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AJSS Gas Turbine Tech Talk 
Dry Gas Seals  - Theory of Operation 
 

INTRODUCTION 

 

Today we are going to talk about Dry Gas Seals (abbreviated DGS) and their use in 

centrifugal gas compressors that compress hydrocarbon gas. DGS’s are an important 

technological advancement that took hold and became widespread in the industry during 

the late 1980’s and early 1990’s.   

The seals referred to in this discussion are both the dry gas seal and the separation or 

barrier seal.  Together, they function to seal the process gas in the compressor flow path 

from the bearing lubricating oil in order to prevent contamination of the oil with process gas 

and the accumulation of hydrocarbon gas in the oil reservoir, a situation that could lead to 

the dangerous condition of a combustible mixture in the reservoir.   

Prior to the introduction of DGS’s, centrifugal gas compressors used wet seals.  These are 

stationary metal seals with a carbon inner ring over a rotating shaft.  The sealing action 

occurs using high pressure oil injected between the inner surface of the carbon ring and the 

rotating shaft. 

Both wet and dry seals serve the function to prevent the migration of process gas to the 

lubricating oil and are a critical safety feature of any centrifugal gas compressor design.        

The primary disadvantage of wet seals is that they require complicated pressurized sealing 

oil and gas buffering systems using large quantities of both oil and gas.  If hydrocarbon gas is 

used for buffering, then it must be separated from the seal oil with all gas removed prior to 

returning it to the seal oil storage reservoir.  Pressurized float type traps, and supplemental 

separation using forced air or heating are for this purpose.   

Pumps must be used to pressurize the seal oil and a pump failure or loss of seal oil pressure 

with the compressor case under pressure will result in process gas migration to the lube oil 

system.  To preclude this, multiple backup pumps, each using a different type of motive 

force, are used to reduce the possibility of total failure.  Some systems come equipped with 

an overhead storage tank to gravity feed pressurized oil in the event of an emergency so 

that process gas migration is avoided during shut down and depressurization.  This adds 

even more complexity to the system.   

All these disadvantages and complexities are eliminated with the Dry Gas Seal.  The seal oil 

system is not required though the DGS does use seal gas as a barrier between the process 

gas and lube system.  A carbon ring separation seal between the bearing and the DGS acts 

as an additional barrier.  Since the quantity of seal and separation gas required is small, the 

gas can be safely vented away or sent to flare.  Additional safety margin can be achieved by 

using inert gas, usually nitrogen, but this can be costly, even at the small quantities 
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required.  Air can be used as separation gas, but never hydrocarbon gas.  Hydrocarbon gas is 

normally used for seal gas but air can never be used since surplus seal gas leaks across the 

compressor labyrinth seals and back into  the flow path.  Regardless of what type of gas is 

used, the small DGS and separation seal clearances necessitate that the seal and separation 

gas be very clean so as not to contaminate and damage the sealing surfaces.  

DRY GAS SEAL – THEORY OF OPERATION 

 

A DGS consists of a rotating, hard-face mating ring with either a machined or etched 

circumferential spiral groove pattern and a primary (stationary) ring in softer material.  The 

primary ring is radially restrained but can move in the axial direction.  In the static and 

depressurized condition, the springs behind the primary ring keep the seal faces closed and 

in contact.  In the static and pressurized condition, the seal gas penetrates across the faces 

at the tip of the groove.  A sealing dam maintains uniform pressure distribution between the 

seal faces and helps to provide hydrostatic lift.  This results in a low start up torque, lower 

heat generation, and less parasitic power (lower mechanical losses). 

In the dynamic condition, the progressively shallow spiral grooves draw the seal gas toward 

the centre dam and creates gas film pressure to separate the faces so they become non-

contacting during running.  The geometry of the spiral grooves provides a uniform pressure 

distribution and maintains the proper seal face gap for gas film stiffness. These features 

assist in quick lift off, even during low-speed operation and allow the seal faces to adjust 

rapidly to the changes in the process conditions. 

Depending on the shape of the circumferential grooves, the seals can be unidirectional 

(Figure 1) or bidirectional (Figure 2). A bidirectional seal provides protection from reverse 

rotation in situations such as the failure of a discharge check valve or yard valve that allows 

gas to rush into the compressor piping from a reverse direction.  A sealing dam and land are 

shown in Figures 1 and 2.  Figure 3 illustrates the pressure profile across dry gas seal faces 

during dynamic operation. 

However, the bi-directional seal is not often used due to cost so reverse shaft rotation must 

be avoided.  This is considered rare with proper functioning yard valves. 

 

Figure 1. Unidirectional spiral groove pattern on mating ring. 

https://compressortech2.com/wp-content/uploads/2017/07/Fig1.png
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Figure 2. Bidirectional spiral groove pattern on mating ring.  

 

Figure 3. Dry Gas Seal faces during dynamic operation  

The running clearance between the rotating and stationary faces is tiny – much smaller than 

the diameter of a human hair.  Figure 4 below illustrates this. 

 

 

Figure 4. Illustration of DGS seal clearances 

https://compressortech2.com/wp-content/uploads/2017/07/Fig2.png
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TANDEM DRY GAS SEALS 

 

The tandem dry gas seal is the most common in use in the hydrocarbon industry.  It consists 

of two seals, primary and secondary, whose functions are identical with the secondary 

serving as a backup in case the primary seal fails.   

A full pressure breakdown occurs across the primary seal faces in a tandem seal 

arrangement. The secondary or outboard seal normally operates at a pressure lower than 

that at the primary (inner) seal; however, it is designed to sustain the full pressure if the 

primary seal fails. The primary seal vent is usually routed to the plant’s flare, and the 

secondary seal vent is usually led to atmosphere if nitrogen is used as the separation gas. 

A tandem seal with intermediate labyrinth is used to preclude the leakage of process gas to 

the atmosphere.  Without the intermediate labyrinth, the secondary seal vent will contain 

hydrocarbon gas.  A clean, inert, buffer gas introduced at the intermediate labyrinth at 

slightly higher than the primary vent pressure creates a differential pressure that keeps the 

process gas from migrating to the secondary seal faces and sweeps the leakage of the seal 

gas in the primary vent and the leakage of the separation gas in the secondary vent.   

It is a very common practice to use seal gas tapped from the compressor’s discharge, after 

scrubbing and cooling, to make sure the seal gas is clean. However, positive flow of the seal 

gas is not available when the pressure rise across the compressor is inadequate such as start 

up and shutdown conditions. Alternative systems to boost seal gas pressure can be used to 

help avoid contamination across the primary seal faces during these transient conditions.  

Seal and separation gas supply systems will be discussed in more detail in a future Tech Talk. 

SEPARATION (BARRIER) SEAL 

 

The terms “separation” and “barrier” seal are used interchangeably.  The primary functions 

of a separation seal are to prevent the migration of bearing lube oil into the dry gas seal 

cavity and to avoid process gas leakage into the bearing oil.  The separation seal would be 

the last line of defence against a process gas migration to the lube oil system in the event of 

a total tandem dry gas seal failure (both the primary and secondary seals fail).  The chances 

of such a failure are extremely low.   

Two common types of separation seals include labyrinth and segmented dual carbon rings. 

A carbon ring seal can be of the contacting or non-contacting type. A non-contacting design 

is preferred to avert localized heat generation and to protect the carbon ring seal against 

premature wear. A separation seal should be suitable for bidirectional rotation. Figure 5 

below shows a standard dry gas and separation seal assembly, highlighting the flow 

direction of process fluids within the seal.  Figure 6 below shows the same thing for a dry 

gas seal with an intermediate labyrinth seal.   It can be seen how the intermediate labyrinth 

seal provides separation of the hydrocarbon seal gas from the secondary seal.  
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Figure 5. Tandem Dry Gas Seal without intermediate labyrinth, and showing separation 

seal. 

 

 
Figure 6. Tandem Dry Gas Seal with intermediate labyrinth seal and separation seals 


