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Abstract: To address the problems of circumferentially non-uniform temperature distribution caused
by eccentric clearance in classical double-flow ring seal pads, a novel variable-depth groove seal pad was
proposed, featuring grooves with circumferentially varying depth on the air-side and hydrogen-side sealing
surfaces. Considering fluid-structure thermal interactions, a conjugate heat transfer model was employed to
numerically solve the flow fields in the sealing gaps and temperature field distribution of the double-flow
ring seal pads. Comparative analyses of the lift-off and temperature rise characteristics of three seal pads
with smooth, constant-depth groove, and variable-depth groove were conducted under both of specified ec-
centricity and radial force balance conditions. The influence law and mechanism of groove designs and
groove depth variation on the static surfaces were also investigated. The results indicate that variable-depth
groove seal pads may overcome the limitation of zero lift force at zero eccentricity inherent in traditional
smooth and constant-depth groove seal pads. By selecting an appropriate groove depth variation ratio,
zero-eccentricity operation may be achieved to balance the self-weight of different seal pads. Compared to
smooth seal pads, grooved seal pads exhibit significant improvements in eccentricity, maximum tempera-
ture rise on the air and hydrogen sides, and circumferential temperature uniformity within the sealing gaps.
However, these improvements come at the cost of increased flow rates of lubricating oil on both of the hy-
drogen and air sides.

Key words: double-flow ring seal; temperature rise characteristic; hydrodynamic groove; zero eccen-
tricity operation
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Fig.1 Schematic diagram of the double-flow ring

sealing structure for hydrogen cooled generators
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Fig.2 Schematic diagram of the depth distribution of

sealing ring grooves with different sealing

surface structures
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Fig.3 Schematic diagram of the structural parameters
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Fig.4 Schematic diagram of fluid domain and solid
domain grids of sealing ring with different

structural forms
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Fig.5 Schematic diagram of heat exchange boundary of

double flow ring sealing
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Tab.1 Structural parameters and working condition

parameters of double-flow ring sealing
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Fig.6 Numerical solution flow chart of flow and heat

transfer characteristics of double flow ring sealing
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Tab.2 Physical parameters of sealing ring and rotating

shaft materials
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Fig.7 Verification of the correctness of sealing or
bearing temperature and pressure solution based

on conjugate heat transfer model
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Fig.8 Pressure distribution of double flow ring sealing

gap under different sealing clearances
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Tab.3 Comparison of performance parameters of
three structures of double flow ring sealing with
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Fig.12 Average pressure distribution at three
characteristic cross-sections of sealing ring

under eccentricity of 0.4
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Fig.13 Temperature distribution of characteristic
cross-sections of sealing ring with different

structures under eccentricity of 0.4
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Fig.14 Maximum temperature at the outlet of the
air-side and hydrogen-side of the sealing ring

with different structures
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Fig.15 Variation of buoyancy force of sealing ring with

eccentricity for different structures
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Tab.4 Lubricating oil flow rate and temperature of

three types of sealing ring under actual

operating eccentricity
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Fig.16 Distribution of circumferential pressure at the

root of the air side groove and in the middle of the
air hydrogen gap of sealing ring with

different structures
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Fig.17 Distribution of peak and average pressure
values at the root of the air side groove of sealing ring

with different structures
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Fig.18 Circumferential distribution of fluid film
temperature at different positions of three types

of structural sealing ring
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