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EXTENDED ABSTRACT

Introduction

due to the increasing cost of energy carriers and the finite nature of fossil fuels. A
significant portion of gas leakage in urban distribution systems occurs in the low-pressure
section of household gas regulators, mainly due to the accumulation of suspended
particles in the diaphragm seat and malfunction of internal components. Statistics
indicate that more than 83% of gas losses in the network originate from above-ground
leak sources, among which low-pressure regulator leakage accounts for nearly 10%. The
accumulation of fine particles between the diaphragm and its seat prevents proper
sealing, creating a permanent leakage path. Previous studies have mostly focused on
improving diaphragm materials or structural modifications, while limited attention has
been given to flow pattern optimization and particle distribution in the low-pressure
section. The present study addresses this gap by introducing an innovative flow-directing
obstacle designed to reduce particle deposition and mitigate regulator leakage (see Figure
1).
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Figure 1. Components of the low-pressure section of a natural gas regulator.

Methodology

The geometry of the low-pressure section of an industrially approved household gas
regulator was modeled, and several flow-directing obstacles were designed and examined
(Figure 2). Methane (CH,4) was considered as the working fluid. Numerical analysis was
conducted using ANSYS Fluent based on the finite-volume method. Turbulence modeling
employed the SST k-w model, which provides reliable results in regions with adverse
pressure gradients. A coupled pressure-velocity solution method and second-order upwind
discretization were applied. Boundary conditions included an inlet velocity of 2.6 m/s and
a gauge pressure of 7000 Pa. Grid-independence analysis confirmed the adequacy of a mesh
with approximately 1.33 million cells. Following simulation, the optimal design was selected
based on flow uniformity, reduction of particle-accumulation zones, pressure-drop
behavior, and manufacturability. The selected model was fabricated and tested under
laboratory conditions, including pressure-performance tests and leakage inspection using a
water-submersion method. Field evaluation was performed by installing the modified
regulator in a residential unit for six months.
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Figure 2. Geometry comparison of regulator with/without obstacles.

Results and discussion

Simulation results showed that regulators without obstacles experienced strong
impingement of the inlet jet on the diaphragm seat, creating zones favorable for particle
accumulation. Obstacle designs featuring inlet-facing curvature significantly altered the
flow pattern by reducing local momentum and distributing the flow more uniformly.

The optimized combined-curvature design achieved the most favorable pattern,
eliminating high-velocity recirculation zones and reducing the likelihood of particle
deposition. Laboratory tests confirmed correct pressure performance and the absence of
leakage during bubble inspection. During six months of real operation, visual inspection
showed no particle buildup and no detectable gas leakage.
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Figure 3. Final optimized obstacle desigh installed on the diaphragm.

These findings demonstrate that even a lightweight geometric modification can notably
improve flow behavior and prevent leakage without compromising diaphragm
performance.

Conclusion

This numerical-experimental study developed and validated an innovative flow-
directing obstacle to mitigate gas leakage in the low-pressure section of household
regulators. The optimized design significantly reduced particle accumulation at the
diaphragm seat, up to nearly 100% compared to the no-obstacle condition, and ensured
stable regulator operation during long-term field testing. Strong agreement between
simulated flow behavior and practical results confirms the reliability and applicability of the
proposed solution. Future studies may investigate the effect of the obstacle on vibrational
characteristics and long-term diaphragm durability.
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