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INTRODUCTION

annular seals, the primary task is to restrict annular seals, the primary task is to restrict annular seals, the primary task is to restrict annular seals, the primary task is to restrict 

leakage between a rotating shaft and a leakage between a rotating shaft and a leakage between a rotating shaft and a leakage between a rotating shaft and a 

stationary housingstationary housingstationary housingstationary housing

Conventional labyrinth seals continue to be Conventional labyrinth seals continue to be Conventional labyrinth seals continue to be Conventional labyrinth seals continue to be 

a source of aerodynamic excitation in a source of aerodynamic excitation in a source of aerodynamic excitation in a source of aerodynamic excitation in 

highhighhighhigh----pressure compressorspressure compressorspressure compressorspressure compressors

A new type of labyrinth seal, Pocket Damper Seal A new type of labyrinth seal, Pocket Damper Seal A new type of labyrinth seal, Pocket Damper Seal A new type of labyrinth seal, Pocket Damper Seal 

(PDS) that reduces cross(PDS) that reduces cross(PDS) that reduces cross(PDS) that reduces cross----coupled rotor forces coupled rotor forces coupled rotor forces coupled rotor forces 

and produces a remarkable amount of damping and produces a remarkable amount of damping and produces a remarkable amount of damping and produces a remarkable amount of damping 

was invented at Texas A&M Universitywas invented at Texas A&M Universitywas invented at Texas A&M Universitywas invented at Texas A&M University

Dr. Vance and his student Schultz developed Dr. Vance and his student Schultz developed Dr. Vance and his student Schultz developed Dr. Vance and his student Schultz developed 

the pocket damper sealthe pocket damper sealthe pocket damper sealthe pocket damper seal

INTRODUCTION [Contd..]

The pocket damper seal has much higher damping The pocket damper seal has much higher damping The pocket damper seal has much higher damping The pocket damper seal has much higher damping 

than conventional labyrinths, hence used to than conventional labyrinths, hence used to than conventional labyrinths, hence used to than conventional labyrinths, hence used to 

eliminate instabilities in centrifugal compressorseliminate instabilities in centrifugal compressorseliminate instabilities in centrifugal compressorseliminate instabilities in centrifugal compressors

PDS provides damping that can be a hundred PDS provides damping that can be a hundred PDS provides damping that can be a hundred PDS provides damping that can be a hundred 

times higher than a standard labyrinth sealtimes higher than a standard labyrinth sealtimes higher than a standard labyrinth sealtimes higher than a standard labyrinth seal

The sub synchronous vibration is believed to be The sub synchronous vibration is believed to be The sub synchronous vibration is believed to be The sub synchronous vibration is believed to be 

the result of high aerodynamic cross coupling the result of high aerodynamic cross coupling the result of high aerodynamic cross coupling the result of high aerodynamic cross coupling 

introduced by conventional grooved rotor and introduced by conventional grooved rotor and introduced by conventional grooved rotor and introduced by conventional grooved rotor and 

stationary labyrinth center seals stationary labyrinth center seals stationary labyrinth center seals stationary labyrinth center seals 

The separation walls in PDS reduce the fluid The separation walls in PDS reduce the fluid The separation walls in PDS reduce the fluid The separation walls in PDS reduce the fluid 

circulation and the corresponding crosscirculation and the corresponding crosscirculation and the corresponding crosscirculation and the corresponding cross----coupled coupled coupled coupled 

stiffnessstiffnessstiffnessstiffness



4

INTRODUCTION [Contd..]

The inlet tooth of each cavity has a tighter The inlet tooth of each cavity has a tighter The inlet tooth of each cavity has a tighter The inlet tooth of each cavity has a tighter 

clearance compared to the exit tooth thus clearance compared to the exit tooth thus clearance compared to the exit tooth thus clearance compared to the exit tooth thus 

producing a diverging clearance in the direction producing a diverging clearance in the direction producing a diverging clearance in the direction producing a diverging clearance in the direction 

of flowof flowof flowof flow

The diverging clearance and the pocketed design The diverging clearance and the pocketed design The diverging clearance and the pocketed design The diverging clearance and the pocketed design 

along with optimization of the pocket volume, along with optimization of the pocket volume, along with optimization of the pocket volume, along with optimization of the pocket volume, 

produce high direct damping while reducing produce high direct damping while reducing produce high direct damping while reducing produce high direct damping while reducing 

the cross coupled stiffnessthe cross coupled stiffnessthe cross coupled stiffnessthe cross coupled stiffness

The current project work provides a design tool The current project work provides a design tool The current project work provides a design tool The current project work provides a design tool 

for the PDS analysisfor the PDS analysisfor the PDS analysisfor the PDS analysis

IDENTIFICATION OF SIGNIFICANT VARIABLES

Nomenclature of Relevant Variables :Nomenclature of Relevant Variables :Nomenclature of Relevant Variables :Nomenclature of Relevant Variables :

Number of Variables = 18Number of Variables = 18Number of Variables = 18Number of Variables = 18

Cxx  direct damping, lb-s/in  

ωωωω   Frequency, rad/s 

CRi     radial clearance at the inlet, in 

∆∆∆∆P    pressure drop, psi 

L    seal length, in 

D  seal diameter, in 
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Nomenclature of Relevant Variables : Nomenclature of Relevant Variables : Nomenclature of Relevant Variables : Nomenclature of Relevant Variables : [Contd..][Contd..][Contd..][Contd..]

Kxx  direct damping, lb/in 

w&      leakage, lb/s 

Va  acoustic velocity (replaces R, T and k), in/s 

B  radial cavity depth, in 

PR  pitch ratio, dimensionless 

gC   acceleration of gravity, in/s
2
 

Nomenclature of Relevant Variables : Nomenclature of Relevant Variables : Nomenclature of Relevant Variables : Nomenclature of Relevant Variables : [Contd..][Contd..][Contd..][Contd..]

NB   number of blades (teeth), dimensionless 

Pi   pressure at the inlet to the seal, psia 

RC    clearance ratio, dimensionless 

bt      thickness of teeth, in 

bw    thickness of separation walls, in 

NW    number of circumferential pockets,  

dimensionless 
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IDENTIFICATION OF SIGNIFICANT PI GROUPS

Buckingham PI Theorem:Buckingham PI Theorem:Buckingham PI Theorem:Buckingham PI Theorem:

the number of dimensionless and independent the number of dimensionless and independent the number of dimensionless and independent the number of dimensionless and independent 

quantities required to express a relationship quantities required to express a relationship quantities required to express a relationship quantities required to express a relationship 

among the variables in any phenomenon is equal among the variables in any phenomenon is equal among the variables in any phenomenon is equal among the variables in any phenomenon is equal 

to the number of quantities involved, minus the to the number of quantities involved, minus the to the number of quantities involved, minus the to the number of quantities involved, minus the 

number of dimensions in which those quantities number of dimensions in which those quantities number of dimensions in which those quantities number of dimensions in which those quantities 

may be measured may be measured may be measured may be measured 

Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

In equation form the PI Theorem is,In equation form the PI Theorem is,In equation form the PI Theorem is,In equation form the PI Theorem is,

s = n s = n s = n s = n –––– bbbb

where, where, where, where, 

s is the number of s is the number of s is the number of s is the number of ππππ termstermstermsterms

n is the total number of quantities involvedn is the total number of quantities involvedn is the total number of quantities involvedn is the total number of quantities involved

b is the number of basic dimensions involved b is the number of basic dimensions involved b is the number of basic dimensions involved b is the number of basic dimensions involved 
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

We can write,We can write,We can write,We can write,

Cα CXX
C1

ω
C2

 CRi
C3

∆P 
C4

 L
C5

 D
C6

 KXX
C7

w&
C8

 

Va
C9

 B
C10

 gC
C11 

NB 
C12

 PR
C13

 Pi
C14

 RC
C15 

bt
C16 

bw
C17

NW
C18 

= 1 

The corresponding dimensional equation is given by,The corresponding dimensional equation is given by,The corresponding dimensional equation is given by,The corresponding dimensional equation is given by,
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

Three auxiliary equations can be written,Three auxiliary equations can be written,Three auxiliary equations can be written,Three auxiliary equations can be written,

F: c1 + c4 + c7 +c8 + c14 = 0 

L: - c1 + c3 - 2c4 + c5 + c6 - c7 + c9 + c10  

+ c11 – 2c14 + c16 + c17 = 0 

T:  c1 – c2 – c8 – c9 – 2c11 = 0 
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

Total number of quantities [ Variables ] = 18Total number of quantities [ Variables ] = 18Total number of quantities [ Variables ] = 18Total number of quantities [ Variables ] = 18

Number of basic dimensions [ F, L,T ]= 3Number of basic dimensions [ F, L,T ]= 3Number of basic dimensions [ F, L,T ]= 3Number of basic dimensions [ F, L,T ]= 3

Number of Number of Number of Number of ππππ groups = 18 groups = 18 groups = 18 groups = 18 –––– 3 3 3 3 

= 15 = 15 = 15 = 15 ππππ groups groups groups groups 

Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

We know that,We know that,We know that,We know that,

N B
=π 1

PR=π 2

RC
=π 3

NW
=π 4

We have to find the other pi groupsWe have to find the other pi groupsWe have to find the other pi groupsWe have to find the other pi groups
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

The other pi groups are identified as,The other pi groups are identified as,The other pi groups are identified as,The other pi groups are identified as,
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

The useful PI groups are identified as,The useful PI groups are identified as,The useful PI groups are identified as,The useful PI groups are identified as,
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]
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Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: Buckingham PI Theorem: [Contd..][Contd..][Contd..][Contd..]

ππ 29
==′ PR  

π
π

π
13

8

10
==

∆
′

P

P

i

 

ππ 311
==′ RC

 

ππ 412
==′ NW

 

L
bt=′π 13

        

L
bw=′π 14

        

L

B
=′π 15

 



12

Significant PI groups:Significant PI groups:Significant PI groups:Significant PI groups:
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C XX

⋅

⋅
=

∆
′

ω
π 1

DampingDampingDampingDamping----frequency PI groupfrequency PI groupfrequency PI groupfrequency PI group
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K XX
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=
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′π 2

Stiffness PI groupStiffness PI groupStiffness PI groupStiffness PI group
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22
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ω
π HelmHelmHelmHelm----Holtz PI groupHoltz PI groupHoltz PI groupHoltz PI group

w

gC CXX

&

⋅
=′π 5

DampingDampingDampingDamping----leakage PI groupleakage PI groupleakage PI groupleakage PI group

DESIGN PLOTS WITH SIGNIFICANT PI GROUPS

The DampingThe DampingThe DampingThe Damping----frequency PI group, frequency PI group, frequency PI group, frequency PI group, 

the Stiffness PI group, the Stiffness PI group, the Stiffness PI group, the Stiffness PI group, 

the Leakage PI group, the Leakage PI group, the Leakage PI group, the Leakage PI group, 

the Helmthe Helmthe Helmthe Helm----Holtz PI group, Holtz PI group, Holtz PI group, Holtz PI group, 

the Dampingthe Dampingthe Dampingthe Damping----leakage PI group leakage PI group leakage PI group leakage PI group 

are plotted with other significant PI groups viz, are plotted with other significant PI groups viz, are plotted with other significant PI groups viz, are plotted with other significant PI groups viz, 

The pressure ratio PI group, The pressure ratio PI group, The pressure ratio PI group, The pressure ratio PI group, 

The inlet radial clearance to diameter PI group, The inlet radial clearance to diameter PI group, The inlet radial clearance to diameter PI group, The inlet radial clearance to diameter PI group, 

The clearance ratio PI group and The clearance ratio PI group and The clearance ratio PI group and The clearance ratio PI group and 

the number of blades PI group the number of blades PI group the number of blades PI group the number of blades PI group 

to obtain the design plots for to obtain the design plots for to obtain the design plots for to obtain the design plots for 

Pocket Damper Seals. Pocket Damper Seals. Pocket Damper Seals. Pocket Damper Seals. 
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DampingDampingDampingDamping----frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. 

Inlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI group

 

Cxx(Om ega)/(de ltaP)L V s . CRi/D @  L/D = 0.45
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@5500 RPM and deltaP/Pinlet = 0.4

@5500 RPM  and  deltaP/Pinlet = 0.6

@5500 RPM  and  deltaP/Pinlet = 0.8

7814.451=
⋅

⋅

∆ LP

C XX ω

INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 650 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 390 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0091 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0136 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.4 inches SEAL LENGTH (axial)

Dia_inner 7.5556 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3778 inches DEPTH OF SEAL POCKET

Wallthick 0.0986 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0986 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio

Nblade 4 none 1 650 1 0.912947

Dia_outer 8.3112 inches 2 593.4157 2 0.938365
ActvPitch 1.323895 inches(inside) 3 556.8403 3 0.803449

DeadPitch 0.35781 inches(inside) 4 447.3925 4 0.871718

massflow 1.617407 lb/sec 5 390

Cxx 72.61359 lb-s/in(direct damping)

Kxx -23407.11 lb/in(direct stiffness)

( )( )( )
6136.72

5500

4.32607814.451
==C XX

in

slb−
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Kxx/(de ltaP)L Vs . CRi/D @  L/D = 0.45
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@5500 RPM and  deltaP/Pinlet = 0.4

@5500 RPM  and  deltaP/Pinlet = 0.6

@5500 RPM  and  deltaP/Pinlet = 0.8

Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. 

Inlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI group

1497.23−
∆

=
⋅ LP

K XX

INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1700 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 680 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0095 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0142 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.3 inches SEAL LENGTH (axial)

Dia_inner 7.3333 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3667 inches DEPTH OF SEAL POCKET

Wallthick 0.0957 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0957 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio

Nblade 4 none 1 1700 1 0.883973

Dia_outer 8.0667 inches 2 1502.753 2 0.912569
ActvPitch 1.284957 inches(inside) 3 1371.367 3 0.689387

DeadPitch 0.347286 inches(inside) 4 945.4029 4 0.71927

massflow 4.862902 lb/sec 5 680

Cxx 277.6909 lb-s/in(direct damping)

Kxx -77921.97 lb/in(direct stiffness)

( )( )( ) 97.779213.310201497.23 −=−=K XX

in

lb
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Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. 

Inlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI group

 

Wdot/(de ltaP)(Va)(CRi) V s . CRi/D  @  L/D = 0.45
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⋅⋅∆

e
w

CRVP ia
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2500 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 500 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0099 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0148 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.2 inches SEAL LENGTH (axial)

Dia_inner 7.1111 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3556 inches DEPTH OF SEAL POCKET

Wallthick 0.0928 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0928 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio

Nblade 4 none 1 2500 1 0.88527359

Dia_outer 7.8223 inches 2 2213.184 2 0.91382778
ActvPitch 1.246019 inches(inside) 3 2022.469 3 0.695512684

DeadPitch 0.336762 inches(inside) 4 1406.653 4 FLOW CHOKED

massflow 7.191709 lb/sec 5 500
Cxx 421.7751 lb-s/in(direct damping)

Kxx -110205.3 lb/in(direct stiffness)

1917.7)0099.0)(13333)(2000)(0573636.2( =−= ew&
s

lb
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DampingDampingDampingDamping----leakage PI group Vs. leakage PI group Vs. leakage PI group Vs. leakage PI group Vs. 

Inlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI groupInlet radial clearance to diameter PI group

 

Cxx(gc)/Wdot V s . CRi/D @ L/D = 0.45
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w

gC CXX

&

INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1700 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 680 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0095 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0142 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.3 inches SEAL LENGTH (axial)

Dia_inner 7.3333 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3667 inches DEPTH OF SEAL POCKET

Wallthick 0.0957 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0957 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 1700 1 0.88397261

Dia_outer 8.0667 inches 2 1502.753 2 0.912569279

ActvPitch 1.284957 inches(inside) 3 1371.367 3 0.689387394

DeadPitch 0.347286 inches(inside) 4 945.4029 4 0.719270089

massflow 4.862902 lb/sec 5 680
Cxx 277.6909 lb-s/in(direct damping)

Kxx -77921.97 lb/in(direct stiffness)

6909.277
4.386

)8629.4)(9670.22064(
==C XX

in

slb−
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DampingDampingDampingDamping----frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group

 
Cxx(Om e ga)/(de ltaP)L V s . [De lta P/P inle t] @  L/D = 0.45
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1500 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 600 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0103 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0155 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.1 inches SEAL LENGTH (axial)

Dia_inner 6.8889 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3444 inches DEPTH OF SEAL POCKET

Wallthick 0.0899 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0899 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio

Nblade 4 none 1 1500 1 0.883347

Dia_outer 7.5777 inches 2 1325.021 2 0.913337

ActvPitch 1.207081 inches(inside) 3 1210.191 3 0.687824

DeadPitch 0.326238 inches(inside) 4 832.3985 4 0.720809
massflow 4.380293 lb/sec 5 600

Cxx 191.2972 lb-s/in(direct damping)

Kxx -65722.97 lb/in(direct stiffness)

( )( )( )
2972.191

5500

1.39001091.377
==C XX

in

slb−
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Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2000 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 400 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.008 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.012 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.6 inches SEAL LENGTH (axial)

Dia_inner 8 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.4 inches DEPTH OF SEAL POCKET

Wallthick 0.1044 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.1044 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 2000 1 0.884847831
Dia_outer 8.8 inches 2 1769.696 2 0.914098208
ActvPitch 1.401771 inches(inside) 3 1617.676 3 0.694208268
DeadPitch 0.378857 inches(inside) 4 1123.004 4 FLOW CHOKED
massflow 5.238676 lb/sec 5 400
Cxx 508.2267 lb-s/in(direct damping)

Kxx -86596.4 lb/in(direct stiffness)

( )( )( ) 4.865966.316000341.15 −=−=K XX

in

lb
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Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1800 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 720 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0091 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0136 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.4 inches SEAL LENGTH (axial)

Dia_inner 7.5556 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3778 inches DEPTH OF SEAL POCKET

Wallthick 0.0986 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0986 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 1800 1 0.883987002
Dia_outer 8.3112 inches 2 1591.177 2 0.912551619
ActvPitch 1.323895 inches(inside) 3 1452.031 3 0.689423311
DeadPitch 0.35781 inches(inside) 4 1001.064 4 0.719234826
massflow 5.081399 lb/sec 5 720
Cxx 329.6951 lb-s/in(direct damping)

Kxx -83815.32 lb/in(direct stiffness)

081399.5)0091.0)(13333)(1080)(0589496.3( =−= ew&
s

lb
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DampingDampingDampingDamping----leakage PI group Vs. leakage PI group Vs. leakage PI group Vs. leakage PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1900 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 760 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0086 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0129 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.5 inches SEAL LENGTH (axial)

Dia_inner 7.7777 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3889 inches DEPTH OF SEAL POCKET

Wallthick 0.1015 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.1015 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 1900 1 0.88364629
Dia_outer 8.5555 inches 2 1678.928 2 0.912969846
ActvPitch 1.362833 inches(inside) 3 1532.811 3 0.688572368
DeadPitch 0.368333 inches(inside) 4 1055.451 4 0.720071311
massflow 5.224563 lb/sec 5 760
Cxx 393.01 lb-s/in(direct damping)

Kxx -89999.82 lb/in(direct stiffness)

01.393
4.386

)224563.5)(3688.29066(
==C XX

in

slb−
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DampingDampingDampingDamping----frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. 

HelmHelmHelmHelm----Holtz PI groupHoltz PI groupHoltz PI groupHoltz PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2250 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 450 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0076 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0113 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.4 inches SEAL LENGTH (axial)

Dia_inner 7.5556 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3778 inches DEPTH OF SEAL POCKET

Wallthick 0.0986 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0986 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 2250 1 0.885960642
Dia_outer 8.3112 inches 2 1993.411 2 0.913391982
ActvPitch 1.323895 inches(inside) 3 1820.766 3 0.697610371
DeadPitch 0.35781 inches(inside) 4 1270.185 4 FLOW CHOKED
massflow 5.265783 lb/sec 5 450
Cxx 531.8228 lb-s/in(direct damping)

Kxx -97276.17 lb/in(direct stiffness)
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Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. 

HelmHelmHelmHelm----Holtz PI groupHoltz PI groupHoltz PI groupHoltz PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1600 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 640 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0071 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0107 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.2 inches SEAL LENGTH (axial)

Dia_inner 7.1111 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3556 inches DEPTH OF SEAL POCKET

Wallthick 0.0928 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0928 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 1600 1 0.883212881
Dia_outer 7.8223 inches 2 1413.141 2 0.91350225
ActvPitch 1.246019 inches(inside) 3 1290.907 3 0.687488065
DeadPitch 0.336762 inches(inside) 4 887.4832 4 0.721140377
massflow 3.326243 lb/sec 5 640
Cxx 329.623 lb-s/in(direct damping)

Kxx -78238.07 lb/in(direct stiffness)

( )( )( ) 07.782382.39604681.25 −=−=K XX

in

lb
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Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. 

HelmHelmHelmHelm----Holtz PI groupHoltz PI groupHoltz PI groupHoltz PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 650 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 390 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0076 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0113 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.4 inches SEAL LENGTH (axial)

Dia_inner 7.5556 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3778 inches DEPTH OF SEAL POCKET

Wallthick 0.0986 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0986 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 650 1 0.91330069
Dia_outer 8.3112 inches 2 593.6454 2 0.937936646
ActvPitch 1.323895 inches(inside) 3 556.8018 3 0.804155644
DeadPitch 0.35781 inches(inside) 4 447.7553 4 0.871011414
massflow 1.348338 lb/sec 5 390
Cxx 89.75526 lb-s/in(direct damping)

Kxx -24876.1 lb/in(direct stiffness)

348338.1)0076.0)(13333)(260)(0514972.5( =−= ew&
s

lb
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DampingDampingDampingDamping----frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. 

Clearance ratio PI groupClearance ratio PI groupClearance ratio PI groupClearance ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2375 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 475 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0073 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0095 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.3 inches SEAL LENGTH (axial)

Dia_inner 7.3333 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3667 inches DEPTH OF SEAL POCKET

Wallthick 0.0957 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0957 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 2375 1 0.902927254
Dia_outer 8.0667 inches 2 2144.452 2 0.902886333
ActvPitch 1.284957 inches(inside) 3 1936.197 3 0.746786282
DeadPitch 0.347286 inches(inside) 4 1445.925 4 FLOW CHOKED
massflow 4.830072 lb/sec 5 475
Cxx 412.6566 lb-s/in(direct damping)

Kxx -58816.49 lb/in(direct stiffness)

( )( )( )
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Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. 

Clearance ratio PI groupClearance ratio PI groupClearance ratio PI groupClearance ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1900 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 760 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0078 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0117 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.5 inches SEAL LENGTH (axial)

Dia_inner 7.7777 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3889 inches DEPTH OF SEAL POCKET

Wallthick 0.1015 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.1015 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 1900 1 0.88364629
Dia_outer 8.5555 inches 2 1678.928 2 0.912969846
ActvPitch 1.362833 inches(inside) 3 1532.811 3 0.688572368
DeadPitch 0.368333 inches(inside) 4 1055.451 4 0.720071311
massflow 4.738557 lb/sec 5 760
Cxx 429.2118 lb-s/in(direct damping)

Kxx -90159.57 lb/in(direct stiffness)

( )( )( ) 57.901595.311405964.22 −=−=K XX

in

lb
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Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. 

Clearance ratio PI groupClearance ratio PI groupClearance ratio PI groupClearance ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2500 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 500 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0071 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0085 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.2 inches SEAL LENGTH (axial)

Dia_inner 7.1111 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3556 inches DEPTH OF SEAL POCKET

Wallthick 0.0928 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0928 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 2500 1 0.913461841
Dia_outer 7.8223 inches 2 2283.655 2 0.896493819
ActvPitch 1.246019 inches(inside) 3 2047.282 3 0.77493568
DeadPitch 0.336762 inches(inside) 4 1586.512 4 FLOW CHOKED
massflow 4.555912 lb/sec 5 500
Cxx 327.3755 lb-s/in(direct damping)

Kxx -32935.72 lb/in(direct stiffness)

5559.4)0071.0)(13333)(2000)(054026.2( =−= ew&
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DampingDampingDampingDamping----frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1700 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 680 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0073 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0095 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.3 inches SEAL LENGTH (axial)

Dia_inner 7.3333 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3667 inches DEPTH OF SEAL POCKET

Wallthick 0.0957 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0957 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 1700 1 0.897514665
Dia_outer 8.0667 inches 2 1525.775 2 0.896159159
ActvPitch 1.284957 inches(inside) 3 1367.337 3 0.722232928
DeadPitch 0.347286 inches(inside) 4 987.5359 4 0.688582538
massflow 3.540885 lb/sec 5 680
Cxx 290.7009 lb-s/in(direct damping)

Kxx -46638.45 lb/in(direct stiffness)
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Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2250 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 450 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0076 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0106 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.4 inches SEAL LENGTH (axial)

Dia_inner 7.5556 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3778 inches DEPTH OF SEAL POCKET

Wallthick 0.0986 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0986 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 2250 1 0.89408037
Dia_outer 8.3112 inches 2 2011.681 2 0.90829582
ActvPitch 1.323895 inches(inside) 3 1827.201 3 0.721746255
DeadPitch 0.35781 inches(inside) 4 1318.776 4 FLOW CHOKED
massflow 5.099927 lb/sec 5 450
Cxx 470.1801 lb-s/in(direct damping)

Kxx -77114.36 lb/in(direct stiffness)
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Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group

 
Wdot/(de ltaP)(Va)(Cr i) Vs . [De lta P/P inle t] @  L/D = 0.45
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2000 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 800 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.008 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0128 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.6 inches SEAL LENGTH (axial)

Dia_inner 8 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.4 inches DEPTH OF SEAL POCKET

Wallthick 0.1044 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.1044 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 2000 1 0.877822138
Dia_outer 8.8 inches 2 1755.644 2 0.920161251
ActvPitch 1.401771 inches(inside) 3 1615.476 3 0.673824212
DeadPitch 0.378857 inches(inside) 4 1088.547 4 0.734924811
massflow 5.37292 lb/sec 5 800
Cxx 494.0448 lb-s/in(direct damping)

Kxx -111846.3 lb/in(direct stiffness)
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DampingDampingDampingDamping----frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. 

Number of Blades PI groupNumber of Blades PI groupNumber of Blades PI groupNumber of Blades PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2125 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 425 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.007 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0105 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.5 inches SEAL LENGTH (axial)

Dia_inner 7 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3889 inches DEPTH OF SEAL POCKET

Wallthick 0.1015 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.1015 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 4 none 1 2125 1 0.884847831

Dia_outer 7.7778 inches 2 1880.302 2 0.914098208

ActvPitch 1.362833 inches(inside) 3 1718.78 3 0.694208268

DeadPitch 0.368333 inches(inside) 4 1193.192 4 FLOW CHOKED

massflow 4.26154 lb/sec 5 425
Cxx 509.0342 lb-s/in(direct damping)

Kxx -81854.33 lb/in(direct stiffness)
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Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. 

Number of Blades PI groupNumber of Blades PI groupNumber of Blades PI groupNumber of Blades PI group

 

Kxx/(de ltaP)L V s . NB @  L/D = 0.5

-30

-20

-10

0

10

0 2 4 6 8 10 12

NB

K
x

x
/(

d
e

lt
a

P
)L

@5500 RPM and  deltaP/Pinlet = 0.4

@5500 RPM  and  deltaP/Pinlet = 0.6

@5500 RPM  and  deltaP/Pinlet = 0.8

715.16−
∆

=
⋅ LP

K XX

INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 3 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2250 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 450 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0068 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0102 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.4 inches SEAL LENGTH (axial)

Dia_inner 6.8 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3778 inches DEPTH OF SEAL POCKET

Wallthick 0.0986 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0986 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 6 none 1 2250 1 0.9290251

Dia_outer 7.5556 inches 2 2090.306 2 0.951793101

ActvPitch 0.793212 inches(inside) 3 1989.539 3 0.85238207

DeadPitch 0.214382 inches(inside) 4 1695.848 4 0.908894711

massflow 3.431964 lb/sec 5 1541.347 5 0.699423141
Cxx 306.8051 lb-s/in(direct damping) 6 1078.054 6 FLOW CHOKED

Kxx -102296 lb/in(direct stiffness) 7 450
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Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. 

Number of Blades PI groupNumber of Blades PI groupNumber of Blades PI groupNumber of Blades PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 4 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 600 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 360 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0066 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0099 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.3 inches SEAL LENGTH (axial)

Dia_inner 6.6 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3667 inches DEPTH OF SEAL POCKET

Wallthick 0.0957 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0957 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 8 none 1 600 1 0.964348201

Dia_outer 7.3334 inches 2 578.6089 2 0.977411346
ActvPitch 0.526813 inches(inside) 3 565.5389 3 0.93643145

DeadPitch 0.142382 inches(inside) 4 529.5884 4 0.96702328
massflow 0.623427 lb/sec 5 512.1243 5 0.91197213
Cxx 16.86619 lb-s/in(direct damping) 6 467.0431 6 0.952810411

Kxx -12902.21 lb/in(direct stiffness) 7 445.0036 7 0.871767674
8 387.9397 8 0.927979235
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DampingDampingDampingDamping----frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. frequency PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 2 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1900 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 760 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.007 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0105 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.5 inches SEAL LENGTH (axial)

Dia_inner 7 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3889 inches DEPTH OF SEAL POCKET

Wallthick 0.1015 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.1015 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio

Nblade 4 none 1 1900 1 0.88364629
Dia_outer 7.7778 inches 2 1678.928 2 0.912969846

ActvPitch 1.362833 inches(inside) 3 1532.811 3 0.688572368

DeadPitch 0.368333 inches(inside) 4 1055.451 4 0.720071311

massflow 3.827334 lb/sec 5 760
Cxx 422.6041 lb-s/in(direct damping)

Kxx -80170.89 lb/in(direct stiffness)
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Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. Stiffness PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 5 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 1600 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 640 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0064 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0096 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.2 inches SEAL LENGTH (axial)

Dia_inner 6.4 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3556 inches DEPTH OF SEAL POCKET

Wallthick 0.0928 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0928 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio

Nblade 10 none 1 1600 1 0.964459353

Dia_outer 7.1112 inches 2 1543.135 2 0.977486543

ActvPitch 0.373618 inches(inside) 3 1508.394 3 0.936657811

DeadPitch 0.100978 inches(inside) 4 1412.849 4 0.967154947

massflow 1.560902 lb/sec 5 1366.444 5 0.912359353

Cxx 39.24941 lb-s/in(direct damping) 6 1246.688 6 0.953054217

Kxx -38592.02 lb/in(direct stiffness) 7 1188.161 7 0.872531551

8 1036.708 8 0.926377054

9 960.3824 9 0.783664836

10 752.6179 10 0.85036511

11 640
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Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. Leakage PI group Vs. 

Pressure ratio PI groupPressure ratio PI groupPressure ratio PI groupPressure ratio PI group

 
Wdot/(de ltaP)(Va)(Cr i) Vs . [De lta P/P inle t] @ L/D = 0.5
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INPUT UNITS DESCRIPTION

Vibe_freq 5500 cpm  VIBRATION OR WHIRL FREQUENCY (CPM) 

Npair 3 none NUMBER OF PAIRS OF LABYRINTH TEETH

Pres_hi 2250 psia UPSTREAM PRESSURE OF SEAL

Pres_lo 450 psia DOWNSTREAM PRESSURE OF SEAL

CR_inlet 0.0068 inches INLET RADIAL CLEARANCE TO A SEAL POCKET

CR_exit 0.0102 inches EXIT RADIAL CLEARANCE TO A POCKET

Seal_length 3.4 inches SEAL LENGTH (axial)

Dia_inner 6.8 inches INNER DIAMETER FOR SEAL (shaft diameter)

Depth 0.3778 inches DEPTH OF SEAL POCKET

Wallthick 0.0986 inches THICKNESS OF SEPARATION WALLS 

Bladethick 0.0986 inches THICKNESS OF THE LABY TEETH

Pitch_R 3.7 none RATIO OF ACTIVE/INACTIVE PITCH

Mole_wt 29 none 29 FOR AIR, 16 FOR METHANE 

Gamma 1.4 none RATIO OF SPECIFIC HEAT, 1.4 FOR AIR, 1.3 FOR METHANE

Temprtr 259 deg F TEMPERATURE OF GAS IN FAHRENHEIT

Always RUN this sheet FIRST Input only the red numbers

OUTPUT UNITS cavity no. PRESSURES blade no. P_ratio
Nblade 6 none 1 2250 1 0.9290251

Dia_outer 7.5556 inches 2 2090.306 2 0.951793101

ActvPitch 0.793212 inches(inside) 3 1989.539 3 0.85238207

DeadPitch 0.214382 inches(inside) 4 1695.848 4 0.908894711

massflow 3.431964 lb/sec 5 1541.347 5 0.699423141
Cxx 306.8051 lb-s/in(direct damping) 6 1078.054 6 FLOW CHOKED

Kxx -102296 lb/in(direct stiffness) 7 450
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CONCLUSION

PI groups for Pocket Damper Seal (PDS)PI groups for Pocket Damper Seal (PDS)PI groups for Pocket Damper Seal (PDS)PI groups for Pocket Damper Seal (PDS)

are developed developed developed developed 

Significant PI groups are identifiedSignificant PI groups are identifiedSignificant PI groups are identifiedSignificant PI groups are identified

Design plots with significant PI groups Design plots with significant PI groups Design plots with significant PI groups Design plots with significant PI groups 

are developed and analyzed are developed and analyzed are developed and analyzed are developed and analyzed 

Viable design tool for different PDS Viable design tool for different PDS Viable design tool for different PDS Viable design tool for different PDS 

configurations is providedconfigurations is providedconfigurations is providedconfigurations is provided

Further study based on this project work Further study based on this project work Further study based on this project work Further study based on this project work 

could be performed by incorporating more could be performed by incorporating more could be performed by incorporating more could be performed by incorporating more 

variables that could affect significantly the variables that could affect significantly the variables that could affect significantly the variables that could affect significantly the 

operation of pocket damper seals as the operation of pocket damper seals as the operation of pocket damper seals as the operation of pocket damper seals as the 

research progresses. research progresses. research progresses. research progresses. 

QUESTIONS !


