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Effect of phase change on performance of spiral groove liquid film seals

CAO Hengchao, HAO Muming, LI Zhentao, YANG Wenjing, SUN Zhen, WANG Yanhong, REN Fujun
(Institute of Sealing Technology, China University of Petroleum, Qingdao 266580, Shandong, China)

Abstract: In order to investigate phase change effect of liquid film on sealing performance of spiral groove liquid
film seals, phase change model of non-contacting liquid film seals was established on the basis of mass
conservation and mass source from Hertz equation. By discretization of governing equations with finite volume
method, the effect of liquid film phase change on sealing performance was analyzed. Results show that phase
change on sealing performance is closely related to sealing effectiveness. Both groove position and phase
distribution in dynamic pressure groove have significant influence on sealing performance and pressure
distribution at end face. During phase change in liquid film, seal opening force was increased but leakage was
decreased for downstream pump seal, whereas the effect was different for upstream pumping seal. If the slot was
close to inner diameter, seal opening force of upstream pumping seal was first increased and then decreased, but
leakage was first decreased and then increased and finally decreased. If the slot was close to outer diameter, seal
opening force of upstream pumping seal was increased linearly but leakage was first decreased and then increased.
Phase transition occurred in groove region could strongly weaken hydrodynamic effects and largely impact on

pressure distribution at the end face.
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Table 1 Structure parameters and operating parameters

Parameter Value
inner radius, 7; /m 0.0443
outer radius, 7, /m 0.0533
spiral angle, a/rad 0.2617
ratio of length of groove to dam 0.7
ratio of width of groove to dam 1
inner pressure, p;/MPa 0.1
outer pressure, p,/MPa 1.0
angular velocity, w / rad-s™' 150
film thickness, 4/um 3
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Fig.4 Effect of phase change on liquid film sealing performance
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Table 2 Mesh independent verification

Mesh Opening force/N Mesh
c2ml 122.4 c10m5 2419
c4m2 199.5 cl12m6 244.8
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