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1. Introduction 

In view of the current increasingly tense interna-

tional military competition, the flight performance of the 

missile needs higher requirements. The electric steering 

gear is the main actuator in the process of the missile guid-

ance, whose performance parameters largely determine the 

accuracy and stability of the missile guidance system [1-4]. 

In order to improve the accuracy of the missile during the 

flight, it is very important to analyze and study the test 

mechanism of the initial pilot jet thrust of the electric steer-

ing gear and perform the corresponding experimental re-

search. 

At present, most of the existing jet thrust test sys-

tems at home and abroad, adopt the indirect measurement 

method [5]. Indirect measurement method considers the sys-

tem in the process of loss of transmission and other factors. 

In contrast, the direct measurement method offers a higher 

accuracy, however, is not widely used due to the difficulty 

of analyzing the jet flow field [6-8]. When the jet impinges 

directly on the bearing wall, the jet flow field can be re-

garded as turbulent impinging flow field. Over the years, 

many scholars at home and abroad have studied the turbu-

lent impact and made significant contributions in the study 

of the mechanism of jet thrust test [9, 10]. 

In 2001, Fairweather M. and Hargrave G. K. [11] 

observed the flow field by particle image velocimetry to ob-

tain the average jet velocity and shear stress of air jets inci-

dent on a flat surface. In 2005, JW Hall and D Ewing [12] 

at the McMaster University in Hamilton studied multiple 

fluctuating wall pressures on wall jets formed by different 

Reynolds number jets to study the simulation of radial wall 

jet near field large eddy structure changes. Z Xu and H 

Hangan et al. (2008) [13] studied the sensitivity of the or-

thogonal impinging jet on the Reynolds number, boundary 

conditions (geometry and surface roughness), and inlet con-

ditions. It was found that when the impinging jet reached the 

full roughness region, the depth of the surface layer in-

creased with an increase in the roughness.  

Tummers M.J, Jacobse J and Voorbrood S.G.J et 

al. (2011) [14] exhaustively studied the turbulence in the 

stagnant area of a single impinging jet pipe. In 2015, Kalifa 

RB, Habli S, Said NM et al. [15] studied the flow field 

formed by a planar air jet impact on a flat surface using the 

Reynolds number average equation and RSM second-order 

turbulence closure. The model was studied using the com-

putational fluid dynamics. The results obtained at the end 

quantified the effect of the flow distortion on the turbulent 

structure of a complex three-dimensional impingement 

flow. 

To date, most reports on the turbulent impinging 

flow field were studied by using the flow field analysis and 

an experimental verification, and on the basis of it, the tur-

bulent structure inside the turbulent flow field was obtained. 

However, the bearing force of the bearing wall under im-

pinging jet under different conditions has not been exten-

sively studied. In this pursuit, the present research envisaged 

the study of influence of different bearing wall positions on 

the wall pressure, and based on the analysis of the flow field 

simulation, optimization of the bearing wall structure was 

done. 

 

2. Analysis method of flow field in jet thrust test 

2.1. Analysis of flow field in jet thrust test  

The initial guidance thrust flow field has typical 

hydrodynamic characteristics in practice. Many scholars at 

home and abroad have studied the flow characteristics of 

impinging jets in a single-phase flow system and found that 

the impinging jets can be divided into a free jet zone, an im-

pingement zone, and a wall jet zone [16-18]. 

The Planter boundary layer equation in the imping-

ing jet flow field is: 

 

0

0

( ) .x x s

p
w w w dy

x x



  
 

  
 
  (1) 

 

From the Plant hypothesis available in the wall ve-

locity distribution: 
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Substituting Eq. (2) into Eq. (1) yields: 
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Since p represents the pressure difference between 

the two sides of the microelement, the order of δdp/dx mag-

nitude is too small and can be neglected in the calculation. 

Therefore, the surface viscous stress can be simplified as 

follows: 
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The relationship between the surface stress τs and 

the thickness of the boundary layer δ can be derived from 

the Platts' empirical formula as follows: 
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Substituting Eq. (5) into Eq. (6): 
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Finally, Substituting Eq. (6) into Eq. (4), the value 

of s can be obtained: 
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Therefore, the total stress of one side wall in the 

boundary layer can be calculated by an integral as: 
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It can be seen from the above Eq. (8) that the accu-

mulated viscous stress is proportional to the distance from 

the bearing plate when the stress is satisfied, the cumulative 

stress is smaller. Moreover, the cumulative stress is posi-

tively correlated with the plate thickness. However, com-

pared with the length of the bearing plate, the variation of 

the thickness has a greater impact on the accumulated stress. 

Finally, from the overall consideration, the instal-

lation size of the piezoelectric sensor consisted the plate 

length of 30 mm, a width of 20 mm, and a thickness of 5 

mm. 

In order to make the turbulence model more suita-

ble for the calculation of the impinging flow field, the sim-

ulation parameters of the model were modified [19, 20]. In 

this paper, mainly by correcting the eddy viscosity coeffi-

cient, we determined its role in the correction of the model. 

Initially, the curvilinear coordinate system (ζ1, ζ2, 

ζ3) was established along the circumferential, radial and 

streamline direction of the flow field in the impinging flow 

field due to the radial acceleration of the flow field line di-

rection, the radial Additional Reynolds stress, denoted as Eζ2 

and the influential term of curvature of the flow field, de-

noted as Eζ3. 

Curvilinear coordinate system conversion equa-

tions are as follows: 
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The effects of additional Reynolds stress and 

streamline curvature on the radial of the flow field are as 

follows: 
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In this impinging jet flow field, the circumferential 

strain rate is negligible because it is relatively small in mag-

nitude compared to other quantities. 

In the established flow field curve coordinate sys-

tem, the average velocity can be expressed as: 
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The transformation matrix form is: 
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The impulsive dissipation term ε in the impinging 

jet flow field represents the degree of turbulent kinetic en-

ergy transfer from the large eddy to the small eddy. In the 

curved flow field coordinate system, the fluctuating kinetic 

energy equation and the loss rate can be obtained as follows: 
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In formula: Ek=Eζ2+Eζ3, eddy viscosity μt=ρCuk2/ε. 

The coefficients of the turbulence model are μt=0.085, σk=1, 

σε=1.3, Cε1=1.44, and Cε2=1.88. 

It can be seen from the above equations that the 

eddy viscosity in the k-ε model can be obtained by the Eq. 

(15), and the coefficient Cu is approximately 0.085. But in 

the actual bending flow field, the eddy viscosity μt related to 

it should not be constant, since the ratio of radial pulsation 

velocity and k is not constant in the solution area. 

Ni Hangen et al. made assumptions and derived the 

Cu solution from the turbulence modelling control equa-

tions, and were able to reflect the changes in μt,, as follows: 
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According to the experimental data of the existing 

turbulent boundary layer by least squares fitting, the con-

stants were found to be: α1 = 0.254 and α2 = 0.132. 

Values of k and ε can be calculated by Eq. (17) and 

Eq. (18), and can be used to correct the standard k-ε equa-

tion, when the initial model conditions are set in the flow 

field simulation analysis. 

When the impact jet nozzle diameter D is 5 mm, 

the first guide thrust test provides a flow of 20 m/s velocity 

of the compressed gas, the radial average velocity at the exit 

of the impinging jet is 0, the average velocity in the axial 

direction is 20 m/s, the Cu gas is 0.085, the kinematic vis-

cosity of air is μ=14.8×10-6 m2/s, then by the formula 

v0=Vj=Re·μ/d , the value of Re can be found as: Re=6900. 

Other model coefficients k, ε are given by: 
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Therefore, the corrected Cu value can be obtained 

from Eq. (18) as 0.254, and the flow field model can be cor-

rected by using the obtained turbulence model coefficients 

in the thrust test flow field simulation. 

2.2. Flow field simulation analysis of jet thrust test 

The operating environment and the operating pres-

sure were set, the relative pressure was equal to absolute 

pressure, and the impact of gravity was not considered. The 

bearing surface material was selected to be stainless steel 

SS-304, since it is a solid material, and in the simulation of 

unsteady turbulent flow field, a constant density, thermal 

conductivity and specific heat capacity of the material is 

necessary [21]. 

After setting the initial conditions, the flow field of 

the impinging jet was numerically simulated using the fluent 

software. By analysing the change in the annular recircula-

tion zone in the flow field, the relationship between the im-

pingement distance H and the flow field line was obtained, 

and the optimal impact position was obtained. 

As the flow field in the actual situation is more 

complicated, the flow field model was simplified. As shown 

in the Fig.1, the inlet boundary diameter D was set to 5 mm. 

taking into account the actual experimental space, value of 

H/D was selected as 3, 4, 5, 6, 8, and 10 in the simulation 

analysis. 

 

Fig. 1 Entrance and exit boundaries 

 

When the velocity of inlet impact flow was 20 m/s, 

equal to that of different impact height (H/D = 3, 4, 5, 6, 8, 

10), a flow was obtained by simulating the modified two-

field map, as shown in Figs. 2 a - f. In Fig. 2, the flow field 

line is the movement path of the gas in the flow field. The 

colour of the flow field line indicates the velocity in the di-

rection perpendicular to the bearing wall. Due to the exist-

ence of the bearing wall surface, when the velocity in the 

normal direction to the wall surface was zero, field lines 

completely changed the maximum wall pressure. 

  

a) H/D= 3speed vector b) H/D=4speed vector 

  

c) H/D= 5speed vector d) H/D= 6speed vector 

  

e) H/D=8speed vector f)H/D=10speed vector 

Fig. 2 Different H/D ratio of the flow field in the circumflu-

ence map 

 

It can be seen from Fig. 2 that the annular recircu-

lation zone was formed at different impact heights H, where 

we consider the relative ratio of the height at the transition 

of the annular recirculation zone to the impact height H. The 

plot of the relative position of the annular recirculation zone 

under different H/D curves is shown in Fig. 3. A variation 

in the annular recirculation zone with the change of H/D 

value was obtained through the fitting optimization, as 

shown in Fig.3. 
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Fig. 3 Flow field loop is backflow area curve 
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It can be seen from the Fig. 3 that when the distance 

H between the bearing wall and the spout increased from 3D 

to 8D, the relative position of the centre of the annular recir-

culation zone changed greatly, and the relative position 

tended to be stable when the H value was greater than 8D. 

The smaller the relative position value was, the farther was 

the recirculation zone. Different recirculation zone positions 

led to different size and position of the core region of the 

impinging jet, thereby affecting the position of the stagna-

tion point and the range of the impact zone.  

Considering the accuracy of the initial guidance 

test during the test, the initial choice of H/D = 4 for found to 

be the best bearing wall position, and the wall pressure anal-

ysis further verified that the selected value of H was accu-

rate. Fig. 4 was obtained after simulating the flow field un-

der different impact height (H/D = 3, 4, 5, 6, 8, 10) to obtain 

the pressure distribution at the bearing wall surface.  

  

a) H/D=3 pressure diagram b) H/D=4 pressure diagram 

  

c) H/D=5 pressure diagram d) H/D=6 pressure diagram 

  

e) H/D=8 pressure diagram f) H/D=10 pressure diagram 

Fig. 4 Different H/D ratio of the bearing wall pressure chart 

 

It can be seen from the Fig. 5 that with a change in 

the value of H/D, the bearing wall pressure was not linear, 

but initially increased and subsequently decreased, for an 

H/D value of 3 to 5. For the H/D value of 4, a maximum 

wall centre pressure of 265 N was obtained. Through the 

simulation, the stress distribution on the test bearing wall 

was compared with the distribution of the recirculation 

zone, under the different H/D conditions in the previous 

study. The two showed a good agreement with each other, 

and the simulation is for reference. Finally, H/D = 4 was 

selected for the placement of the best place tablet. However, 

it should be noted that this study is only a preliminary sim-

ulation analysis for obtaining the H/D values. The continued 

optimization of its value needs a further study. 
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Fig. 5 Pressure curves at different H/D values 

 

2.3. Selection and analysis of impact wall structure  

 

Through the analysis of the upper section, it can be 

seen that the wall position is reasonable when the impact 

wall surface H/D is taken as 4. Since the flat wall surface is 

the most common wall structure, in order to analyse the in-

fluence of different bearing wall structures on the thrust test, 

the wall surface optimization design is now carried out. We 

selected U-shaped groove, V-shaped groove and square 

groove for simulation analysis and observation, these are 

shown in Figs.6, a – c. The flow field diagram of the three 

type are shown in Figs.7, a – c). 

 

a 

 

b 

 

c 

Fig. 6 a) U-shaped groove; b) square – shaped groove; c) V 

– shaped groove 

In Figs. 6, a – c, the depth of groove h is 0.4D, the 

length of groove L is 0.5D, the number of grooves n is 

(15~20) D. 

By calculation, the U-shaped groove, the V-shaped 

groove, and the square groove have ' /H H values of 0.650, 

0.658, and 0.698 when the inlet boundary condition is set to 

20 m/s. From the obtained values, the relative position of the 

jet recirculation zone of the square groove wall surface is 

closer to the wall surface, and the difference between the U-

shaped groove and the V-shaped groove is smaller. Through 

the Fluent simulation analysis, the wall pressure of the three 
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walls is further analysed. The specific pressure cloud dia-

gram is shown in Figs. 8, a – c. 

 

  

a) Flow field streamline under 

U-shaped groove 

b) Flow field streamline 

under V-shaped groove 

 

c) Flow field streamline under square slot 

Fig. 7 Fluid speed vector under various type of trough 

After obtaining the pressure cloud map by simula-

tion, it can be seen from Fig. 8 that the distribution trend of 

impact pressure on the three walls is similar, the main dif-

ference is the range of the impact zone and the uniform pres-

sure of the wall zone. After the post-treatment, the bearing 

wall pressure curve is shown in Fig. 9. 

It can be seen from the above Fig.9 that when the 

three types of channel wall surface are H/D=4, the maxi-

mum  pressure  value  of the  square groove  wall surface is 
 

    
 

a) Pressure on U-shaped 

groove wall 

b) Pressure on V-shaped 

groove wall 

 

 

c) Pressure on square shaped groove wall 

Fig. 8 Pressure on three types of groove wall 
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Fig. 9 Pressure curve on three types of groove bearing wall 

 

small, which is 265 N; the maximum pressure values of the 

U-shaped groove and the V-shaped groove wall surface are 

similar, both being 268 N. It can be seen from the peak of 

the curve that the impact zone range of the V-shaped groove 

wall surface is larger than that of the U-shaped groove wall 

surface. When the impact area is larger, the pulsation point 

pressure of the wall surface is closer to the surface pressure, 

and the thrust value obtained by the test is close to the true 

value. Therefore, the V-shaped groove is selected as the op-

timized wall surface. 

 

3. Design of initial guidance thrust test device 

 

The study of the structure scheme of the initial 

guidance thrust test system was specifically designed con-

sidering the force transmission mode and the fixed mode of 

the electric steering gear during the jet thrust test. 

In the existing thrust test device, most of its thrust 

force was transmitted to the load cell through the connecting 

elastic member, and a certain loss of face value occurred in 

the process, so that the sensitivity of the test was reduced. 

Therefore, the direct measurement method was adopted. 

The thrust force acted on the bearing wall to deform the pi-

ezoelectric sensor, and finally the measured thrust value was 

obtained, and from the optimisation of the air jet flow field, 

the measurement position simulation was done analysis to 

improve the thrust test accuracy. 

The primary guidance thrust test can be divided 

into static thrust test and dynamic thrust test. The so-called 

static thrust test is the thrust test of the electric servo, in 

which the rudder wing is fixed by the clamping device. As 

the electric servo has its own internal positioning, it only 

needs a unilateral clamping, and to a certain extent it opti-

mizes the overall size of the test system. Unlike static tests, 

the dynamic thrust test turns the rudder wings in a free-

wheeling condition during jet thrust testing of the electric 

servos. 

Initially, the static thrust test was structurally de-

signed as showed in Fig. 10.  

In the working of the thrust test device, first by ro-

tating the clamping part of the rotary handle 9, the clamping 

jaw 8 was clamped with the servo wing under by 0°. After 

the completion of the servo wing clamping action, by turn- 
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1

2

3

4

5 6 7 8 9

10

11

12

 

1 – lock mechanism; 2 – position turn plate; 3 – left support 

plate; 4 – cable block; 5 – support plate; 6 – slide sensor;  

7 – the rudder wing fixed positioning mechanism; 8 – the 

clamping jaw; 9 – flip platform rotary handle; 10 – right 

support plate; 11 – horizontal adjustment foot; 12 – base and 

other components 

Fig. 10 Static thrust test diagram 

 

ing the rotary handle 9, the support plate 5 was turned to 

180° rotations, so as to facilitate the adjustment of the fol-

lowing components and installation. 

The inverted position was determined by the pin at 

lock mechanism 1. Since the pin gets worn due to repeated 

use, an anti-backlash structure was adjusted by screwing. 

After the installation was complete, the initial guide thrust 

force obtained by the piezoelectric sensor 6 could be clearly 

seen from the output value of the cable connected to the 

computer. In order to ensure that the sensor centre and the 

servo outlet were in the same axis in the initial guidance 

static thrust measurement process, the specific installation 

parts are shown in Fig. 11, a, b. 

The difference in the dynamic and static thrust test 

was mainly reflected by the position of the rudder wing, as 

shown in Fig. 12.  

In the dynamic thrust test, positioning the rudder 

wing was not required. In order to balance the influence of 

the rudder wing on the overall mechanism during the swing-

ing process, the overall structure was centre-symmetrical. 

 

1 2 3 4

567

 

8 9 10 11

 

              a) Top view                         b) Bottom view 

1 – screw; 2 – screw drive left bracket; 3 – support base 

plate; 4 – piezoelectric sensor; 5 – load plate; 6 – connector; 

7 – sensor base; 8 – guide rail; 9 – slider; 10 – screw drive 

right bracket; 11 – moving bottom plate 

Fig. 11 Static sensor installation diagram 

1 2 3 4

5
 

1 – slide mechanism; 2 – steering positioning components; 

3 – base; 4 – sensors; 5 – level adjustment feet 

Fig. 12 Dynamic thrust test diagram 

4. Thrust test simplifies the experiment 

4.1. The initial guidance thrust test system 

The initial guidance thrust test system mainly con-

sisted of a gas source station, a static thrust test device, a 

dynamic thrust test device and an electronically controlled 

part. The static and dynamic test device are shown in  

Figs. 13 and 14. 
 

  

1 – the static thrust test 

device; 2 – the pneumatic 

base 

Fig. 13 Static test device 

1 – the dynamic thrust test 

device; 2 – the pneumatic 

base 

Fig. 14 Dynamic test device  

 

 

Fig. 15 Simplified thrust test experimental scheme 

 

Due to the limitation of experimental conditions, it 

was not possible to provide the electric steering gear, steer-

ing gear cabin and the impact jet at the speed of 20 m/s, in 

the actual initial pilot thrust test. Therefore, only simplified 

experiments can verify the simulation of the optimal wall 



404 

position proposed in the analysis of whether the H/D value 

is 4 or not. Because the testing mechanism was consistent, 

this test simplified the dynamic thrust test device [22]. The 

simplified test principle is shown in Fig. 15. This experi-

mental test device was mainly composed of air pump 1, 

computer display interface 2, static force test device 3, sin-

gle chip acquisition system 4, transmitter 5, and power sup-

ply 6. 

4.2. Selection of main components 

1. Rotary potentiometer. 

An angle sensor is required in the load table to 

monitor the corner of the rudder wing during the test in real 

time. According to the technical requirements of the load 

platform, the rotating point device type of WDD35D-1 is 

selected. The actual object is shown in Fig.16. 

 

Fig. 16 The type of WDD35D-1 rotary potentiometer 

 

The specific performance parameters are shown in 

Table 1. 

Table 1 

Rotary potentiometer performance parameters 

Elements Parameters index 

Resistance 0.5～10KΩ 

Resistance tolerance ±15% 

Independent linearity 0.1% 

Operating temperature -55℃～125℃ 

Mechanical corner 360° 

power 2W 

 

2. Piezoelectric sensor. 

The piezoelectric sensor is the main detection com-

ponent in the initial guided thrust test system, which can sat-

isfy better dynamic characteristics. The signal acquisition 

performance of the piezoelectric sensor will directly affect 

the measurement accuracy of the initial guided thrust test 

device. According to the performance index requirements, 

the type of NOS-L101 sensor is selected, as shown in 

Fig. 17. 

 

 

Fig. 17 NOS-L101 model sensor 

 

The specific performance indicators of the selected 

piezoelectric sensors are shown in Table 2. 

 

Table 2 

Piezoelectric sensor performance parameters 

Elements Parameters index 

Sensitivity 2.0mv/V 

Sensitivity temperature effect 0.02%F S/10  ℃ 

Creep 0.02%F S/30min   

Zero output 1%F S   

Zero temperature effect 0.02%F S/10  ℃ 

Temperature compensation range 10 +40 ℃ 

Operating temperature range 20 65  ℃ 

Excitation voltage 5 12VDC  

Safety overload range 150%F S  

 

3. Transmitter. 

After selecting the above NOS-L101 piezoelectric 

sensor, we selected the transmitter with the matching model 

N0S-TDA for signal processing. The main function of the 

transmitter is to amplify the tiny millivolt electrical signal 

output by the piezoelectric sensor, and perform linear com-

pensation and temperature compensation through its inter-

nal voltage regulation processing, as shown in Fig. 18. 

 

Fig. 18 Transmitter products 

 

The specific performance indicators of the trans-

mitter are shown in Table 3. 

 

Table 3 
Transmitter specific indicators 

Elements Parameters index 

Input form Single input and single output 

Rated input 0 20V  

Rated output 0 5V or 0 10V  

Precision 0.05 0.1   

Supply voltage 24VDC  

Operating temperature 20 85  ℃ 

 

4.3. Test process and analysis 

 

The gas source of the simplified experimental de-

vice was provided by a 0.8 MPa pressure pump, the airflow 

was provided as an output to a dynamic jet thrust test device 

through a sleeve connector with a diameter of 6 mm, an air 

pump and a test device were connected through a hose, and 

the output voltage of the piezoelectric sensor was kept at 

5 V. The full-scale force value of 5 N in the first calibration 

of the sensor through the calibration device is shown in 
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Fig. 19. This device included the components such as 

weights 1, trays 2, transmitters 3, multi-meter 4, and power 

supplies 5. 

 

 

Fig. 19 Piezoelectric sensor calibration device 

 

After the calibration of the piezoelectric sensor was 

completed, the thrust test was carried out. As it was a simple 

test, the air pressure provided by the air pump was small at 

0.6 MPa and the jet outlet aperture was 6 mm. The resulting 

thrust value and its corresponding H/D value are plotted in 

Table 4. 

 

Table 4 

Thrust test experimental data 

Serial number H, mm H/D Pressure, N 

1 6 1.00 3.19 

2 7 1.16 3.0 

3 8 1.33 2.88 

4 10 1.66 2.85 

5 13 2.17 2.80 

6 15 2.50 2.77 

7 18 3.00 2.78 

8 20 3.33 2.70 

9 25 4.16 2.93 

10 30 5.00 2.67 

11 35 5.83 2.65 

12 40 6.67 2.55 

13 45 7.5 2.47 

14 50 8.33 2.36 

15 55 9.17 2.29 

 

The relationship between the H/D value obtained 

in this case and the corresponding pressure and the pressure 

value to which the distance H and the bearing wall surface 

were subjected are respectively plotted in Figs. 20, a and b. 

It can be seen from Fig. 20 that, when the H/D 

value increased in proportion to H, the corresponding pres-

sure value first reached a peak value of 3.19 N at about H/D 

value of 1, which was the peak value The reason is that the 

wall of the bearing wall was too close to the jet outlet, as 

result, the secondary reflow phenomenon occurred. The 

pressure peak was not the true value, so the second peak was 

observed. When the H/D value was about 4.16, the bearing 

wall pressure reached a second peak at 2.93 N. The value of 

H/D at the second peak was close to that of the previous 

simulation, which verified the accuracy of the previous sim-

ulation. 
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b) H/D value and pressure value diagram 

Fig. 20 Relationship between H, H/D and pressure values 

 

5. Conclusion 

This paper focused on the analysis of the jet thrust 

test mechanism and the optimal distance of the bearing wall 

from the jet outlet. Based on this aspect, an initial pilot jet 

thrust test device for electric steering gear based on direct 

thrust measurement was proposed. The simulation results 

showed that the optimum distance of the bearing wall was 

H/D = 4 for jet thrust test, and a prototype test was per-

formed to provide a preliminary verification of the accuracy 

of the simulation results. 
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Z. Wang, T. Wang, B. Zhang, H. W. Ma 

SIMULATION STUDIES AND EXPERIMENTAL  

VERIFICATION OF THE TEST METHOD FOR  

INITIAL GUIDANCE THRUST 

S u m m a r y 

As one of the main actuators of the missile guid-

ance control system, the steering gear can adjust the actual 

thrust and the deflection angle of the rudder surface through 

the closed-loop control system during the missile guidance 

process. The attitude correction and speed adjustment of the 

missile during flight can be accomplished by changing the 

output injection force by the electric steering gear. In this 

paper, the theoretical analysis of the jet thrust test mecha-

nism was carried out by the unsteady turbulence analysis 

theory. Through the flow field simulation, the influence of 

the position of the bearing wall on the position of the recir-

culation zone of the impinging jet was studied, and the po-

sition of the bearing wall was determined, whose pressure 

value was closest to the true value. In addition, a simplified 

test system for jet thrust test was designed. The influence of 

wall position on the pressure value was verified by experi-

ments, and the accuracy of the simulation results was veri-

fied. 

 

Keywords: electric steering gear; load force; jet thrust; re-

circulation zone; flow field simulation. 
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