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Abstract. The experimental technology of high brightness light source was studied in sub-transonic 
supersonic wind tunnel. The elevation light source should be installed on the smooth wall of the tunnel, 
and the elevation camera should be installed in the safe area of the lower wall of the wind tunnel. The 
falling image of the missile model in the test is reflected into the elevation camera through a reflector 
mounted on a curved knife. The full trajectory images and aerodynamic parameters of projectiles of 
embedded weapons in aircraft can be obtained by the wind tunnel dual-view angle, high brightness light 
path system and six-degree-of-freedom image analysis system. The newly developed high brightness light 
source system makes the image clearer and the accuracy of model angle of attack identification less than 
0.2 degrees, which is conducive to the analysis of model trajectory. The optical system is designed 
reasonably, so that the motion trajectory and six-degree-of-freedom data of the model can be obtained 
easily by using the dual-view technology. Wind tunnel tests under complex aerodynamic conditions of 
sub-transonic supersonic and multi-body interference have been completed, and all parameters have 
reached or surpassed the existing technical indicators, meeting the requirements of wind tunnel test 
research on ejection of embedded weapons in aircraft. 

1 Introduction  

Embedded weapons have many advantages, including 
reducing radar detection rate, reducing aerodynamic drag, 
increasing the range of bombers, etc. From the old B-25 
to the latest F-22, many American aircraft use embedded 
capsules to carry weapons [1-2]. However, studies show 
that there are complex dynamic aerodynamic loads [3-6] 

on the interior surface of the missile cabin. Especially 
under sub-transonic conditions, the flow in the cabin is 
the most complex, which will bring great hidden dangers 
to the flight safety of the aircraft [7-8]. The airflow in the 
chamber is unstable, but the separation of the loads must 
be absolutely reliable[9-11]. Therefore, it is necessary to 
study the separation of the loads in the chamber. 

In this regard, many research institutions at home and 
abroad have also carried out more exploration. In 1983, 
Robert L. of NASA Langley Research Center and others 
used wind tunnel tests to study the effect of different 

sizes of embedded capsules on missile separation under 
the condition of Ma=2.36 [12]. In 2004, William B. 
Baker and others at Arnold Air Force Base of the United 
States carried out numerical simulation on the launch of 
F-22's internal and external stores, and compared them 
with flight test data [8]. In 2009, Lockheed's Monique L. 
Purdon et al. carried out numerical simulation of F-35 
buried weapon delivery, and carried out load test and 
flight test for different loads [13]. In 2012, Mark F. 
Reeder of the American Air Force Institute of 
Technology and others built a test platform to simulate 
the buried ballistic chamber. The free-throwing 
experiment of suspended objects with zero initial release 
velocity was carried out under the condition of Ma=2.94. 
The effects of serrated flow control device on the wall 
shear layer and the trajectory of falling objects were 
studied, and the experiment was validated by numerical 
simulation [2]. Many units and individuals in China have 
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carried out numerical simulation studies on the issue of 
the delivery of embedded weapons. 

Aiming at the problem of embedded weapon delivery, 
domestic and foreign institutions have carried out a more 
detailed discussion. However, most of the methods used 
are steady or quasi-steady, which is inconsistent with the 
complex aerodynamic forces and the coupled 
characteristics of motion and aerodynamics in the 
separation process. Moreover, in order to ensure the safe 
separation of aircraft and missiles in real flight, most 
missiles launch [14-16] by ejection, and the missiles 
need to obtain larger separation velocity and angular 
velocity [16] in a very short time. Obviously, it is not 
credible to use steady or quasi-steady methods to study 
the problem of the delivery of embedded weapons. 
Therefore, a wind tunnel test technology based on 
kinematics similarity theory is urgently needed to study 
the problem of embedded weapon delivery. This paper 
will focus on this, and establish a set of test technology 
that can truly simulate the process of launching 
embedded weapons.  

2 Technical Requirements  

The main difficulties in optical path design are as 
follows: 
(a) Because the object is in a high-speed motion state, 
the exposure time of the picture is very short. In order to 
maintain a certain clarity of the image, it is necessary to 
have sufficient brightness of the object and the 
background, otherwise the image is dimmed and cannot 
be identified. Especially for the upward looking light 
path, how to arrange the light source on the smooth wall 
of the tunnel is a big difficulty. 
(b) The experiment adopts dual-view image acquisition 
technology, and the two light paths need to complete the 
shooting work independently. Especially because of the 
narrow space in the wind tunnel, the installation of the 
camera and the arrangement of the light paths in the 
upward-looking light path are difficult problems. 

3 SOLUTIONS AND IMPLEMENTATION PLANS  
3.1 light source 

The upright light source should be installed on the 
smooth wall of the tunnel, as shown in Figure 4. The 
light source uses 49 LED light source boards with a 
power of 100 watts and a luminous flux of 400,000 
lumens. The LED light source board is installed in the 
groove of the lower wall of the re-machined wind tunnel 
to reduce the interference of the light source board on the 
flow field. 
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Fig.1  The latest upright light source 
 

The high-speed camera shutter frequency of 2000 Hz can 
still ensure the clarity of the object, exposure time of 0.5 
ms, to meet the technical requirements. Fig. 1 shows the 
wind tunnel effect of the elevation light source. 

Figure 2 is a sketch of the elevation path. The elevation 
camera is installed in the safe area of the lower wall of 
the wind tunnel, and the falling image of the missile 
model is reflected into the elevation camera through a 
reflector mounted on a curved knife in the test. 
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Fig.2  Upright optical path 
 

3.2 Image data analysis 

Attitude calibration can identify the 6-DOF parameters 
of missile after obtaining the shooting pictures. The 
calibration is to place a model with known 6-DOF 
parameters in the falling area of the missile. The image 
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3.2 Image data analysis 

Attitude calibration can identify the 6-DOF parameters 
of missile after obtaining the shooting pictures. The 
calibration is to place a model with known 6-DOF 
parameters in the falling area of the missile. The image 

 

is taken by two cameras, and then matched with the 6-
DOF components to get the corresponding relationship 
between the image and the model. 

The foreground targets are obtained by background 
subtraction, median filtering, shadow removal, 
mathematical morphology processing and 
communication domain analysis. The x, y, Z coordinates 
of the center of mass, elevation angle and yaw angle of 
the model are obtained by face-to-face and elevation 
view recognition, and then the roll angle of the model is 
obtained by model matching. 

Image recognition is affected by image clarity, pixels, 
target location method, model boundary identification 
algorithm and other factors. It is a key technology of this 
experiment technology. 

4 Test Verification 

The ejection test of the embedded weapon in the 0.6 x 
0.6 m transsonic wind tunnel has been carried out 
smoothly. The missile dropping process is shown in Fig. 
4. More than 20 different state tests have been completed. 
The number of tests exceeds 60, including the tests of 
varying Ma, angle of attack, pressure and attitude of 
missiles. The test successfully completed the scheduled 
task, and all parameters met the set technical 
requirements. Especially, the independent and 
continuous adjustment of ejection velocity and angular 
velocity is realized, and the reliable ejection of the 
missile with arbitrary wind load and Ma is realized. 

 

Fig.3  The picture shoot by horizontal camera  

5 Conclusion 

In view of the shortcomings of the launch test of 
embedded weapons at home and abroad, this paper puts 
forward the improvement points of the launch test, and 
develops a new ejection technology for these 
improvement points. By improving the illumination 

system of light path, the image sharpness is higher, the 
generation of virtual image is reduced, and the 6-DOF 
parameters of the model are identified. By using the 
dual-view image acquisition technology, especially the 
layout of the elevation light path system, the details of 
the model motion are displayed to the greatest extent 
from multiple angles. The new technology has been 
tested in the range of Ma 0.4-1.7; the time interval of 
two consecutive pictures is less than 0.5 ms; and the 
accuracy of model angle of attack identification is less 
than 0.2 degrees. 
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