2”，respectively. The angle of attack and
sideslip angle are both set as 6°. It can be seen that，

with the decrease of engine air mass flow，the average
total pressure recovery coefficient of CK drone air‑
craft inlet gradually increases，and the coefficient of

“Maximum”state is the smallest，which is 0.997 2.
The distortion index of the outlet section of the
above four states are the same，while the distortion
index of the“Cruise 2”state with the smallest air
mass flow is the biggest，which is 0.015 6.This indi‑
cates that under these operation states of the en‑
gine，the air inlet can completely meet the require‑
ments CK drone aircraft.

As“Maximum”of WP6 engine is not allowed
to be used for more than 6 min［22］，this state is not
suitable for long time maneuvers hovering. Since
the thrust of“Cruise 2”and“Cruise 1”are both too
small，they are not enough to maintain hover ma‑
neuver flight speed and height. Therefore，only two
states of“Modified rated”and“Rated”intended to
be used for drone maneuver are analyzed in the fol‑
lowing part.

3. 3 Characteristics versus angle of attack

It can be seen from the calculation data of Cas‑
es 9—13 in Table 4 that the inlet with negative an‑
gle of attack has the worst characteristics. Howev‑
er，even under the unfavorable condition of 6° side‑
slip angle，the average total pressure recovery coef‑
ficient is still as high as 0.992 2，and the pressure
distortion index is 0.279 3，which is also within the
range of stable working of the engine. The perfor‑
mance of other cases with positive angle of attack is
better. In the flight with 0° sideslip angle（Cases 6—
8，Cases 17—19），the inlet aerodynamic perfor‑
mance is perfect. Even under the process of estab‑
lishing the roll angle with a sideslip angle of 10°，as
long as the angle of attack is positive（Cases 15，16
and Cases 23，24），the total pressure loss（thrust
loss）of the inlet is very small，and the flow distor‑
tion can fully meet the requirements of engine. This
shows that the inlet efficiency of CK drone aircraft is
very high，which can fully meet the requirements of
straight flight（fixed altitude，climb，slide）and spi‑
ral flight（fixed altitude and spiral climb）.

Fig. 8 shows the streamline under three typical
angles of attack，i. e.，Cases 9，10 ，13. It can be
seen that，when the angle of attack α=-10° ap‑

Table 4 Aerodynamic performance of CK drone aircraft

air inlet

Case

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

W acor/
(kg·s-1)
43.32
41.15
39.79
37.88
36.56
39.79
39.79
39.79
39.79
39.79
39.79
39.79
39.79
39.79
39.79
39.79
41.15
41.15
41.15
41.15
41.15
41.15
41.15
41.15

Wa/
(kg·s-1)
34.00
32.05
30.99
29.50
28.48
30.99
30.99
30.99
30.99
30.99
30.99
30.99
30.99
30.99
30.99
30.99
32.05
32.05
32.05
32.05
32.05
32.05
32.05
32.05

α/(°)

6
6
6
6
6
-10
6
10
-10
0
2
5
10
-10
6
10
-10
6
10
-10
10
-10
6
10

β/(°)

6
6
6
6
6
0
0
0
6
6
6
6
6
10
10
10
0
0
0
6
6
10
10
10

-σ

0.997 2
0.997 5
0.997 7
0.998 0
0.999 7
0.994 7
0.997 8
0.997 7
0.992 2
0.997 6
0.997 7
0.997 7
0.997 7
0.958 5

0.997 6
0.997 6
0.993 8
0.997 6
0.997 5
0.989 6

0.997 5
0.984 7

0.997 4
0.997 4

| DC 90 |
0.003 4
0.003 4
0.003 4
0.003 5
0.015 6
0.132 6
0.001 4
0.004 0
0.279 3
0.006 9
0.005 1
0.003 3
0.005 6
0.791 7

0.007 1
0.009 0
0.157 5
0.001 4
0.004 0
0.355 4

0.005 6
0.772 8

0.007 1
0.009 1
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pears，flow separation occurs inside the upper lip of
the inlet and outside the lower lip. The flow velocity
in the separation area and the total pressure are all
low，which is a low energy area. The separation in
the air inlet will increase the total pressure distortion
at the outlet section. If the distortion index does not
exceed the allowable value of the engine，it will not
affect the normal working of the engine，but will re‑
duce the total pressure recovery coefficient. When
the angle of attack is α= 6° and α= 10°，there is no
separation in the flow field，and the flow quality is
good.

The pressure distortion index distribution of
Cases 9，10，13 are shown in Fig. 9. From the flow
characteristics，we can see that CK drone adopts a
nacelle inlet suspended under the fuselage，so there
is no occlusion right ahead. Under the positive angle

of attack，the incoming flow of air inlet is not affect‑
ed by the nose of the fuselage. In addition，the aero‑
dynamic characteristics of the inlet lip is good，and
there is no flow separation inside the air inlet. There‑
fore， the pressure distortion index is relatively
small，and the total pressure recovery coefficient is
relatively high. But in a negative angle of attack，
due to the washing function of the flow under the
nose，the boundary layer on the fuselage is blown in‑
to the inlet section of the air inlet. At the same
time，after the air flow passes the nose，the stream‑
line direction in front of the inlet also changes. All
these factors lead to the flow separation in the air in‑
let，which increases the pressure distortion，and re‑
duces the total pressure recovery coefficient.

Fig.8 Mach number and streamline on symmetric mid‑
dle surface at different angles of attack

Fig.9 Distribution of total pressure recovery coefficient on
outlet section at different angles of attack
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3. 4 Characteristics versus sideslip angle

As can be seen from Table 4，in Cases 2，3，7，
15，18，23 with positive angles of attack，the inlet
performance slightly decreases with the increase of
sideslip angle. The total pressure loss（thrust loss）
is not so large，and the pressure distortion is within
the requirement range in the engine stable working.
But in the angle of attack of -10°（Cases 6，9，14，
17，20，22），the large sideslip angle not only leads
to a sharp increase in the total pressure loss（thrust
loss），but also the total pressure distortion soon
goes out of the requirement range of the engine sta‑
ble working. This indicates that the CK drone air‑
craft cannot establish large roll angles when flying at
a large negative angle of attack.

For negative angle of attack flight with severe
total pressure loss and pressure distortion，the local
pressure distortion index distribution of its outlet
section is shown in Fig.10. It can be seen that with
the increase of sideslip angle，not only the total pres‑
sure recovery coefficient drops sharply，but also its
influence domain expands sharply，and the corre‑
sponding pressure distortion index also increases
sharply. Combined with the flow characteristics of
Case 9 in the previous section，it shows that when
there is a sideslip angle，the downwash airflow of
the nose is more likely to cause a wide range of air‑
flow separation in the inlet，which will soon cause
the flow distortion to go out of the range of require‑
ments in engine stable working.

4 Conclusions

The inlet aerodynamic performance of CK
drone aircraft in maneuvering flight was numerically
studied， providing a technical reference for CK5
drone aircraft maneuverability upgrade. The re‑
search results are as follows：

（1）When CK drone aircraft flies at positive an‑
gle of attack，the incoming flow has good quality.
Meanwhile，the lip of the inlet has good aerodynam‑
ic characteristics. Therefore there is no flow separa‑
tion in the air inlet，the total pressure recovery coef‑
ficient of the inlet is high，and the pressure distor‑

tion index is low. So the aircraft can establish large
roll angles and perform high maneuverable flights.
Under all positive angles of attack（including the
combination of positive angles of attack and sideslip
angles），the average total pressure recovery coeffi‑
cient of the inlet is not less than 0.997，and the dis‑
tortion index is not more than 0.016，which fully
meet the stable working requirements of the engine.

（2）When CK drone aircraft flies at negative
angle of attack，the flow separation occurs inside
the inlet due to the influence of the nose downwash
flow and boundary layer，and the total pressure re‑
covery coefficient decreases significantly and the dis‑
tortion index increases sharply. Therefore，it is not
recommended to maneuver during flight at negative

Fig.10 Distribution of total pressure recovery coefficient at
inlet outlet under different sideslip angles
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angle of attack. The worst performance of the air in‑
let occurs under the combined attitude of the angle
of attack α=-10° and the angle of sideslip β= 10°.

（3）When maneuvering at positive angle of at‑
tack，the engine may be in two states of“Rated”and

“Modified rated”. If the thrust is insufficient，the
“Maximum”state can also be used for a short time.
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机动飞行时长空靶机进气道气动性能数值研究

曹广州 1，李博 2，梁世波 1，谭红明 1

（1.南京航空航天大学中小型无人机先进技术工业和信息化部重点实验室, 南京 210016, 中国；

2.南京航空航天大学能源与动力学院, 南京 210016, 中国）

摘要：针对 CK靶机需要改型升级以提高其机动性能的工程背景，开展进气道气动性能的数值研究和分析。首先

在介绍机动飞行所涉及理论知识的基础上，确定了 CK靶机进气道气动性能计算所需的飞机姿态和发动机流量

等参数；通过分析WP6发动机进气道畸变模拟板试验数据，提炼典型指标作为 CK靶机进气道性能评判的依据。

之后数值研究了 CK靶机的进气道在不同机动状态下的气动特性，得到了出口截面的总压恢复系数和压力畸变

指数等。经过研究形成几点结论和建议：CK靶机在正迎角飞行时，进气道具有良好的气动特性，可以满足高机

动飞行时发动机的进气需求；在负迎角飞行时，进气道出口的总压损失和压力畸变都急剧增加，不能保证发动机

的稳定工作；在飞机姿态满足的前提下，CK靶机可以使用“额定”“修正额定”和“最大”3种发动机状态进行机动

飞行。

关键词：CK靶机；高机动飞行；吊挂式进气道；总压恢复系数；压力畸变指数
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