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Sensitivity Analysis of Liquid Hole-Pattern Stator/Parallel-Grooved Rotor
Seal Design Parameters Based on Design of Experiments Method

XUE Wensong, WANG Tianhao, LI Zhigang, LI Jun

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To evaluate the leakage performance of the novel liquid hole-pattern stator/parallel-
grooved rotor seal under rotor eccentricity and improve its operational stability, a central
composite design (CCD) is proposed as a design of experiments (DOE) method. A sensibility
analysis of key geometric parameters, including cavity depth, cavity length, hole depth, and hole
diameter, is conducted to investigate their impact on the leakage performance and rotor stability.
A numerical computation approach is adopted, utilizing the mesh deformation technique and
steady-state RANS equations, to solve for the leakage, static aero-excitation force, and static

stiffness coefficient of the novel liquid seal for 25 combinations of geometric parameters. The
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computations are performed under two eccentricity values (0.1 and 0. 2). The main effects plot is
obtained., taking the leakage, static aero-excitation force, and static stiffness coefficient as
responses and the four geometric parameters as variables. The results indicate that eccentricity
has little effect on the leakage and its parameter sensitivity, and the leakage is the smallest when
cavity depth, cavity length, hole depth, and hole diameter are at 40% ., 24%, 56%, and 44% of
their respective levels. When the rotor is eccentric, the tangential force decreases monotonically
with the increase of cavity depth and width, while it increases first and then decreases with the
increase of hole depth and diameter. The radial force increases monotonically with the increase of
cavity depth, while it decreases first and then increases with the increase of cavity width. When
eccentricity increases to 0. 2, a geometric parameter combination can be identified that maximizes
the static direct stiffness. In this case, the cavity depth, cavity width, hole depth, and hole
diameter are at 24%, 48%, 40%, and 64% of their respective levels. Under both eccentric and
non-eccentric rotor conditions, the static cross-coupling stiffness decreases monotonically with the
increase of cavity depth and width. When the rotor is eccentric, the static cross-coupling stiffness
increases first and then decreases with the increase of hole depth and diameter. This study can
provide reference for the performance analysis and structure design of the liquid hole-pattern
stator/parallel-grooved rotor seal.

Keywords: liquid seal; leakage flow rate; static fluid-induced forces; static stiffness coefficients;

design of experiments method
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Fig. 1 Computational domain and grid of basic labyrinth seal

and the hole-pattern stator/parallel-grooved rotor seal
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Fig. 2 The structure diagram of the hole-pattern stator/

parallel-grooved rotor seal
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Table 1 Numerical method and model parameters
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Table 2 Four-factor and five-level coding table
KFH G /mm G5 /mm LB /mm L2 /mm
1 0.724 0. 724 0.25 3.5
2 1.124 1.124 1.25 4.0
3 1.524 1.524 2.25 4.5
4 1.924 1.924 3.25 5.0
5 2.324 2.324 4. 25 5.5
23 RBRFZE
Table 3 Test scheme
I E‘Lﬂfi‘%ﬁ%‘iﬁkﬁiﬁ‘
HRERIRE #REEREE AR
1 2 2 2 2
2 2 2 2 4
3 2 2 4 2
4 2 2 4 4
5 2 4 2 2
6 2 4 2 4
7 2 4 4 2
8 2 4 4 4
9 4 2 2 2
10 4 2 2 4
11 4 2 4 2
12 4 2 4 4
13 4 4 2 2
14 4 4 2 4
15 4 4 4 2
16 4 4 4 4
17 3 3 3 3
18 1 3 3 3
19 5 3 3 3
20 3 1 3 3
21 3 5 3 3
22 3 3 1 3
23 3 3 5 3
24 3 3 3 1
25 3 3 3 5
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Table 4 Operating conditions
T R R/ R/ e L/
MPa MPa (r* min ")
1 0.514 0.1 6 000
2 0.721 0.1 6 000
3 0.927 0.1 6 000
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experimental measurement of rotordynamic parameters
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