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Abstract 

The effects of nose perturbations on the 
behaviors of asymmetric vortices over a slender 
body have been studied. The tests have been 
conducted at low speed wind tunnel with 
subcritical Reynolds number of 1×105 at angle 
of attack α=50°. The experiments results show 
that there are four sensitive circumferential 
locations of manual perturbation at which 
bistable vortices over slender body are switched 
by the perturbation. And if the rate of 
microblowing at nose tip as a perturbation is 
increased a new flow phenomena has been 
found in which the two-cycle behavior of Cy vs. 
γ curve is gradually evolved into one-cycle. 
Based on that phenomenon, a new asymmetric 
vortex control technique that is called bleed 
perturbation active control is developed. This 
control technique not only can change the 
vortices positions between a yaw-left and yaw-
right configuration to change the sign of side 
force but also can make the magnitude of side 
force to be variable even at bistable state of 
asymmetric vortex. 

1 Introduction 

In order to improve the agility and 
maneuverability of the advance fighter aircraft 
in the air combat, it would operate at high 
angles of attack for maximum lift and in the 
post stall regime. However the conventional 
control surfaces, such as the vertical tail and 
rudder, become ineffective at high angle of 
attack when they are immersed in the low 
energy separated flow from the wing and 
fuselage . On the other hand, the well-known 
vortex asymmetry occurring on pointed 

forebody at high angles of attack, which 
generate the side force acting on the forebody. 
With increasing in angles of attack, the rudder 
effectiveness is decreasing, the asymmetry 
vortices are developed and side force of the 
forebody vortices is increasing. If the forebody 
asymmetric vortices can be controlled, then they 
can be used for generating a controlled yawing 
moment to replace the lost yaw controllability 
from the rudder. Therefore the subject of 
forebody vortex control has received much 
attention and extensive research studies have 
been carried out[1-9]. During the studies, it is 
highly desirable to have forebody vortex control 
devices that not only are simple in design but 
also have no complex additional parts. From 
present knowledge[10-13], the asymmetry vortices 
system over pointed forebody is very sensitive 
to the disturbance on or near the nose tip. 
Therefore active forebody vortex control 
techniques with nose micro-disturbance have 
investigated intensively[2,36-9,14,15]. In some 
techniques the microblowing or unsteady bleed 
as a nose disturbance are used to manipulate the 
development of forebody asymmetric vortices. 
In the experimental studies by Roos[14] and 
Williams[4], the control ports consisted of two 
small holes on each side of nose tip and located 
at ±135° from the windward meridian of the 
forebody. However their experimental results 
shaw that if angle of attack is high enough, such 
as α=50°, the asymmetric vortices over slender 
body with pointed nose appear the behavior of 
bistable state and the available results of 
asymmetric vortices control with unsteady bleed 
or microblowing show so far that the behavior 
of asymmetric vortices is too sensitive to 
blowing perturbation and the blowing-
effectiveness Cy vs. Cµ appears jump 
characteristics corresponding to the bistable 
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state behavior of asymmetric vortices , where 
Cy is side force coefficient and Cµ is blowing 
momentum coefficient. Therefore it is difficult 
to apply it into control technique. 

  In order to improve this control 
characteristics the present study has found a 
new flow phenomena with microblowing at 
nose tip as a perturbation to the asymmetric 
vortices flow, based on which a new vortex 
control technique that is called bleed 
perturbation active control is developed. This 
control technique not only can change the 
vortices positions between a yaw-left and yaw-
right configuration to change the sign of side 
force but also can make the magnitude of side 
force to be variable. 

2 Wind Tunnel, Model and Test Conditions 
Two wind tunnel testing pressure tapped 

models are designed as shown in Fig.1. Both of 
noses were pointed tangent ogives of fineness 
ratio 3 with same contour. A piece of manual 
micro-triangle block as perturbation is added on 
nose of model I as shown in Fig.1a). One bleed 
orifice with diameter 0.5mm is drilled on the 
nose tip of the model II as shown in Fig.1b). 
The afterbody of model I and II are circular 
cylinder.  

The pressure tapped model I was tested in 
NF-3 wind tunnel in Northwest Polytechnical 
University with test section 3m×1.6m. The 
freestream turbulence level in NF-3 is 
approximately 0.045%. The second model II 
was tested in D-4 Low Speed Tunnel in Beijing 
University of Aeronautics and Astronautics with 
test section 1.5m×1.5m and its turbulence level 
is 0.085%. 

The tests of pressure measurement were 
carried out in both wind tunnels of NF-3 and D-
4 Low Speed Tunnel with same Reynolds 
number , where D is 
diameter of the model afterbody. 

5100.1/Re ×== ∞ νDVD

The pressure measurement systems are PSI 
8400 electronic scanivalve and Scanivalve 
mechanical pressure scanivalve system with 
pressure trasducers accuracy of 0.05% in NF-3 
and D-4 LST respectively. 

3 Results and Discussions 

3.1 Correlation of perturbation 
circumferential location and asymmetric 
vortex response 

The influence of circumferential location 
of perturbation on the asymmetric vortices flow 
can be analyzed with the results of model I tests 
with roll angle variation. As shown in Fig.2, 
when the circumferential location of 
perturbation block is rotated with rotation of the 
model, the asymmetric vortices flowfield over 
the model exhibit two alternative switched 
regular states named as Left Vortex Pattern 
(LVP) and Right Vortex Pattern (RVP). LVP 
represents the left vortex (look upstream) of the 
asymmetric vortices is near to the model surface, 
while the right vortex is far from the model 
surface, which results in negative side force. 
When the model is rotated about its body axis, 
as shown in Fig.2, at the first it appears RVP at 
γ =0° then it abrupt switches to LVP when 
perturbation block is rotated. As the rotation 
continues, the LVP and RVP switch over 
alternatively when the azimuthal orientation of 
perturbation block is at θ =75°, 180° and 285°. 
It can be found that when the micro-perturbation 
block on the model nose tip is rotated over 360° 
with model I, the asymmetric vortices flow 
pattern at bistable state will switch over two 
cycle. Therefore a close correlation between 
circumferential position of manual micro-
perturbation block and the response of 
asymmetric vortices flow pattern is revealed. 

3.2 Effect of circumferential location of 
perturbation with small Cµ  

Asymmetric vortices flow is very sensitive 
to the perturbation on nose tip, especially to its 
circumferential location. Even without bleed, 
the asymmetric vortices of over the model will 
be changed with roll angle due to the 
perturbation of minute irregularities on the nose 
tip from model machining tolerances. The 
curves of sectional side force Cy with roll 
angles γ  from model II tests are shown in 
Fig.3a without bleed. This specific shape of Cy 
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vs. γ curve is different from one model to 
another due to different irregularities on the 
model. These irregularities are called as 
background perturbation, which depends on the 
model machining condition. The general feature 
of curves Cy vs. γ from background perturbation 
of model appears two-cycle behavior. If a very 
small bleed Cµ perturbation is added 
(Cµ=2x10-6) , the curves Cy vs. γ are still kept 
the two-cycle behavior as shown in Fig.3b. It is 
clear shown a typical bistable state behavior of 
asymmetric vortices from Fig.3. If the 
circumferential position of perturbation is 
changed properly the vortices will switch 
rapidly to the mirror image of original state and 
the side force appears jump feature. 

3.3 Effect of circumferential location of bleed 
perturbation with variable Cµ  

From the results of model II testing with 
variable bleed rate it can be found that if the 
blowing rate is increased, a new vortices flow 
phenomena appears which reveals the curve Cy 
vs. γ to be changed from two-cycle behavior 
into one-cycle. This flow phenomena can be 
clearly seen in Fig.3 that the curves Cy vs. γ at 
sectional station x/D=3.35, at which the 
maximum side force is reached, appear the 
feature of variation with blowing rate. An 
important phenomena can be found from Fig.4 
that the magnitude of side force coefficient can 
be made variable gradually from negative value 
to positive one with blowing rate within a 
certain range of circumferential bleed position 
which is called circumferential region of vortex 
pattern. In the present model Ⅱ experiments, 
this circumferential regions are  and 

. However it is clear to show in 
Fig4 that there are other circumferential regions, 
where vortex patterns and side forces are kept 
constant with blowing rate, which are called 
invariable region. From this experiment results, 
it explain why previous investigators could not 
obtain a proper control of Cy with bleed 
technique because their selected bleed 
circumferential positions located in the 
invariable regions with blowing rate. 

οο 135~45=γ
οο 345~315=γ

3.4 Control behavior of side force with 
blowing rate  

In order to obtain the proper control 
behavior of Cy it is very important to select 
correctly circumferential bleed position from 
variable region of vortex pattern. The model II 
testing results of sectional side force Cy vs. Cµ 
at x/D=3.35 under blowing at circumferential 
position from 60° to 180° are shown in Fig.5. It 
is clearly indicated that when the bleed position 
is within the variable region of vortex pattern 
for example γ=60°～120° , the side force 
control characteristics is effective. If it is in the 
invariable region such as γ =165° or 180°, 
control behavior becomes ineffective. It is also 
shown from Fig.4 that there is different control 
efficiency from different bleed circumferential 
position. This simple and new active flow 
control technique to asymmetric vortices is 
flexible and we call it as single hole bleed 
perturbation active control technique. 

4. CONCLUSIONS 
Present experimental study of the effects of 

nose perturbations on the behaviors of 
asymmetric vortices over slender body models 
and its active control has been conducted at low 
speed wind tunnels with subcritical Reynolds 
number 1×10-5 at angle of attack 50°. Some 
conclusions can be obtained from this 
investigation.  

1. There are four sensitive circumferential 
locations of manual perturbation at 
which bistable vortices over slender 
body are switched over by the micro-
perturbation. And the Cy vs. γ curve 
appears two-cycle behavior. 

2. The two-cycle behavior of Cy vs. γ 
curve for asymmetric vortices flow is 
gradually changed into one-cycle with 
increasing of microblowing rate at 
model nose tip as a manual 
perturbation to asymmetric vortices 
flow. 

3. Based on above phenomena a single 
hole bleed perturbation active control 
technique is developed. For this new 
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technique the control characteristics is 
effective within a certain range of 
circumferential position of blowing 
perturbation. 
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Fig.1  Sketch of test model 
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Fig.2  Cy-γ curves in the nose region of model Ⅰ(α=50°) 
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a)  without bleed 
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b)  with low blowing rate 

Fig.3 Cy vs. γ of model Ⅱ(α=50°) 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

0 90 180 270 360

γ (degree)

Cy

0
0.8
3.2
7.2
13
20

x/D=3.35

Cµ ×105

 
Fig.4  Variation of Cy vs. γ curves with blowing 

from model Ⅱ tests(α=50°) 
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Fig.5  Cy vs. Cµ of  model Ⅱat different roll 
                       position (α=50°) 

 
 
 

5  


