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Abstract

:

For pumping station projects in plain areas, shaft tubular pump devices are often used due to the low head. In actual operation, the common working range of the pump device is generally 0.8 Qbep~1.2 Qbep. Therefore, it is of great significance to study the hydraulic performance and pressure pulsation characteristics of the pump device in the working range. In this study, the hydraulic performance of a shaft pump device was tested by a model test, and the internal flow and pressure pulsation characteristics were analyzed by numerical simulation. The results obtained from the model test and numerical simulation were in general agreement, indicating that the numerical results were reliable. The results show that the inlet passage has a good flow pattern in the working range, which may offer a favorable flow state for the impeller. When Q = 0.8 Qbep, the flow in the impeller and guide vane was chaotic, the guide vane had a poor adjustment function on flow direction, and the flow in the outlet passage presented in a spiral motion. When Q = 1.0 and 1.2 Qbep, the flow in the impeller and guide vane was ordered, and the spiral flow in the outlet passage improved. In the working range, the pressure pulsation was similar. The main frequency at the impeller inlet and outlet was consistent with the blade passing frequency. For the same flow rate condition, the amplitude rose from hub to shroud and declined from impeller inlet to outlet. In addition, the amplitude decreased with an increasing flow rate.
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1. Introduction


Pumping stations are an indispensable part of the water conservancy project, which plays an important role in urban drainage, flood control, and inter-basin water transfer [1,2]. The shaft tubular pump device is frequently utilized in practical applications due to its benefits of outstanding hydraulic performance and simple structure [3,4]. A great deal of research has already been conducted on the shaft tubular pump device. Xu et al. [5] compared the performance of different schemes of shaft tubular pump devices and verified it by a test. The highest efficiency was over 83%, which shows the pump device is suitable for promotion. Lu et al. [6] studied the hydraulic performance under different blade mounting angles by a test, and the result showed that the highest efficiency was 78.83%. Jiao et al. [7] studied the effect of inlet guide vanes on the hydraulic performance of shaft tubular pumps, and the results show that the number of inlet guide vanes has a considerable impact on the performance. As the number of IGVs increases, the impeller inlet pressure pulsation amplitude first decreases and then increases under the small and design flow rate conditions; however, it gradually increases under large flow rate conditions. Zhou et al. [8] also studied the influence of shaft profile on hydraulic performance; the study found that the inlet passage with a cone-shaped head profile and tail profile had better hydraulic performance. Xu et al. [9] conducted a study on the design parameters of the outlet passage of the shaft tubular pump device and proposed that the plane diffusion angle should be about 17°, and the façade diffusion angle should be less than 7°.



In the operation of the pump, pressure pulsation is a common phenomenon, which leads to vibration damage of the unit in severe cases [10,11,12,13]. Gonzalez et al. [14] used a centrifugal pump as the sample of the study. The study revealed that pump vibration is directly related to unsteady pressure pulsation. Arndt et al. [15,16] conducted an experimental study of pressure pulsation in a centrifugal pump and found that the pressure pulsation is circumferential inhomogeneity, and the pulsation amplitude at the impeller outlet is the largest. Al-Obaidi [17] studied pressure pulsation under different blade angles by CFD. It was found that the blade angles had great influence on the amplitude of fluctuation. Zhang et al. [18] investigated pressure pulsation under design conditions at various rotational speeds and proposed that when rotational speed decreased, the major frequency moved to the high-frequency zone. Li et al. [19] found that the main frequency of the axial-flow pump is the blade passing frequency.



In the past, the studies on the shaft tubular pump device mainly focused on the hydraulic performance and pressure pulsation under optimal working conditions, as well as the optimization design of the inlet and outlet passages. However, in actual operation, the common working range of the shaft tubular pump device is generally 0.8 Qbep~1.2 Qbep. Therefore, it is of great significance to study the hydraulic performance and pressure pulsation characteristics of the shaft tubular pump device in the working range. However, there have been few studies on the hydraulic performance and pressure pulsation of the shaft tubular pump device under different operating conditions in the working range. In order to supplement the previous studies, this paper systematically investigated the hydraulic performance and pressure pulsation characteristics in the working range of the shaft tubular pump device by numerical simulation, and the accuracy of the numerical simulation was verified by a model test. This paper clearly shows the hydraulic performance and pressure pulsation characteristics of the shaft tubular pump device in the working range and can provide better guidance for the stable and efficient operation of the shaft tubular pump device.




2. CFD Method


2.1. Simulation Model and Settings


Different from the traditional definition of an axial-flow pump, the axial-flow pump device is composed of an inlet passage, an axial-flow pump, and an outlet passage. This study took a large-scaled pumping station as the research object, which was equipped with a shaft tubular pump device. UG software was used to model the inlet and outlet passage. Turbo-Grid software was used to model the pump. The pump had 3 blades and 5 guide vanes, the impeller diameter was 0.3 m, and the tip clearance of the impeller was set as 0.15 mm. The software used in this numerical simulation was CFX, and the post-processing software was CFD-POST and Tecplot. The simulation model is visualized in Figure 1. Table 1 shows the basic settings of the numerical simulation.




2.2. Turbulence Model


In the past, the research on rotating machinery mainly relied on experiments and theoretical analysis. However, the model test has the disadvantages of taking a long period of time, complex operation, and high costs. CFD has been widely used in the study of the axial-flow pump [20,21,22,23], centrifugal pump [24,25,26,27], and pump as turbine [28]. The time-averaged Navier–Stokes equation was used to describe the flow in this numerical simulation [29,30]. The “RNG k-ε” model was adopted in this research because of its benefit in addressing the flow field of rotating machinery [31,32,33]. The equations are as follows.


    ∂  (  ρ k  )    ∂ t   +   ∂  (  ρ k  u i   )    ∂  x i    =  ∂  ∂  x j     [   α k   μ  e f f     ∂ k   ∂  x j     ]  +  μ t   (    ∂  u i    ∂  x j    +   ∂  u j    ∂  x i     )    ∂  u i    ∂  x j    − ρ ε ,  



(1)






    ∂  (  ρ ε  )    ∂ t   +   ∂  (  ρ ε  u i   )    ∂  x i    =  ∂  ∂  x j     [   α ε   μ  e f f     ∂ ε   ∂  x j     ]  +    C  ε 1    k   μ t   (    ∂  u i    ∂  x j    +   ∂  u j    ∂  x i     )    ∂  u i    ∂  x j    −  C  ε 2   ρ    ε 2   k  − R ,  



(2)




where    μ  e f f     is the effective viscosity of turbulence. k is the turbulence energy.  ε  is the dissipation rate of the turbulent kinetic energy.    μ  e f f   = μ +  μ t   .   R =    C μ  ρ  η 3   (  1 − η /  η 0   )    1 + β  η 3    ·    ε 2   k   .   η =    (  2  E  i j   ·  E  i j    )    1 / 2    k ε   .    E  i j   =  1 2   (    ∂  u i    ∂  x j    +   ∂  u j    ∂  x i     )   .    η 0    = 4.377.  β  = 0.012.    σ k    =    σ ε    = 1.39.




2.3. Calculation Grid and Independence Verification


The grid is divided into structured and unstructured grids. In this study, the flow passages were divided into structured grids via ICEM, and the impeller and guide vane were divided into structured grids via Turbo-Grid. The boundary layer grid was encrypted at the wall surface.



From the theoretical perspective, the more the number of grids in the model, the more accurate the calculation result will be. However, the relationship between the result and the number of grids is not linear; once the amount of grids exceeds a particular number, the outcome is almost unaffected. Six sets of grid schemes were divided in this study, and the skewness was less than 0.8. The heads of different schemes are shown in Figure 2.



As shown in Figure 2, it was found that once the amount of grids reached 4.01 million, the heads changed very minimally, the absolute value of change was less than 0.01 m, and the relative change value was less than 0.3%, meeting the requirements of grid independence. Furthermore, the grid convergence index (GCI) was used to verify the grid reliability. The convergence error ∋, average grid spacing h, grid encryption ratio r, and GCI can be calculated by the following formulas:


  ∋ =    f i  −  f  i + 1      f i    ,  



(3)






   h i  =       ∑   i = 1  m  Δ  V i     m i     3  ,  



(4)






   r  i , i + 1   =    h i     h  i + 1     =      m  i + 1      m i     3  ,  



(5)






  GCI =  F S     | ∋ |     r p  − 1   ,  



(6)




where fi represents the head value of different grid schemes; ΔVi represents the volume of each grid cell; mi represents the number of grids; Fs represents the safety factor, which is taken as 1.25; and Pp = 1.97. The calculation process is shown in Table 2.



Table 2 shows that the GCI of schemes 4 and 5 were less than 3%, which fulfilled the condition outlined in reference [34]. Scheme 5 was eventually chosen as the calculating scheme after combining it with the grid number independent analysis. The y+ values of the impeller and guide vane were all within 20. The grid diagram of each element is shown in Figure 3.





3. Model Test


The test was carried out on a state-certified high-precision test bench that belongs to the China Water Resources Beifang Co., Ltd. (Tianjin, China). A hydraulic circulation system, power control system, data collecting, and computer analysis system were all part of this test bench. The rotation speed of this test was 1450 r/min, and the blade mounting angle was 0°. When the pump device works stably under experimental flow rate conditions, three tests are carried out without human interference, and the head and efficiency are calculated. The difference of efficiency between three tests should be less than 0.3%. If the condition is met, the intermediate value of the three results is taken as the final test result; otherwise, the test is repeated.



Figure 4 demonstrates the experiment model diagram. The measurement instruments and parameters used in the model test are shown in Table 3. The uncertainty of the test bench was ±0.25%. The performance under the same working conditions was repeated ten times, and the random uncertainty was ±0.06478%. Finally, the comprehensive uncertainty of this experiment was calculated to be ±0.258%.




4. Analysis


4.1. Characteristic Curves


In this study, the shaft tubular pump device was designed by the method of CFD, and the optimal scheme was verified by tests. The tests were carried out in compliance with industry standards (IEC 60193-2019). According to Figure 5, it was found that the trends of Q-H and Q-η obtained by the two methods were basically consistent, and the simulation error was less than 5% of each working condition. The results indicate that the numerical simulation results were accurate. The pump device’s efficiency was 75.09%, and the head was 3.41 m under the design condition (Qd = 350 L/s). Under the optimal condition (Qbep = 330 L/s), the efficiency was 76.52%, and the head was 3.98 m. When Q = 0.8 Qbep, the efficiency was 70.90%, and the head was 5.60 m. When Q = 1.2 Qbep, the efficiency was 44.71%, and the head was 1.34 m.




4.2. Hydraulic Performance of Inlet Passage


The hydraulic performance of the shaft tubular pump device was analyzed under three typical flow rate conditions: the small flow rate condition (Q = 0.8 Qbep), the best efficiency condition (Q = 1.0 Qbep), and the large flow rate condition (Q = 1.2 Qbep). To further study the hydraulic performance of the inlet passage, the velocity distribution of cross-section under three typical conditions were selected to analyze. As shown in Figure 6, it was found that the velocity distribution was uniform, and the velocity increased gradually along the direction of the flow. In the shaft section, due to the small change of the area, the velocity changed slowly. Before the impeller chamber, the velocity of the water flow changed obviously due to the acceleration of section contraction. The flow velocity of the inlet passage outlet increased with the increase in the flow rate, and the flow was nearly perpendicular to the outlet section.



In this study, uniformity of the axial velocity distribution (Vu) and the weighted-velocity average angle (θ) were selected to conduct a quantitative analysis of the performance of the inlet passage. These two values are 100% and 90°, respectively, in the ideal state. The formulas are as follows:


   V u  =  [  1 −  1     u a   ¯         ∑     (   u  a i   −    u a   ¯   )   2   m     ]  × 100 % ,  



(7)






  θ =    ∑   u  a i   ( 90 ° −   tan   − 1      u  t i      u  a i     )    ∑   u  a i     ,  



(8)




where      u a   ¯    and    u  a i     represent axial velocity and averaged axial velocity, m/s, respectively;    u  t i     represents the tangential velocity, m/s.



As shown in Figure 7, as the flow rate increased, both Vu and θ increased. When the flow rate was less than 1.0 Qbep, the growth rate was greater than that under the large flow rate condition. When Q = 1.2 Qbep, the Vu = 91.87%, which was 6.63% and 20.55% higher than that under 1.0 Qbep and 0.8 Qbep conditions, respectively, and θ = 87.63°, which was 2.43° and 8.69° higher than that under 1.0 Qbep and 0.8 Qbep conditions, respectively.




4.3. Hydraulic Performance of Impeller


In this study, the inlet of the impeller was 55 mm away from the center of the impeller. Figure 8 and Figure 9 show the velocity and pressure distribution of the impeller inlet, respectively. The law of velocity distribution was basically the same. The velocity decreased from the shroud to the hub, and there were three high-speed zones near the shroud. With the increase in the flow rate, the range of the high-speed zone was almost unchanged, while the low-speed zone near the hub gradually disappeared. The law of pressure distribution was almost the same. There were three high-pressure zones and three low-pressure zones, and the number of zones was the same as the number of blades. The pressure of the high-pressure zone decreased from the shroud to the hub, while the pressure of the low-pressure zone gradually increased from the shroud to the hub. The pressure of the impeller inlet section steadily declined as the flow rate increased, and the area of the high-pressure zone decreased while that of the low-pressure zone grew.



In order to observe the flow in the impeller chamber more clearly, the streamlines with different blade spanwise positions were analyzed. The diagram of different spans is shown in Figure 10. Since the flow pattern around each blade was essentially the same, only the flow pattern around a single blade is shown in Figure 11. As shown in Figure 11, when Q = 0.8 Qbep, the flow near the hub at the outlet of the blade was deflected, and the flow was disordered. As the flow rate increased, the deflection of the water flow improved. When span = 0.5 and 0.9, the flow pattern in the impeller passage was smooth, without deflection or vortex, and the flow almost moved along the blade.




4.4. Hydraulic Performance of Guide Vane


The guide vane is behind the impeller, and its main function is to adjust the direction of the flow, which flows out from the impeller and takes the flow axially into the outlet passage. According to Figure 12, when Q = 0.8 Qbep, the streamlines were disordered, and there was a vortex on the backside of the guide vanes. This shows that the guide vane had a poor adjustment effect on flow direction, which is not conducive to the recovery of circulation. When Q = 1.0 Qbep, the flow in the guide vane was smooth, and the flow almost moved along the guide vane. When Q = 1.2 Qbep, the flow pattern was basically the same as the optimal condition, while the streamlines on the guide blade working face were deflected.



The effect of the guide vane on water flow direction was evaluated by using the velocity circulation (Γ) of the outlet section; the expression of Γ is:


  Γ =   ∮    L 1     v t  d L −   ∮    L 2     v t  d L =  ∬   Ω x  d A ,  



(9)




where    Ω x    is the vorticity in the normal direction, s−1, and A is area, m2.



It can be found from Figure 13 that the Γ decreased with the increase in the flow rate, which indicates that the recovery effect of the guide vane is more obvious with the increase in the flow rate. The Γ= 0.68 m2/s under the optimal condition. When the Q = 0.8 Qbep, the Γ= 1.46 m2/s, which is about 2.15 times of the optimal condition. When the Q = 1.2 Qbep, the Γ= 0.31 m2/s, which is about 0.46 times of optimal condition.




4.5. Hydraulic Performance of Outlet Passage


As shown in Figure 14, in the outlet passage, the water diffused until it reached the outlet. When Q = 0.8 Qbep, the adjustment effect of the guide vane was not obvious, and the water flow entered the outlet passage with obvious rotation. When Q = 1.0 Qbep, the spiral motion of the flow in the outlet passage improved. As the flow rate continued to increase to 1.2 Qbep, the streamlines were smooth, and the spiral motion almost disappeared. This was due to the circulation of guide vane outlet decreasing with the increase in the flow rate.




4.6. Pressure Pulsation


When the axial-flow pump device is operating, it produces dynamic pressure change with time. This phenomenon is known as pressure pulsation. In this numerical simulation, two sets of monitoring points were set at the impeller inlet and outlet, and the locations are shown in Figure 15. A total of eight cycles were calculated, and with the increase in rotation period, the calculation tended to be stable. To guarantee the reliability of the data, the last four cycles were selected for analysis. For better analysis, the pressure coefficient Cp was introduced:


   C p  =   p −  p ¯    0.5 ρ  u 2    ,  



(10)




where p symbolizes the momentary pressure, Pa,   p ¯   symbolizes the mean pressure over the cycle, Pa, and u is the impeller circumferential velocity, m/s.



Figure 16 and Figure 17 show the time domain at the impeller inlet and outlet. The pressure pulsation at P1-P6 shows obvious periodicity, and the change of pressure with time was sinusoidally distributed. Peaks and troughs appeared as many times as the number of blades in a cycle, indicating that the impeller rotation affects pressure pulsation. Furthermore, due to the effect of the guide vane at the same time, the fluctuation pattern at the outlet section was worse than at the inlet section. When Q = 0.8 Qbep, the gap value of Cp at P1–P3 was 0.126, 0.202, and 0.244, respectively. When Q = 1.0 Qbep, the gap value at P1–P3 was 0.105, 0.149, and 0.184, respectively. When Q = 1.2 Qbep, the gap value at P1–P3 was 0.083, 0.137, and 0.176, respectively. When Q = 0.8 Qbep, the gap value at P4-P6 was 0.046, 0.054, and 0.057, respectively. When Q = 1.0 Qbep, the gap value at P4–P6 was 0.037, 0.041, and 0.049, respectively. When Q = 1.2 Qbep, the gap value at P4–P6 was 0.032, 0.036, and 0.040, respectively. At the same flow rate, the pressure pulsation rose gradually along the radial direction in the same section, and that at the outlet section was significantly smaller than that at the inlet section. Furthermore, the pressure pulsation declined as the flow rate increased.



In this study, the rotating frequency (RF) was 24.17 Hz, and the blade passing frequency (BPF) was 72.5 Hz. To better understand the frequency distribution, the fast Fourier transform (FFT) was applied. The formula of the rotating frequency (RF) multiple is:


   f n  =   60 F  n  ,  



(11)




where F symbolizes the frequency acquired by using the fast Fourier transform, Hz.



Figure 18 and Figure 19 show the frequency domain. The main frequency at P1–P6 was BPF, and the other harmonic frequencies were multiples of the BPF, indicating that the BPF determines the main frequency of pressure pulsation at the impeller inlet and outlet. The frequency distribution at the impeller outlet is more complicated. This is due to the dynamic and static interference between the impeller and guide vane. When Q = 0.8 Qbep, the amplitude at the dominant frequency at P1–P3 was 0.062, 0.091, and 0.116, respectively; when Q = 1.0 Qbep, the amplitude at P1-P3 was 0.039, 0.060, and 0.079, respectively; when Q = 1.2 Qbep, the amplitude at P1–P3 was 0.034, 0.053, and 0.062, respectively. The amplitude at the small flow rate was about 1.5 times that at the optimal condition and about 2.01 times that at the large flow rate condition. Combining the above analyses, the inherent frequency of the pump device should not be close to BPF, in order to prevent resonance. In addition to this, the pump device should avoid operating under the small flow rate condition, in order to avoid blade damage due to severe pressure pulsation.





5. Conclusions


In this study, numerical simulation and a model test were carried out to reveal the variation law of hydraulic performance and pressure pulsation performance of the shaft tubular pump device with flow rate change. The liquid conveyed by the pump device in this study was water. The following conclusions were drawn:




	
The external characteristic curves predicted by CFD were basically consistent with that obtained by the model test, indicating that the numerical simulation in this study has good reliability. For the well-designed shaft tubular pump device, the optimal efficiency reaches 76.52%. When Q = 0.8 Qbep, the efficiency is 70.90%, and when Q = 1.2 Qbep, the efficiency is 44.71%.



	
The inlet passage has excellent hydraulic performance under different conditions; however, the flow pattern of the impeller and guide vane is disordered when the flow rate is low, and the guide vane has a poor adjustment effect on flow direction, resulting in an obvious spiral flow in the outlet passage. With the increase in the flow rate, the velocity circulation of the guide vane outlet decreases, and the spiral flow in the outlet passage is improved.



	
The pressure pulsation of the impeller inlet and outlet has good periodicity, and the peaks and troughs occur as many times as the number of blades in a cycle. The BPF is the main frequency at the impeller inlet and outlet. This indicates that blade rotation is the main cause of pressure pulsation.



	
At the same flow rate, the pressure pulsation rises gradually along the radial direction in the same section, and that at the impeller outlet is significantly smaller than that at the inlet section. Furthermore, the pressure pulsation declines as the flow rate increases. The amplitude at the small flow rate is about 1.5 times that at the optimal condition and about 2.01 times that at the large flow rate condition.



	
In order to prevent resonance, the inherent frequency of the pump device should not be close to the blade passing frequency. Furthermore, the pump device should avoid operating under the condition of a flow rate of 0.8 Qbep in order to prevent blade damage caused by excessive pressure pulsation.
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Figure 1. Three-dimensional model. 






Figure 1. Three-dimensional model.
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Figure 2. Grid independence analysis. 
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Figure 3. Grid diagram: (a) inlet passage; (b) outlet passage; (c) impeller; (d) guide vane. 
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Figure 4. Physical diagrams of test: (a) pump device; (b) impeller; (c) guide vane. 
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Figure 5. Comparison of external characteristics between numerical simulation and tests. 
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Figure 6. Velocity distribution of cross-section in inlet passage: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 7. Vu and θ of the inlet passage outlet section. 
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Figure 8. Velocity distribution of impeller inlet: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 9. Pressure distribution of impeller inlet: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 10. Diagram of different spans. 
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Figure 11. Flow pattern of the impeller: (a) span = 0.1 (near the hub); (b) span = 0.5; (c) span = 0.9 (near the shroud). In each picture, there are impeller inlets at the bottom and impeller outlets at the top. 
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Figure 12. Three-dimensional streamlines diagram of guide vane: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 13. The velocity circulation of guide vane outlet. 
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Figure 14. Three-dimensional streamlines of pump device: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 15. Arrangement of pressure monitoring points. 
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Figure 16. Time domain diagram of Cp at impeller inlet: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 17. Time domain diagram of Cp at impeller outlet: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 18. Frequency domain diagram of Cp at impeller inlet: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Figure 19. Frequency domain diagram of Cp at impeller outlet: (a) Q = 0.8 Qbep; (b) Q = 1.0 Qbep; (c) Q = 1.2 Qbep. 
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Table 1. Numerical simulation settings.






Table 1. Numerical simulation settings.





	Parameter
	Settings





	Inlet of the model
	Total pressure (1 atm)



	Outlet of the model
	Mass flow rate



	Wall of the model
	No-slip



	Time step
	1.15 × 10−4 s (1 degree impeller rotation time)



	Total time
	0.331 s (8 cycles impeller rotation time)



	Dynamic and static interface

(Steady Simulation)
	Stage



	Dynamic and static interface

(Unsteady Simulation)
	Transient rotor and stator



	Static and static interface
	None



	Convergence accuracy
	1 × 10−4
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Table 2. The calculation of GCI.






Table 2. The calculation of GCI.





	Scheme
	Grid Number (106)
	r
	Head (m)
	   ∋   
	GCI (%)





	1
	1.51
	1.140
	3.22
	−0.028
	11.88



	2
	2.24
	1.119
	3.31
	−0.018
	9.13



	3
	3.14
	1.085
	3.37
	−0.009
	6.50



	4
	4.01
	1.141
	3.40
	−0.003
	1.25



	5
	5.95
	1.107
	3.41
	0.003
	1.75



	6
	8.07
	--
	3.40
	--
	--
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Table 3. Main test instruments of test bench.
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	Measuring Items
	Instrument
	Instrument Model
	Accuracy





	Head
	Differential pressure transmitter
	LDG-500s
	±0.1%



	Flow rate
	Electromagnetic flowmeter
	V15712-HD1A1D7D
	±0.2%



	Torque and rotation speed
	Torque and speed sensor
	JCZL2-500
	±0.1%
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