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PREFACE

In 1999, I assumed responsibility for providing technical support for 
the installation, commissioning, and startup of centrifugal compressors 
manufactured by my employer. I quickly discovered that the requirements 
for reliable dry gas seal operation were not well understood by either EPCs 
(engineering, procurement, and construction contractors, who are usually 
involved in the plant and process designs in which centrifugal compressors 
are used) or compressor owner/operators. Despite the fact that the use of dry 
gas seals in process gas centrifugal compressors has increased dramatically 
over the last 20 years (more than 90% of new units are now equipped with dry 
gas seals), the technology remains misunderstood by many in the industry. 
At the time of my new assignment, I knew very little about dry gas seal 
technology (and let me be the first to say that I still have much to learn), 
so I began to research the subject. I was amazed and intrigued by what I 
learned. Dry gas seals operate with clearances measured in microns, much 
less than the thickness of a human hair! Such small clearances are unheard 
of in the rotating equipment industry. And these seals are being applied 
in rotating equipment destined for the oil patch, into services that are not 
known for their inherent cleanliness. I learned first hand that dry gas seals 
can be very problematic if not properly applied at the time of plant, process, 
and/or compressor design. Conversely, when properly applied, dry gas seals 
can operate trouble free, as can be attested by the many, many successful 
installations. Furthermore, I found very little published literature on the 
subject beyond gas seal manufacturers’ sales and marketing brochures.

Dry gas seal technology is quite amazing. A totally dry seal operates at 
high speeds and pressures at a relatively miniscule clearance and gas leakage 
rate. Some gas seal configurations can even operate with zero hydrocarbon 
gas emissions, which provides an environmental benefit to us all. As dry 
gas seals achieve more and more successful run time in the field, the 
operating envelope is continually being redefined. Advances in technology 
and materials have made it possible for dry gas seals to operate at sealing 
pressures greater than 6,000 psi.
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This book is a culmination of my personal efforts to better understand 
gas seal technology and its practical application in process gas centrifugal 
compressors. It is intended to be a practical guide, such that engineers and 
operators can make informed decisions regarding the application, operation, 
and maintenance of dry gas seals. This book attempts to present a complete 
guide to the technology, from the principle of gas seal operation to lessons 
learned from actual field experience. I hope you find it useful.

Chapter 1 briefly reviews the evolution of dry gas seal technology from 
development of mechanical face oil seals to today’s dry gas seal. The dry gas 
seal application has grown so that currently more than 90% of new process 
gas centrifugal compressors now use the technology.

Chapter 2 explains the basic design parameters, operating principles, 
materials of construction, and qualification testing of dry gas seals.

Chapter 3 compares the most common gas seal configurations including 
single, tandem, and double opposed and provides application guidelines for 
each style.

Chapter 4 describes the barrier (or separation) seal, an integral component 
of a dry gas seal assembly.

Chapter 5 reviews gas seal support system function and design. System 
design standards are proposed for process gas centrifugal compressors on the 
basis of safety, reliability, and economics.

Chapter 6 reviews dry gas seal retrofits of compressors currently equipped 
with oil film (wet) seals. It includes a discussion of the benefits, feasibility 
considerations, and economic justification for a retrofit project.

Chapter 7 describes general procedures for operation and maintenance 
of dry gas seals (including installation and commissioning) in a centrifugal 
compressor.

Chapter 8 presents a detailed analysis of dry gas seal contamination, 
a leading cause of dry gas seal degradation and reduced reliability. Several 
potential sources of dry gas seal contamination are analyzed, drawing from 
actual field experience presented in several case studies.

Finally, the appendices provide typical examples of dry gas seal test 
reports and dry gas seal and barrier seal selection guidelines. A glossary of 
common terms related to dry gas seal technology is also provided.

John Stahley

Dry Gas Seals Handbook
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Centrifugal compressors in process gas service require shaft sealing to 
prevent the process gas from traveling down the shaft and escaping the 
compressor case into the atmosphere. Multistage, beam-style compressors 
(with impellers located between two bearings) require two seals, one at each 
end of the shaft (fig. 1–1). Single-stage, -overhung style compressors (with a 
single impeller located outboard of the bearings) require a single shaft seal, 
directly behind the impeller.

                

                             Fig. 1–1. Cross section of a centrifugal compressor

THE EVOLUTION OF
DRY GAS SEALS
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Radial Seals
Early shaft seals were simple labyrinth seals, which oftentimes required 

complicated eductor/ejector systems to deal with substantial gas leakage 
through the seals. The next generation of compressor shaft seals was oil 
film floating ring seals (fig. 1–2). There are two sealing surfaces in a typical 
floating ring oil seal, the inside diameter of the seal rings and the mating 
surfaces between the seal rings and the seal housings. Oil is injected into 
the seal at a pressure slightly higher than the process gas (sealing) pressure. 
This high-pressure oil forms a seal against the process, and also serves to 
cool the seal components. Thousands of floating ring oil seals remain in 
operation today.

Fig. 1–2. Floating ring oil film seal

Mechanical Contact Seals
Both labyrinth and oil film floating ring seals are radial seals, sealing 

the radial space created between a rotating shaft and a stationary seal. This 
limited the level of sealing that could be obtained, because the parts had to 
operate at a clearance large enough to avoid contact between the stationary 
and rotating parts. In the 1950s, mechanical contact seals were developed for 
the refrigeration industry to minimize the loss of costly refrigerants through 
the shaft seals (fig. 1–3). These contact seals were end-face seals, meaning the 
actual sealing surface was located between seal components perpendicular to 
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the compressor shaft, as opposed to radial seals. This enabled the rotating and 
stationary components to contact one another during operation, resulting in 
dramatically improved sealing capability (i.e., lower seal leakage).

The major components of a mechanical contact seal are a rotating 
contact ring, a floating carbon ring, a stationary mating ring, and a spring-
loaded shutdown piston. During operation, seal oil is injected into the seal 
at a pressure slightly higher than the process gas (sealing) pressure. This 
oil provides a seal against the process gas and is also required to cool the 
seal components, which are subject to high heat generation caused by the 
contacting design of the seal. During shutdown, the spring-loaded shutdown 
piston (held open by oil pressure during operation) is held in contact with the 
contact ring, providing a gas-tight seal.

Fig. 1–3. Mechanical contact seal

Both floating ring and mechanical contact seals are wet seals, requiring 
the use of seal oil and oil seal systems, which are inherently complicated:

• A portion of the seal oil can be lost into the compressor, causing 
process contamination and oil consumption.

• A portion of the seal oil comes in contact with the process gas. This 
sour oil must be treated and reclaimed or disposed of. Disposal of 
sour oil requires compliance with local environmental codes.

• The seal oil systems require substantial maintenance and can be 
unreliable.
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• A safety concern exists because of oil flash point issues, which occur 
when gas is absorbed into seal oil.

• There are substantial process gas losses because of seal emissions, 
which, again, must be handled in accordance with local environ-
mental codes.

• Parasitic power losses are significant.

These complications led to the development of dry sealing technology 
for process gas compressors in the 1960s. A more detailed comparison of the 
benefits of dry gas seals versus oil seals is provided in chapter 6.

Dry Gas Seals
Ingersoll-Rand Company was a pioneer in the application of dry gas 

seals in centrifugal compressors. According to my research, the first dry gas 
seal was applied in an Ingersoll-Rand model CVS-20 single-stage, overhung 
design centrifugal compressor. This was a new refrigeration (ethylene) 
compressor manufactured in 1962 for Nalco Chemical Company in Freeport, 
Texas. This compressor had a shaft diameter of approximately 4.375 inches, 
and a sealing pressure of 30 psi at 5,750 RPM. The gas seal assembly was 
comprised of a stationary carbon ring, which was spring loaded against a 
rotating shoulder, and a piston ring  (fig. 1–4). The carbon ring was pressure 
relieved via radial grooves around its periphery. During operation, gas 
pressure on the piston ring creates a balance against the spring force.

                          

                                 Fig. 1–4. 1960s vintage gas seal
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In the early 1970s, Ingersoll-Rand developed the MG model cluster 
type three-barrel centrifugal compressor for offshore natural gas lift service. 
This compressor line was designed exclusively for use with dry gas seals. 
The first several of these compressors were manufactured in 1974 and 
were equipped with single gas seals (described in chapter 3), with a shaft 
diameter of approximately two inches, and sealing conditions up to 750 psi 
at 29,130 RPM. More than 65 of these compressors were installed and are still 
successfully operating with dry gas seals.

In 1978 the first tandem gas seal (described in chapter 3) was applied in 
an Ingersoll-Rand centrifugal compressor. This model CDP-230 compressor 
was installed and operated in natural gas transmission service at the 
Princess Station of Alberta Gas in Alberta, Canada. The shaft diameter was 
approximately 6.25 inches, and the sealing pressure was 650 psi at 5,250 
RPM. This successful application led to the retrofit of many gas pipeline 
compressors from oil seals to dry gas seals in the 1980s. These successful 
retrofits were soon followed by retrofits of many process gas compressors. 
(Gas seal retrofits are discussed in chapter 6.)

In 1988, the American Petroleum Institute (API) recognized dry gas 
seals for the first time in their fifth edition of Standard 617 for centrifugal 
compressors. This industry acceptance of dry gas seal technology was 
instrumental in the growth of dry gas seal applications in centrifugal 
compressors, and today more than 90% of newly manufactured centrifugal 
gas compressors are equipped with dry gas seals (fig. 1–5).

Fig. 1–5. Dry gas seal cartridges
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Magnetic Bearings  
and Oil-Free Compressors

Approximately in parallel with the development of dry gas seals, 
researchers and engineers were also working on developing a practical 
application of magnetic shaft bearings for rotating equipment. Centrifugal 
compressors require two radial shaft bearings to support the rotor, and a thrust 
bearing to restrict axial movement of the rotor (see fig. 1–1). These bearings 
are typically oil lubricated at approximately 20 psi. Magnetic bearings 
eliminate the need for lubricating oil through the use of electromagnets to 
levitate the rotating shaft through a variable magnetic field. Nearly the same 
time in the 1980s that dry gas seals began to obtain popular acceptance, 
magnetic bearings were also starting to be applied.

Through the application of dry gas seals and magnetic bearing systems, 
a totally dry (oil-free) centrifugal compressor became reality. The advent of 
these two technologies, dry gas seals and magnetic bearings, are arguably 
the most significant breakthroughs in the history of centrifugal compressor 
technology, and will enable the next generation of centrifugal compressor 
applications. For example, an oil-free compressor can be directly connected to 
a high-speed electric motor for subterranean, or even subsea, gas transmission 
service, as depicted in figure 1–6.

Compressor Inlet

Compressor Discharge

Electric Motor

Fig. 1–6. Subterranean oil-free motor-compressor package



7

2

Dry gas seals are gas-lubricated, mechanical, noncontacting, end-face 
seals, consisting of a mating (rotating) ring and a primary (stationary) ring. The 
principal rotating components consist of (fig. 2–1)

• a mating ring that contains grooves machined near the outer 
diameter of the face of the ring (fig. 2–2). The grooves are machined 
only to the radial midpoint of the ring face, and the groove depth is 
only a few microns. The shape of the grooves in the mating ring (the 
groove pattern) is optimized to enhance seal performance (explained 
later in this chapter).

• a shaft sleeve that encloses (shrouds) the mating ring. The shaft 
sleeve is affixed to the compressor rotor, causing the sleeve and 
mating ring to rotate at shaft rotational speed.

• a locking sleeve that secures the mating ring in the axial direction.
• various o-rings that seal the mating surfaces and provide secondary 

sealing. Some or all of these o-rings are replaced with polymer 
seals such as PTFE (polytetrafluoroethylene) in high-pressure 
applications.

• a shear ring that typically fits into a groove in the compressor rotor 
and secures the gas seal assembly in the axial position. The shear 
ring absorbs the thrust load exerted on the seal assembly.

INTRODUCTION 
TO DRY GAS SEALS
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The principal stationary components consist of (fig. 2–1)

• a primary ring that seals against the mating ring and is capable of 
axial movement to “float” with the mating ring.

• A set of springs that applies a uniformly distributed preload to the 
primary ring.

• A pusher sleeve that supports the springs, transmits the spring load 
to the primary ring, and is capable of axial movement to “float” 
with the mating ring.

• Various o-rings that seal the mating surfaces and provide secondary 
sealing. Some or all of these o-rings are replaced with polymer seals 
such as PTFE in high-pressure applications.

• Housing parts that hold the gas seal components together in a 
cartridge design.

Shaft Sleeve

Barrier Seal

Mating Ring

 Compressor Shaft

Compressor Head

Locking Sleeve Shear Ring

Shear Ring Cover

SpringsHousing Primary Ring Pusher Sleeve

Fig. 2–1. Gas seal components
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                            Fig. 2–2. Grooves in seal mating ring

Principle of Operation
During operation (rotation), injected sealing gas flows from the outside 

diameter of the mating ring into the mating ring’s grooves (fig. 2–3). The 
shape of the grooves is optimized to enhance seal performance, and the 
grooves are machined only to the radial midpoint of the mating ring face 
to a depth of only a few microns. The compression zone of the sealing gas 
is located at the “tips” of the grooves (i.e., nearest to the inside diameter 
of the mating ring). Gas enters the grooves and is compressed because of 
the volume reduction at the tips, creating a pressure dam, or area of slightly 
higher gas pressure. The pressure dam developed at the grooves causes “lift 
off”, separation of the primary and mating rings by the desired running gap. 
This running gap is very small, typically in the range of 3 to 10 μm. The 
gas flows over the dam area to the low pressure side of the seal, creating 
a controlled seal leakage, and the rings operate on a thin film of gas as a 
noncontacting seal.

When the compressor is stopped (not rotating), the primary ring is held 
against the mating ring with a series of springs. Because the grooves are not 
machined across the entire face of the mating ring, the two rings are in tight 
contact over the dam area and the running gap (and therefore seal leakage) 
is eliminated.
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                             Fig. 2–3. Gas seal operation

The existence of a running gap between the two rings results in gas 
leakage, which must be minimized. Ideally, a dry gas seal operates at a 
minimum running gap to minimize the leakage rate. However, a centrifugal 
compressor rotor is subject to axial movement during operation, which is 
restricted by a thrust bearing. During operation, the running gap between 
the two rings is self-regulating. If the running gap between the primary 
and mating seal rings increases during operation because of axial rotor 
movement, the pressure at the mating ring groove tips will be reduced as 
the volume increases. The gas forces acting on each side of the primary and 
mating seal rings will force the rings toward each other, thereby restoring 
the running gap to the desired value. Conversely, if the clearance between 
the seal rings decreases because of axial rotor movement, the pressure at the 
mating ring groove tips will increase as the volume decreases, overcoming 
the gas forces acting on the outside of the two rings, hence increasing the 
running gap to the desired value.

When there is axial movement of the compressor rotor, the gas film 
between the mating and primary seal rings must have sufficient stiffness to 
ensure that the rings do not come in contact with each other, which can lead 
to catastrophic seal damage. A narrow running gap presents increased risk 
of accidental contact between the primary and mating ring faces. Therefore, 
a narrow running gap and the highest possible gas film stiffness represent the 
optimum combination. A uniform pressure distribution between the primary 
and mating ring faces is also important, because it will reduce the local 
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deformation (and therefore potential for the seal rings to make contact) of 
the parts. Therefore, the gas seal design must incorporate optimum balance 
of forces, pressure profiles, and gas film stiffness.

Balance of forces

The hydrostatic and hydrodynamic forces acting on the seal (fig. 2–4) 
control the position of the primary seal ring. Hydrostatic forces are present 
whenever the seal is pressurized. Hydrodynamic forces are present only during 
rotation of the mating ring. The closing force (FC) is a function of the gas 
pressure, spring force, and friction acting on the primary ring. The closing 
force can be calculated as follows:

       
Fc = S1(Pin ) + S2(Pout ) + Fs − Ff (2.1)

where:

Fc = closing force

S1 = surface area of back side of primary ring (upper, high-pressure side)

S2 = surface area of back side of primary ring (lower, low-pressure side)

Pin = gas pressure at outside diameter of primary ring (high)

Pout = gas pressure at inside diameter of primary ring (low)

Fs = spring force

Ff = friction force

BD (balance diameter)GD (groove
diameter)

F sF f

S 1

S 2

P in

P out

ID (inside diameter)

Fig. 2–4. Gas seal forces
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The opening force (FO) is much more difficult to calculate. The opening 
force is a complex function of several parameters, which are not all 
independent of each other. The opening force is a function of rotational 
speed, gas pressures and temperatures, groove geometry, and the running 
gap. Therefore, the opening force must be calculated by computer code. 
The computer code typically calculates pressure, speeds, and temperature 
distributions at every point within the seal ring interface. The program will 
iterate until the optimum running gap—where the opening forces exactly 
balance the closing forces—is attained. Different groove geometry can be 
analyzed and optimized to provide optimum gas seal performance.

The static balance of the gas seal is calculated as follows (see fig. 2–4):

       

SB = (GD)
2 − (BD)2

(GD)2 − (ID)2
(2.2)

where:

SB = static balance ratio

GD = groove diameter (at tips)

BD = balance diameter

ID = primary ring inside diameter

As mentioned previously, the dry gas seal is self-regulating during 
operation, but this depends on the proper balance of forces. As explained 
above, the opening force is dependent on numerous variables. If the running 
gap increases, the opening forces will decrease; if the running gap decreases, 
the opening forces will increase. If the operating speed increases, the opening 
forces will increase as the grooves generate more lift.

The closing forces are more easily adjusted by manipulating the balance 
ratio. Increasing the balance diameter causes a decrease in the closing force; 
decreasing the balance diameter causes an increase in the closing force. To 
achieve optimum seal performance is to identify the running gap at which 
the opening forces and closing forces are exactly balanced (fig. 2–5).
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Opening Force
Closing Force

Running Gap (microns)
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Fig. 2–5. Gas seal forces versus running gap

Dry gas seal leakage

As explained previously, dry gas seals operate with a controlled leakage 
rate across the pressure dam area just downstream of the grooves in the 
mating ring. Because the running gap across the pressure dam is very small, 
the leakage rate is very low relative to other forms of sealing technology. This 
is one of the inherent advantages of dry gas seals.

In the static (nonrotating) condition, the seal leakage is nearly zero 
because the primary ring is in direct contact with the mating ring. The 
operating leakage rate is very difficult to calculate. The seal leakage rate 
depends on many variables, including gas properties (pressure, temperature, 
viscosity, etc.), physical properties of the seal (groove geometry, static balance 
ratio, ring diameters, etc.), and the running gap. The gas seal leakage rates 
are calculated by the gas seal manufacturer using proprietary computer 
code. The important fact to remember is that the gas seal leakage is directly 
proportional to the cube of the running gap. For example, if the running gap 
were to double, the seal leakage would increase by a factor of eight. Gas seal 
leakage is also directly proportional to sealing pressure and the physical size 
(diameter) of the gas seal. An increase in either of these variables will cause 
an increase in the seal leakage rate.



Dry Gas Seals Handbook

14

Pressure profile

As shown previously, injected seal gas pressure decreases as the gas flows 
through the seal from supply pressure at the outside diameter of the seal 
rings to flare or vent pressure (typically nearly atmospheric) at the inside 
diameter of the seal rings. The grooves in the mating ring create a pressure 
dam at their tips and alter the normal gas pressure decay, creating areas of 
increased pressure.

Computer programs based on the calculations discussed previously can 
generate a three-dimensional pressure profile across the seal ring faces by 
calculating the pressure at various points of the interface. Figure 2–6 provides 
an example.

                              Fig. 2–6. Gas seal pressure profile

Gas film stiffness

One of the key parameters to dry gas seal reliability is its ability to 
accommodate axial movements without allowing the mating ring face 
to contact the primary ring face, which can result in serious damage and 
ultimate failure of the gas seal. In a centrifugal compressor, axial movement 
is normal and limited by the thrust bearing. However, oftentimes abnormal 
situations such as process upsets or compressor surges can result in extremely 
rapid axial movement of the rotor (within the limits of the thrust bearings). 
High gas film stiffness between the mating and primary seal ring faces 
enables the seal to quickly react to externally imposed axial forces and avoid 
seal ring face contact.
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Gas film stiffness can be calculated from the following equation:

       

S = ∂F
∂h (2.3)

Consider a gas seal operating with opening force FO1 at a running gap of 
h1. If an external axial force is applied, driving the running gap to close by 
1/100th of its value (i.e., h1/100), the opening force will increase to FO2. The 
gas film stiffness is

       

S = (FO2 − FO1)100
h1  

 (2.4)

where:

S = gas film stiffness

F = opening force

h = running gap

Dry gas seals require substantially high gas film stiffness properties to 
prevent contact between the primary and mating seal rings. This is because 
of the very narrow running gap of just a few microns in width. At high sealing 
pressures, the running gap is smaller, and the required gas film stiffness is 
even higher.

Materials of Construction
Most recent advancements in dry gas seal technology have been 

in the area of materials. Material advancements, particularly mating 
ring, primary ring, and polymer seal materials, are responsible for the 
expansion of the gas seal operating envelop to ever higher pressures and 
rotational speeds. The trend is likely to continue, making component 
material selection vitally important.

Mating ring

Selection of the appropriate mating ring material is crucial to reliable 
operation of the gas seal. A primary concern is the ability of the seal to 
maintain the groove geometry, which is machined in the face of the ring, 
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during operation. There are several physical properties to be considered when 
selecting the mating ring material:

• High hardness properties are essential to resist abrasion when the 
mating ring makes contact with the primary ring.

• A high modulus of elasticity assures that the seal ring will not deform 
during operation, therefore maintaining the proper running gap.

• A high tensile strength-to-mass-ratio allows the gas seal to operate 
at higher rotating speeds.

• High thermal conductivity properties allow proper dissipation of 
heat generated during operation and reduce thermal distortion of 
the ring.

• A low coefficient of thermal expansion helps to reduce thermal 
distortion of the ring.

The mating ring material selection mainly depends on the sealing 
pressure, seal diameter, operating speed, and compressor rotor dynamics. 
Typical mating ring materials are tungsten carbide, silicon carbide, and 
silicon nitride. Silicon is much lighter than tungsten and is often employed 
when the compressor rotor dynamics necessitate a lighter rotating mass. 
Table 2–1 compares the physical properties of these materials relative to 
each other.

Table 2–1. Relative properties of typical seal ring materials

Tungsten 
Carbide

Silicon 
Carbide

Silicon 
Nitride

Hardness Hard Hardest Harder

Modulus of Elasticity Highest Higher High

Strength/Mass High Higher Highest

Thermal Conductivity Higher Highest High

Coefficient of Thermal Expansion Low Lower Lowest

Primary ring

The primary ring material selection also depends on the sealing pressure, 
seal diameter, and operating speed. Although it is always desirable to use a 
hard mating ring material, a softer primary ring material is preferred (i.e., 
a hard/soft combination). Soft materials are advantageous because of their 
inherent ability to “track” the surface irregularities in the mating ring during 
operation (i.e., the modulus of elasticity of the primary ring is much lower 
than that of the mating ring). This property assures minimal deformation of 
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the grooves in the mating ring and optimum seal running gap. For a hard/
soft combination, the primary ring is typically manufactured from carbon 
graphite material.

However, a hard/soft combination is insufficient for high-pressure 
applications, where higher stability is required. In these cases, a hard/hard 
combination is used, and the primary ring is typically manufactured from the 
same materials as those discussed for the mating ring. Although material 
selection can vary greatly depending on the specific application, in general, 
a hard/soft combination is usually restricted to sealing pressures less than 
approximately 1,500 psi.

Metallic components

The metallic components of a dry gas seal are directly exposed to the 
injected seal gas, so corrosion resistance is one of the primary material 
concerns. When hydrogen sulfide (H2S) is present in the gas, it is quite 
common for users to specify material compliance to the National Association 
of Corrosion Engineers’ (NACE) standard MR0175, “Sulfide Stress Cracking 
Resistant Metallic Materials for Oilfield Equipment,” to minimize the risks of 
sulfide stress cracking. For these reasons, the metallic components of a dry 
gas seal are normally manufactured from AISI-400 series stainless steels, 
such as AISI-410, which offer improved corrosion resistance and NACE 
MR0175 compliance.

Springs

As with the other metallic components of a dry gas seal, the springs used in 
dry gas seals are directly exposed to the injected seal gas. Because the springs 
have narrow cross-sectional area, strength is a primary material concern 
in addition to corrosion resistance. Nickel alloy steels such as Inconel® or 
Hastelloy C® are typically employed to meet these requirements.

O-rings

The various o-rings within the dry gas seal assembly are exposed to high 
pressure seal gas. In these situations, it is not uncommon for elastomer o-rings 
to absorb the process gas, which can become entrapped within the o-ring and 
suddenly released when the ambient pressure is abruptly reduced, damaging 
the o-ring. This phenomenon is known as explosive decompression. To 
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reduce the likelihood of explosive decompression, slightly harder o-rings are 
used in dry gas seals, typically 90 durometer. The o-ring material generally 
depends on the gas composition and operating temperature, but Viton® is 
very commonly applied.

O-rings have been known to extrude from the o-ring groove in high-
pressure (more than approximately 1,500 psi) sealing applications. Therefore, 
in most high-pressure dry gas seals, o-rings are replaced with polymer seals 
such as PTFE.

The materials discussed above are typical. Other materials are used 
depending on the specific application and the gas seal manufacturer.

Manufacturing  
and Verification Testing

Metallic materials are usually tested and provided to a minimum 
specified yield strength. This is not the case for the nonmetallic materials 
such as those used for gas seal mating and primary rings, so their suitability 
for service must be verified by testing. Because of the mating ring’s material 
characteristics, high rotational speed, and criticality to gas seal operation, 
it is subjected to an overspeed test to verify its structural integrity. In an 
enclosed vacuum chamber, the mating ring is overspeed tested at a multiple 
of the specified maximum continuous compressor operating speed to assure 
a safety margin above and beyond normal operation. The test is typically 
conducted at 1.22 times the maximum continuous compressor operating 
speed, as this produces 1.5 times the maximum continuous operating stress 
on the mating ring. The overspeed test usually lasts for a period of one to 
three minutes. The gas seal manufacturer normally provides an overspeed 
test report such as shown in Appendix A.

Component balancing

The rotating components of a dry gas seal assembly affect the overall 
compressor rotor balance. Therefore, the gas seal rotating components 
and assembly must be dynamically balanced to minimize the balance 
influence on the compressor rotor, helping to assure successful mechanical 
operation of the rotor. Because the seal rotating assembly is contained in a 
cartridge with the stationary components, the balancing must be done by 
the gas seal manufacturer prior to final cartridge assembly. The compressor 
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manufacturer or the purchaser of the compressor usually specifies to the 
gas seal manufacturer the level of balance required. However, there are two 
industry standards relative to balancing, American Petroleum Institute (API) 
617 and ISO 1940. API617 specifies a maximum allowable unbalance as 
defined by the following equation:

       

U = 4W
N

(2.5)

ISO 1940 specifies a maximum allowable unbalance as defined by the 
following equation:

       

U = 0.381QW
N

(2.6)

where:

U = residual unbalance

W = static weight load of the gas seal rotating assembly

N = maximum continuous compressor operating speed

Q = ISO grade

The exact balancing procedure and acceptable limits may be defined 
by the compressor manufacturer or the purchaser of the compressor, or, in 
the absence of such customer requirements, each gas seal manufacturer 
may have different standards. Steps to perform a typical gas seal balance 
procedure include the following:

1. balance the mating seal ring, using a single-plane balance technique, 
to ISO 1940, grade 1.0.

2. balance the shaft sleeve, using a single-plane balance technique, to 
ISO 1940, grade 1.0.

3. balance the complete gas seal rotating assembly, using a two-plane 
balance technique, to ISO 1940, grade 1.0.

4. demonstrate balance repeatability by disassembly, then reassembly, 
of the gas seal, and confirm balance to ISO 1940, grade 2.5 (two-
plane balance).

5. balance the barrier seal sleeve independently, using a single-plane 
balance technique, to ISO 1940, grade 1.0.

6. perform, after dynamic testing of the gas seal, a check balance 
to guarantee repeatability to ISO 1940, grade 10.0 (two-plane 
balance).
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Note the balance repeatability requirements in steps four and six. This 
requires that the gas seal components be assembled in the same position after 
every disassembly, and is typically accomplished by mechanical alignment 
of pins, slots, or holes, or by match marking of components. Also note the 
requirement to balance the barrier seal independently from the gas seal 
assembly. This is required so that the barrier seal can be replaced in the field 
without a detrimental impact on the gas seal assembly and, therefore, on the 
compressor rotor.

Upon completion of the balancing process, the gas seal manufacturer will 
issue a detailed report. This report normally includes certified results of each step 
in the balance procedure and the initial and final (corrected) residual unbalance 
of the gas seal assembly. A typical example is included in Appendix B.

Factory testing
The manufacturer normally subjects every newly manufactured gas seal 

to a rigorous testing process. The purpose of this testing program is to verify 
the mechanical integrity and operating performance (i.e., seal leakage rate) 
of the gas seal. A gas seal is also subjected to a factory test after most types of 
repairs, although the testing process may be slightly less onerous.

The gas seal manufacturer usually defines the expected (calculated) seal 
leakage rate and a guaranteed leakage rate with the design and manufacture 
of every gas seal. The expected and guaranteed leakage rates are based on 
specific operating conditions (e.g., gas composition, gas temperature, sealing 
pressure, and operating speed) provided by the purchaser. The guaranteed 
leakage rate is typically twice the expected leakage rate. The basic objective 
of the factory verification test is to verify the actual gas seal leakage rate 
under simulated field operating conditions.

Gas seal testing is performed in a special test facility (fig. 2–7), and 
both gas seals (from opposite ends of the compressor rotor) are tested 
simultaneously. The gas seal test facility typically includes

• variable speed electric motor driver
• speed increasing gear
• test vehicle (pressure chamber)
• seal gas supply system
• control panel
• data acquisition system

As with balancing, the exact gas seal testing procedure and acceptance 
criteria may be defined by the compressor manufacturer or the purchaser 
of the compressor. In the absence of such customer requirements, each gas 
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seal manufacturer has its own testing procedures, standards, and acceptance 
criteria. API617, 7th Edition, Annex 1D, provides an industry standard for 
gas seal verification testing and specifies the following test procedure.

data acquisition system

Fig. 2–7. Gas seal test facility

Static testing
1. Establish the primary seal gas pressure at the maximum specified 

static sealing pressure.
2. Hold this pressure for a minimum of 10 minutes and record data.
3. Reduce the primary seal gas pressure to 75% of the maximum 

specified static sealing pressure.
4. Hold this pressure for a minimum of 10 minutes and record data.
5. Repeat steps 3 and 4 at 50% and 25% of the maximum specified 

static sealing pressure.
6. For a tandem gas seal (described in chapter 3), repeat steps 1 through 

5 for the secondary seal.

Dynamic testing

1. Establish the primary seal gas at the maximum specified pressure 
and temperature, and the primary vent at the minimum specified 
back pressure.

2. Increase the speed from zero to the maximum continuous compressor 
operating speed.

3. Maintain this speed for a minimum of 15 minutes, or until the 
primary seal leakage reaches a steady state and record data.

4. Increase the speed to compressor trip speed.
5. Maintain this speed for a minimum of 15 minutes, recording data 

every five minutes.
6. Reduce the speed to the maximum continuous compressor 

operating speed.



Dry Gas Seals Handbook

22

7. Maintain this speed for a minimum of 60 minutes, recording data 
every 5 minutes. The average primary seal leakage must be less 
than the maximum specified primary seal leakage.

8. Increase the primary vent back pressure to the maximum value 
specified.

9. Maintain this primary vent back pressure for a minimum of 
15 minutes, and record data.

10. Increase the primary vent back pressure to the maximum specified 
seal gas pressure.

11. Maintain this primary vent back pressure for a minimum of 
15 minutes, recording data every 5 minutes.

12. While maintaining the pressure, shut down the test rig to a 
complete stop.

13. Restart and accelerate to maximum continuous compressor operating 
speed, and then to compressor trip speed, as quickly as possible.

14. Reduce speed back to maximum continuous compressor operating 
speed.

15. Maintain this speed for a minimum of 5 minutes, or until the 
primary seal leakage reaches a steady state, and record data.

16. Repeat steps 12 through 15.

17. Shut down the seal test rig while maintaining gas conditions.

18. Record two sets of data immediately after shutdown.

Visual inspection

1. Upon completion of the dynamic test, disassemble the gas seal and 
observe the condition of the parts, noting wear patterns or buildup 
of material.

2. Document the observed condition of the gas seal components.

Static test verification

1. Reassemble the gas seal.

2. Repeat the static testing procedure.
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Data collection

At a minimum, the following data should be collected at every point 
specified in the testing procedure:

• Time of data recording
• Seal gas temperature
• Seal gas pressure
• Gas seal leakage flow
• Static (breakaway) torque
• Test point torque
• Test facility temperature and pressure
• Operating (test) speed
• Power consumption

These data are usually acquired through an online computerized data 
acquisition system. Figure 2–8 shows a typical screen from such a system.

These data are usually acquired through an online computerized data 
acquisition system. Figure 2–8 shows a typical screen from such a system.

Fig. 2–8. Gas seal test data acquisition screen
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In some cases, the purchaser may opt to witness the gas seal testing. 
In these cases, the gas seal manufacturer will typically conduct an initial test 
to verify seal performance before the customer-witnessed test.

After completion of a successful test, a comprehensive test report is 
supplied to the purchaser (see Appendix C for typical examples). This 
summary test report normally includes

• Test agenda
• Test configuration
• Data records (static and dynamic)
• Plots of seal leakage versus gas pressure
• Report of visual post-test inspection



25

3

Dry gas seals are available in a variety of configurations, including single, 
tandem, tandem with intermediate labyrinth, triple, and double opposed. 
Triple gas seals were used in the past when tandem gas seals were incapable 
of meeting the demands of high pressure sealing applications. However, the 
state-of-the-art tandem gas seal designs have essentially rendered the triple 
gas seal configuration obsolete, so the triple seal is not discussed in this book. 
Explanations of the remaining gas seal configurations follow, and a gas seal 
application flowchart is included in Appendix D.

Single Gas Seal
A single gas seal (fig. 3–1) consists of a single mating ring and primary 

ring assembly. Inboard of the dry gas seal is an inner labyrinth seal, which 
separates the process gas from the gas seal. A clean and dry sealing gas is 
injected between the inner labyrinth seal and the gas seal, providing the 
working fluid for the seal running gap. The vast majority of this injected gas 
flows across the inner labyrinth seal and into the compressor, or “process” 
side of the gas seal. A very small amount of the sealing gas (the seal leakage) 
passes through the primary seal and out the primary vent, which is normally 
connected to the user’s flare system.

DRY GAS SEAL  
CONFIGURATIONS
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                          Fig. 3–1. Single gas seal arrangement

Outboard of the dry gas seal is a barrier seal, which separates the gas seal 
from the compressor shaft bearings. A separation gas (typically nitrogen or 
air) is injected into the barrier seals. Roughly 50% of the separation gas flows 
inboard and combines with the seal gas leakage out the vent. The remaining 
50% of the separation gas flows outboard, into the bearing chamber. The 
primary function of the barrier seal is the prevention of lube oil migration 
into the gas seal. Labyrinth seals or segmented carbon ring seals are used 
in most barrier seal applications today. Barrier seals are discussed in more 
detail in chapter 4.

Single gas seals are normally used only in low-pressure service or in 
nonhazardous process gas (such as CO2) applications, where operation without 
a safety backup seal can be tolerated. API617, Seventh Edition, requires an 
isolating seal as a backup to the primary seal to prevent uncontrolled leaks 
to atmosphere in toxic or flammable gas service, which may preclude the use 
of single seals in some applications.

The single gas seal configuration offers several advantages over the 
tandem style gas seal:

• Simple seal design
• Simplified support system requirements
• Minimal requirement for axial space in the compressor
• Less mass addition to the compressor rotor
• Less costly
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The primary disadvantage of the single seal when compared to the 
tandem style is its lack of a backup (safety) seal. This is a safety issue that must 
be given proper consideration when selecting the gas seal configuration.

Tandem Gas Seal
The tandem style gas seal is the style most commonly applied in process 

gas service (fig. 3–2). Tandem gas seals are essentially two single gas seals—a 
primary seal and a secondary seal—positioned in series, and contained within 
a single cartridge. During normal operation, the primary seal absorbs the 
total pressure drop to the user’s flare or vent system, and the secondary seal 
serves as a backup should the primary seal fail.

As with the single seal, clean and dry sealing gas is injected between 
the inner labyrinth seal and the primary gas seal, and the small amount of 
seal leakage is routed to the primary vent (flare) system. An even smaller 
amount (typically less than 0.1 SCFM) of sealing gas passes through the 
secondary seal and out the secondary vent. The majority of the flow through 
the secondary vent is separation gas injected into the barrier seal. Roughly 
50% of the separation gas flows inboard and out the secondary vent, which 
is typically vented locally. The remaining 50% of the separation gas flows 
outboard, into the bearing chamber.
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              Fig. 3–2. Tandem gas seal arrangement
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 Tandem gas seals are the de facto standard in the oil and gas industry 
and are used in most process gas applications where operation with a safety 
backup seal is necessary. Tandem seals have been applied in nearly every 
type of service at the very highest sealing pressures. The main advantage 
of the tandem gas seal configuration over the single gas seal is the addition 
of the secondary seal. This provides a backup to the primary gas seal and 
increases the operating safety of the compressor by providing an opportunity 
for a controlled shutdown of the compressor should the primary seal be 
damaged or otherwise fail.

The disadvantages of the tandem gas seal configurations (compared to 
the single seal) are as follows:

• More complex seal design
• More complex support system requirements
• Requirement for more axial space in the compressor
• Larger mass in the compressor rotor
• More expensive

Tandem Gas Seal  
with Intermediate Labyrinth

A variation of the tandem gas seal is the tandem seal with intermediate 
labyrinth (fig. 3–3). This configuration consists of a tandem gas seal with 
a labyrinth seal installed between the primary and secondary seals and is 
applied when no seal gas leakage can be tolerated in the secondary vent. The 
tandem gas seal with intermediate labyrinth operates in the same manner 
as a tandem gas seal, in that the primary seal absorbs the total pressure, and 
the secondary seal serves only as a backup. The purpose of the intermediate 
labyrinth seal is to prevent the primary seal leakage from flowing into 
the secondary vent. To accomplish this, the intermediate labyrinth seal is 
typically buffered with an inert or sweet gas injected into the port at a pressure 
slightly higher than the primary vent pressure. This assures a positive flow of 
intermediate seal gas across the intermediate labyrinth toward the primary 
vent. Thus, the flow through the primary vent (flare) is a combination 
of primary gas seal leakage (as explained in the tandem example) and 
intermediate seal gas leakage across the intermediate labyrinth. Similarly, 
the flow through the secondary (atmospheric) vent is a combination of 
separation gas seal leakage from the barrier seal and the small amount of 
intermediate seal gas that leaks outboard through the secondary seal.
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            Fig. 3–3. Tandem gas seal with intermediate labyrinth

Tandem gas seals with intermediate labyrinths are used in process gas 
applications where it is necessary to eliminate seal gas leakage to the secondary 
vent, which is often vented locally to the atmosphere. This may be required 
to comply with environmental regulations or in toxic gas applications. The 
main advantage of the tandem gas seal with intermediate labyrinth over a 
conventional tandem design is the elimination of seal gas emissions to the 
secondary vent. This provides for safer and more environmentally friendly 
operation of the compressor.

The disadvantages associated with the tandem gas seal with intermediate 
labyrinth (compared to the conventional tandem design) include

• more complex support system requirements.

• possible requirement for more axial space in the compressor.

• increased difficulty in the accurate measurement of primary gas seal 
leakage. This is caused by the mixture of primary gas seal leakage 
and intermediate labyrinth leakage in the primary vent. It is nearly 
impossible to determine the proportion of primary gas seal leakage 
to the overall gas flow through the vent.
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Double Opposed Gas Seal
The double opposed gas seal is similar to the traditional tandem gas 

seal, except that the two seals operate in parallel, rather than in series, in a 
back-to-back configuration (fig. 3–4). The double opposed gas seal is typically 
supplied with an inert sealing gas such as nitrogen, which is injected between 
the inboard seal and the outboard seal. The inboard seal leakage flows across 
the inner labyrinth seal and into the process side of the compressor (it is not 
vented). The outboard seal leakage flows toward the barrier seal and mixes 
with the separation gas in the vent. Because the inert gas seal leakage across 
the outboard gas seal is very low, the majority of the flow through the vent is 
separation gas injected into the barrier seal.

To assure untreated process gas within the compressor is unable to make 
contact with and potentially contaminate the inboard seal, a clean and dry 
flushing gas is normally injected at the inner labyrinth seal. The flushing 
gas is properly treated upstream of the injection point and supplied at a 
pressure slightly higher than the sealing pressure. This assures a positive flow 
of clean, dry flushing gas across the inner labyrinth and into the process side 
of the compressor, which reduces the potential for gas seal contamination, 
increasing gas seal reliability.

Double opposed gas seals are used in process gas applications where 
it is necessary to eliminate all process gas emissions, even to flare. This 
may be required to comply with environmental regulations or in toxic 
gas applications.
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             Fig. 3–4. Double opposed gas seal arrangement
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Double opposed gas seals have not yet achieved the level of acceptance 
of the tandem gas seal design. The double opposed configuration does not 
appear to be well understood by operators of centrifugal compressors, and 
many mistakenly believe it to be inferior to the tandem design in terms 
of safety. Just like the tandem configuration, the double opposed gas seal 
provides a backup should either the inboard or the outboard gas seal become 
damaged or fail during operation. If one of the seals fails, the other seal has 
the ability to contain the process gas, allowing a controlled shutdown of the 
compressor. The double opposed gas seal offers numerous advantages over 
tandem gas seals:

• The total seal gas consumption is very low, equivalent to the sum of 
the leakage of the two seals because the seal gas is injected between the 
two opposed gas seal elements (as opposed to an inner labyrinth).

• Seal gas leakage into the process is very low, equivalent to the 
leakage of the inboard seal.

• Seal gas leakage to the outboard vent is also very low, contains no 
process gas (zero process gas emissions), and can be vented locally.

• Plant nitrogen is typically very clean and dry, and, when used as 
sealing gas, greatly reduces the potential for gas seal contamination 
(a major concern when sealing with filtered process gas), thus 
increasing gas seal reliability.

• There is no primary vent system, which simplifies the gas seal 
support system.

There are some disadvantages to the double opposed gas seal:

• They are limited in their application by pressure and temperature. 
The extremely low flow of seal gas through the double opposed 
gas seal provides very limited cooling, which can lead to excessive 
heating and thermal distortion of components within the seal. 
Hence, the double opposed gas seal is not a viable option at high 
sealing pressures. The operating pressure limits of double opposed 
gas seals can vary depending on the seal manufacturer and the 
specific application, but in general, they are limited to sealing 
pressures of approximately 500 psi.

• Their applications are also limited by the compressor operator’s 
availability of a high pressure source of inert gas for use as sealing gas.

• A very small amount of the inert sealing gas will leak into the 
compressor. Depending on the application and the inert sealing gas 
employed, this could upset the process.
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Unidirectional and  
Bidirectional Gas Seals

Dry gas seals are available in both unidirectional or bidirectional 
designs. As explained in chapter 2, the grooves in the mating ring create the 
hydrodynamic force that allows the gas seal to run without contact between 
the mating ring and primary ring faces (fig. 3–5). In a unidirectional gas 
seal, the groove pattern (see fig. 2–2) is such that the lifting effect occurs 
only when the seal is rotating in the normal direction. When rotating in the 
reverse direction, the grooves in the mating ring are ineffective and do not 
generate the forces required to separate the mating ring and primary ring 
faces. Hence, the seal rings maintain contact and sustain damage because of 
the heat generated by the friction between the ring faces.

A bidirectional seal employs a symmetrical groove pattern on the 
mating ring face. The symmetrical groove pattern is able to generate the 
forces required to separate the mating ring and primary ring faces in either 
direction of rotation.

                 

                       Fig. 3–5. Bidirectional grooves in seal mating ring

As explained in chapter 2, there are two vitally important characteristics 
of the gas film between the mating ring and primary ring faces:

1. Gas film thickness between the seal faces (the running gap)

2. Stiffness of the gas film

When the gas seal is rotating, the gas film thickness defines the distance 
between the seal ring faces. A wider running gap reduces the risk of contact 
between the seal ring faces, thus increasing gas seal reliability. However, 
increasing the running gap will increase the gas seal leakage rate. The 
challenge for the gas seal manufacturer is to design a film thickness that 
provides the best possible reliability, while minimizing the leakage rate. 
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Unidirectional seal groove patterns provide greater gas film thickness and 
thus better reliability than bidirectional groove patterns.

The gas film stiffness has an even greater effect on gas seal reliability. 
The gas film stiffness determines the seal’s ability to accommodate sudden 
disturbances because of vibration, compressor surge, or process upsets without 
allowing contact between the seal ring faces. Higher gas film stiffness enables 
the seal to better react to a rapid externally imposed variation of the running 
gap. For a given running gap, the gas film stiffness created by a unidirectional 
groove pattern is three to five times higher than that of a bidirectional groove 
pattern, giving a definite advantage to the unidirectional seal in terms of gas 
seal reliability.

The following are typically cited as advantages of bidirectional gas seal 
configurations:

• They can be operated in either direction of rotation. Although this is 
a very distinct advantage, the reality is that this requirement is rarely 
necessary. The proper design and installation of process equipment 
such as process check valves can often prevent unintentional reverse 
rotation of the compressor rotor. It is also known from operating 
experience that check valve failure does not usually result in major 
failures of unidirectional gas seals. In those rare applications where 
the compressor must be designed for reverse rotation, bidirectional 
gas seals must be provided. In addition to gas seals, other critical 
compressor components such as the shaft bearings must also be 
designed to accommodate reverse rotation. This requirement applies 
to all other rotating equipment in the train, such as the compressor 
driver and gear.

•  The same seal can be installed at either end of the compressor rotor, 
thus preventing assembly errors. While this is a desirable feature, 
it is not a real advantage over unidirectional gas seals. Nearly 
all unidirectional gas seals are designed such that installation in 
the incorrect end of the compressor rotor is physically impossible. 
For example, improper assembly can be prevented by the use of a 
different number or different locations of dowel pins on opposite gas 
seals.

• Only a single gas seal is needed as a spare, which is a commercial 
advantage because it is necessary to purchase and store only a 
single spare gas seal. The single spare seal can be installed at either 
end of the compressor. However, when a gas seal problem occurs 
in a compressor, both seals are often affected and may need to be 
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replaced, so it is usually necessary to stock two spare gas seals. 
Further, when a damaged gas seal is returned to the manufacturer 
for repair and retesting, it is usually necessary to return two seals, as 
most gas seal test facilities require two seals to operate. Stocking only 
one spare seal imposes substantial additional operational risk.

In summary, unidirectional seals provide for more reliable operation 
and, in the majority of applications, bidirectional gas seals offer no real 
operating or commercial advantage. Unless reverse compressor rotation is 
an absolute requirement, unidirectional gas seals are recommended.
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As discussed in chapter 3, a barrier seal is an integral component of the 
dry gas seal assembly, installed outboard of the dry gas seal (see chapter 3 
figures). The barrier seal, sometimes referred to as a separation seal, separates 
the gas seal from the compressor shaft bearings. A separation gas (typically 
nitrogen or air) is injected into the barrier seal, whose primary function is 
to prohibit the flow of bearing lubrication oil or oil mist into the gas seal. 
The barrier seal also serves as the last defense in the event of a catastrophic 
failure of the primary and secondary gas seals.

In the early years of gas seal applications, labyrinth seals were the only 
available option for the prevention of lube oil migration into the gas seal, and 
they proved to be quite effective. The current state-of-the-art barrier seal is 
the segmented carbon ring seal (fig. 4–1), which has replaced labyrinth seals 
in most barrier seal applications. Segmented carbon ring barrier seals offer 
the advantage of substantially lower separation gas consumption because of 
their much smaller shaft clearance compared to labyrinth seals.

BARRIER SEALS
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Fig. 4–1. Segmented carbon ring barrier seal

Segmented carbon ring barrier seals are typically comprised of two sets 
of circumferential rings, an inboard ring and an outboard ring, contained 
within a housing (fig. 4–2). Each ring consists of several carbon segments 
that are held together by a garter spring around the circumference of the 
ring. The inboard and outboard rings are held in place axially by a series 
of axial springs, and the separation gas is injected between the two rings. 
Segmented carbon ring barrier seals are typically manufactured from the 
same materials as gas seals. The stationary rings are usually a carbon 
graphite material, and the metallic components are stainless steel. Labyrinth 
barrier seals are normally aluminum.
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         Fig. 4–2. Segmented carbon ring barrier seal cross section

Segmented carbon ring barrier seals are available in two styles, shaft 
contacting and noncontacting (fig. 4–3). The basic designs of the two 
types of seals are essentially the same, with the exception of the clearance 
between the seal inside diameter and the shaft sleeve outside diameter. 
The contacting barrier seal has zero clearance, operating in direct contact 
with the shaft. The noncontacting, bushing type barrier seal has a small 
clearance over the shaft.

Fig. 4–3. Segmented carbon ring barrier seal configurations
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The three options currently available for most barrier seal applications 
(labyrinths, shaft contacting segmented carbon ring seals, or noncontacting 
segmented carbon ring seals) are evaluated in this chapter in terms of cost, 
reliability, and performance. A barrier seal application flowchart is included 
in Appendix E.

Cost
Typical aluminum labyrinth seals are substantially less expensive 

than segmented carbon ring seals. The costs of shaft contacting segmented 
carbon ring seals and noncontacting segmented carbon ring seals are 
essentially equivalent.

Reliability
The selection of an appropriate barrier seal can have a direct impact 

on the reliability of the dry gas seal. If the barrier seal fails to restrict the 
migration of bearing lubrication oil, severe damage, or even failure of the 
dry gas seal can result.

Labyrinth seals have proved themselves to be very reliable throughout 
the years in many different applications. In the early years of dry gas seal 
applications, they were successfully and exclusively applied to separation 
service. Segmented carbon ring seals have grown in popularity recently and 
now are used successfully in the vast majority of applications today. However, 
there are some differences between the shaft contacting and noncontacting 
styles. By design, the contacting style of the segmented carbon ring seal is in 
contact with the shaft. This results in wear of the carbon rings and a normal 
service life of three to five years. The noncontacting style of the segmented 
carbon ring seal will not wear as quickly and has an indefinite service life.

Furthermore, field experience suggests that the noncontacting segmented 
carbon ring seal is more successful than the contacting style at restricting 
lubricating oil migration from the shaft bearings into the gas seal under 
certain operating conditions. Although the exact conditions are not fully 
understood, the noncontacting style appears to perform better under more 
challenging operating conditions, such as flooded bearings (operation with 
bearing chambers flooded with lube oil), and when there is limited axial 
space between the bearing, barrier seal, and/or gas seal. More research needs 
to be conducted in this area.
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Performance
There are several influences on the separation gas consumption of the 

barrier seal:

• Barrier seal configuration (i.e., labyrinth, shaft-contacting segmented 
carbon ring, and noncontacting segmented carbon ring)

• Seal clearance

• Separation gas supply pressure

• Shaft diameter

• Gas properties

Assuming the last three factors are equal, we can evaluate the separation 
gas consumption of the three types of barrier seal designs. For example, for 
a typical compressor with a shaft diameter at the seal of 4.25 inches and 
separation air supplied at 5 psig over secondary vent pressure, the contacting 
style segmented carbon ring barrier seals would have an expected operating 
leakage rate of approximately 1 SCFM. The expected operating leakage rate 
for a noncontacting segmented carbon ring barrier seal would be 3 to 4 SCFM. 
A labyrinth seal would have a leakage rate of more than 30 SCFM.
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Using dry gas seals in a centrifugal compressor requires a support system 
designed to supply sealing gas to the seal as the working fluid for the running 
gap. These gas seal support systems (sometimes referred to as gas seal 
“panels” because of their rack-mounted design) are normally supplied by the 
compressor manufacturer mounted on the compressor baseplate (fig. 5–1). 
The primary functions of the gas seal system are to

• Provide clean, dry seal gas to the dry gas seals

• Provide clean, dry separation gas to the barrier seals

• Monitor the health of the dry gas seals and barrier seals

The gas seal system design recommendations, which are discussed in this 
chapter, are generally based on a beam-style compressor with tandem dry 
gas seals, as this is the most common configuration for process gas service. 
Where the requirements differ for double opposed gas seals or tandem seals 
with intermediate labyrinths, it is noted. Systems for single gas seals are 
not reviewed here because they are rarely applied in process gas centrifugal 
compressors. These system standards are typical and may not apply to all 
types of compressors and/or gas seal arrangements, but the basic design 
philosophies are applicable to most applications. The unique requirements 
for each application of dry gas seals should be evaluated on their own merits 
to assure the equipment is applied appropriately.

DRY GAS SEAL  
SUPPORT SYSTEMS
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Fig. 5–1. Typical gas seal system

Seal Gas Supply

Seal gas source

The compressor operator must provide a source for seal gas to be 
supplied to the compressor gas seal system. There are three areas of concern 
when evaluating potential sources of seal gas supply: gas pressure, quality, 
and composition.

The seal gas source must be available at a pressure slightly higher than the 
required sealing pressure across the entire operating range of the compressor, 
including transient conditions such as startup, shutdown, idle, and static 
(nonrotating). Although exactly how much higher depends on many specific 
factors, 50 psi above the required sealing pressure at the customer connection 
point on the gas seal system is usually sufficient to allow adequate regulation 
of the seal gas. For tandem gas seal applications, it is quite common to employ 
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the compressor discharge as the sole source of seal gas. On the surface, this 
may appear to be a very sound practice, because compressor discharge 
pressure is obviously higher than compressor inlet pressure (normal sealing 
pressure). However, this design does not address transient conditions such as 
startup, shutdown, or idle. During these transient conditions, there is usually 
insufficient pressure rise across the compressor to allow for a continuous 
positive flow of seal gas into the seals. An alternate seal gas source or seal 
gas pressure boosting equipment is required in this case. The availability of 
the seal gas source at sufficient pressure is one concern for all types of dry gas 
seals, including double opposed and tandem with intermediate labyrinth.

A second concern is the quality (cleanliness) of the seal gas. Gas seal 
manufacturers have stringent requirements for seal gas quality, typically 
requiring the seal gas to be dry and filtered of particles 3 μm (absolute) and 
larger. Coalescing filters (discussed later) are normally provided in the gas 
seal system to address this requirement, but a coalescing filter alone may 
be inadequate depending on the source of seal gas supply. To achieve the 
required level of filtration at the gas seal, most compressor manufacturer’s 
require that the seal gas be free of solid particles 10 μm and larger, and 
99.97% liquid free at the customer connection point on the gas seal system. 
In most cases, this will require a prefilter upstream of the customer connection 
point. Because double opposed gas seals normally use an inert gas such as 
plant nitrogen, which is generally quite clean and dry, seal gas quality is 
usually not an issue.

Third, the potential for liquid condensation within the gas seal system 
must be thoroughly reviewed. Heavy hydrocarbons (C6 and heavier) and/or 
water vapor contained in the sealing gas have a tendency to condense as the 
gas flows through the gas seal system. The various components of the gas 
seal system—filters, valves, and orifices—cause seal gas pressure drops during 
operation. In fact, the largest pressure drop in the entire system may be at 
the seal faces themselves. As the seal gas expands across these components, 
the Joule-Thomson effect will result in a corresponding decrease in the gas 
temperature, and heavy hydrocarbons or water can then condense. A seal 
gas heater can be provided as part of the gas seal system to superheat the seal 
gas above its dew point and thereby reduce the risk of liquid condensation. 
Again, this is usually not an issue with double opposed gas seals using plant 
nitrogen for seal gas.

The American Petroleum Institute’s standard API614 (1999) requires 
that the seal gas temperature into the gas seal be at least 20°F above its 
dew point. This can be insufficient in many cases. To illustrate this point, 
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consider the fictitious example of a hydrocarbon gas compressor with a 
normal sealing pressure of 1,000 psia. Suppose the sealing gas is gas turbine 
fuel gas, supplied to the customer connection point on the gas seal system 
at 1,050 psia. The sealing gas flows through the gas seal system, across 
the primary gas seal faces, and finally to the primary vent. The seal gas 
pressure will drop to nearly atmospheric, and the gas temperature will also 
decrease because of the Joule-Thomson effect. As can be seen on a phase 
diagram for the hydrocarbon gas (fig. 5–2), the dew point for the seal gas 
is approximately 100°F at 1,050 psia. In this case, 20°F superheat would 
equate to a seal gas temperature of 120°F at the customer connection point. 
However, a computer simulation of the seal gas pressure and temperature 
drops expected throughout the gas seal system reveals that the seal gas will 
pass through the mixed (gas and liquid) phase even with 20°F superheat (see 
fig. 5–2). Further computer simulation indicates that, to maintain a 20°F 
margin above the seal gas dew point throughout the entire gas seal system, 
the seal gas would need to be heated to 200°F (i.e., 100°F superheat) at the 
customer connection point (see fig. 5–2).

Fig. 5–2. Seal gas phase diagram

A thorough engineering review of the seal gas supply source will determine 
the extent of seal gas conditioning required upstream of the gas seal system. It 
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is important that the composition, quality, and source of the seal gas be well 
defined at the time of the gas seal system design. To evaluate the pressure-
temperature relationship of the seal gas for potential liquid condensation, 
a computer simulation of the gas seal system must be conducted during the 
system design phase. The simulation should consider the gas seal system 
from the customer connection point to the primary seal vent. A 20°F margin 
above the seal gas dew point should be maintained at all times throughout 
the entire gas seal system. Pending the results of the engineering study, one 
or more of the following components may be required to condition the seal 
gas upstream of the gas seal system:

• Alternate seal gas source
• Prefilter
• Liquid separator
• Heater
• Pressure booster

This additional equipment is expensive, but rather easy to justify. 
Unreliable gas seals can prove to be extremely costly. A damaged gas seal 
must be returned to a repair facility certified by the gas seal manufacturer 
for repair and testing. Because gas seal testing typically requires two seals be 
installed in the dynamic test rig, the mating seal (from the opposite end of 
the compressor) must also be returned to the repair facility, even if it has not 
been damaged. Because of the tight machining tolerances required for most 
gas seal components, gas seal repair and testing can be quite expensive, 
sometimes approaching the cost of a new seal. There is also significant labor 
cost and lost revenue associated with unscheduled downtime. Proper seal gas 
conditioning can eliminate these costs.

Filtration

Seal gas filters are usually provided immediately following the customer 
connection point on the gas seal system. These filters are normally designed 
as final or last-chance filtration and require compliance with the gas quality 
requirements explained in the previous section for maximum reliability. 
Duplex filter assemblies are required and should be provided with a transfer 
valve, which allows filter element replacement while in service. The filter 
housing should be stainless steel, as required by API614.

It is recommended that filter elements be capable of at least 3-μm 
(absolute) filtration to comply with the gas seal manufacturer’s gas quality 
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requirements (explained previously). API614 requires the use of coalescing 
filter elements under certain conditions. However, a conservative design 
approach should anticipate possible liquid presence, and coalescing filter 
elements should be provided for all applications.

It can be difficult to remove liquids from a gas stream. Large liquid 
particles can be removed by impingement on a physical barrier and gravity 
drainage, but this is ineffective on very small liquid particles, which are 
resistant to the effects of gravity. Coalescing filters are designed to overcome 
this problem. In a coalescing filter, the gas stream typically enters the inside 
of the filter element and flows through the element toward the outside. The 
small liquid particles are captured within the glass fiber element, and are 
retained long enough to coalesce with other liquid particles, forming larger 
particles. The larger liquid particles will emerge on the outside of the element 
where they will succumb to gravity and fall into a sump area for drainage 
(fig. 5–3).

                     

Gas inlet

Gas outlet

Liquid drain

Liquid level

Coalescing filter element

Filter housing

                           Fig. 5–3. Coalescing gas filter
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API614 requires some type of automatic liquid drainage of the filter 
housing when using coalescing filters. Although this is a good idea and 
provides for automatic operation, a more economical alternative is to equip 
each filter housing with a manual liquid drain valve. This requires the 
user’s operational procedures to include inspection of the filter elements and 
removal of any accumulated liquids as part of the compressor operator’s daily 
maintenance routine. If the seal gas quality conforms to the requirements 
explained previously, liquid accumulation at the filters should be minimal 
during normal operation.

It is common engineering practice to provide the duplex seal gas filter 
assembly with a differential pressure gage and a high differential pressure 
alarm to indicate when the filter element has become fouled and should be 
replaced. The filter manufacturer normally advises a differential pressure at 
which the filter element should be considered no longer useful and, therefore, 
replaced with a new element. The high differential pressure alarm should 
be set accordingly. A pressure gage should also be provided upstream of the 
filter assembly to indicate the seal gas supply pressure (fig. 5–4).
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              Fig. 5–4. Duplex gas seal filter arrangement
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Control

There are two basic methods of controlling the supply of seal gas to the 
gas seals—differential pressure control and flow control. Differential pressure 
control systems control the supply of seal gas to the seal by regulating the seal 
gas pressure to a predetermined value (typically 10 psi) above a referenced 
sealing pressure. This is accomplished through the use of a differential 
pressure control valve (fig. 5–5).

          

Seal gas reference
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Seal gas from filters

PDALLPI

PDIC
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             Fig. 5–5. Differential pressure control

Flow control systems control the supply of seal gas to the seal by 
regulating the seal gas flow through an orifice upstream of each seal. This 
can be accomplished with simple needle valves or, when automatic control 
is desired, through the use of a flow control valve monitoring the flow of 
seal gas through an orifice in each seal gas supply leg (fig. 5–6). Automatic 
control is recommended.
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              Fig. 5–6. Flow control

The primary objective of the seal gas control system is to assure that 
sealing gas is injected between the inner labyrinth seal and the gas seal at 
a rate sufficient to prevent reverse flow of unfiltered process gas across the 
inner labyrinth seal and into the gas seal. A flow rate of 16 ft/s is an industry 
accepted standard for sealing with labyrinth seals based on many years of 
experience with providing buffer gas to oil film seals. This is considered the 
minimum acceptable seal gas velocity for gas seal applications. Therefore, 
to assure a positive flow of seal gas across the inner labyrinth seal, gas seal 
systems should be designed to provide a minimum gas velocity of 16 ft/s across 
the inner labyrinth seal at all times. The seal gas velocity across the inner 
labyrinth seal will vary with labyrinth clearance. To maintain the minimum 
16 ft/sec velocity across the inner labyrinth seal at increased labyrinth 
clearance, the system should be designed to provide twice the seal gas velocity 
(i.e., 32 ft/s) at the inner labyrinth clearance. This is a conservative approach 
to system design that allows for increasing labyrinth clearance that may 
result from normal operating wear of the labyrinth seal.

It is also desirable to minimize seal gas consumption. The majority of 
the injected seal gas flows across the inner labyrinth seal and back into the 
compressor (i.e., the flow is recycled), and very little flow is actually required 
for the gas seal. This recycled flow into the compressor is inefficient and uses 
more energy at a cost to the user. Unnecessarily high seal gas flow can also 



Dry Gas Seals Handbook

50

result in increased initial gas seal system costs, because the high flow can 
result in larger sized, and thus more expensive, gas seal system components 
such as filters, valves, and piping. This added expense becomes even more 
significant if special liquid separation and/or filtration equipment are 
required because of unacceptable seal gas quality.

Flow control is generally better suited to provide the minimum required 
gas velocity across a labyrinth while minimizing seal gas consumption. To 
demonstrate the advantages of flow control over differential pressure control 
systems, consider the following example. Using a 25 mole weight hydrocarbon 
mixture, a graph is constructed depicting the sealing gas mass flow, velocity, 
and differential pressure across the inner labyrinth seal for a range of sealing 
pressures using both flow control and differential pressure control systems 
(fig. 5–7). The data for the differential pressure control system is based on a 
seal gas supply pressure of 10 psi over the reference pressure. The data for the 
flow control system is based on a constant seal gas velocity of 32 ft/s across 
the inner labyrinth seal.
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Fig. 5–7. Gas flow across inner labyrinth seal (25 mole weight gas)

As can be seen from the graph, at a sealing pressure of approximately 
2,900 psi, the seal gas mass flow and velocity across the inner labyrinth seal 
are equivalent for flow control and differential pressure control systems. At 
sealing pressures less than 2,900 psi, the seal gas mass flow for differential 
pressure control is much higher than that of flow control at the same sealing 
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pressure. For example, at a sealing pressure of 1,000 psi, differential pressure 
control uses approximately 70% more seal gas (mass flow) than flow control. 
As explained previously, the excess flow consumed by the differential pressure 
control system is inefficient and uneconomical.

At sealing pressures greater than 2,900 psi, the amount of sealing 
gas consumed by the flow control system is actually greater than that of 
differential pressure control at the same sealing pressure. However, the 
velocity of the sealing gas across the inner labyrinth seal drops below the 
minimum recommended value of 32 ft/s when using differential pressure 
control at these higher pressures. This increases the possibility of gas seal 
contamination from unfiltered process gas and, therefore, is a threat to gas 
seal reliability.

The relationship between seal gas mass flow and velocity across the 
inner labyrinth seal for flow control and differential pressure control systems 
demonstrated previously is applicable to all types of process gases, shaft sizes, 
and labyrinth clearances. For gases of different mole weights, the sealing 
pressure at which the two types of control systems have equivalent seal gas 
mass flow and velocity simply changes inversely proportional to the change 
in mole weight.

As can be seen from the graph, the differential pressure across the inner 
labyrinth seal can become quite low when using a flow control system at 
lower sealing pressures. Low differential pressure across this labyrinth 
could be susceptible to process upsets, increasing the possibility of gas seal 
contamination from unfiltered process gas and threatening gas seal reliability. 
To compensate for this condition, it is recommended that differential pressure 
control systems be employed for low (100 psi and lower) sealing pressure 
applications. This increases the seal gas consumption and velocity across the 
inner labyrinth seal accordingly.

In summary, to achieve the minimum seal gas velocity of 32 ft/s across 
the inner labyrinth seal, and to minimize the amount of seal gas consumed, 
flow control is recommended over differential pressure control systems for 
applications, where

• the required sealing pressure is greater than 100 psi.
• the seal gas is injected across a labyrinth seal (as with tandem gas 

seal designs).



Dry Gas Seals Handbook

52

This recommendation is applicable to the control of the following:

• Seal gas supply for tandem gas seals
• Intermediate seal gas supply for tandem gas seals with intermediate 

labyrinth seals
• Flushing gas supply for double opposed gas seals

A flow control gas seal system should be designed to provide a minimum 
gas velocity of 32 ft/s across the inner labyrinth seal at design labyrinth 
clearance. This assures a positive flow of sealing gas across the inner 
labyrinth seal, reduces the risk of gas seal contamination from the process 
gas, and thereby increases gas seal reliability. The use of flow control also 
has the added advantage of eliminating the need for measurement of the 
reference (sealing) pressure from a cavity internal to the compressor, which is 
required when using differential pressure control systems. Accurate reference 
pressure measurement can be difficult in some instances, as is discussed in 
chapter 8.

The flow control system should include a “low-select” feature for the 
seal gas flow to each end of the compressor as shown in figure 5–6. The low 
select feature compares the flow of seal gas at each end of the compressor 
and selects the lower of the two flows to modulate the valve. This allows the 
system to seal against the worst case (i.e., lowest flow) condition if the seal gas 
flows required by each gas seal are slightly different. The system should also 
include a pressure transmitter downstream of the control valve to indicate 
the seal gas supply pressure. The following controls are recommended:

• Low seal gas pressure alarm
• Minimum seal gas pressure as permissive requirement to start
• Low seal gas flow alarm (each seal)
• Low seal gas flow shutdown (each seal)
• High seal gas flow alarm (each seal)

Differential pressure control is recommended for seal gas supply (usually 
nitrogen) to double opposed gas seals. Recall from chapter 3 that the seal gas 
provided to double opposed gas seals is injected between two opposing gas 
seals and does not flow through a labyrinth seal. Also, double opposed gas 
seals are susceptible to overheating because of the limited amount of cooling 
provided by the very low flow of seal gas. Differential pressure control is 
recommended for seal gas supply to increase the amount of seal gas flow 
(and hence cooling) through the seals. In fact, oftentimes the seal gas is 
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supplied to double opposed gas seals at 50 psid (instead of the more typical 
10 psid) for this reason. The following controls are recommended:

• Low seal gas differential pressure alarm
• Low seal gas differential pressure shutdown
• Minimum seal gas pressure as permissive to start

Primary Gas Seal Vent
In a tandem gas seal, seal gas is injected between the inner labyrinth 

seal and the primary gas seal (refer to chapter 3). The vast majority of this 
injected gas flows across the inner labyrinth seal and into the process side 
of the compressor. A very small amount of the seal gas passes through the 
primary seal and out the primary vent, which is normally connected to the 
plant flare system. Note that there is no primary vent per se in a double 
opposed gas seal system.

The primary vent (fig. 5–8) should be fabricated from stainless steel 
piping. The vent should be equipped with a low point drain and valve to 
allow removal of any accumulated liquids in the primary vent area that 
could cause damage to the primary seal. If the primary vent is connected to 
a flare system, a check valve must be included to prevent any potential back 
pressure from the flare system in the primary vent area, which could cause 
damage to the gas seal.

Primary gas seal health

The best means of assessment of the condition of a tandem dry gas 
seal is by monitoring the gas seal leakage through the primary vent. This is 
usually accomplished by measuring the flow or pressure across a restriction 
orifice in the primary vent piping. An increasing flow or pressure trend 
indicates increasing gas seal leakage and probable deterioration of the 
primary seal. The flow restriction orifice (FE in fig. 5–8) should be provided 
with a differential pressure transmitter to monitor and record seal leakage 
trends. An alarm should be included to initiate on increasing pressure or 
flow above a predetermined limit. The recommended alarm level varies 
depending on the gas seal manufacturer, but three times the calculated gas 
seal leakage rate represents a 50% increase in the seal running gap. (Recall 
from chapter 2 that the gas seal leakage is directly proportional to the cube 
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of the running gap.) This level can be applied in the absence of any specific 
instructions from the manufacturer.

Tandem gas seals with intermediate labyrinths present a complication 
when measuring gas seal leakage through the primary vent. Most of the 
intermediate seal gas, injected into the intermediate labyrinth outboard of 
the primary seal, will flow out the secondary vent, but some of the gas will 
flow through the primary vent. This amount of intermediate gas must be 
accounted for when monitoring the seal gas leakage trends and setting the 
alarm level.
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             Fig. 5–8. Primary gas seal vent arrangement

Safety issues

The primary vent system must be designed to handle a total failure 
of the primary seal. A shutdown and depressurization of the compressor 
should be initiated upon the failure of the primary seal. In a tandem 
configuration, the secondary seal is intended to act as a backup in case 
of primary seal failure, providing the necessary shaft sealing until the 
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compressor can be safely shut down and depressurized. Because of increased 
safety risks, operation on the secondary seal for extended periods of time is 
strongly discouraged. In a double opposed gas seal, the outboard gas seal 
will maintain the shaft sealing should the inboard seal fail, and vice versa 
should the outboard seal fail.

A pressure-sensing device should be installed upstream of the flow 
orifice to initiate a shutdown and depressurization of the compressor upon 
increasing pressure above a predetermined limit. Again, the recommended 
shutdown level varies depending on the gas seal manufacturer, but eight 
times the calculated gas seal leakage rate represents an increase of twice the 
normal seal running gap. This level can be applied in the absence of any 
specific instructions from the manufacturer.

If a catastrophic failure of the primary seal occurs, the primary vent 
is subject to a much higher gas flow, causing a back pressure in the piping 
upstream of the flow restriction orifice. Therefore, a pressure-relieving device 
must be installed in the primary vent to relieve the back pressure and 
evacuate the gas. The most common devices are relief valves, or rupture discs. 
A rupture disc (PSE in fig. 5–8) is installed in parallel to the primary vent flow 
orifice, and is typically designed to burst at approximately 20 psi differential 
(depending on normal flare system design pressure). It should be noted that 
the high differential pressure or flow alarm and shutdown limits would be 
exceeded before the rupture disc would burst.

If a dry gas seal failure and burst rupture disc occurs, a new rupture disc 
must be installed before the compressor can be placed back into operation 
with a new or repaired gas seal. However, it is physically possible to restart 
the compressor with the damaged rupture disc in place. If this were allowed to 
happen, the instrumentation installed in the primary vent to initiate an alarm 
or shutdown would be rendered ineffective. The primary seal gas leakage 
would flow unobstructed through the void created by the burst rupture disc, 
and a high flow or pressure would not be detected by the instrumentation. 
The compressor operator must be aware of this potential safety issue, and 
maintenance procedures must be established accordingly.

To avoid this type of problem, the rupture disc can be provided with an 
electronic continuity detector to indicate when the disc has failed, thereby 
alerting the compressor operator to avoid further startup attempts. For 
additional protection, the electronic device can be connected into the start 
control system to prevent startup if the rupture disc has not been replaced. 
As mentioned previously, another alternative is to use a relief valve in place 
of the rupture disc. However, annual inspection and testing of relief valves is 
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a common requirement of most plant safety procedures, which may require 
shutting down the compressor simply to test the relief valves.

Separation Gas Supply  
to the Barrier Seal

Source

The compressor operator must provide a source of separation gas supply 
to the compressor gas seal system. The separation gas is required for the 
barrier seals, which are intended to prohibit lube oil migration into the gas 
seal. The separation gas is usually provided to the barrier seals through 
stainless steel tubing. Like the primary seal gas, the separation gas must be 
available at sufficient pressure, as defined by the barrier seal manufacturer, 
with enough safety margin to account for buildup of pressure drop through 
the gas seal system components. It is very common to use plant instrument 
air as the separation gas medium. This requires careful attention to safety 
considerations, which is discussed later. It is highly preferable to use a 
nitrogen source for separation gas.

Compared to the main seal gas supply, the quality and composition 
of the separation gas is of lesser concern. The manufacturer’s gas quality 
requirements for barrier seals are less stringent than for dry gas seals. 
The typical sources of separation gas (nitrogen or instrument air) are 
generally very clean in comparison to seal gas sources. Therefore, a typical 
separation gas quality requirement at the customer connection point on 
the gas seal system is that it be free of solid particles 5 μm and larger and 
99.97% liquid free.

Filtration

Separation gas filters are usually provided immediately following the 
customer connection point on the gas seal system. These filters are designed 
as final or last-chance filtration and require compliance with the gas quality 
requirements explained in the previous section for maximum reliability. 
Duplex filter assemblies are required by API614 and should be provided with 
a transfer valve that allows filter element replacement while in service.
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As mentioned previously, the typical sources of separation gas are 
generally very clean, so the filter elements are normally capable of 5 μm 
(absolute) filtration. Coalescing filter elements and manual drain valves 
should be provided for all applications.

The separation gas filter assembly should be provided with a differential 
pressure gage and a high differential pressure alarm to indicate when the 
filter element has become fouled and should be replaced. A pressure gage 
should also be provided upstream of the filter assembly to indicate the 
separation gas supply pressure (fig. 5–9).
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             Fig. 5–9. Barrier seal filter arrangement

Control

The supply of separation gas to the barrier seals should be controlled 
using a differential pressure control system (fig. 5–10). Approximately equal 
parts of the separation gas will flow outboard through the barrier seal into 
the compressor bearing housing, and inboard into the secondary seal vent 
area. The differential pressure system controls the supply of separation gas to 
the barrier seals by regulating the separation gas pressure to a predetermined 
value above the secondary vent pressure. This is accomplished with a 
differential pressure regulator.
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             Fig. 5–10. Separation gas supply system

The barrier seal manufacturer determines the required separation gas 
pressure to the barrier seal. Typical pressure requirements are 3 to 5 psi 
differential for labyrinth barrier seals and 5 to 10 psi differential above the 
secondary vent area pressure for carbon ring barrier seals. The separation 
gas supply tubing should include a gage to indicate the differential pressure 
between the gas supply and the secondary vent.

It is important to note that the reliability and length of service of the 
barrier seal can be greatly influenced by the absolute value of the separation 
gas pressure. Operating at an excessive separation gas pressure can cause 
accelerated wear of the barrier seal. The barrier seal manufacturer can provide 
the maximum pressure versus expected seal operated life characteristic.

The compressor operator must assure that lube oil is only supplied to 
the compressor bearings when proper separation gas pressure exists, or the 
barrier seal will not be able to prevent the migration of lube oil into the gas 
seals. The following system controls can help avoid gas seal contamination 
from lube oil migration:

• A certain minimum separation gas pressure should be required 
before the lube oil pumps are energized (a permissive to start the 
lube oil pumps).
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• An alarm should be activated when separation gas differential 
pressure is decreased below a predetermined minimum value.

• If proper separation gas differential pressure is lost during operation 
(rotation) of the compressor, a delayed shutdown is recommended. 
If low separation gas differential pressure is detected, a shutdown 
should be initiated after approximately 30 minutes. This will give 
operators time to attempt to reestablish proper separation gas supply 
and minimize the effects of oil migration to the gas seals.

• When the compressor is shut down, lube oil flow to the bearings must 
be stopped before the supply of separation gas is discontinued.

• If proper separation gas pressure is lost while the compressor 
is static (not rotating), lube oil flow to the bearings must be 
immediately halted.

Secondary Gas Seal Vent
As explained in chapter 3, seal gas for a tandem gas seal is injected 

between the inner labyrinth seal and the primary gas seal. A very small 
amount of the sealing gas passes through the primary seal and out the primary 
vent. An even smaller amount (typically less than 0.1 SCFM) of sealing gas 
passes through the secondary seal and out the secondary vent. The majority 
of the flow through the secondary vent is separation gas (usually nitrogen or 
air) that has passed through the barrier seal outboard of the dry gas seal.

The secondary vent should be fabricated from stainless steel piping. The 
vent system should be equipped with a drain and valve at its lowest point 
to allow removal of any potential lube oil carryover from the bearings. 
The secondary vent is usually vented to atmosphere. If the secondary vent 
is connected to a flare system, a check valve must be installed to prevent 
any potential back pressure in the vent, which could cause damage to 
the secondary gas seal and/or barrier seal. The secondary vent should 
be sufficiently sized to avoid forcing an excessive flow of separation gas 
into the compressor-bearing housing and/or coupling guard area, causing 
overpressurization and perhaps interfering with the normal venting of 
these areas.



Dry Gas Seals Handbook

60

Secondary gas seal health

It is difficult to monitor the health of the secondary seal of a tandem 
gas seal. Unlike the primary seal vent, a flow or pressure measurement of 
the secondary vent is of little value for assessing the health of the secondary 
seal. Because the vast majority of the gas flow through the secondary vent is 
injected separation gas, measurement of this flow provides little information 
regarding secondary seal performance.

As is discussed in chapter 8, the biggest threat to the reliability of 
the secondary seal is contamination from bearing lube oil. Therefore, an 
evaluation of lube oil migration into the secondary seal cavity may provide 
the best means for monitoring the condition of the secondary seal as well 
as the effectiveness of the barrier seal. This can be accomplished by routine 
inspection of the low point drain installed in the secondary vent piping. The 
presence of increasing amounts of lube oil in the secondary vent drain over a 
period of time would indicate that the barrier seal performance is worsening 
and the gas seal is in jeopardy. Continued lube oil migration will lead to 
further contamination and degradation of the secondary seal. However, if 
the secondary vent drains are dry, it is usually safe to conclude that the 
secondary seal and barrier seal are in an acceptable operating condition.

Safety issues

It is highly recommended that a nitrogen source be employed for 
separation gas, because the use of air can present a complicated situation. 
If a nitrogen source is not readily available, the compressor operator 
should consider using special nitrogen generation equipment to avoid 
the complications arising from using air as separation gas—it is possible 
to create an explosive mixture in the seal system secondary vent when the 
air mixes with combustible process gas. Combustion could occur within the 
secondary vent if the gas-to-air mixture is within explosive levels and a 
source of ignition is introduced.

The explosive levels for a given gas vary, depending on its components 
and the expected amount of gas seal leakage to the secondary vent (as 
determined by the gas seal manufacturer), so the potential for explosive 
mixtures can only be evaluated on a case-by-case basis. In general, a hydro-
carbon gas and air mixture is potentially explosive if between the range of 1% 
to 15% hydrocarbon gas by volume (fig. 5–11). If the evaluation determines 
the potential existence of an explosive mixture, the issue can be addressed 
through the design of the separation gas and secondary vent system. 



61

Dry Gas Seal Support Systems

The system can be designed to create either a lean mixture or a rich mixture 
in the secondary vent.

In a system designed to run lean, air is injected into the secondary vent 
to maintain the gas-to-air mixture below the lower explosive level (LEL) of 
the gas (i.e., the gas-to-air ratio is too low to allow combustion). This can be 
accomplished by bypassing separation air from the supply piping directly 
into the secondary vent piping (fig. 5–12). It is also possible to include bypass 
ports within the secondary seal housing itself to bypass separation air directly 
from the barrier seal into the secondary vent cavity in the compressor. In a 
lean system, the secondary vent can be routed to atmosphere. A conservative 
design approach is to bypass enough separation air to create an environment 
of no more than 50% of the LEL under worst-case conditions.

In a system designed to run rich, process gas is injected into the secondary 
vent to maintain the gas-to-air mixture above the upper explosive level (UEL) 
of the gas (i.e., the gas-to-air ratio is too high to allow combustion). This 
can be accomplished by bypassing seal gas from the seal gas supply piping 
directly into the secondary vent piping (fig. 5–12). A conservative design 
approach is to inject enough process gas to create an environment at least 
5% more gas by volume above the UEL under worst-case conditions.
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Fig. 5–11. Explosive mixtures of hydrocarbon gases

A rich system increases the amount of process gas to be vented, and 
environmental concerns will probably require that the secondary vent be 
connected to the plant flare system. Connecting the secondary seal vent 
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to a flare system when using air as separation gas presents further safety 
issues, which must be reviewed. A flare system upset could possibly create a 
reverse flow in the secondary vent, forcing process gas into the compressor 
bearing housing, and hence into the lube oil system, which could create an 
explosive environment. A check valve must be installed in the secondary 
vent in this case. It is also possible that an increase in separation air flow, 
such as could be expected if the barrier seal were to malfunction, could alter 
the gas composition in the secondary vent, resulting in an explosive mixture 
(below the UEL).

It is ultimately the compressor operator’s decision if the system is designed 
to run rich (above the UEL of the gas) or lean (below the LEL of the gas). A rich 
system will greatly reduce the overall separation air consumption, but will 
increase seal gas consumption and increase the amount of hydrocarbon gas 
routed to the secondary vent, creating a potentially hazardous environment. 
A lean system increases the overall separation air consumption, but will 
decrease seal gas consumption and the amount of hydrocarbon gas routed 
to the secondary vent. These factors must be evaluated by the end user based 
on the specific project conditions before the system design can be finalized. 
Again, the use of nitrogen for separation gas is highly recommended.

To vent

Low point
drain

RO RO

From seal gas supply or
separation gas supply
(if required)

From seal gas supply
or separation gas
supply (if required)

From compressor barrier seals

Fig. 5–12. Secondary gas seal vent arrangement
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Tabulation of Alarms and Shutdowns
A tabulation of suggested alarms and shutdowns, based on the gas seal 

system design recommendations contained in this chapter, is provided in 
table 5–1.

Table 5–1. Tabulation of alarms and shutdowns

Alarm 
Condition

Shutdown 
Condition

Permissive 
to Start

Seal gas filter differential pressure High NA NA

Seal gas supply pressure or flow Low Low Required

Primary vent pressure or flow High High NA

Separation gas filter  
differential pressure

High NA NA

Separation gas supply 
differential pressure

Low Low (delayed) Required
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Thousands of centrifugal compressors were manufactured before the 
advent of dry gas sealing technology. Most of these compressors are equipped 
with oil film seals (fig. 6–1).

Outer Seal Ring

Outer Seal Housing

Sweet Oil Drain
Sour Oil Drain

Inner Seal Housing

Inner Seal Ring

Bearing Side Process Side

Seal Oil Supply

Fig. 6–1. Typical oil film seal

DRY GAS SEAL RETROFITS



66

Dry Gas Seals Handbook

Oil film seals require a supply of sealing oil to be injected into the 
compressor seals at a pressure slightly higher than the required sealing 
pressure. The differential pressure is set by an overhead tank mounted at 
a level 15 feet above the centerline of the compressor. The gas reference 
pressure is provided at the top of the tank. This sets a differential pressure 
of approximately 5 psi over the gas reference pressure. The seal oil flows 
between seal rings on the compressor shaft, forming a barrier against the 
process gas. Most of the seal oil flows outboard, through the outer seal ring 
to a sweet drain back to the reservoir. Some of the oil flows inboard, through 
the inner seal ring, making contact with the process gas. A small amount of 
process gas mixes with the oil flowing through the inner seal ring. The oil-
gas mixture is drained to a trap system. In the traps, the seal oil absorbs a 
considerable amount of process gas. This sour oil is routed to a sour oil drain 
and either reclaimed or disposed of. If the sour oil is reclaimed, it is generally 
circulated and purged of entrained process gas oil using heaters and/or 
degassing tanks (fig. 6–2). The recovered process gas is typically routed to the 
flare system. Some of the injected seal oil flows into the compressor casing 
and is lost into the process.
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Fig. 6–2. Typical oil film seal drain and degassing system

Existing compressors can be upgraded from their current wet seals to 
dry gas seals. A dry gas seal retrofit also requires decommissioning and 
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replacement of the existing oil seal system with a new dry gas seal support 
system in addition to replacing the compressor seals. According to the 
Environmental Protection Agency’s (EPA) Natural Gas STAR Program, a 
partnership between the EPA and the oil and gas industry focused on the 
implementation of cost-effective technologies and practices to reduce 
methane emissions, dry gas seals offer many advantages over oil seals. In 
addition to reducing fugitive gas emissions, dry gas seals offer significant 
reductions in operating costs. The STAR Program estimates that a dry gas seal 
conversion can save approximately $135,000 in annual operating expense 
with a project payback period of around 14 months.

Economic Advantages  
of Dry Gas Seals

The following sections discuss the cost savings after a dry gas seal retrofit 
identified by the EPA’s Natural Gas STAR Program. 

Seal oil leakage and disposal

It is inherent in oil film seal design that some of the injected seal oil will 
flow into the compressor casing and be lost into the process. The compressor 
operator must compensate for this lost oil by adding additional oil to the 
reservoir. The operator also incurs significant handling costs (particularly 
if they dispose of the sour oil rather than treating it for reclamation) and 
clean-up costs (if the process is contaminated with seal oil), in addition to the 
obvious cost of the oil itself. With dry gas seals, the costs associated with seal 
oil consumption and handling are totally eliminated.

Process gas emissions

The process gas, which leaks past the seal oil barrier, and the process 
gas absorbed by the sour oil, must be routed to flare. The process gas sent 
to flare is a direct operating loss, as this gas could have been used by the 
process and sold. Gas emissions from oil seal systems typically range from 
40 to 200 SCFM. Because of the very narrow running gap of a dry gas seal, 
process gas emissions are much less, usually less than 10 SCFM, or even 
zero with some designs such as the double opposed gas seal. One Natural 
Gas STAR Partner reported a 97% reduction in gas emissions after a dry gas 
seal retrofit, from 75 Mcf per day to 2 Mcf per day, resulting in an annual 
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saving of nearly $80,000. There are also large potential costs associated with 
noncompliance to evermore restrictive environmental regulations.

Maintenance costs

Dry gas seal support systems are typically much simpler than oil seal 
systems. Pumps, pump drivers, coolers, pressure vessels, and various valves 
and instrumentation associated with oil seal systems are eliminated. The 
maintenance costs required to support this equipment are eliminated 
after a dry gas seal retrofit. The EPA Natural Gas STAR Program estimates 
annual operating and maintenance costs for dry gas seals at $6,000 to 
$10,000, whereas oil seal operating and maintenance costs can reach 
$100,000 annually.

Operating costs

Dry gas seals are more energy efficient than oil film seals, absorbing 
much less power during operation. The oil shear forces inherent with oil film 
seals and the energy required to operate the seal oil pumps, oil coolers, and 
so forth typically consume 50 to 100 kW per hour. Because a gas seal is 
noncontacting during operation, the power loss caused by gas shear forces in 
a dry gas seal is much less, approximately 5 kW per hour. In addition, a gas 
seal system does not require pumps or other power-consuming devices.

Improved reliability

The primary cause of unscheduled downtime for centrifugal compressors 
with oil film seals is usually related to seal system issues. If the gas seal 
support system has been designed correctly for the application, unscheduled 
downtime associated with oil seals can be reduced or eliminated. The 
maintenance and lost revenue costs associated with unscheduled downtime 
are reduced accordingly.

In addition to the hard savings discussed previously, there are also less 
tangible advantages to a gas seal retrofit. These include reduced process 
contamination from seal oil and improved operating safety (because of 
the elimination of flash point issues that occur when gas is absorbed into 
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seal oil). The EPA Natural Gas STAR Program suggests the following four-step 
commercial assessment process for a potential gas seal retrofit:

1. Identify compressors with wet seals that could potentially be up-
graded to dry gas seals. Consider the compressor type, age, condition, 
operating history, operating parameters, and process requirements.

2. Estimate the potential savings from a gas seal retrofit. The com-
pressor operator must conduct a detailed review of the oil seal system 
operating costs and evaluate the potential gas seal operating savings. 
Include the reduction of fugitive gas emissions and operating and 
maintenance costs reductions.

3. Determine the one-time cost of the gas seal retrofit. In addition to the 
cost of the gas seals themselves, the compressor operator must also 
include the cost of the gas seal support system. The costs to decommis-
sion and remove the oil seal system and oil seals and replace them 
with the dry gas seal components must also be included.

4. Compare costs to savings. If the expected financial benefits meet the 
operator’s minimum acceptable return-on-investment screen, the 
project can move to the technical evaluation phase.

Technical Feasibility Considerations
After a gas seal retrofit has been reviewed and determined to be 

commercially desirable, there are several technical issues to consider before 
proceeding with the retrofit, as described in the following sections.

Compressor seal cavity

The existing seal cavity, the physical space available between the 
compressor shaft and head, must be sufficiently large enough, both 
radially and axially, to accommodate the new dry gas seals. If the existing 
seal cavity is insufficient, the compressor heads and/or shaft may require 
machining to provide sufficient space for the gas seal. In some cases, 
this might be physically impossible. In addition, a shaft sleeve is usually 
required under the gas seal and, if not currently in place, will need to be 
installed on the shaft.
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Compressor seal porting

A gas seal requires ports in the compressor heads to route sealing gas into 
and seal leakage out of the seal. A tandem gas seal, for example, requires 
four gas ports: seal gas supply, primary vent, secondary vent, and barrier 
seal supply. A fifth port is required for intermediate labyrinth injection, if 
applicable. Separation gas supply can sometimes be routed through the 
compressor bearing housing. If the existing oil seals have less than the 
necessary porting, compressor head machining will be required, if feasible.

Compressor rotor dynamics

Oil film seals, depending on the compressor operating pressure, can be 
highly influential on the compressor rotor dynamics, particularly the rotor 
stability characteristics. Removal of the existing oil seals will result in reduced 
rotor damping, which can have an adverse effect on the rotor dynamic 
characteristics of the compressor. A dry gas seal retrofit must carefully consider 
this rotor dynamic influence. A compressor rotor dynamics study (a complete 
lateral rotor dynamics analysis) should be completed before commencing 
with a gas seal retrofit. If the results of this analysis are unsatisfactory, other 
physical changes to the rotor and/or stationary seal components, such as 
damper bearings and/or damper seals, may be required.

Compressor operating conditions and proposed seal gas

To assure acceptable dry gas seal reliability after a retrofit, the compressor 
operating conditions and the proposed seal gas must be thoroughly defined 
before designing the gas seal support system. Referring to chapter 5, the 
primary concerns are seal gas pressure (sufficient for all operating conditions), 
quality (cleanliness and entrained liquids), and composition (potential for 
liquid condensation).

As a result of the technical feasibility study, compressor reworks and/
or additional equipment such as damper bearings or seal gas heaters may 
have been added to the scope of the retrofit. These additional costs must be 
considered in the commercial evaluation and compared to the operator’s 
retrofit project financial evaluation criteria. At this point, the operator can 
decide whether to proceed with the gas seal retrofit.
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Field Experience
To illustrate the benefits of a gas seal retrofit, the following case study 

is offered. A European refinery operates an axially split, multistage wet gas 
compressor as part of its oil refining process. The wet gas service included 
hydrogen sulfide (H2S) in the process gas. The compressor was originally 
purchased with oil film seals, and a nitrogen buffer gas was injected into 
the inboard labyrinth seal to prevent H2S contamination of the seal oil from 
the process gas. Because the nitrogen was flowing across a labyrinth seal 
into the process side of the compressor, a substantial amount of nitrogen, 
approximately 137 SCFM, was required. Further, the existing oil seal system 
had become unreliable and caused substantial unscheduled downtime and, 
therefore, increased operating and maintenance costs. The refinery desired 
to reduce the nitrogen consumption and eliminate the oil seal system issues 
by upgrading to dry gas seals.

The normal compressor sealing pressure was a relatively low 66 psig, so 
the compressor manufacturer recommended a double opposed type gas seal. 
The back-to-back configuration of the double opposed seal, compared to the 
traditional tandem gas seal, was very appealing to the refiner. As explained in 
chapter 3, because the seal gas is injected between two gas seal elements, the 
total seal gas consumption is equivalent to the sum of the leakage of the two 
seals, which is very low. After the gas seal conversion, nitrogen consumption 
was reduced from 137 SCFM to approximately 6 SCFM, the compressor now 
operates with zero process gas emissions, and the complications associated 
with the old oil seal system have been completely eliminated.



73

7

The dry gas seal and compressor manufacturers’ instructions should be 
strictly followed when installing, commissioning, operating, and maintaining 
dry gas seals and their support systems. The following procedures are provided 
as general guidelines only.

Installation
Before proceeding with the installation of dry gas seals, the operator should 

obtain and review all applicable gas seal and compressor documentation, 
including instruction manuals, drawings, test reports, and so forth. All 
required installation tooling and replacement parts must be made available. 
The operator should take great care in establishing a clean work area.

Exercise the gas seals

Gas seals are normally shipped and stored in a sealed bag packaged in a 
wooden crate. Upon retrieval from storage, the sealed bag should be inspected 
to verify its integrity. If the package has been violated, the operator should 
contact the gas seal manufacturer. Further, most gas seal manufacturers 
recommend that the gas seals be returned to an authorized service center for 
inspection if they have been in storage for more than two years. The o-rings 
are usually replaced during this inspection.

DRY GAS SEAL  
OPERATION AND MAINTENANCE
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It is common for dry gas seals to exhibit excessive leakage to the primary 
vent immediately on startup after extended periods of compressor downtime. 
This condition, known as hang up, occurs when the balance diameter o-ring 
“sticks” to its mating (sliding) surface because of friction. The closing force of 
the springs is insufficient to overcome the friction forces and cannot force the 
primary seal ring toward the mating ring. The resulting excessive running gap 
causes increased seal leakage. To prevent seal hang up, the balance diameter 
o-ring should be manually forced free from its mating surface by exercising 
the springs. After unpacking the gas seal from its storage crate, it should be 
exercised using the following steps to assure freedom of movement:

1. Place the gas seal cartridge on a flat, sturdy work surface with the 
outboard end facing up.

2. Remove the installation plate.
3. By hand, apply sufficient pressure to the seal stator to compress the 

seal into itself.
4. Release pressure and repeat three or four times.
5. Measure the axial travel of the seal and compare the measurement 

to design specifications.
6. If the seal does not compress, or does not spring back on release of 

pressure, or if the axial travel deviates from specification, contact 
the gas seal manufacturer for further instructions.

7. By hand, rotate the seal stator relative to the seal rotor at least one 
complete rotation.

8. If the seal does not rotate, contact the gas seal manufacturer for 
further instructions.

9. Replace the installation plate and proceed with the installation 
process if the exercise was successful.

Prepare the compressor

The compressor must be made ready for the installation of dry gas seals. 
This typically requires that drive coupling(s), bearings, and so forth have 
been removed to provide access to the seal cavity. The seal cavity should be 
properly cleaned and inspected for burrs, sharp edges, and similar anomalies. 
The compressor rotor should also be secured in its desired running position. 
If this is the first installation of the dry gas seals, the actual seal cavity 
dimensions should be verified against the manufacturer’s drawings.
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Install the gas seals

A typical dry gas seal installation procedure consists of the following steps:

1. If the gas seals are unidirectional, assure that the correct seal is 
available based on the direction of shaft rotation.

2. Assure the installation plate is installed.
3. Inspect the o-rings on the seal cartridge outside diameter and replace 

as necessary.
4. Apply a very light coating of an acceptable lubricant to the o-rings 

on the seal cartridge outside diameter. Use caution to avoid excessive 
application of lubricant to avoid the potential for subsequent seal 
contamination.

5. Install a temporary support under the compressor rotor and center 
the rotor in the compressor head bore.

6. Install the protective shaft sleeve from the special tools (fig. 7–1). 
This sleeve will protect the shaft journal and vibration probe surface 
areas from damage during installation.

7. Align the antirotation device of the gas seal with the compressor seal 
cavity.

8. Push the seal cartridge into the compressor head as far as possible by 
hand.

9. Install the special seal installation tooling as provided by the 
manufacturer.

10. Following the manufacturer’s instructions, use the special installation 
pusher tooling to jack the gas seal into place.

11. Remove the pusher tooling and installation plate and place them in 
storage.

12. Install the shear ring into the groove in the compressor rotor, 
shimming as required and instructed by the manufacturer.

13. Measure and record the position of the gas seal relative to the 
compressor seal cavity. Confirm it is within the manufacturer’s 
tolerance.

14. Install and secure the shear ring cover.
15. Install the barrier seal in much the same manner as above, following 

the manufacturer’s instructions.
16. Reassemble the compressor for startup.
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                              Fig. 7–1. Typical gas seal installation tooling

Commissioning
Before commissioning the dry gas seals, the gas seal support system 

should be commissioned as follows:

1. Inspect the low point drains located in the primary and secondary 
gas seal vents and filter housings for accumulated liquids. Remove 
any liquids that may be present. Assure the low point drains are 
closed and plugged.

2. Assure proper installation and set points of all control valves, 
transmitters, switches, relief valves, and so forth. Calibrate and 
adjust as required, per manufacturer’s instructions.

3. Verify that check valves (if any) are installed in the correct 
orientation.

4. Verify that block and bypass valves are opened or closed as required 
for correct system operation.

5. Verify that rupture discs or other pressure relief devices are installed 
in the gas seal primary vents.

6. Verify that clean filter elements are installed in the seal gas and 
separation gas supply piping.

7. Verify that interconnecting piping and wiring between the compressor 
and gas seal system are properly connected.

8. Assure sources of instrument air, separation gas, and seal gas are 
operational and available at the required pressure.

9. Proceed to static testing of the dry gas seals and system.
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Static testing

1. In the static (nonrunning) state, slowly pressurize the gas seal. 
Increase the seal pressure in 10% to 20% increments, up to the 
maximum working pressure. Record the static seal leakage at each 
pressure level.

2. Compare the actual static leakage against the static leakage rate 
guaranteed by the gas seal manufacturer.

3. If the actual static leakage rate is excessive, depressurize the seal 
and attempt to determine the cause of the excessive leakage. The 
assistance of the compressor and/or gas seal manufacturer may be 
required.

4. If the actual static leakage is acceptable, depressurize the seal and 
proceed to the dynamic test.

Dynamic testing

1. Assure adequate separation gas is flowing to the barrier seals.
2. Start up the compressor following manufacturer’s instructions.
3. Accelerate the compressor to the maximum continuous operating 

speed following manufacturer’s instructions. Monitor the gas seal 
leakage during the acceleration.

4. Monitor the gas seal leakage against the dynamic leakage rate 
guaranteed by the gas seal manufacturer.

5. If the actual dynamic leakage rate is excessive, shut down and 
depressurize the compressor and attempt to determine the cause of 
the excessive leakage. The assistance of the compressor and/or gas 
seal manufacturer may be required.

6. If the dynamic static leakage is acceptable, continue to operate the 
compressor, recording leakage rates every 30 minutes for at least 
four hours.

Operation and Maintenance
The operation of dry gas seals and their support system is relatively 

simple. As explained in chapter 5, the gas seal support system should contain 
sufficient instrumentation to allow for continuous monitoring of gas seal 
operation. Should any of the monitored parameters reach their designated 
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alarm level, the operator should immediately investigate the problem and 
attempt resolution before reaching a shutdown condition. Of particular note 
is the seal gas supply flow or the differential pressure and primary gas seal 
leakage. These parameters should be monitored closely for negative trends 
indicative of deteriorating seal performance. An increasing seal gas flow (or 
decreasing differential pressure) trend can indicate an increasing clearance 
of the inner labyrinth seal over the compressor shaft (i.e., labyrinth wear). 
A trend of increasing primary gas seal leakage can indicate an increasing 
primary seal running gap (i.e., deterioration of the primary seal).

The gas seal manufacturer should complete any required maintenance 
of the gas seals themselves. Most gas seal manufacturers require the seals 
be returned to an authorized service center for all but the most basic 
maintenance activities, such as replacing the o-rings on the seal cartridge 
outside diameter. However, good maintenance practices can be applied to 
the gas seal support system to increase the reliability of the dry gas seals. The 
following represents a typical gas seal system maintenance program. These 
inspections should be conducted daily:

1. Review the operating trends of key gas seal performance indicators 
as mentioned previously (e.g., seal gas and separation gas supply 
flow or differential pressure and primary gas seal leakage).

2. Inspect the low point drains located in the primary and secondary 
gas seal vents and filter housings for accumulated liquids. Remove 
any liquids that are present.

3. Inspect the differential pressure of the operating seal gas filter. If the 
differential pressure exceeds that of a clean filter element by 10 psi, 
or if the differential pressure alarm is activated, switch operation to 
the clean filter element following manufacturer’s instructions.

Finally, it is recommended that the gas seals be returned to the 
manufacturer for a complete inspection and overhaul after 50,000 hours of 
operation, or at every major compressor overhaul.
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As mentioned numerous times throughout this book, the running gap 
between the primary and mating gas seal rings is only a few microns, 
approximately 1/20th the diameter of a human hair. Contamination from 
solid or liquid material is the leading cause of dry gas seal damage and 
failure during operation, and is, therefore, the leading cause of reduced gas 
seal reliability. The introduction of foreign material into the running gap 
can cause the seal to leak excessively, and, if allowed to continue, eventually 
fail. When foreign matter is ingested into the running gap of the seal, the 
shearing forces between the primary and mating rings will increase. The seal 
components will overheat, eventually leading to some form of mechanical 
seal failure such as o-ring deterioration, cracking of the mating ring, and 
others. Some seals can fail catastrophically, fracture into many pieces, and 
even damage the compressor shaft or head. Silicon carbide is a more brittle 
material than tungsten carbide, and has been known to fracture into many 
pieces on failure. Some users avoid the use of silicon carbide solely for this 
reason.

There are four primary means of gas seal contamination (fig. 8–1):

1. Contamination from process gas. This type of contamination is 
possible when the pressure or flow of the injected sealing gas is 
insufficient to overcome the process gas (reference) pressure inboard 
of the dry gas seal, allowing untreated process gas to come into 
direct contact with the seal ring faces. Contaminants, which are sure 
to exist within the process gas, can then damage the seal.

DRY GAS SEAL CONTAMINATION—
LESSONS FROM THE FIELD
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2. Contamination from bearing lube oil. This type of contamination 
is possible if the barrier seal fails to function as intended and does 
not contain the lube oil in the bearing housing. The lube oil will 
migrate along the compressor shaft and into the dry gas seal. In 
a tandem gas seal application, the secondary seal will be affected 
first; this may not be obvious during operation, as the primary 
seal continues to operate unaffected. However, if the barrier seal 
continues to malfunction, the primary seal will eventually become 
contaminated, and damaged.

3. Contamination from the seal gas supply. This type of contamination 
is possible if the sealing gas is not clean and dry, usually because 
it was not properly treated upstream of the dry gas seal. Gas seal 
manufacturers have very stringent requirements for seal gas quality. 
Most require the sealing gas to be dry and filtered of particles 3 μm 
(absolute) and larger.

4. Contamination from the primary or secondary vents. This type of 
contamination is possible if the vent systems malfunction and allow 
contaminants to “back flow” from within the vent system into the 
dry gas seal. Most gas seal manufacturers limit the back pressure 
from the vent system, which can be applied to the seal, and check 
valves are usually required in the vent system if it is routed to flare.

          

SEAL
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             Fig. 8–1. Sources of dry gas seal contamination

As is demonstrated in this chapter, the likelihood and extent of gas seal 
contamination is influenced by many factors, including the following:

• Design of the gas seal environment, both internal (seal cavity) and 
external (gas seal support system) to the compressor. The design of 
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the gas seal system determines how the gas seals will be operated 
and controlled, and, therefore, has a substantial impact on the 
reliability of the gas seals.

• Quality of the seal gas and the availability of the seal gas source 
to cover all compressor operating conditions, including static and 
transient conditions.

• Operation and maintenance of the compressor and gas seal system.

Several examples of various forms of gas seal contamination, 
drawn from actual field experiences, are discussed in this chapter. The 
contamination source, the factors that allowed the contamination to occur, 
and the methods used to resolve the contamination problems are reviewed 
in detail for each case.

Case Study 1 
Gas Gathering Compressors

A national oil company has three gas turbine-driven centrifugal 
compressors, operating in parallel, in gas gathering service offshore in 
Southeast Asia. All three of these compressors are equipped with tandem dry 
gas seals and segmented carbon ring barrier seals. During commissioning, 
and throughout the first two years of operation of the compressor trains, 
the user experienced multiple incidents of excessive gas leakage to the gas 
seal primary vents, and eventual failure of the dry gas seals, resulting in 
numerous unscheduled shutdowns of all three compressors. The resulting 
gas seal repairs and production losses proved to be extremely costly. After 
an extensive engineering review and on-site investigation, it was determined 
that the root cause of gas seal contamination was twofold.

 The first is process gas contamination. The seal gas supply during 
transient conditions such as startup and shutdown was insufficient to protect 
the gas seals from the process gas. As is the case with many compressors, the 
source of seal gas supply in this case was the compressor discharge piping. As 
discussed in chapter 5, during transient conditions, there can be insufficient 
pressure rise across the compressor to allow for a continuous positive flow 
of seal gas across the inner labyrinth and into the gas seals. This allows 
untreated process gas inboard of the gas seal to flow directly into the seals 
and introduce contaminants (i.e., reverse gas flow across the inner labyrinth 
seal). These particular compressors were subject to an inordinately high 
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number of startup and shutdown cycles because of the arrangement of the 
compressor recycle piping and process aftercooler.

Centrifugal compressors require a recycle loop to dump gas from the 
compressor discharge back into the inlet to assure a minimum amount 
of gas flow through the compressor and thus avoid operation in surge. A 
valve controls the flow of gas through the recycle loop. During startup, 
the recycle valve is usually full open. In this installation, the pipe tap in 
the compressor discharge piping for the recycle loop was upstream of the 
process gas aftercooler (fig. 8–2). The result was that during startup on full 
recycle, the gas in the compressor heated up very quickly. The aftercooler 
had a relatively low temperature limitation, so startup attempts were 
frequently aborted because of overtemperature of the aftercooler. Thus 
there was an abnormally high number of startup and shutdown cycles on 
these machines (several hundred cycles over a two-year period). During 
every one of these start-stop cycles, there was insufficient supply of seal 
gas to the gas seals, allowing them to be contaminated by liquids from the 
untreated process gas.

Compressor

Recycle piping

Aftercooler

TSHH

Fig. 8–2. Compressor recycle piping arrangement

The second source of contamination was via the seal gas supply. Liquids 
were contained within the seal gas during normal operation, and directly 
contaminated the gas seals. The liquids in the seal gas appeared to be 
entrained and the result of condensation as the gas experienced pressure 
drops throughout the gas seal support system. Although the degree of 
contamination varied dramatically from incident to incident, liquids were 
observed in all of the damaged gas seals. The seal gas filters provided with the 
gas seal support system were overwhelmed by the amount of contaminants 
(liquids) within the gas, as can be seen in one of the more extreme incidents 
(fig. 8–3). The liquids were not identified in the original process gas analysis 
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used for the compressor design, hence they were not anticipated in the design 
of the system. Further, a process simulation concluded there was little risk of 
condensation based on the original gas analysis. However, liquid presence 
was obvious.

                 

                      Fig. 8–3. Fouled gas seal filter element
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Corrective actions

The solution to this gas seal reliability problem was to design and 
install a seal gas conditioning system capable of providing the required gas 
cleanliness to the gas seals under all operating conditions. The new seal gas 
conditioning system included the following features (fig. 8–4):

• The main source of seal gas was relocated from the discharge of 
each compressor to a common point in the platform discharge 
header piping, serving all three units. This was necessary to provide 
a positive flow of seal gas to the gas seals during transient periods, 
such as startup, when the compressors had insufficient pressure ratio 
required for seal gas supply.

• A nitrogen backup system was provided as an alternate source of 
gas on occasions when the platform discharge header was not at a 
high enough pressure to provide a positive flow of seal gas to the gas 
seals. This condition was possible only when all three compressor 
trains were not operating.

• A common prefilter/liquid separator was provided to remove solid 
particles and entrained liquids upstream of the existing gas seal 
systems to reduce the load on the individual final seal gas filters.

• An electric heater was added to each existing gas seal system to 
superheat the gas well above its dew point, eliminating the potential 
for liquid condensation as the gas flowed through the gas seal 
system, the gas seals, and out the primary vent.

The seal gas conditioning system has proved to be successful. The 
compressors have been operating successfully, without a single incident 
of high gas seal leakage or gas seal contamination since the system was 
commissioned nearly three years ago.

Lessons learned

• The source of seal gas supply must be available at sufficient pressure 
to cover the entire operating range of the compressor. Approximately 
50 psi more than the seal reference pressure is required to assure a 
positive flow of seal gas. Furthermore, an alternate source of seal 
gas supply may be required to accommodate transient conditions, 
particularly when the compressor discharge is the primary source of 
seal gas.
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• Compressor operation has a direct impact on gas seal reliability. 
The excessive number of startup/shutdown cycles, when using 
compressor discharge as the primary source of seal gas, was a direct 
contributor to the gas seal incidents. Compressor operation must be 
understood at the time of gas seal system design.

• The quality and composition of the seal gas must be well defined for 
proper gas seal system design. The seal gas must be clean and dry, 
and filtered to 3 μm. Heavy-end hydrocarbons and liquids contained 
in the seal gas must be identified and accounted for in the design of 
the equipment.

• The seal gas should always be at least 20°F above its dew point, 
throughout the system, and coalescing type seal gas filters should 
always be used to avoid the effects of seal gas condensation.

• Good maintenance practices should be established and followed. 
Seal gas filter elements should be replaced as needed. A differential 
pressure switch is normally provided to indicate when a filter has 
become fouled.
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Fig. 8–4. Seal gas conditioning system
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Case Study 2 
Gas Injection Compressor

A back-to-back design centrifugal compressor with tandem gas seals was 
installed in the Middle East, operating in gas injection (high pressure) service. 
Back-to-back compressor designs, common in high-pressure applications, 
have two separate sections within a single case; each section has its own 
inlet and discharge nozzles (fig. 8–5). The impellers in each section oppose 
each other, which provides an inherent balance of the rotor thrust. Therefore, 
there is usually no need for a balance piston as is required in straight-through 
compressor designs. As is the case with most beam-style compressors, the 
drive end and nondrive end seals are equalized by means of a gas balance 
line connecting the seal cavities. This allows the drive end and nondrive end 
seals to work against essentially the same sealing (reference) pressure. In a 
back-to-back compressor, the second-section inlet end seal (i.e., the higher 
pressure end of the compressor) is sealing against first-section inlet pressure 
as a result of the gas balance line. This results in a high differential pressure 
across the second-section inlet end (the drive end, in this case) inner labyrinth 
seal, which is located between the reference port and the first impeller of the 
second section. The inboard, or high-pressure, side of the inner labyrinth seal 
is at second-section inlet pressure, while the outboard, or low-pressure, side is 
essentially at first-section inlet pressure. Thus the differential pressure across 
the drive end inner labyrinth seal is quite high, equivalent to the difference 
between second-section and first-section inlet pressures.

          

             Fig. 8–5. Back-to-back compressor rotor
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The drive end inner labyrinth seal consists of two separate sets of 
labyrinth teeth. The inboard set of teeth forms the seal balance labyrinth, 
which is subject to the high differential pressure explained previously. The 
outboard set of labyrinth teeth forms the seal gas labyrinth, which separates 
the process gas and the sealing gas.

In the case of this injection compressor, the first-section inlet pressure 
(and hence seal reference pressure) was approximately 100 psia. The second-
section inlet pressure was approximately  600 psia. The difference between 
second-section and first-section inlet pressures, and therefore the differential 
pressure across the second-section inner labyrinth seal, was 500 psi. This is 
an extremely high pressure across a single labyrinth seal (fig. 8–6).

          

SEAL BALANCE LINE

PRIMARY VENT

Drive EndNon-Drive End 100 PSI
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            Fig. 8–6. Compressor process and gas seal system schematic

This compressor was equipped with tandem dry gas seals and experienced 
several failures of the drive end gas seal shortly after commissioning. Upon 
inspection of the damaged seals, liquid was observed on the seal faces and 
determined to be the root cause of the gas seal damage. The challenge was to 
determine the source of the liquid contamination.

In this case, the source of seal gas supply was treated gas turbine fuel 
gas, and the seal gas filters were generally clean, so the seal gas supply was 
not a likely source of contamination. Gas seal system data collected over 
a period of approximately four months revealed a significant problem. In 
the two lines plotted on the graph in figure 8–7, one line depicts the gas 
seal reference pressure minus the first-section inlet pressure. As explained 



Dry Gas Seals Handbook

90

previously, the drive end and nondrive end seals are equalized by means 
of a gas balance line connecting the seal cavities. In theory, then, the gas 
seal reference pressure minus the first-section inlet pressure should be zero. 
In reality, the drive end (high-pressure end) seal will usually be subjected to 
a slightly higher sealing pressure because the inner labyrinth seal allows 
some of the higher pressure gas on the inboard side to leak into the seal 
balance cavity. However, as can be seen in the graph, the difference between 
the gas seal reference pressure and the first-section inlet pressure increases 
dramatically from its original value of slightly more than 10 psi to more 
than 80 psi.

The second line plotted on the graph in figure 8–7 line depicts the seal 
gas supply pressure minus the gas seal reference pressure (i.e., the seal gas 
differential pressure). The gas seal system was designed to control this value 
at 10 psi, and this is evident on the graph for the first few weeks of operation. 
However, the seal gas differential pressure soon begins a rapid decline, 
reaching zero nearly midway through the graph and falling below –10 psi 
before the compressor was finally shut down.
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Fig. 8–7. Gas seal system operating data

These trends indicated that the drive end inner labyrinth seal was 
experiencing accelerated wear, resulting in an increased clearance over the 
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compressor rotor and reverse flow of process gas from the inboard side of 
the labyrinth into the gas seal on the outboard side of the labyrinth. As the 
labyrinth teeth wore and the process gas flowed into the reference cavity, the 
reference pressure increased as shown in the graph. The gas seal system was 
unable to provide sufficient flow of seal gas to prevent this reverse flow. The 
drive end inner labyrinth seal was removed, and inspection confirmed that 
it had worn beyond acceptable levels for continued operation. The source of 
contamination was now identified as untreated process gas inboard of the 
inner labyrinth seal, but what had caused the drive end inner labyrinth seal 
to experience premature wear?

After a detailed engineering review, it was hypothesized that premature 
wear of the drive end inner labyrinth seal, and subsequent gas seal 
contamination by process gas, appeared to be facilitated by the drive end 
(second-section inlet end) inner labyrinth seal design. The original drive end 
inner labyrinth seal design had a straight bore—the seal balance labyrinth 
and the seal gas labyrinth teeth had equal inside diameters (fig. 8–8). The 
evidence suggested that the high differential pressure across the seal balance 
labyrinth, combined with the straight bore design, caused the untreated 
process gas to “jet” across the labyrinth at a very high velocity. As a result, 
instead of flowing into the seal reference pressure port, the process gas flowed 
directly into the gas seal, leading to contamination. In addition, the solid and 
liquid particles contained within the process gas impinged on the labyrinth 
teeth, causing erosion and accelerated wear.
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                         Fig. 8–8. Back-to-back compressor seal cavity (original design)
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Corrective actions

The solution to this problem involved a redesign of the drive end inner 
labyrinth seal. The primary change was the use of a stepped inner seal 
labyrinth seal (i.e., the seal gas labyrinth has a smaller inside diameter 
than the seal balance labyrinth) (fig. 8–9). The stepped labyrinth design 
would facilitate the flow of process gas into the seal reference pressure port 
as intended, rather than directly into the gas seal. To further improve the 
flow of gas into the seal reference pressure port, the sizing of the annulus 
between the two sets of labyrinth teeth was increased. The new drive end 
inner labyrinth seal proved to be successful during high-pressure shop testing 
in a similar compressor, and was subsequently installed in the gas injection 
compressor in the field.

          

             Fig. 8–9. Back-to-back compressor seal cavity (improved design)

Upon startup with the new labyrinth seal, a decreasing trend in seal gas 
reference pressure was observed over time, similar to the original labyrinth 
design. The new labyrinth was eventually removed for inspection, and 
was found to be worn beyond allowable clearance. Further investigation 
determined that liquids were condensing at the second-section inlet and 
eroding the labyrinth teeth. It was learned that the second-section process 
gas inlet temperature during operation was less than what was originally 
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specified. The lower gas temperature resulted in liquid condensation because 
of the Joule-Thomson effect as the gas pressure dropped across the inner 
labyrinth. The liquid droplets entrained in the high-velocity gas jetting 
across the labyrinth were eroding the labyrinth teeth, causing premature 
wear of the labyrinth and increased seal gas flow as before. This problem was 
finally resolved by changing the inner labyrinth material from aluminum to 
a stronger Hastaloy material, and limiting the minimum allowable second-
section process gas inlet temperature.

Lessons learned

• High-pressure back-to-back compressors may require special con-
sideration in regards to the drive end seal cavity design. As was 
demonstrated, the design of this area must be able to cope with 
the effects of a very high differential pressure across the inner 
labyrinth seal.

• It was again demonstrated that compressor operation can have a 
direct impact on gas seal reliability, requiring that the compressor 
operating conditions be fully understood at the time of system design. 
In this case, the second-section process gas inlet temperature was 
lower than what was originally specified for in the system design.

Case Study 3 
Gas Injection Compressors

Three duplicate, two-body compressor trains were operating in gas 
injection service in South America. The six compressors were all equipped 
with tandem dry gas seals, and the source of seal gas supply for each 
compressor train was the discharge piping of the high-pressure compressor. 
The process gas contained a large amount of liquids, so a gas treatment plant 
was installed upstream of the injection compressors to strip out most of the 
liquids. Multiple gas seal failures were experienced during commissioning 
and initial operation.

The gas seal failures appeared to be directly related to the operation 
of the upstream gas treatment plant. The gas treatment plant proved 
to be unreliable, and when it was out of service, a significant amount of 
liquids were injected into the compressors. This was evident by the level of 
liquids contained within the compressor’s interstage liquid knockout vessels. 



Dry Gas Seals Handbook

94

Liquids were also routinely drained from the compressor case after a shutdown 
of the gas treatment plant. Most of the gas seal failures occurred during or 
shortly after the gas treatment plant outages, and liquids were observed in 
the failed gas seals when inspected.

In at least one instance, the compressor control panel captured a gas seal 
failure event, and clearly revealed a liquid slug into the compressor as the 
root cause (fig. 8–10). As can be seen in bubble 1, the second and third lines 
up from the bottom of the graph indicate the compressor vibration is normal 
and constant. Bubble 2, the bottom line of the graph, indicates the gas seal 
leakage (as measured in the primary vent) is also normal and constant. 
Bubble 3 shows a vibration spike when the liquid slug enters the compressor 
inlet. Bubble 4 shows a return to normal vibration levels approximately 
four seconds later as the liquid slug exits the compressor discharge. Bubble 5 
indicates excessive seal gas leakage to the primary vent as the liquid passes 
through the gas seal approximately eight seconds after it first entered the 
compressor. Bubble 6 indicates a compressor shutdown was initiated as the 
result of the high seal gas leakage, as the speed line (previously constant) 
suddenly drops off.

       

         Fig. 8–10. Seal failure because of liquid slug
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Corrective actions

The solution to this problem was to increase the reliability of the upstream 
process gas treatment plant, or to install additional equipment as a backup 
to the process gas treatment plant. The compressor operator chose the latter 
option and installed additional liquid separation equipment upstream of the 
gas injection compressors to provide an increased level of protection should 
the primary process gas treatment equipment be inoperable.

Lessons learned

The primary lesson learned in this example is the importance of 
understanding the impact of the entire process on the compressor and gas 
seal operation. Outside influences, such as the process gas treatment plant, 
can affect gas seal reliability. These influences must be fully understood at 
the time of system design.

Case Study 4 
Gas Injection Compressors

A national oil company has five gas turbine-driven, two-body centrifugal 
compressor trains, operating in parallel, in gas injection service offshore in 
Southeast Asia. All of these compressors are equipped with tandem dry gas 
seals with segmented carbon ring barrier seals, and operate with flooded 
bearing housings. Multiple gas seal failures were experienced during 
commissioning and initial operation of the compressors. Upon inspection of 
the damaged gas seals, it became apparent that the source of contamination 
was the bearing lubrication oil. Lube oil has a natural tendency to migrate 
along the shaft from the bearing to the barrier seal, particularly in a flooded 
environment, and the barrier seals were unable to prevent migration of the 
lube oil into the gas seal.
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Corrective actions

Several changes were made in an attempt to minimize the effects of the 
lube oil carryover into the gas seals:

• The bearing housings were reworked to increase the size of the drain 
ports to allow improved drainage of lube oil, and minimize the 
amount of oil available to migrate inboard, toward the gas seals.

• Control logic was implemented requiring a minimum separation 
gas pressure to the barrier seals as a “permissive to start” the lube 
oil pumps. This assures that separation gas is always operational 
before introducing lube oil to the bearings.

• The secondary vent was originally located in the upper half of the 
seal cavity. This was relocated to the lower half of the seal cavity, 
allowing for drainage of any lube oil that managed to migrate 
inboard of the barrier seals (fig. 8–11).

• Low point drains were added to secondary vent piping to provide 
a means of drainage of the lube oil. Operating procedures were 
changed to require period inspection of the secondary vent drains 
and removal of any accumulated lube oil (see fig. 8–11).
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                  Fig. 8–11. Relocation of secondary vent piping

Lessons learned

• The design of the bearing and seal cavities must account for 
potential lube oil migration inboard of the barrier seals and into 
the secondary vent area of the gas seals. Bearing housing drains 
and piping must be properly sized and sufficiently located to provide 
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for the maximum rate of drainage of lube oil. This is particularly 
important with flooded bearing housings.

• To prevent or minimize the travel of oil down the shaft from the 
bearing to the barrier seal, adequate axial shaft spacing is necessary. 
In addition, oil “slingers” between the bearing and the barrier seal 
would help the situation.

• The bearing cavity must have adequate venting to avoid the buildup 
of a back pressure within the bearing housing and assure proper 
drainage of the lube oil.

• The compressor bearing and seal cavity design should anticipate 
some level of lube oil migration inboard of the barrier seal and 
provide a means to prevent contamination of the gas seal. For 
example, the secondary vent port should be located in the lower 
quadrant (as close to bottom dead center as possible) of the seal 
cavity, providing a drainage path for lube oil migration inboard of 
the barrier seal. A low-point drain in the secondary vent piping is 
required to provide a means for removing any accumulated liquid 
and to prevent blockage of the vent piping with lube oil. These drains 
should be monitored regularly and any accumulated oil should be 
drained as necessary.

• It is necessary to monitor and control the separation gas supply. 
Separation gas must be provided to the barrier seals at sufficient 
pressure at all times to avoid contamination of the gas seal from 
bearing lube oil. The compressor control logic should be configured 
to require proper separation gas supply any time the lube oil pumps 
are in operation. This should include a permissive to start the oil 
pumps (requiring a certain minimum separation gas pressure before 
energizing the lube oil pumps). An alarm on decreasing separation 
gas pressure below a predetermined minimum value, or ultimately a 
shutdown if separation supply is not recovered within a given period 
of time, is also recommended.

Case Study 5 
Gas Processing Compressors

A gas processing plant in Asia included several gas turbine-driven 
compressor trains, operating in parallel to each other. All of the compressors 
were equipped with tandem dry gas seals, each using compressor discharge 
gas as the source of seal gas. The plant operator had experienced multiple 
gas seal failures. After investigating the operating history of the plant, 
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it was discovered that the process infrequently required full production, and 
it was rarely necessary to operate all of the compressors simultaneously. 
However, rather than shut down a compressor when reduced plant output 
was required, the operators would reduce the operating speed of one or more 
of the compressors to an idle speed, reducing the compressor’s throughput.

During operation in this “hot standby” mode, the compressor operated 
at a very low speed and, therefore, produced a very low pressure rise across 
the compressor. Because the seal gas was taken from the compressor 
discharge, the reduced discharge pressure resulted in insufficient seal gas 
supply pressure. In the absence of a positive flow of seal gas, the process gas 
was able to flow directly into the gas seals, resulting in contamination of the 
primary seal and eventual seal failure.

Corrective actions

There were a few possible solutions to this problem:

• Discontinue the practice of hot standby operation, and shut the 
compressor down when it was not needed.

• Provide an alternate source of seal gas during the hot standby mode 
of operation.

• Increase the idle speed of the hot standby operating mode to a level 
that provided enough gas pressure rise across the compressor to 
assure a positive flow of seal gas.

The compressor operator chose the last option, as it was determined to 
be the most easily implemented and provided the least disruption to plant 
operations. The operator now runs the compressors at sufficient speed to 
assure a pressure differential across the compressor, and thus a positive flow 
of seal gas to the seals; this has eliminated the gas seal problems.

Lessons learned

This case study again demonstrates that the operation of the compres-
sor can directly influence gas seal reliability. When using the compressor 
discharge as the source of seal gas supply, operation of the compressor at 
transient conditions can increase the opportunity for gas seal contamina-
tion. If operation at reduced speeds or other transient conditions is necessary, 
the operator must assure that sufficient pressure rise exists across the com-
pressor to allow for a positive flow of seal gas. Alternatively, another source 
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of seal gas must be made available during this type of operation. Some op-
tions include gas turbine fuel gas, plant nitrogen, or process gas from other 
compressors within the plant. If no alternative seal gas sources exist, a seal 
gas booster can be used to increase the pressure of seal gas taken from the 
compressor discharge.

Case Study 6 
Gas Transmission Compressor

A gas transmission compressor in the United States was originally 
equipped with oil film seals. After some damage to the oil seal system, the 
compressor operator decided to retrofit the compressor with tandem dry 
gas seals. The retrofit was completed, and the gas seal system was designed 
to use compressor discharge as the source of seal gas supply. Multiple gas 
seal failures occurred immediately after the retrofit. Upon inspection of the 
damaged gas seals, it became apparent that the source of contamination was 
lubrication oil (fig. 8–12). Further investigation determined that the source 
of the lube oil was from reciprocating compressors operating upstream in 
the pipeline. Lube oil is injected into a reciprocating compressor’s cylinders 
(and, therefore, into the process gas) to provide lubrication for the pistons. 
This lube oil was carried downstream to the centrifugal compressor, and was 
carried into the gas seal with the seal gas from the compressor discharge.

                  

                    Fig. 8–12. Lube oil in gas seal cavity



Dry Gas Seals Handbook

100

Corrective actions

A liquid separator (fig. 8–13) was installed to remove the reciprocating 
compressor lube oil from the seal gas before it is injected into the gas seals. 
A seal gas pressure booster was also installed to assure proper seal gas supply 
pressure during transient conditions such as startup and shutdown.

                    

                       Fig. 8–13. Liquid separator

Lessons learned

This situation again shows how the compressor operating environment 
can effect gas seal reliability and, therefore, must be fully understood at the 
time of system design. In this case, the effects of the reciprocating compressors 
were not considered in the original gas seal system design, as this liquid was 
not identified in the process gas analysis.
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Case Study 7 
Gas Lift Compressors

The previous case studies have provided several examples of gas seal 
contamination from three of the four possible sources (seal gas, process 
gas, and bearing lube oil). This final case study provides an example of the 
fourth, and least common, source of gas seal contamination, the primary 
vent system.

Two centrifugal compressors, each equipped with tandem dry gas seals, 
are installed on a floating production, storage, and offloading (FPSO) vessel 
in the South China Sea. The gas seal primary vents are tied into the vessel’s 
flare system to route the gas seal leakage to flare. During commissioning, 
the low point drain on one of the primary vents was opened for routine 
inspection, and more than a gallon of black liquid, apparently crude oil 
and hydrocarbon condensate, was drained. It was then decided to break the 
primary vent piping at the flange where the rupture disc is installed to allow 
further inspection. When the bolts in the flange were loosened, more liquid 
poured from the vent (fig. 8–14).

Fig. 8–14. Liquid contamination from primary vent
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It was later learned that a prior process upset had caused a liquid 
separator in the vessel’s flare system to overflow, and the flare piping was 
designed such that some of the liquids drained back into the primary vents 
of the compressors.

Corrective actions

The gas seals had to be removed and returned to the manufacturer for 
cleanup and repair. As a result of the dry gas seal damage, the vessel operator 
redesigned the flare system to prohibit any liquid carryover into the primary 
vents of the compressors.

Lessons learned

The gas seal primary and secondary vents are indeed a potential source of 
contamination. The design of the plant flare and/or vent systems must consider 
the impact on the compressor and dry gas seals, and should be designed to 
limit back pressure and possible sources of gas seal contamination.
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balance diameter: The diameter that separates the high (seal gas supply) 
pressure area from the low (seal vent) pressure area of the primary gas 
seal ring. This is typically sealed with an o-ring or polymer seal for high 
pressure applications.

barrier seal: A seal located between the bearing and the gas seal to prevent 
lube oil from contaminating the gas seal and process gas from migrating 
into the bearing housing. Usually a labyrinth or segmented carbon ring 
seal. Also known as a separation seal or tertiary seal.

bidirectional gas seal: A gas seal designed to rotate in either direction. 
A bidirectional seal employs a symmetrical groove pattern on the mating 
ring face that is able to generate the forces required to separate the mating-
ring and primary-ring faces in either direction of rotation.

buffer gas: See Seal Gas.

closing force: The hydrostatic force acting on the gas seal mating ring in 
the direction of the primary ring. The closing force is a function of gas 
pressure, spring force, and friction.

coalescing filter: A filter designed to remove liquid aerosols from a gas.

differential pressure control: A system that controls the supply of seal gas to 
the seal by regulating the seal gas pressure to a predetermined value above 
a referenced sealing pressure.

double gas seal: See double opposed gas seal.

double opposed gas seal: A two-stage, back-to-back arrangement, dry gas 
seal. Also known as a double seal.

dry gas seal: A gas-lubricated, noncontacting, mechanical, end-face 
shaft end seal, consisting of a mating (rotating) ring and a primary 
(stationary) ring.

expected leakage rate: The primary gas seal leakage calculated by the gas 
manufacturer for normal operation at a specified operating condition.

GLOSSARY
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explosive mixture: A mixture of air and a combustible gas that is within the 
upper and lower explosive limits of the gas.

flow control: A system that controls the supply of seal gas to the seal by 
regulating the seal gas flow through an orifice upstream of each seal.

flushing gas: A treated gas injected between the inner labyrinth seal and 
a double opposed gas seal to assure untreated process gas within the 
compressor is unable to make contact with the inboard gas seal.

gas film stiffness: A measure of the gas seal’s ability to prevent contact 
between the mating ring and primary ring faces during operation.

gas film thickness: See running gap.

gas seal panel: See gas seal support system.

gas seal support system: A system designed to supply clean, dry, seal gas 
to the gas seals and barrier seals; also monitors the health of the gas seals 
and barrier seals.

guaranteed leakage rate: The primary gas seal leakage guaranteed by the 
gas manufacturer for normal operation at a specified operating condition.

groove pattern: The unique geometry of the grooves machined in the face of 
the gas seal mating ring. The shape of the grooves is optimized to enhance 
seal performance.

hang up: A condition where the balance diameter o-ring sticks to its mating 
(sliding) surface because of friction and the closing force of the springs 
is insufficient to push the primary seal ring toward the mating ring; this 
results in an excessive running gap and, therefore, excessive seal leakage.

hard/hard combination: The use of a hard material (such as tungsten 
carbide) for the primary ring relative to the mating ring material. Usually 
required for high pressure applications.

hard/soft combination: The use of a soft material (such as carbon graphite) 
for the primary ring relative to the mating ring material.

hydrodynamic forces: The dynamic forces acting on a gas seal during 
operation, mainly because of the pressure differential created by the 
mating ring grooves. These forces are only present during operation.

hydrostatic forces: The static forces acting on a gas seal because of pressure 
differential and spring forces. These forces are also present during 
operation.
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inner labyrinth seal: A labyrinth seal located inboard of the dry gas seal 
(i.e., between the gas seal and the process gas).

intermediate seal gas: Gas supplied to the intermediate labyrinth. Typically 
an inert gas such as nitrogen. Also known as secondary seal gas.

intermediate labyrinth: A labyrinth located between a primary and 
secondary gas seal in a tandem seal arrangement to allow for a means to 
isolate the secondary vent from the process or seal gas.

installation plate: A metal plate bolted to the outboard side of a dry gas seal 
to facilitate installation of the seal into the compressor.

Joule-Thomson effect: Defines the change in temperature of a gas undergoing 
expansion through some type of restriction device.

lean mixture: A mixture of air and a combustible gas that is below the lower 
explosive level (LEL) of the gas (i.e., the ratio of gas to air is too low to allow 
combustion).

mating ring: The rotating ring in a dry gas seal that contains grooves 
machined near the outer diameter of its face. The grooves in the mating 
ring create a pressure dam that causes lift off or separation of the primary 
and mating rings.

opening force: The primarily hydrodynamic force acting on the gas seal 
mating ring, in the opposite direction of the primary ring. The opening 
force is a function of rotational speed, gas pressures and temperatures, 
groove geometry, and the running gap.

primary ring: The stationary ring in a dry gas seal that seals against the 
mating ring. The primary ring must be capable of axial movement to float 
with the mating ring.

primary seal: In a tandem gas seal arrangement, the first stage (inboard, 
process side) seal.

primary vent: The seal gas vent located immediately outboard of the primary 
seal.

pressure dam: An area of slightly higher gas pressure created at the tips of 
the grooves in the mating ring during rotation.

rich mixture: A mixture of air and a combustible gas that is above the upper 
explosive level (UEL) of the gas (i.e., the ratio of gas to air is too high to 
allow combustion).
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rotating ring: See mating ring.

running gap: The separation between the gas seal primary and mating rings 
during operation. Also known as gas film thickness.

rupture disc: A pressure relief device installed in the primary vent to 
relieve the back pressure and evacuate the gas in the event of excessive 
gas seal leakage.

seal cavity: The physical space between the inside diameter of the compressor 
head and the outside diameter of the compressor rotor where a gas seal is 
positioned.

seal gas: The gas injected between the inner labyrinth seal and the primary 
gas seal to provide the working fluid for the seal running gap and the seal 
against the process gas. Also known as buffer gas.

seal gas conditioning system: A system used to pretreat the seal gas upstream 
of the gas seal support system.

seal leakage: The amount of gas that passes between the mating ring and 
primary ring of a dry gas seal.

secondary seal: In a tandem gas seal arrangement, the second stage 
(outboard, bearing side) seal.

secondary seal gas: See intermediate seal gas.

secondary vent: In a tandem dry gas seal, the vent located immediately 
outboard of the secondary seal.

separation gas: A gas (typically air or nitrogen) injected into the barrier seal 
to prevent lube oil from contaminating the gas seal and process gas from 
migrating into the bearing housing.

separation seal: See barrier seal.

single gas seal: A one-stage gas seal arrangement.

stationary ring: See primary ring.

tandem gas seal: A two-stage gas seal. A primary seal and a secondary seal 
are positioned in series and contained within a single cartridge. During 
normal operation, the primary seal absorbs the total pressure drop, and 
the secondary seal serves as a backup in the event of primary seal failure.

tandem gas seal with intermediate labyrinth: A tandem (two-stage) gas 
seal with a labyrinth between the primary and secondary seals.
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tertiary seal: See barrier seal.

unidirectional gas seal: A gas seal designed for rotation in a single direction. 
In a unidirectional seal, the groove pattern is such that the lifting effect 
will only occur when the seal is rotating in the normal direction.
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