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Abstract To protect the diaphragms of pressure sensors from high pressure, the sensors are equipped
with snubbers. In this study, a snubber shape was designed, and computational fluid dynamics analysis
was conducted to verify whether the pressure drop criteria are met based on the diameter of sudden
contraction of the snubber's internal pipe. For validation of the numerical analysis, the computed values
were compared to theoretical and experimental values. The diameters of the sudden contraction in the
pipe were varied from 0.1 mm to 0.6 mm for analysis, and a comparison was made between the standard
shape without a snubber and configurations with pressure drop effects. The analysis results showed that
as the diameter of the sudden contraction pipe decreases, there is a significant increase in pressure
drop. However, the 0.6-mm snubber exhibited a damping effect compared to the base model.
Nonetheless, the results indicated that the pressure was 2.79% higher than that of the base model,
implying the absence of a pressure reduction effect. Additionally, as the diameter decreased, pressure
attenuation became more pronounced, potentially introducing errors in pressure measurement.

Therefore, careful attention is required during the design of pressure sensors.
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Fig. 1. Schematic diagram about pressure sensor and pipe
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Where, p denotes density, v denotes velocity, t
denotes time, p denotes pressure, ¢ denotes
gravitational acceleration, 7 denotes external
force, T denotes shear stress, © denotes viscosity,
I denotes unit matrix, p,., denotes reference
denotes

density, p,,

denotes bulk modulus of water-liquid

operation pressure,

K
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Measuring point
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Fig. 2. Schematic diagram about pressure sensor
(a) Pressure sensor with snubber (b) Pressure sensor

without snubber and snubber mount, Base model

Table 2. Parameters of pressure sensor with snubber

Symbol Values
Table 1. Material properties of water-liquid
L 250 mm
Properties Values D 10 mm
d, M
Prey 998.2 ke/m’ - >
P— dy 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 mm
iscosi .
Y 0.001003 kg/m's dg 3.2 mm
Bulk Modulus, & 2.2 GPa d, 8 mm
ll 6 mm
- l
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Where, A denotes cross section area, p denotes

pressure, p, denotes initial pressure, p.. denotes

max pressure, Ap denotes pressure fluctuation,
p denotes density, v denotes velocity, v, denotes
time, s denotes

initial velocity, ¢ denotes

position, a denotes speed of sound
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Fig. 3. Single pipe grid model for analysis validation
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Table 3. Comparison of theoretical and numerical
values according to flow rate

Mass flow Max pressure (Pa) Diff.

rate (kg/s) Theory CFD (%)
0.1 1,890,221 1,901,154 0.578
0.2 3,780,442 3,798,034 0.465
0.3 5,670,663 5,691,302 0.364
0.4 7,560,883 7,581,440 0.272
0.5 9,451,104 9,468,727 0.186

Table 4. Comparison of experimental and numerical
values

Initial condition Max head (m)

Diff.

Inlet Outlet (%)
(m) /9 Exp. CFD
44.66 0.1206 93.71 94.39 0.726
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Table 5. Maximum pressure and maximum pressure

occurrence time according to nozzle
diameter
Nozzle diameter, d, Max pressure Occurrence time
(mm) (bar) (s)
0.6 563.40 0.00022
0.5 542.34 0.00024
0.4 509.87 0.00026
0.3 464.66 0.00029
0.2 410.49 0.00033
0.1 365.57 0.00037
Basic model 548.13 0.00015
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