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Abstract

Current compressor rod packing engineering standards rely on rule of

thumb methods and selection tables. This lecture presents a method

to maximize the packing run time by optimizing the performance

determining parameters of the packing. By predicting the rod

temperature distribution, the performance of different packing layouts

(case length, number of rings, backup ring material, ring design, case

ID) can be compared and a relative run time prediction can be given.

The lecture describes the model details, discusses the heat transfer

correlation assumptions and deducts general packing design

guidelines based on the model results. Several packing optimizations

have been performed using this approach and two case studies are

discussed in this lecture.
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Seal System – Piston & Pressure Packing

Compressor 
Piston

Pressure 
packing



Seal system = Rings and Packing
27% - 47% of corrective maintenance events!



Relevant packing design parameters

Number of       
packing          
rings Length of 

packing          
case Back-up ring   

material 

Case – rod 
clearance 

Ring style

Pressure

Gas Lube

In relation 
to stroke

PEEK vs
Metallic

1/8in vs
3/16in

Standard vs. 
pressure balanced



Typical leakage rates and heat removal

Expected Packing Leakage 
Rates (Based on empirical data)

Expected Heat Removal From Rod via 
Gas Leakage

Assumptions: Compression ratio of 
2.5, 2in rod dia, 9in stroke

Assumptions: Compression ratio of 
2.5, 2in rod dia, 9in stroke, 
temperature rise of gas of 180°F



The leakage gas removes only a small fraction 

of the generated heat
Assumptions

• Compression Ratio: 2.5

• Rod dia: 2in

• Stroke: 9in

• Temperature rise: 180°F

• Frictional coefficient: 

• 0.2 (none-lube)

• 0.04 (lube)

Lube oil

Heat removal from packing 
lube oil is negligible



Ideal Packing Case – Rod Temperature is a key 

parameter

Case Design 1 Case design 2 Case design 3

Number of rings 6 8 11

Case Length [in] 9 9 11

Rod Temp [°F] ? ? ?

Case Design 1 Case Design 2 Case Design 3
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Optimization Process – Increase the ring count 

without increasing the rod temperature

Add packing 
rings, increase 
the case length

Verify that the 
rod temperature 

does not 
increase

Increased 
packing run time



Thermal Model – Heat Generation, Heat 

Conduction, Heat Transfer
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Heat Transfer To The Packing Case

𝛼𝑧𝑜𝑛𝑒1 =
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Low Pressure, Ethylene, None Lube

Parameter

Speed [rpm] 440

Cylinder dia 16.5

Stroke [in] 9

Avg. p. speed [ft/min] 660

Rod dia [in] 2.5

Isentropic Exp. [] 1.29

Molar mass [kg/kmol] 25.8

Cylinder Lubrication None Lube

psuc [psig] 14

pdis[psig] 65

Packing Parameter

# of seal rings 3

Length of case [in] 6.25

Back up ring material NA

Rod – case cl. [in] 3/16

Ring style RT



Packing 

Optimization

Packing Parameter Existing New Impact

# of seal rings 3 4 Increased wear life

Length of case [in] 6.25 6.25 NA

Back up ring material NA NA NA

Rod – case clearance [in] 3/16 3/16 NA

Ring style RT1) PB2) Reduced heat generation

1)Radial / Tangential cut ring
2)Pressure balanced ring Original Optimized



Increased number of ring + Reduced Rod 

Temperature
— Increased number of rings

— Pressure balanced packing rings

Reduced 
Rod 
temperature



50% wear progress after 14 months of run time

80% 
worn

50% 
worn

25% 
worn

25% 
worn



Medium Pressure, Hydrogen, None Lube

Parameter

Speed [rpm] 396

Cylinder dia [in] 4.75

Stroke [in] 9

Avg. P. speed [ft/min] 593

Rod dia [in] 2

Isentropic Exp. [] 1.4

Molar mass [kg/kmol] 2

Cylinder Lubrication None Lube

psuc [psig] 920

pdis[psig] 1530

Packing Parameter

# of seal rings 6

Length of case [in] 9

Back up ring material PEEK

Rod – case cl.[in] 1/8

Ring style RT



Packing 

Optimization

Packing Parameter Existing New Impact

# of seal rings 6 8 Increased wear life

Length of case [in] 9 9 NA

Back up ring material PEEK Bronze Better heat transfer

Rod – case clearance [in] 1/8 1/8 NA

Ring style RT1) PB2) Reduced heat generation

1)Radial / Tangential cut ring
2)Pressure balanced ring Original Optimized



Rod Temperature Distribution

— Increased number of rings

— Pressure balanced packing rings

— Metallic back-up ring

Reduced 
Rod 
temperature
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Optimization Process – Increase the ring count 

without increasing the rod temperature

Add packing 
rings, increase 
the case length

Verify that the 
rod temperature 

does not 
increase

Increased 
packing run time



Making Pressure Packings more Reliable by Taking 

the Rod Temperature into Consideration

Number of       
packing          
rings

Length of 
packing          
case

Back-up ring    
material 

Case – rod 
clearance 

Ring style


