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ABSTRACT

For over 15 years now, the efficiency and reliability of
centrifugal compressors have been enhanced by the
application of thermoplastic materials to the eye, shaft,
and balance piston labyrinth seals. Traditionally these seals
have been manufactured from metallic materials and have
required relatively large clearances for reliability reasons. By
upgrading to carefully selected engineered thermoplastics,
the clearances can be reduced without sacrificing reliability.
This results in increased compressor efficiency and the
added benefit of easier installation. This tutorial will review
the design and application of thermoplastic seals as used
in centrifugal compressors. The tutorial will not cover in any
detail abradable seals (such as babbitt or lead lined), reduced
cross-coupling seals, or "other" seals (such as honeycomb,
brush, carbon ring, dry gas, etc.).

INTRODUCTION

Labyrinth Seals

A labyrinth seal is a series of annular orifices utilized to seal a
region of high pressure from a region of low pressure. These
are "clearance seals" and as such, have a certain amount of
leakage. In a centrifugal compressor the impeller eye seals,
the shaft seals between impellers, and the balance piston
seal (FIGURE 1) all are sealing a high pressure area from a
low pressure area. These seals can consist of rotating "teeth”
sealing against a smooth abradable surface, referred to as
tooth on rotor (TOR) designs (FIGURE 2); stationary teeth
sealing against a smooth rotating surface (tooth on stator
or TOS) (FIGURE 3); or a combination of these (interlocking)
(FIGURE 4). TOS and TOR seals are sometimes called
"see-through" seals since there is no interlocking of teeth,
which would obstruct the view when looking between the
sealing surface and the teeth.

To Suction
/

leakage paths. \{

FIGURE 1 - Partial Section Through a Typical Centrifugal Compres-
sor lllustrating Eye, Shaft, and Balance Piston Seals as Well as
Typical Leakage Paths

FIGURE 2 - Tooth on Rotor (TOR) Configuration

FIGURE 3 - Tooth on Stator (TOS) Configuration

FIGURE 4 - Interlocking, or Hi-Low, Configuration
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The flow of a fluid can be categorized in one of two areas:
turbulent flow and laminar flow. By definition, turbulent flow
occurs when the local fluid velocities and pressures fluctuate
irregularly, in a random manner. The drawing in FIGURE 5
is an airfoil with turbulent flow behind it. Also, by definition,
laminar flow is flow that is not turbulent. The drawing in
FIGURE 6 is of an airfoil with laminar flow passing around
it. Turbulent flow involves energy transfer in the fluid and for
the case of a labyrinth seal, this turbulence helps to reduce
leakage. FIGURE 7 is a drawing that illustrates the turbulence
between teeth in a TOS seal.

FIGURE 5 - Turbulent Flow as Demonstrated by Airflow
over an Airfoil
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FIGURE 6 — Laminar Flow as Demonstrated by Airflow
over an Airfoil
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Labyrinth seals (labys) in centrifugal compressors can have a
significant impact on compressor efficiency. In a centrifugal
compressor, work is done to increase the gas pressure and
this pressure is contained by labyrinth seals throughout
the compressor. Gas that leaks past one of these seals
needs to be recompressed. Since the gas has already been
compressed once, it is hot and therefore needs even more
energy to get it back up to pressure. Compressor efficiency
can be improved by reducing labyrinth seal leakage.

Labyrinth Seal Leakage

The first usable publication on the calculation of the leakage
of labyrinth seals was by H. M. Martin (1908). His publication
"Labyrinth Packings" presented equations that could be used
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FIGURE 7 - Labyrinth Seal Nomenclature and Flow

to estimate leakage through labyrinth seals. Martin's work
was expanded upon by Egli (1935) with his widely referenced
paper, "Leakage of Steam Through Labyrinth Seals," which is
still used today to estimate labyrinth seal leakage. Twenty-five
years later Geza Vermes (1961) further expanded upon
Martin's work by presenting leakage equations for straight,
stepped, and combination seals.

At the time of the above referenced work, the impact of seal
leakage on overall machine efficiency was considered trivial. It
was not until the mid to late 1960s that the impact of labyrinth
seal leakage on turbine and compressor efficiency started to
become a concern. Also around this time, it became clear that
labyrinth seals could influence the rotordynamic behavior of
a turbomachine. Further work on labyrinth seals then started
to concentrate on their impact on rotordynamics; leakage
flow concern became secondary once again. Oddly enough,
most of the modern-day computer programs that are used
to calculate rotordynamic coefficients of labyrinth seals use a
version of Martin's equation to estimate the axial flow through
the seal. This is because axial flow impact on the coefficients is
trivial; it is the circumferential flow that creates the destabilizing
forces. For an excellent discussion on labyrinth seal impacts
on rotordynamics, refer to Childs' book, Turbomachinery
Rotordynamics, Phenomena, Modeling, and Analysis (1993).

Additionally, some work has been done on further
understanding the leakage of labyrinth seals. Present day
labyrinth seal leakage research uses laboratory testing and
computational fluid dynamics (CFD) tools to predict seal
leakage. This work has resulted in understanding the effect
of clearance on leakage (Rhode and Hibbs, 1993), the effect
of tooth thickness on leakage (Rhode and Hibbs, 1992), the
impact of rounded teeth (Zimmerman, et al., 1994), and rub
grooves (Denecke, et al., 2002) on seal performance.
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