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Effects of Hole Depth and Diameter on the Leakage Characteristics
and Rotor Power Loss of Liquid Hole-Pattern Seals

FANG Zhi', LI Zhigang'. LI Jun'®
(1. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;

2. Collaborative Innovation Center of Advanced Aero-Engine, Beijing 100191, China)

Abstract: To evaluate the sealing performance of the hole-pattern seals in liquid turbomachines
and provide a comprehensive selection criterion of the critical geometry parameters (hole depth
and hole diameter) for the design of liquid hole-pattern seals, the mesh auto-generation method
and numerical solution method for the prediction of the steady leakage flow in the hole-pattern
seals were proposed and validated using the 3D steady Reynolds-averaged Navier-Stokes (RANS)
equations. The influences of the hole depth and hole diameter on the seal leakage characteristics
and rotor power loss were numerically investigated for a hole-pattern seal of water fluid. The
leakage flow rate, rotor drag torque, and flow fields in the hole cavities were calculated and
analyzed for liquid hole-pattern seals with various hole depths (H=0.5-15 mm) and five hole
diameters (D=3, 6, 9, 12, 16 mm) at two rotational speeds (n =2 000, 6 000 r/min).

Numerical results show that the present numerical methods possess better accuracy for the
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prediction of leakage flow rate of the liquid hole-pattern seal. The leakage flow rate of the liquid

hole-pattern seal decreases linearly with the rotational speed. From a view of seal leakage

performance, the ratio of hole depth to hole diameter (Ar), which significantly influences the

structure of the vortex system in the hole cavity, is the most critical design parameter for liquid

hole-pattern seals. With the increase of Ay, the leakage flow rate firstly decreases and then

increases. There is an optimum region for A (0.5 -0.6), where the liquid hole-pattern seal

possesses the best sealing performance with minimum leakage. For the liquid hole-pattern seals

with different hole diameters, the rotor power loss obviously decreases with the increase of Ag.

Keywords: liquid hole-pattern seal; hole depth; hole diameter; leakage characteristics; rotor

power loss
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