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Abstract: The viscous flow in the fluidic amplifier is simulated numerically based on CFD technology, and many tests 

have been done to verify the numerical precision. The results show that the calculated data are good agreement with the 

experimental data. So the numerical simulation of the viscous flow in the fluidic amplifier is accurate and reliable, and it 

can be applied to investigate the steady flow and unsteady flow in the fluidic amplifier. 
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1. INTRODUCTION 

On one hand, the fluidic amplifier can be used as the 
logic control system components to achieve a variety of 
logic functions, on the other hand, through a small energy 
control signals, it also could be served as an implementation 
part of the control system and offer much large energy or 
torque directly [1]. Nowadays the fluidic amplifier is applied 
to the Multiple Launch Rocket System project as the  
implemental components of the control system [2], such as 
the “tornado” weapon system of Russia. At the beginning of 
this subject, based on the model development and test, we 
have done many tests, including a variety of geometric 
shapes, main gas supply pressures, as well as a variety of 
control flow flux, which measure the outputting thrust and 
switching time. 

2. EXPERIMENTAL PROGRAM DESIGN 

Both of the validation of the thrust in the attached wall 
condition and the verification of the switching time in 
switching process are completed by the single-channel air 
test system [3]. This test system consists of high pressure 
and large flow of the pressure regulator system, data acquisi-
tion and processing system, moving frame of the jet compo-
nents as well as the control components. The Fig. (1) has 
shown the schematic diagram of the fluidic amplifier test 
system. The high pressure and large flow of the pressure 
regulator system includes a high-pressure compressor 
(WZ2.3/450) and a high pressure cylinder group (TGP-
50L/35Mpa), which mainly provide the high pressure gas 
source and control flow for the fluidic amplifier. The moving 
frame is used to fix the fluidic amplifier, on which we would 
install two high frequency high-precision force sensors to 
detect the size of a combined thrust and thrust switch 
changes in the course of joint of the mobile frame. The data  
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acquisition and processing system are used to collect the 
voltage signal coming from the collection force sensor [4].  

Numerical Simulation Method 

Fig. (2) has shown the solid scheme of the fluidic ampli-

fier, and Fig. (3) has shown the surface girds of the fluidic 

amplifier. In modeling the whole fluidic amplifier, the qual-

ity and size of the mesh generation would often directly af-

fect the accuracy of the experimental results. But the key 

technology which affected the quality and quantity of the 

grids generation is to control and grasp size of the grid. 

Based on this, during meshing the structural grids of the flu-

idic amplifier, the experiment took the method of size func-

tion control grid size (It doesn’t change the entire structure 

of the network topology) [5]. And the parts of structural grid 

were refined for the whole device, and the structural grid had 

been smoothed and swapped, enhancing the accuracy of the 

experiment. The Gauss-Seidel method [6] is used to calcu-

late the inner fluid field of the fluidic amplifier. The govern-

 

Fig. (1). The schematic diagram of the fluidic amplifier test system. 
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ing equations of flow are Reynolds Averaging Navier-Stokes 

equation [7]. The model of turbulence is Realizable k-

epsilon model [8, 9], and Two-layer zonal model is used near 
the wall [10-12]. 

Size Function  

As shown in Fig. (4), in the field of unstructured grid, to 
control and master the grid size is the key technology for the 
mesh quality. Usually there are three ways to control the 
mesh size. The first is distributing notes on the border to 
control the mesh size, for complex surfaces, this method is 
only used to increase the number of the grid to ensure the 
authenticity of the grid and improve the mesh quality. The 
second is through micro modifying the local grid, however, 
due to the limits of part of girds, improving the quality of the 
grid is not applicable in all cases. The third way is to use the 

size function, which can be easily determined the distribu-
tion of the grid based on geometric and physical properties. 
The most common method is through the grid background to 
define the function of the grid cell size (The issue raised by 
S. Pirzadeh). 

The unstructured gird of the Fluidic amplifier is used the 
custom size and curvature size function. Custom Size func-
tion is a constant user-defined grid size, and curvature size 
function definition is used to obtain the maximum angle of 
the two adjacent grid surfaces, which can accurately use the 
grid to construct the surface. The size of grid is defined as 
follows: 

Sn = 2*sin( max / 2) / max  (1) 

Where max is the maximum curvature along two or-
thogonal axes, which uses the size function to provide in-
formation for the background of grid. 

In the process of unstructured grid generation, there will 
be a lot of unpredictability and opacity, therefore, the quality 
of the grid must be detected. The most popular detection 
methods are isometric folding rate law and two sides folding 
rate method. 

QEAS is the folding rate of isometric, max and min is re-
spectively the minimum and maximum angle between the 
grid cells. 

QEAS =max
max eq

180 eq

, eq min

eq

 (2) 

Folding rate of grid size QEAS  

QEAS =
Seq S

Seq
 (3) 

Where S is the grid cell area or volume, Seq is the area or 
volume composed by the longest side of the grid cells. 

The Validation of the Thrust in the Attached Wall  
Condition 

The thrust in the attached wall condition is one important 

measurement to indicate the performance of supersonic jet 

components good or bad. Therefore, we would first calculate 

the pressure thrust created by a variety of primary gas source 

pressure, and then under the same conditions, we would ob-

tain the thrust value corresponding to the main gas source 

 

Fig. (4). The diagram of Size function. 

 

Fig. (2). The solid scheme of the fluidic amplifier 

 

Fig. (3). The surface grids of the fluidic amplifier. 
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pressure. Table 1 has showed the thrust corresponding to the 

main gas source pressure (Ps) and test stands for the total 

thrust in the X direction of the jet components. fl and fr stand 

for their own thrusts of two outlets, 
 
F = fl + fr , Error stands 

for the relative error between the calculation ( F ) and test.  

The Verification of the Switching Time in Switching 

Process  

The switching time is another important measurement to 
indicate the performance of supersonic jet components good 
or bad. We defined the switching time as from the beginning 
of the control flow changes to the reverse thrust on output 
became to be stable. In the experiment, the control signal is 
changed by changing the role of the control signals on the 
implementation of the electromagnet. Since the change from 
the control solenoid to control the flow signal changes in 
response between the solenoid armatures, pneumatic ampli-
fication mechanism, air flow through the control of channel 
and other areas of the delay, which is difficult to determine 
the starting of the switching time. Therefore, this research 
would be carried out by comparing the thrust r is e  t ime  and 
thrus t f a l l ing  t ime  obtained by calculating and experi-
ment, which could verify the correctness of the unsteady 
calculation. 

3. RESULT 

Calculation Result 

Shown in Fig. (5), Ps=100bar, ml=0.1kg/s, mr=0.003kg/s, 
and the thrust rise time is 1.11ms, the thrust falling time is 
1.23ms.  

Experiment Result 

Shown in Fig. (6), it is the thrust change during switching 
waveforms in experimental value. Among them, the top of 
the square wave stand for the input control signal, the below 
purple curve is the combined thrust on output measured by 
two force sensors, the green curve is to eliminate noise and 
smooth thrust after the output [4]. The thrust rise time is 
1.18ms, and the thrust falling time is 0.85ms. 

The Parameters Changes of the Right and Left Output 

The Static Pressure of Right Output, Density, X Direction 

Velocity and Static Temperature Changes 

As shown in Fig. (7), when t=3.56ms, although export 
static pressure, density and temperature significantly higher 
than other times of the static pressure, density and tempera-
ture, But the X direction velocity is clearly slower than other 
moments. For the thrust is proportional to the square of X 
direction velocity, therefore, the thrust generated by the right 
output has reached to the minimum at this time. When 
t=4.08ms, the X direction velocity of right output has in-
creased to the peak, so the thrust has reach to maximum. 
Compared with the flow parameters (t=3.84ms VS t=4.08m), 
whose X direction velocity is quite identical. However, the 
density and static pressure of the former are relatively 
smaller, so the thrust (t=3.84ms) is smaller than the thrust 
(t=4.08ms). 

The Static Pressure of Left Output, Density, X Direction 

Velocity and Static Temperature Changes 

From Fig. (8) we can see, when t=3.56ms, t=3.68ms, 
t=3.84ms, t=4.08ms, the left output has create the back eddy. 
Compared with the Fig. (7) and Fig. (8), the parameters 
change of the right output shows relatively routine, and the 
left output shows chaotic. It is mainly due to that the left 
output flow is not only disturbed by the main vortex, but also 
disturbed by the back eddy as well as two unsteady vortexes 
on the concave left wall. 

4. CONCLUSIONS 

From Table 1 we can see that the calculated thrusts 

showed the agreement with the experimental test, especially 

when the Ps> 50bar, the relative error is below 5%. Compar-
ing Fig. (5) with Fig. (6), we can see that the thrust rise time 

and the rising time in calculation result is similar to the 

thrust rise time and the rising time in experiment result. So 
the numerical simulation of the viscous flow for the fluidic 

amplifier is accurate and reliable, and it can be applied to 

investigate the steady flow and unsteady flow in fluidic am-
plifier. 

Table 1. The Calculated and the Experimental Values of Thrusts 

Ps (bar) Test (N) fr (N) fl (N) F (N) Error (%) 

20 44.0 49.65 0.42 49.23 11.89 

30 79.9 84.34 1.95 82.40 3.13 

40 106.0 108.91 4.43 104.48 -1.43 

45 126.3 142.09 4.58 137.51 8.87 

50 142.6 164.59 5.66 158.93 11.45 

55 161.4 170.27 5.46 164.81 2.11 

60 179.3 186.87 6.43 180.44 0.64 

70 202.8 220.68 8.55 212.12 4.6 

80 239.9 263.05 18.04 245.01 2.1 

90 275.4 296.36 21.78 274.58 -0.3 

100 313.2 346.18 27.89 318.29 1.63 
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Fig. (5). Thrust change during switching waveforms (calculated value). 

 

Fig. (6). Thrust change during switching waveforms (experimental value). 

 

Fig. (7). The parameters distribution changes of the right output. 
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Fig. (8). The parameters distribution changes of the left output. 
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