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Leakage Analysis of Angled-Labyrinth-Packing-Ring Seal for
Steam Turbine Using CFD
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Abstract — An angled labyrinth seal is used for the diaphragm-packing-ring seal design of steam turbine due to
its leakage reduction characteristic. CFD analysis using FLUENT has been performed to predict leakage and
determine an optimum slanted angle which yields the best leakage reduction. Results show that the optimum
value of slanted angle is —30° independent of number of labyrinth teeth, inlet pressure, and tooth height to pitch
ratio. 3D CFD analysis has been performed for predicting leakage of the angled labyrinth seal. Comparing with
the result of 2D CFD analysis, 3D CFD analysis shows 1.4% smaller.
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Fig. 1. Diaphragm packing ring seal of steam turbine.

(a) see-through (b) staggered

(c) angled

Fig. 2. Labyrinth packing ring seals.
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Fig. 3. Geometry of angled labyrinth seal.
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Table 1. Geometry and operating conditions of angled

labyrinth seal[11]}

Angled labyrinth seal geometry

Radius of seal stator(Rs) 75.6(mm)
Radius of seal rotor(Rr) 68.3(mm)
Tooth height(B) 3.175(mm)
Tooth pitch(L) 2.175(mm)
Tooth tip width(t) 0.152(mm)
Clearance of seal(Cr) 0.127(mm)
Number of labyrinth teeth(NT) 5
Operating condition
Reservoir pressure(Pr) 7.09 bar
Sump pressure(Ps) 1.014 bar
Inlet swirl ratio(Vin/(Rs @)) 0.0
Rotor speed(w) 20,000(RPM)
Temperature 300(K)
Kinematic viscosity (air) (v) 0.0000023(m%s)
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Fig. 5. Leakage vs. number of grid.
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Fig. 9. Leakage vs. o with number of teeth.

Fig. 8. Veloclty ﬁeld for a= 30"

Fig. 10. Velocity field for a=-50".
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Table 3. Test cases with B/L

Case B(mm) NT L(mm) B/L
1 2.540 3 4.35 0.584
2 2.540 4 2.90 0.876
3 2.540 5 2.175 1.168
4 2.540 6 1.74 1.460
5 2.540 7 1.45 1.752
6 3.175 3 4.35 0.730
7 3.175 4 2.90 1.095
8 3.175 5 2.175 1.460
9 3.175 6 1.74 1.825
10 3.175 7 1.45 2.190
11 3.810 3 4.35 0.876
12 3.810 4 2.90 1.314
13 3.810 5 2.175 1.752
14 3.810 6 1.74 2.190
15 3.810 7 1.45 2.628
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Table 4. Comparisons of leakage between 2D and 3D
analysis

a(’) 2D leakage(kg/s)

3D leakage(kg/s)

0 0.065616 0.064667
-30 0.065057 0.064109
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