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Abstract 

Marine gas-water separator is mainly used to filter impurities in the air for gas turbine, and it also needs 

to have certain anti-impact ability in engineering application. In order to study its impact resistance, this 

paper used the method of combination of simulation and experiment. Firstly, the material properties of 

5083 aluminium alloy were determined. On the basis of this, the drop test under different acceleration 

was carried out. Then ABAQUS software was used to carry on the drop simulation analysis and 

antiknock simulation analysis. The feasibility of the simulation method was verified by comparison of 

simulation results and experimental results. The following conclusions are obtained: the impact of 5 g-

33 g drop will not affect the operation of the gas-water separator; the impact of guide vane's transverse 

fall on the gas-water separator is less than that of guide vane's longitudinal fall; the direction with guide 

vane's support has stronger anti-detonating performance than that without guide vane's support. The 

conclusions drawn in this paper can be used for specific optimization and protection in practical use, 

and provide a certain reference for the impact performance field of Marine gas-water separator. 
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1. INTRODUCTION 

Gas turbines are one of the main sources of power for many countries, applications such as civil 

and military aircraft, naval and commercial ships and other industries [1-4]. Steam-water 

separator was also very important for gas turbine filtration. 

In 2007, Li et al. discussed the behaviour of droplets in wavy flow channels and verified 

the feasibility of numerical methods [5]. In 2009, Xiao et al. combined with simulation 

experiments to study the separator and calculated the separation efficiency of droplets of 

different particle sizes [6]. In 2018, Huang et al. designed and analysed a slotted plate gas-water 

separator, and optimized the size and separation efficiency [7]. In 2018, Zhao et al. conducted 

simulation analysis on the full-size AP1000 water separator, and obtained detailed information 

on the steam-water separation efficiency and pressure drop [8]. In 2020, Liu et al. conducted an 

experimental study on the separation performance of steam-water separator [9]. In 2020, Tian 

et al. simulated the steam-water separation performance of marine corrugated plates and 

showed that the separation of droplets was mainly concentrated in the first stage [10]. In 2023, 

Mai et al. optimized the separation characteristics of the AP1000 wave separator and established 

seven optimization schemes for calculation [11]. 

To sum up, it could be seen that the research on the impact resistance of the steam-water 

separator needs to be supplemented. Therefore, the impact resistance of the steam-water 

separator is studied in this paper. The research methods were mainly divided into experiment 

and simulation. First, test the mechanical properties of the material, then conduct drop test and 

simulation on the steam-water separator. In the drop experiment, we learned some research 

methods from Kim et al. [12], Gkatzogiannis et al. [13] and Bhanupratap [14]. This paper is 

also inspired in the simulation research of Cumming [15], Harari et al. [16] and Shi et al. [17]. 
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2. RESEARCH METHOD 

2.1  Quasi-static experimental method 

Aluminium -magnesium alloy is a non -heat treatment, alloy with medium strength, excellent 

corrosion resistance and welding capacity [18, 19]. In the hull structure, because the 5083 

aluminium alloy corrosion resistance is very strong, it is wider than other alloys, which is very 

suitable for the marine atmosphere environment on the ship [20]. Therefore, this article selected 

5083 aluminium alloy as the overall material of marine inertial category. The test sample 

diagram of the quasi-static stretch test used in this article, as shown in Fig. 1, is designed with 

8 mm. Table I shows the chemical group of 5083 aluminium alloy [21]. 

 

Figure 1: 5083 aluminium alloy tensile sample. 

Table I: Chemical composition of 5083 aluminium alloy. 

Element Measured value Element Measured value 

Si 0.4 % Zn 0.25 % 

Fe 0.4 % Ti 0.15 % 

Cu 0.1 % Cr 0.05 %-0.25 % 

Mn 0.3 %-1.0 % Al  

Mg 4.4 %-4.9 %   

According to Fig. 1, the 5083 aluminium alloy board was selected for processing and 

obtained 5 standard stretch samples. In order to measure the strain of the sample during the 

stretching process, it is necessary to polish the sample in the middle of the standard stretching 

sample before paste the strain film. The selected strain film manufacturers are Zemic. The 

sensitivity coefficient is 2.19 ± 1 %, and the resistance value is 120 Ω. During the stretching 

experiment, the processed stretching specimens and samples are shown in Fig. 2. 

 

Figure 2: a) Quasi-static testing machine, b) Quasi-static tensile specimen. 

The test machine used by the quasi -static stretching experiment is Instron 5500R electronics 

universal test machine, as shown in Fig. 2 a, and the stretching samples after treatment are 

shown in Fig. 2 b. 5 sets of stretching data are L1, L2, L3, L4, L5, Fig. 3 a is the load 
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displacement curve. Five groups of stretching tests have good consistency, and their tensile 

limit load is 34 kN. 

 

Figure 3: a) Tensile load-displacement curve, b) Tensile stress-strain curve. 

After processing the obtained stretching data, the stress-strain curve is shown in Fig. 3 b. 

The stretching and yield strength of 5083 aluminium alloy is 160 MPa, the final strength of the 

stretch is 315 MPa, and the measured Pine ratio is 0.3. The model established based on the 

above data, and the following points are used as follow-up simulation plastic parameters, as 

shown in Table II. 

Table II: Plastic parameters of 5083 aluminium alloy. 

Stress (MPa) 150 160 205 300 315 

Strain (%) 0 0.05 0.1 0.2 0.3 

2.2  Drop experimental method 

In order to test the anti-impact performance of the soda separator, the drop test of different 

accelerations was performed, and multiple repetitive experiments were performed under the 

same acceleration conditions, comparing the strain on the top with simulation, and then 

simulation under the corresponding conditions. For comparison, verify the feasibility of 

simulation. 

 

Figure 4: The drop test table and the steam-water separator. 

The device used in the drop test is SY11-600 impact test desk, as shown in Fig. 4 a. Fix the 

frame on the test table with bolt. In order to measure the strain of the steam water separator 

when it was dropped, the eight points on the top of the steam-water separator were pasted on 

the sticker. The position was shown in Fig. 4 b. The installed steam-water separator is shown 

in Fig. 4 c. 
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In the drop test, the acceleration curve and acceleration were obtained by accelerated 

sensors and oscilloscopes. The acceleration sensor used in the drip test is Lance LC0123T, with 

a sensitivity of 25 mV/g and a range of ± 200 g. Fig. 7 shows the acceleration curve of different 

height, Table III shows the peak acceleration corresponding to a specific height. 

Table III: The height of the fall and the corresponding peak acceleration. 

Height of fall (mm) 150 175 200 225 250 275 300 400 

Peak acceleration (g) 5 10 13 17 19.5 22 24 33 

2.3  Drop simulation method 

Use ABAQUS software to establish the same proportion of steam-water separator model as the 

experiment. The material attributes are shown in Table IV, and all the data in the table are 

measured in quasi-static experiments. The specific model is shown in Fig. 5 a. 

Table IV: Aluminium alloy material parameters in explosion simulation. 

Material 5083 Aluminium alloy Plastic parameter 

Density 2700 kg/m2 Stress (MPa) Strain (%) 

Modulus of elasticity 70 GPa 150 0 

Fracture displacement 15 mm 160 0.05 

 205 0.1 

300 0.2 

315 0.3 

  

Figure 5: a) Drop simulation model, b), c) Explosion simulation model. 

2.4  Explosion simulation method 

In this article, a simulation analysis was performed using the CONWEP explosion impact model 

in ABAQUS software. The equivalent quality of the explosion point is 1 kg. As shown in Figs. 5 

b and c, seven different explosions were selected, and 0-0, 45-0, 90-0, 90-0, 0-45, 45-45, 90-45 

and 90-90 were selected. The origin of this model is 1000 mm and 500 mm, with a total of 14 

working conditions. 

3. RESULTS AND DISCUSSION 

3.1  Analysis of the drop experiment and simulation results 

During the experiment, the strain generated by the dynamic strain measuring eight strain films 

was used. However, when the acceleration gradually increases from 5 g to 33 g, the strain did 

not increase significantly. As shown in Fig. 6, the maximum strain generated by the liquid 

droplets is No. 1. The peak of its strain curve is always about 0.006 to 0.008, indicating that the 
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impact acceleration of the structure is not damaged when the impact acceleration is less than 

33 g. 

 

Figure 6: Drop strain at different accelerations. 

 

Figure 7: Drop stress cloud diagram of different accelerations. 

In the simulation of the guide vane vertically. It can be seen from Fig. 7 that when the 

acceleration increases from 5 g to 33 g, the stress on the top will never produce plastic 

deformation. This is because the minimum stress measured in the quasi-static stretching 

experiment is 160 MPa, and the stress on the top will not exceed 160 MPa during the fall, so 

there is no plastic deformation. 
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Figure 8: Comparison of strain between simulation and experiment. 

Since all measured strain in the 1st time in the drop test is generally larger than the response 

to other locations, the data that can generate the maximum deformation is compared with the 

simulation results, and the feasibility of verification is verified. It can be seen from the 

comparison figure of the 1-point simulation experiment in Fig. 8 that the trend of the comparison 

of the three types of working conditions of 13 g, 20 g, and 33 g is basically the same as the peak. 

The peaks of all curves are around 0.008 to 0.006. The results are consistent with the 

experimental results, and the simulation results are slightly greater than the experimental results. 

In summary, in the case of a falling collision acceleration less than 33 g, it will not produce 

plastic deformation of inertial grade and will not affect the inertia-level filtration efficiency. 

The guide vane of the steam-water separation device is shown in Fig. 9. The maximum 

stress value of the 5-33 g acceleration is about 30-50 MPa. This position is mainly near the 

collision contact surface, without plastic deformation. However, the weaker guide lights did not 

cause a lot of pressure. Therefore, the acceleration was 33 g or smaller in the horizontal drop of 

the guidance vanes. 

 

Figure 9. Transverse drop stress cloud diagram of guide vane. 
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3.2  Analysis of the 1000 mm multi-angle explosion simulation result 

When the explosion point is 1,000 mm from the inertial level, the stress cloud map of 0.001 

seconds after the explosion is selected, as shown in Fig. 10. In 0-0, 0-45, 45-0-0 and 45-45, due 

to the direction of the blade of the turning in the blades of the steam-water separator, the vertical 

direction of the leaves is weaker. Compared with the direction of the blade support, this is easier 

deformation. Among them, the direction opposite the explosion point (i.e., the direction of 0-0) 

is the largest, while the other three working conditions scattered the explosion load to other 

surfaces so that all parts did not deform much. 

 

Figure 10: Stress cloud diagram at 1000 mm different explosion points 0.001 s. 

 

Figure 11: a) 0-0, 0-45 the guide vane nearest to the explosion point is deformed, b) 45-0 comparison of 

deformation of guide vane support frame. 

Fig. 11 a shows the deformation and displacement of the guide vane midpoint nearest to the 

explosion point in 0-0 and 0-45 working conditions. Under the condition of positive impact of 

0-0 explosion load, the maximum displacement at this position was 24 mm, and the maximum 

displacement at 0-45 was 16 mm, which was 1/3 less than that at 0-0. It means that if the blast 

load was impacted at a certain angle, the damage to the steam-water separator would be much 

less than the frontal impact. 

Since guide vane deformation is small under the condition of 45-0, the deformation of 

frames with and without guide vane support at this angle is compared, as shown in Fig. 11 b. In 

the case of guide vane support, the deformation occurs in the form of elastic deformation, and 

the maximum deformation displacement is 3 mm. In the case of no guide vane support, the 

maximum deformation is 18 mm, much larger than the direction with support. This indicates 

that the directional strength of the separator with guide vane support is much higher than that 

without support. 

a) b) 
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Figure 12: a) 45-45 comparison of deformation of guide vane support frame, b) Comparison of 

deformation of 90-0 and 90-45 outer frame with guide vane support. 

The deformation displacement of the outer frame without guide vane support is 12 mm, 

which is 6 mm less than that of 45-0, as shown in Fig. 12 a. Under the support of guide vane, 

the maximum deformation of the outer frame is still 3 mm, and there is no obvious change. This 

shows that when the horizontal impact angle is 45° and the explosion direction increases from 

0° to 45°, the deformation displacement in the direction without guide vane support can be 

reduced, while the deformation displacement in the direction with guide vane support has 

almost no effect. 

When the horizontal impact angle is 90°, it is shown in Fig. 12 b. At 90-0 and 90-45 

conditions, the deformation displacement in the guide vane support direction is 3.6 mm and 

3.5 mm, respectively, and the deformation peak value is very similar. However, after reaching 

the peak, the 90-0 condition fluctuates at about 3.6 mm all the time, while the 90-45 condition 

bounces back, and the peak value gradually drops to about 2 mm. This indicates that the impact 

angle in the direction of 90-45 has slightly less impact on the steam-water separation device 

than that in the direction of 90-0 under the two conditions. 

3.3  Analysis of the 500 mm multi-angle explosion simulation result 

When the explosion distance was 500 mm, the explosion conditions in some directions have 

relatively obvious deformation, especially in the 0-0 condition, 8 guide blades were deformed 

and fit together, and the inertia stages in other conditions also had different degrees of 

deformation. The stress cloud diagram shown in Fig. 13. 

 

Figure 13: Stress cloud diagram at 500 mm different explosion points 0.001 s. 

a) b) 
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Figure 14: a) 0-0, 0-45 direction frame displacement curve, b) 45-0 displacement curve of guide vane 

support frame. 

It could be seen from Fig. 14 a that under this working condition, the deformation 

displacement of the steam-water separator frame was much larger than that of the outer guide 

vane. The maximum displacement of the frame was 72 mm, while that of the guide vane was 

50 mm. This was shown that when the outer frame of the inertia stage was affected by the 

explosion impact, it would first deform and absorb part of the energy, and then affect the guide 

vane deformation through the deformation of the outer frame. Therefore, the strength of the 

frame was extremely important for the anti-knock performance of the inertia stage. Different 

from the explosion distance of 1000 mm, when the direction changes from 0-0 to 0-45, the 

displacement on the frame was reduced from 72 mm to 30 mm by more than 50 %, which was 

much higher than the reduction of 1000 mm. 

As could be seen from Fig. 14 b, when the distance was 500 mm and 1000 mm, the 

displacement without guide vane support direction of the inertia stage was larger and no spring 

back occurs, while the displacement with guide vane support direction had little difference. 

Only after reaching the maximum displacement, there was no spring back recovery, but the 

maximum displacement was always maintained. 

 

Figure 15: a) 45-45 displacement curve of frame, b) Displacement curves of the border in directions  

90-0 and 90-45. 

As shown in Fig. 15 a, the maximum displacement generated by the detonation distance of 

500 mm 45-45 with and without support was 3.5 mm and 8.5 mm respectively, which was much 

smaller than that of 45-0. However, there was little difference with the distance of 1000 mm, 

a) b) 

a) b) 
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and in the case of support, there was a rebound. It shows that increasing the explosion angle 

can disperse the blast wave to a larger area, thus reducing the damage to the inertia stage. 

In Fig. 15 b, the maximum displacement of 90-0 frame is 8 mm, and that of 90-45 frame 

was 4 mm. When the impact angle was increased by 45°, the maximum displacement of the 

frame was reduced by 50 %. Compared with 1000 mm, the difference between the maximum 

displacement of the two working conditions became larger. Therefore, when the explosion 

distance became closer, the influence on the explosion direction of 45° tilt was limited, and the 

influence on the horizontal direction supported by the guide vane was greater. 

4. CONCLUSION 

In this article, the anti-falling impact ability and anti-explosion impact ability of the steam-

water separation device were studied. First of all, the material characteristics of the 5083 

aluminium alloy were obtained through the quasi-static stretching experiment, and then the 

falling experiment and simulation of the steam-water separation device were performed, and 

then the explosion-resistant simulation analysis was performed at a multi-angle and multiplied 

anti-explosion simulation. This article summarizes the following conclusions: 

(1) In the vertical falling experiment and simulation of the leaves, it can be found that under 

the condition of 5-33 g acceleration, the maximum strain on the top of the steam-water 

separation device is always between 6E-4 and 8E-4, and the strain to steam-water separation 

device will not have an impact. 

(2) In the horizontal decline of the blades, the strain generated at the top of the steam-water 

separation device is 10 times smaller between 5E-5 and 7E-5 than the blades. The impact of the 

horizontal drop of the blades on the steam-water separation device is less than the vertical drop 

of the guidance blades. 

(3) In the anti-explosion simulation of different angles, the maximum deformation angle 

can be found in 0-0. It is found that when the explosion angle becomes higher, the deformation 

of the steam-water separation device is reduced. It is also found that there is a stronger explosion 

-resistant performance than the direction of the blade support than the direction without blade 

support. 

(4) In the anti-explosion simulation of different distances, it can be found that when the 

explosion distance is close, the direction of the leaf support of the steam-water separation device 

has a smaller impact, and it has a greater impact on the direction of no leaf support. 

The advantages of this article are the combination of experiments and simulation methods 

to study the anti-impact performance of the steam-water separation device. However, there are 

still some limitations, for example, the impact loads applied to steam-water separation devices 

are small. In the future, we will improve it, such as enhancing the direction of weaker anti-

impact performance to cope with more complicated impact conditions. Perhaps it is hoped that 

through the research of this article, it can provide a certain reference for the anti-impact design 

field of the steam-water separation device. 
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