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Rotordynamic Analysis of Compressor Labyrinth Seals
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ABSTRACT

An analysis of lateral hydrodynamic forces of -compressor labyrinth seals is presented.
Basic equations are derived using a two-control-volume model for compressible flow.
Blasius’ wall friction-factor formula and jet flow theory are used for the calculation of wall
shear stresses and recirculation velocity in the cavity. Linearized zeroth-order and
first- order perturbation equations are developed for a small motion about the. centered
posmon by expansion in the eccentricity ratiof Integration of the resultant first-order
pressure distribution over the seal defines the ’géordynamxc coefficients. As an application
a rotordynamic analysis of the balance drum labyrinth seal found in an ethylene
refrigeration copmressor is carried ouf. Thg rotordynamic characteristic res'ults of the

labyrinth seal are presented and compared with other types of-seals, honeycomb seal and
smooth seal.
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Fig. 1 Labyrinth seal geometry and definition of
two-control-volume.
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Fig. 3 Balance drum labyrinth seal geometry of
ethylene refrigeration compressor

Table 1 geometry and operating conditions of
balance drum labyrinth seal

Labyrinth seal geometry

Cavity depth(B) 2.0 mm

Teeth pitch(Li) 2.8 mm

Rotor radius(Rs) 162.6 mm

Teeth tip width(Tp) 0.35 mm

Number of cavity (NC) 20

Teeth slope( a) 01 o
Operating condition

Inlet temperature(T) 330 °K

Gas constant(ethylene) (R) 297 J/( kg °K)

Specific heat ratio{ 7 ) 1.37

Inlet pressure(Pr) 28.466 bar

Outlet pressure(Ps) 7.648 bar

Rotating speed ( @ ) 8918 rpm

Circumferential velocity ratio( W1(0)/Rs @) | 0.5

Seal clearance(Cr) 0.2 mm
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Fig. 4 Rotordynamic coefficients vs. Pr/Ps
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Fig. 6 Rotordynamic coefficients vs. Rotor speed

Table 2 comparisons of leakages and rotordynamic
coefficients with various seals

m |K(N/m) | k(N/m) |C(N s/m)
R 100 | % 10° X 10° k/(C w)
Labyrinth | 0,269} -225 135 0.241 0.60
Honeycomb) 0325} -3.77 407 0033 0.13
Smooth 0.646 0.36 142 0.028 0.54
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