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ABSTRACT

To improve the efficiency of steam turbines, this study examines the application of a brush seal with bristles having a
minimum clearance in the rotor. To maximize the reduction of leakage, a hybrid seal was employed to replace one or two of
the labyrinth teeth with bristles. In the design of the brush or hybrid seal, a dynamic coefficient prediction method was
developed to evaluate vibration characteristics, in addition to the use of a leakage prediction method. In this paper, we propose
a 3D computational fluid dynamics (CFD) analytical method based on dynamics analysis using the relative coordinate system,
assuming that the bristle element is a porous medium and comparing the results with published experimental results. With the
exception of K (direct stiffness), the dynamic characteristics of the brush seal with the bristles contacted with the rotor, k (cross
coupled stiffness), C (damping), and ¢ (cross coupled damping), were quite small and the vibration characteristics of the brush
seal were relatively unaffected. Compared to the experimental results, 3D CFD analytical results of the hybrid seal revealed

that K was 17.5% smaller, k was 3% larger, and C was 10% larger.
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Fig. 1 Picture of brush seal (Ref."?)
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Table 1 Brush element geometry and operating condition (Ref,“z’)

Geometry
Rotor diameter 150 mm
Diameter of brush element 0.127 mm
Fence Height 1.78 mm
Thickness of bristle 1.27 mm
Operating condition
Fluid Steam
Inlet pressure 8.4 bar
Outlet pressure 5.3 bar
Inlet loss coefficient 0.5
Outlet loss coefficient 1.05
Inlet Temperature 202°C
Outlet Temperature 179°C
Rotor speed 16900 rpm

Fig. 2 Rotor reaction forces due to whirling motion in

relative coordination system
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Fig. 3 Physical forces meaning of rotordynamic coefficients

(1) 2D view at y—z coordinate

(2) 3D view
Fig. 4 Mesh of Brush seal for CFD analysis
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Fig. 5 Cross section of bristle (unit : mm)

Table 2 Brush element operating condition

Operating Condition

Fluid Steam
Inlet Pressure 8.4 bar
Outlet Pressure 7.8, 7.2, 6.5, 5.9, 5.3 bar
Inlet loss coefficient 0.5
Outlet loss coefficient 1.05
inlet Temperature 202 °C
outlet Temperature 179 °C
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Fig. 6 2D CFD result of pressure drop vs, velocity for bristle
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Fig. 7 Brush seal 3D CFD result of pressure distribution (x=0 mm)
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Fig. 8 Brush seal result of Distribution of velocity (x=0 mm)
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Fig. 10 Brush seal 3D CFD result of F,/e vs. whirling speed

Table 3 Result of rotordynamic coefficients for brush seal

Rotordynamic coefficients Result of 3D CFD
Direct Stiffness K 65.28 N/mm
Cross coupled Stiffness k -0.011 N/mm
Damping C 0.0046 N-s/mm
Cross coupled Damping ¢ 0.0062 N-s/mm
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Fig. 11 Geometry of hybrid seal (Ref."™)

Table 4 Hybrid seal geometry and operating condition'™®

)

Geometry
Rotor diameter 180.05 mm
Bristle diameter 70 um
Density of bristle 200 bristles/mm
Lay angle of bristle 45°
Operating Condition
Fluid air
Inlet Pressure 2 bar
Outlet Pressure 1 bar
Inlet loss coefficient 0.5
Outlet loss coefficient 1.05
Temperature 20°C
Rotor speed 750 rpm
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(1) 2D view at y—z coordinate

(2) 3D view
Fig. 12 Mesh of hybrid seal for CFD analysis
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Fig. 13 Hybrid seal 3D CFD result of pressure distribution (x=0 mm)
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Table 5 Result of rotordynamic coefficients for hybrid seal

Rotordynamic coefficients | Result of 3D CFD ex;fisrlrlllt:nt(;fl(m
Direct Stiffness K 68.04 N/mm 80 N/mm
Cross coupled Stiffness k 61.83 N/mm 60 N/mm

Damping C 0.2 N-s/mm 0.18 N-s/mm

=tigtstz] fleiA 719 Simels Aof| eje s o] F 7t

Tl Al B AES HA|sks dlolr

i

319l ol Hej4] A Ei sloluels

Ae FEF dISHI Heo] e 549

=R =28

S HI213, M5Z, 2018



%] o] g 2
A A PP, ATSEAS A FEA HAue

7)ZE 3D CFD S|AME AQtshi 1 A0S 7] wEd A
EEEDEREUE L

HelAEe REo] HHAZ Hed U9 S5 o 2

I KE AQRE k, C, c= wi$- 2R gk UElo] B4
A AFEA IS A S & 5 U%th HuEA
Aol HejAaso] Ay stelHej= 49] 3D CFD af4] 4
= AATel K= 17.5% 2|, k= 3% 34, Ce= 10%

A dSEe B & =] Bl A sl B
Haloh

References

(1) 3eg, 2006, “CFDE ARE3H EJHI|A] H|gS4] Aol &=
ek o= 9x7] A Vol. 9, No. 3, pp. 14~21.

(2) 3, 2006, “CFDE ARESE B33 AR 2H= i@
Ea @4 AT o 48sts|x], Vol 22, No. 2, pp.
66~72.

(3) slefg, 2015, “3D CFDE &85t o5 iz Ao 3
AAEAe a4, = fAZIASS] =8y, Vol 18,
No. 1, pp. 44~50.

4) Gorelov, G. M., Reznik, V. E. and Tsibizov, V. L, 1988,
“Experimental Study on Brush Seal Flow Characteristics
and Comparison with a Labyrinth Seal (in Russian),”
Izvestiya VUZov, Aviatsionnaya Tekhnika, Vol. 31, No. 4,
pp. 43~46.

(5) Pastrana, R. M., Wolfe, C. E., Turnquist, N. A. and
Burnett, M. E., 2001,
Control with a Brush Seal Design,” Proceedings of the 30

“Improved Steam Turbine Leakage

th Turbomachinery Symposium, Houston, USA, pp. 33~
38.
(6) Hendricks, R. J., Braun, M. J., Canacci, V. and Mullen,

s=RMPIHSE =28 M213, 5=, 2018

R. L., 1990, “Brush Seals in Vehicle Tribology,”
IX(@), Proceedings of the 13th Leeds—Lyon Symposium on
Tribology.

(7) Bayley, F. J. and Long. C. A. 1993, “A Combined
Experimental and Theoretical Study of Flow and

ASME Journal

of Enhineering for Gas Turbines and Power. Vol. 115,

pp. 404~410.

Sharatchandra, M. C. and Rhode, D. L. 1996, “Computed

Effects of rotor-induced Swirl on Brush Seal Performance

—Part 1 : Leakage Analysis,” ASME Journal of Tribology,

Vol. 118, pp. 912~919.
©) 7173 slels, 2017, “CFDES 83t B4 920 =4
2 o= FjA” QP&}W;QVM]@}Q =24, Vol. 20, No.
2, pp. 11~16.

(10) ey, abefg, 2017, "CFDE 283t ~HER] sfo]Hg
RN Ao FHEA 4 A
k8] =53, Vol. 20, No. 5, pp. 5~12.

(11) Kim, S. H. amd Ha, T. W., 2016, “Prediction of Leakage
and Rotordynamic Coefficients for the Circumferential—

Paper

Pressure Distributions in a Brush seal,”

@8

=

groove—pump Seal using CFD Analysis,” Journal of
Mechanical Science and Technology, Vol 30, No 5, pp.
2037~2043.

(12) A2173A 7184l AL 2FRa0A, 2017, “HE 37
B4l §83FARS 9J3) Brush Seal 7§, AFAEAIAQIE,

(13) ANSYS Flunet v14 User Guide.

(14) ANSYS Flunet v14 Theory Guide.

(15) Pugachev, A. O. and Deckner, M., 2010, “CFD Prediction
and Test Results of Stiffness and Damping Coefficients for
Brush—labyrinth Gas Selas,” Proceedings of ASME Turbo
Expo 2010, GT2010-22667.

(16) Prostler, S., 2005, “Modellierung und umerische Berechnungvon
Wellenabdichtungen in Burstenbauart,” Doctoral Thesis,
University of Bochum,

27



	CFD를 활용한 브러쉬 실의 회전체동특성 해석
	ABSTRACT
	1. 서론
	2. 브러쉬 실의 동특성 3D CFD 해석
	3. 하이브리드 실의 동특성 3D CFD 해석
	4. 결론
	References


