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How to efficiently predict the dynamic 
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additional closure:

▪ velocity ansatz functions

▪ wall shear stress model



Smearing shear stresses to model profiled walls 

using efficient 2D calculation tool



Primärfarben

Sekundärfarben

Tertiärfarben

Modelling Approach for non symmetrical

profiles

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 9

෨𝐿

෨𝑌, 𝛽𝑌

ሚҧ𝐶𝑧

෤𝑎𝜑

෤𝑎𝑧
2

෤𝑎𝑧
෨𝑅

෨ℎ 𝜑, ǁ𝑧

ǁ𝑧

ሚ𝐶𝜑|෤z=0 ǁ𝑠

𝛾

෨𝑌

෨𝑋

෤𝑝0 + Δ෤𝑝
෤𝑝0

Non symmetrically profiled seal Plain seal with wall shear stress and velocity profiles⇔

ǁ𝑐𝑧 ≠ 0
ǁ𝑐𝜑 ≠ 0

ǁ𝑐𝑧
ሚҧ𝜏Stator

ሚҧ𝜏Rotor



Primärfarben

Sekundärfarben

Tertiärfarben
ǁ𝑧

ǁ𝑟
𝜑

ሚҧ𝐶𝑍

෩Ω ෨𝑅

ത෨ℎ

ሚ𝑑

ǁ 

STREAMLINES 

Analysis of a bore hole profile
Concentric Rotor

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 10

ሚҧ𝐶𝑧

෩Ω ෨𝑅 Ԧ 𝜑
෨𝑅

ǁ 
ሚ𝑑

෨തℎ

ROTOR

STATOR

ǁ𝑟

ǁ𝑧
𝜑

ǁ𝑠

ǁ𝑧

𝜑

ሚ𝑑

ǁ𝑟

A A

A-A

FLOW SEPARATION



Primärfarben

Sekundärfarben

Tertiärfarben

Analysis of a bore hole profile
Concentric Rotor

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 11

ሚҧ𝐶𝑧

෩Ω ෨𝑅 Ԧ 𝜑
෨𝑅

ǁ 
ሚ𝑑

෨തℎ

ROTOR

STATOR

ǁ𝑟

ǁ𝑧𝜑

ǁ𝑠
A-A

FLOW SEPARATION

FREE SHEAR LAYER

FLOW SEPARATION

𝑅 𝜑 = 6430

𝜙 = 2
𝑑 = 16.13
t = 18.82

∇𝑝 ≈ 0

ROTOR

STATOR

CV

CV

ǁ𝑧

𝜑

ሚ𝑑

ǁ𝑟

A A



Primärfarben

Sekundärfarben

Tertiärfarben

Friction Factor Model

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 12

𝑓Wall 𝜑, 𝑧 ≔
2 ǁ𝜏Wall

෤𝜚෩ഥ𝑤Wall
2 =

𝜏Wall

ഥ𝑤Wall
2

𝑓Wall 𝜑, 𝑧 = 𝑚Wall 𝑅 Wall
𝑛Wall

Wall ∈ Rotor; Stator

⇔

⇔

෨𝐿

෨𝑅

෨ℎ 𝜑, ǁ𝑧

ǁ𝜀ǁ𝑧

ሚҧ𝐶𝑧ሚ𝐶𝜑|෤z=0 ǁ𝑠

𝛽𝑌

ǁ𝑧𝑇

෨𝑌

෨𝑋

෤𝑝0 + Δ෤𝑝 ෤𝑝0

𝛽𝑌

෨𝐿

෨𝑅

෨ℎ 𝜑, ǁ𝑧

ǁ𝑧

ሚ𝐶𝜑|෤z=0 ǁ𝑠

෨𝑌

෨𝑋
෤𝑝0 + Δ෤𝑝 ෤𝑝0



Primärfarben

Sekundärfarben

Tertiärfarben

Friction Factor Results

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 13

𝜙

𝑙𝑜𝑔 𝑅 𝑟𝑜𝑡𝑜𝑟

𝑙𝑜
𝑔
𝑓 𝑟
𝑜
𝑡𝑜
𝑟

𝑅 𝜑 = 3215
6430

9645

𝑙𝑜𝑔 𝑅 𝑠𝑡𝑎𝑡𝑜𝑟

𝑙𝑜
𝑔
𝑓 𝑠
𝑡𝑎
𝑡𝑜
𝑟

𝜙 = 0.25

0.75

2.0
1.5
1.0

𝜙

 = 18.82

𝜓 = 0.0026

𝑑 = 16.13

𝑅 𝜑 = 3215

6430

9645

𝑛Stator = konst.

𝑚Stator = 𝛼1 𝜙
𝛽1

𝑛Rotor = konst.

𝑚Rotor = konst.

𝑓Wall = 𝑚Wall 𝑅 Wall
𝑛Wall =

𝜏Wall

ഥ𝑤Wall
2



Primärfarben

Sekundärfarben

Tertiärfarben

Model Extension: 
Velocity Angle Correction

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 14

FLOW NUMBER 𝜙

C
O

R
R

E
C

T
IO

N
 F

A
C

T
O

R
 Λ

Λrotor ≈ 𝛼2𝜙
𝛽2

Λstator ≈ 𝛼3𝜙
𝛽3

FLOW NUMBER 𝜙

S
T
A

T
O

R
 A

N
G

L
E

 𝛼

𝛼𝜏

𝛼 ഥ𝑤

𝜏𝑠𝑧

𝜏𝑠𝜑

𝜏

 = 18.82

𝜓 = 0.0026

𝑑 = 16.13

𝛼𝜏

Λ ≔
𝛼𝜏,𝑤𝑎𝑙𝑙
𝛼𝑤,𝑤𝑎𝑙𝑙



Primärfarben

Sekundärfarben

Tertiärfarben

Entrance pressure loss coefficient

for flow from bore into gap

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 15

ǁ𝑧ǁ𝑟

𝜑

𝑝 ≔
2 ෤𝑝

෤𝜚෩Ω2 ෨𝑅2ሚ𝑑 ሚ𝑑

෩Ω ෨𝑅

𝜙 ≔ 2
 ≔ 18.82

9 2ሚҧ𝐶𝑧

෨𝑘

Δ𝑝g = p 0 − p ෨𝑘 = Δ𝑝shear + Δ𝑝e

𝑅 φ ≔ 9641

𝑓𝑧,  ≈ 𝛼4𝜙
𝛽4

FLOW NUMBER 𝜙

F
R

IC
T

IO
N

 F
A

C
T

O
R

 𝑓
𝑍
, 

 = 18.82

𝜓 = 0.0026

𝑑 = 16.13

𝑅 𝜑 = 3215

6430

9645

𝜏𝑧,𝑒 =
Δ𝑝𝑒
෨𝑘

= 𝑓𝑧,𝑒𝜙
2 ഥ𝑐𝑧

2



Primärfarben

Sekundärfarben

Tertiärfarben

Friction Factor Model

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 16

𝑓Wall 𝜑, 𝑧 ≔
2 ǁ𝜏Wall

෤𝜚෩ഥ𝑤Wall
2 =

𝜏Wall

ഥ𝑤Wall
2

𝑓Wall 𝜑, 𝑧 = 𝑚Wall 𝑅 Wall
𝑛Wall

Wall ∈ Rotor; Stator

𝑚Stator = 𝛼1 𝜙
𝛽1

ΛRotor = 𝛼2 𝜙
𝛽2

ΛStator = 𝛼3 𝜙
𝛽3

𝑓𝑧,  = 𝛼4 𝜙
4

𝜏𝑠𝜑,Wall = ±𝑓Wall ഥ𝑤Wall
2 cos ΛWall ഥ𝑤,Wall

𝜏𝑠𝑧,Wall = ±𝑓Wallഥ𝑤Wall
2 sin ΛWall ഥ𝑤,Wall

⇔

⇔

෨𝐿

෨𝑅

෨ℎ 𝜑, ǁ𝑧

ǁ𝜀෨𝑍

ሚҧ𝐶𝑧ሚ𝐶𝜑|෤z=0 ǁ𝑠

𝛽𝑌

ǁ𝑧𝑇

෨𝑌

෨𝑋

෤𝑝0 + Δ෤𝑝 ෤𝑝0

𝛽𝑌

෨𝐿

෨𝑅

෨ℎ 𝜑, ǁ𝑧

෨𝑍

ሚ𝐶𝜑|෤z=0 ǁ𝑠

෨𝑌

෨𝑋
෤𝑝0 + Δ෤𝑝 ෤𝑝0



Evaluation of

model performance



Primärfarben

Sekundärfarben

Tertiärfarben

Static and dynamic influence of annular

seals

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 18

EXPERIMENTAL Bore

CAPM Bore

FLOW NUMBER 𝜙

P
R

E
S

S
U

R
E

 D
IF

F
E

R
N

C
E

 Δ
𝑝

𝜙 = 0.3

CAPM Plain



Primärfarben

Sekundärfarben

Tertiärfarben

Static and dynamic influence of annular

seals

09.10.2025Lubrication Film Friction Model for non-Symetrically Profiled Annular Seals  |  Fluid Systems  |  Naveen Billur Mohan 19

EXPERIMENTAL Bore

CAPM Bore

FLOW NUMBER 𝜙

P
R

E
S

S
U

R
E

 D
IF

F
E

R
N

C
E

 Δ
𝑝

𝜙 = 0.7

CAPM Plain



1. The model successfully extends the range of seals that can be analysed both efficiently and with 

acceptable accuracy.

2. The model shows good agreement with experimental data when predicting static characteristics

3. It is a good tool which gives rough estimates for obtaining the dynamic characteristics for the non-

symmetrically profiled seals

4. The 2D tool can generate results up to 10,000 times faster than 3D RANS simulations

Take away
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