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Abstract —Precise leakage prediction for annular type seals of turbomachinery is necessary for enhancing their
efficiency and various prediction methods have been developed. As the seal passage is designed intricately, the
analysis based on Bulk-flow concept which has been mainly used in predicting seal leakage is limited. In order
to improve the seal leakage prediction, full Navier-Stokes Equations with turbulent model derived in the seal flow
passage have to be solved. In this study, 3D CFD (Computational Fluid Dynamics) analysis has been performed
for predicting leakage of various non-contact type anular seals using FLUENT. Compared to the results by Bulk-
flow model analysis, experiment, and 2D CFD analysis, the result of 3D CFD analysis shows improvement in
predicting seal leakage, especially for the parallel grooved pump seal.
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Fig. 1. Cross section of eccentric plain seal [3].
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Table 1. Geometry and operating conditions for the
eccentric plain annular pump seal [3]

Seal geometry

Seal diameter 76.29 (mm)
Seal length 34.93 (mm)})
Seal clearance 0.11{mm)
Surface relative roughness 0.001

Operating condition
Pressure difference 6.89 MPa
Rotor speed 10200 rpm
Eccentricity ratio (&) 0.0-0.5
Inlet swirl ratio (Vin/(Rww)) 0.0
Inlet loss coefficient 0.1

Kinematic viscosity (v) 1.14x10%(m/s)
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Fig. 3. Grid dependency on leakage for &= 0.05.

Table 2. Comparison of plain seal leakage for £=0
Method of Analysis Leakage (kg/s)

2D FLUENT(Theory)[10] 1.056
3D FLUENT(Theory) 1.126
San Andres(Theory){12] 1.118
Ha(Theory)[3] 1.16
Marquette(Experiment)[13] 1.09
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Fig. 4. Pressure distribution in eccentric plain seal for
e=10.5.
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Fig. 5. Velocity contour in eccentric plain seal for ¢=
0.5.
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Fig. 7. Geometry of parallel groove pump seal (Unit:
mm) [4].

Fig. 8. Grid generation of parallel groove pump seal.
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Table 3. Geometry and operating conditions for para-
llel groove pump seal [15}

Seal geometry
Groove length(L,) 1.6(mm)
Groove depth(B) 1.2(ram)
Land part length(L) 1.6(mm)
First land part length 2.4(mm)
Last land part length 2.4(mm)
Groove seal total length 35.2(mm)

Number of groove 10

Clearance of groove seal(C) 0.175(mm)

Radius of groove seal(R) 35.2(mm)
Operating condition

Pressure difference 5.88(Bar)

Rotor speed 500(RPM)

Density 998.2(Kg/m*)

Absolute viscosity 0.001(N-s/m’)
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Table 4. Comparison of parallel groove pump seal leak-
age

Method of Analysis Leakage(kg/s)
3D FLUENT(Theory) 0.488
2D FLUENT(Theory){15] 0.476
Ha and Lee(Theory)[4] 0.433
Iwatsubo and shung(Exp.)[14] 0.5
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Fig. 9. Velocity contour for 4th groove at X-Z plane in
parallel groove pump seal.
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Fig. 10. Geometry of see-through labyrinth seal.

Table 5. Geometry and operating conditions for see-
through labyrinth seal [10]

Labyrinth seal geometry

Radius of seal stator (R.) 75.6(mm)
Radius of seal rotor(R;) 68.3(mm)
Tooth height(short one) (B, 3.175(mm)
Tooth pitch(L}) 2.175(mm)
Tooth tip width(t,) 0.152(mm)
Clearance of seal(C) 0.127(mm)

Number of labyrinth teeth(NT) 5
Operating condition
7.09-3.04 (bar)

Reservoir pressure

Sump pressure 1.014 (bar)
Inlet swirl ratio(Vin/(R,»)) 0.0
Rotor speed 20,000(RPM)}
Temperature 300(K)
Kinematic viscosity(air)(v) 0.0000023(m?/s)

Journal of the KSTLE




32H CFDE ARS-gH 84 A9] Fade o

X 4o A9e E€8F & e AI3AF o
317171 A §UT}. Table 5
= Fig. 109] a4 o 49 47 ¥71e JF &
A= ke 2ARAL HYF3 Aot Fig 119 Ye
¥ ZAXY 3D FLUENT 342 $J8f GAMBITS At
43 394 3D AxE AAsIAT l(toothye] A
wEo g phel ARE AR, ol o9} o
Atel] 7vA RRo= zH) g9 AxE AAEIA.
E3 A =9 300709 AAE A F AR
= 243,60070¢] AAE PAE o™ 3D FLUENT
A e AN | Hale] A9 FAdt
Fig. 12& Table 59 AAE =70 Wit 3D
FLUENT 34 ZA3Z J7-9t2o] 3.04 bar~7.09 bar
Ao +AZS 7] A7 A 3 F[51
Bulk-flow modeloll 7123 &14 Az} dH{10]¢) 2D
FLUENT 34 ZA#E Hlusdte R .
3DFLUENT 34 A3 2D 34 Axech 244 o
2532 Bulk-flow model 314 Zze}l Bt =4

T T T T
00604 —#-2D Fluent(m)
0.0651| —@— Buik-flow model®® /. 4
ooso )t V—A— 3D Fluent

= 0.045

Leakage (kg/s,
g o
g B
k

2 3 4 5 6 7 8
Reservoir pressure (bar)

Fig. 12. Comparisons of leakage for see-through lab-
yrinth seal.

155

3 AAE B3tk o] Afolle F83 d32HA7) 8l
o] 3D &4 HHHA B7IE 7]l ofee] it

Ak 2L 98 A&FHA It AT At 7t
A dubzo) WhHel tesbe 2dl8- A3l Bulk-
flow model Zho] HlwA 2 Zlo]

A HL At Al
Z ARoIRNE Ao FAo] HAE BHAEA AR
o AgHol =AUk, 2ol B3] A+HE CFD 3
Ao 2311(2D) l4o] FE ol kot AT
B 879 was) HE Aredeld sgE 3D s4
o] 7Fs3i At

B ApaMe HHE 2R
£ 33l &4, 4 4578 Ads o] B
3 Y o &S 98] FLUENTE AR 3D CFD
3L 3l 7] AFAFe vRE §
Ao oS Fret A% o 2kt

(1) B4&o] gle(e=0) 5ol g B4 3D
FLUENT A% ZA3= 2D FLUENT &4 ZAst
A9 Az B} oF 3.1% 2 dS5EE HRl v
oF 33% FA dE&ES BHol AF A BF o3
= H5g AAE Btk

(2) 48 #H4e| 3D FLUENT 314 Aak= 48
Az Hu} oF 3.1~61% AA dZEL Bgow
Bulk-flow model 314 ZA¥} Xl A3 Azt ¢
23S BAr

G) B & P= A9 74, 3D FLUENT 314
ZA3= 2D FLUENT 3§43} Bulk-flow modelol]l 7]
%3} three-control volume 34 Az Ho} WAES
Hol A8 A 24%2 o= Ryt

4) ¢=718 g2 A9 74, 3D FLUENT 3
A ZAzle 2D §4 A 2o A d&EHeH
Bulk-flow model 314 Az} B} 24 A7HE B
Ao} §-83F Addnrt glof 3D ] AHHAL
H7HE 3719 oEgo] U

]

B

]

o

=1
J=

1. Hirs, G G., “A Bulk-flow Theory for Turbulence in
Lubricating Films,” ASME Journal of Lubrication

Vol. 25, No. 3, 2009



156

Technology, Vol, 105, pp. 137-146, 1973.

. Childs, D., “Dynamic Analysis of Turbulent Annu-

lar Seals Based on Hirs' Lubrication Equation,” Jour-
nal of Lubrication Technology, Vol 105, pp. 437-444,
1993.

- BHElE, “UdE EE de] w4 2 A Fo3

A 4, FA71AAE, Vol 4, No. 2, pp. 1521,
2001.

. Ha, T. W. and Leg, A. S., “A Rotordynamic Analysis

of Circumferentially-Grooved Pump Seals Based on
a Three-Control-Volume Theory,” KSME, Interna-
tional Journal, Vol. 14, No. 3, pp. 261-271, 2000.

. BElE, O9MY, “UE71& BHIA2 Ade) 554

A, d=aS7EFEIA], Vol. 8, No. 5, pp.
849-855, 1998.

. Dietzen, F. J. and Nordmann, R., “Calculating Rotor-

dyanmic Coefficients of Seals by Finite-Difference
Techniques,” the 4th Workshop on Rotordynamic
Instability Probelms in High Performance Turboma-
chinery., pp. 77-98, 1986.

. Park, 8. Y. and Rhode D., “CFD Solution Allowing

Modeling Improvement to the Bulk flow Rotordy-
namic Code of Dr. Childs for Grooved Seals,” Texas
A&M University, TRC-SEAL-6-98, 1998.

. Moore, J., Palazzolo, A., and Na, U. J., “CFD Mod-

eling for Dynamic Coefficients of Labyrinth Seals

Joumnal of the KSTLE

10.

11.
12.

13.

14.

15.

EEE EE

and Impeller Leakage Paths,” Texas A&M Univer-
sity, TRC-SEAL-298, 1998.

. 31e)g, “CFDE A3 B335 848 Zhe ual

& Aol FHF A5 S8IBA], Vol 22, No.
2, pp. 66-72, 2006.

slehS, “CFDE AMg3 EH71A) HEEA) Ao
A &) FA71AAE, Vol. 9, No. 3, pp. 14-
21, 2006.

FLUENT User's Guide Ver. 6.3

San, Andres, L., “Analysis of Variable Fluid Proper-
ties, Turbulent Annualr Seals,” ASME Journal of Tri-
bology, pp. 694-702, 1991.

Marquette, O. R., Childs D. W., and San Andres L.,
“Eccentricity Effects on the Rotordynamic Coeffi-
cients of Plain Annular Seals: Theory Versus Experi-
ment,” Journal of Tribology, Vol, 119, pp. 443-448,
1997.

Iwatsubo, T. and Sheng, B., “Evaluation of Dynamic
Characteristics of Parallel Grooved Seals by Theory
and Experiment”, in Proceedings of the Third
IFToMM international Conference on Rotordynamics,
Lyon, France, pp. 313-318, 1990.

e, “CFDE AHS-3F B3 & FZ A9 34
A, S833)A], Vol. 24, No. 6, pp. 291-296,
2008.



