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YANG Xiaocheng, DING Xuexing , CHEN Jinlin

(School of Petrochemical Engineering, Lanzhou University of Technology, Gansu Lanzhou 730050, China)
Abstract: Dry gas seal is a new type of shaft end seal that uses slotted sealing technology for gas sealing, and it belongs
to non-contact sealing technology. Because of its high sealing properties, it is widely used in some precision equipment,
such as aerospace engines. The contact between the friction end faces of the dry gas seal usually occurs in the start and
stop stage, but in actual situations, due to processing errors and external environment excitation, it also lead to local
vibration contact between the dynamic and static rings, then cause friction vibration of the entire end face, and reduce
the sealing performance of the dry gas seal. In the past, the research on the contact characteristics of dry gas seals used
the research method from micro to macro. First, the contact model of the asperity was established, and then the contact
of the asperity was equivalent to the entire contact interface through probability statistics. However, they only considered
the complete elastic deformation stage and the complete plastic deformation stage in the research process, while ignoring
the most complex elastic-plastic stage in the asperity deformation stage, and finally the established model was
inconsistent with the experimental value and had a large error. In order to explore the contact characteristics of the dry
gas seal friction interface in all stages of deformation, the fractal theory and the micro-contact mechanics theory with
unique characterization were used in this study. In the variable elastic-plastic deformation stage, the contact model of the
asperity deformation in all stages was established through the cosine function. The established model conformed to the
continuous smooth deformation theory and realized the continuous smooth transition between complete elasticity and
complete plasticity. Then, a full-stage contact model of the friction interface of the dry gas seal was established by the
island area theory in the fractal theory. Then the established model was compared with three classical contact models,
GW model, KE model and ZMC model, and related experimental data, which verified the rationality and correctness of

the contact model in this study. Finally, the effects of the real contact area, fractal dimension and feature scale on the

Received 2 December 2021, revised 19 January 2022, accepted 26 January 2022, available online 1 March 2022.
*Corresponding author. E-mail: dingxxseal@126.com, Tel: +86-15002608287.


http://dx.doi.org/10.16078/j.tribology.2021288
http://dx.doi.org/10.16078/j.tribology.2021288

1238 BE ¥ F R

42 3%

contact characteristics of the dry-gas seal friction interface were discussed. The model results showed that the contact

characteristics of the dry gas seal friction interface were related to the fractal dimension, the feature scale and the real

contact area of the two surfaces. Both the dimensionless contact load and the dimensionless contact stiffness were

positively correlated with the fractal dimension and the dimensionless real contact area, and their magnitudes were also

positively correlated with the fractal dimension. When the fractal dimension was small, the dimensionless contact

stiffness increased slowly close in magnitude. However, when the fractal dimension was large, the contact stiffness of

the dimensionless contact increased nonlinearly, the gap between the orders of magnitude also increased gradually, and

the variation range of the contact load of the dimensionless contact was relatively large. Both the dimensionless contact

load and the dimensionless contact stiffness were negatively correlated with the feature scale. When the feature scale

increased by an order of magnitude, the variation range of the dimensionless contact load and the dimensionless contact

stiffness was within an order of magnitude.

Key words: dry gas seal; fractal theory; elastic-plastic stage; contact model; contact characteristics
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Fig. 1 Schematic diagram of dry gas seal structure and seal ring

B AR R R

Rigid smooth plane (moving ring)

1/

Normal load Deformation area

Ll
/‘é/

\

\ Untouched area

Touched area

Rough surface (static ring)

Fig.2 Schematic diagram of the contact between smooth
rigid surface and rough surface
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Fig.3 Schematic diagram of asperity deformation
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Material parameters Silicon carbide Carbon graphite
Elastic modulus, £/GPa 400 20
Brinell hardness, H/GPa - 0.7

Outer radius, R/mm 77 77
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Poisson's ratio, v 0.14 0.29
Slot-to-dam ratio, y 1 -
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