
1 

 

Lubrication Theory (also applicable porous media, filtration, 

adhesion, biological, and non-Newtonian flows) 

Lubrication, i.e., friction reduction of two bodies in near contact is 

generally accomplished by a viscous fluid moving through a narrow 

but variable gap between the two bodies with one or both moving 

(Reynolds, 1886). 

 

ε =
ℎ

𝐿
≪ 1 and 𝑅𝑒 moderate 

Like Stokes flow since 𝑅𝑒 fairly small and inertia negligible flow is 

usually quasi-steady. 

Like BL flow in that 
𝜕𝑝

𝜕𝑦
= 0 and 

𝜕𝑝

𝜕𝑥
 important 

However, the pressure and viscous stress scale differently than Stokes 

and BL flow. 

 

Assume 2D 
𝜕

𝜕𝑧
= 0 and Stokes flow such 

that inertia negligible, i.e.,  

𝜌 𝑢 𝑢𝑥 ≪ 𝜇 𝑢𝑦𝑦 

𝜌𝑈
𝑈

𝐿
≪ 𝜇 (

𝑈

ℎ2
) 

𝜌𝑈𝐿

𝜇
(
ℎ

𝐿
)
2
≪ 1 Re can be large if h/L small 

𝑈 = 10 m/s, 𝐿 = 4 cm, ℎ = 0.1 mm 

SAE-50 lubricating oil 𝜈 = 7 × 10−4 m2/s 

𝑅𝑒𝐿 = 570 but 𝑅𝑒𝐿 (
ℎ

𝐿
)
2
= 0.004 ∴ OK 
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Reynolds Equation for Bearing Theory 

 

Events: 

1. Moving wall sweeps fluid into narrowing passage due to viscous 

shear forces, which induces Couette flow 𝑢 =
𝑈𝑦

ℎ
 and 𝑞𝑐 =

1

2
𝑈ℎ 

(per unit span). 

2. Continuity requires 𝑄 = constant; therefore, 𝑝𝑥 required that 

induces Poiseuille 𝑢 component that redistributes fluid and 

maintains 𝑄 = constant. 

 

In general, ℎ(𝑥, 𝑡) and for simplicity upper wall vertical motion 

only 𝑉   which may be 𝑉(𝑡) , lower wall 𝑈 =  constant, and 

allow for w due 𝑝𝑧 

𝑥, 𝑧 ∼ 𝐿,   𝑦 ∼ ℎ0,   𝑡 ∼
𝐿

𝑈
,   𝑢,𝑤 ∼ 𝑈,   𝑣 ∼

𝑈ℎ0
𝐿
,   𝑝 ∼

𝜇𝑈𝐿

ℎ0
2  

y-momentum lim
ℎ0/𝐿→0

⇒   
𝜕𝑝

𝜕𝑦
= 0, i.e., 𝑝 = 𝑝(𝑥, 𝑧) 
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x- and z-momentum equations yield quasi-steady 

equations (Appendix A) 

0 = −𝑝𝑥 + 𝜇𝑢𝑦𝑦 

0 = −𝑝𝑧 + 𝜇𝑤𝑦𝑦 

 

𝑢(𝑦 = 0) = 𝑈  𝑣(𝑦 = 0) = 0  𝑤(𝑦 = 0) = 0 

𝑢(𝑦 = ℎ) = 0  𝑣(𝑦 = ℎ) = 𝑉  𝑤(𝑦 = ℎ) = 0 

 

Partial integration over 𝑦 of equations and application 

BC: 

𝑢 =
1

2𝜇
𝑝𝑥  (𝑦

2 − 𝑦ℎ) + (1 −
𝑦

ℎ
)𝑈 

𝑤 =
1

2𝜇
𝑝𝑧  (𝑦

2 − 𝑦ℎ) 

Combination Poiseuille & Couette flow function 

pressure gradients, ℎ and 𝑈. 

Need to determine pressure distribution that will support 

the load with the bearing. 

The Reynolds equation for pressure is derived by 

integrating the continuity equation over the 𝑦-direction. 
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𝑑

𝑑𝑡
∫ 𝑓(𝑥, 𝑡)
𝑏(𝑡)

𝑎(𝑡)

 𝑑𝑥 = ∫
𝜕𝑓

𝜕𝑡

𝑏

𝑎

 𝑑𝑥 +
𝑑𝑏

𝑑𝑡
𝑓(𝑏, 𝑡) −

𝑑𝑎

𝑑𝑡
𝑓(𝑎, 𝑡) 

∫ 𝑢𝑥

ℎ

0

 𝑑𝑦 + ∫ 𝑤𝑧

ℎ

0

 𝑑𝑦 = −∫ 𝑣𝑦

ℎ

0

 𝑑𝑦 = 𝑉 =
𝜕ℎ

𝜕𝑡
 

𝑢̅ =
𝑞𝑥

ℎ
   

𝜕

𝜕𝑥
∫ 𝑢
ℎ

0
 𝑑𝑦⏟    

𝑞𝑥

= ∫
𝜕𝑢

𝜕𝑥

ℎ

0
 𝑑𝑦 +

𝑑ℎ

𝑑𝑥
𝑢(𝑦 = ℎ) −

𝑑0

𝑑𝑥
𝑢(𝑦 = 0) = ∫

𝜕𝑢

𝜕𝑥

ℎ

0
 𝑑𝑦 

𝑤̅ =
𝑞𝑧

ℎ
   

𝜕

𝜕𝑧
∫ 𝑤
ℎ

0
 𝑑𝑦⏟    

𝑞𝑧

= ∫
𝜕𝑤

𝜕𝑧

ℎ

0
 𝑑𝑦 +

𝑑ℎ

𝑑𝑧
𝑤(𝑦 = ℎ) −

𝑑0

𝑑𝑧
𝑤(𝑦 = 0) = ∫

𝜕𝑤

𝜕𝑧

ℎ

0
 𝑑𝑦 

𝑢(𝑦) =
1

2𝜇
𝑝𝑥  (𝑦

2 − 𝑦ℎ) + (1 −
𝑦

ℎ
)𝑈 = 𝑎 (𝑦2 − 𝑦ℎ) + 𝑈 −

𝑈𝑦

ℎ
 

𝑞𝑥 = ∫ [𝑎(𝑦2 − 𝑦ℎ) + 𝑈 −
𝑈𝑦

ℎ
]𝑑𝑦

ℎ

0

 

= [
𝑎𝑦3

3
−
𝑎ℎ𝑦2

2
+ 𝑈𝑦 −

𝑈𝑦2

2ℎ
]
0

ℎ

 =
𝑎ℎ3

3
−
𝑎ℎ3

2
+ 𝑈ℎ −

𝑈ℎ

2
 = −

𝑎ℎ3

6
+
𝑈ℎ

2
 

𝑤(𝑦) =
1

2𝜇
𝑝𝑧  (𝑦

2 − 𝑦ℎ) = 𝑏 (𝑦2 − 𝑦ℎ) 

𝑞𝑧 = 𝑏∫ (𝑦2 − 𝑦ℎ)
ℎ

0

 𝑑𝑦 = 𝑏 [
𝑦3

3
−
𝑦2ℎ

2
]
0

ℎ

= −
𝑏ℎ3

6
 

𝜕

𝜕𝑥
[−
𝑎ℎ3

6
+
𝑈ℎ

2
] +

𝜕

𝜕𝑧
[−
𝑏ℎ3

6
] =

𝜕ℎ

𝜕𝑡
 

𝜕

𝜕𝑥
[−𝑎ℎ3 + 3𝑈ℎ] +

𝜕

𝜕𝑧
[−𝑏ℎ3] = 6

𝜕ℎ

𝜕𝑡
 

𝜕

𝜕𝑥
[−

1

2𝜇
𝑝𝑥ℎ

3 + 3𝑈ℎ] +
𝜕

𝜕𝑧
[−

1

2𝜇
𝑝𝑧ℎ

3] = 6
𝜕ℎ

𝜕𝑡
 

1

𝜇
[
𝜕

𝜕𝑥
(ℎ3

𝜕𝑝

𝜕𝑥
) +

𝜕

𝜕𝑧
(ℎ3

𝜕𝑝

𝜕𝑧
)] = 6𝑈

𝜕ℎ

𝜕𝑥
+ 12

𝜕ℎ

𝜕𝑡
 

 

Reynolds equation lubrication 

in channel ℎ(𝑥, 𝑡)  with upper 

wall moving V(t) and lower wall 

moving constant speed 𝑈 . 

𝑝(𝑥, 𝑧, 𝑡)  found as function 

(geometry by motion walls). 

Once pressure known 

proportion Poiseuille vs. 

Couette in the velocity profile 

(𝑢, 𝑤) 
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Slider Bearing 

Non-dimensional variables: 

𝑝∗ =
𝑝 − 𝑝0

𝜇𝑈𝐿/ℎ0
2   𝑥∗ =

𝑥

𝐿
  ℎ∗ =

ℎ

ℎ0
= 1 − 𝐴𝑥∗ 

𝑝 =
𝜇𝑈𝐿

ℎ0
2 𝑝

∗ + 𝑝0     𝐴 =
𝛼𝐿

ℎ0
=
ℎ0−ℎ1

ℎ0
, 𝛼 =

ℎ0−ℎ1

ℎ0
 

Assume 1D flow, i.e., 
𝜕

𝜕𝑧
= 0 𝑤 = 0 

𝜕

𝜕𝑡
= 0, i.e., 𝑉 = 0 

𝜕

𝜕𝑥
(ℎ3

𝜕𝑝

𝜕𝑥
) = 6𝑈𝜇

𝜕ℎ

𝜕𝑥
 

ℎ3
𝜕𝑝

𝜕𝑥
= 6𝑈𝜇ℎ + 𝑐 

𝑐 = −6𝑈𝜇ℎ𝑚where ℎ𝑚 = ℎ (
𝜕𝑝

𝜕𝑥
= 0), i.e., where Poiseuille flow = 0 

ℎ3
𝜕𝑝

𝜕𝑥
= 6𝑈𝜇(ℎ − ℎ𝑚)    

ℎ3 = ℎ0
3ℎ∗3    

𝜕𝑝

𝜕𝑥
=
𝜕𝑥∗

𝜕𝑥

𝜕𝑝

𝜕𝑝∗
𝜕𝑝∗

𝜕𝑥∗
=
1

𝐿
×
𝜇𝑈𝐿

ℎ0
2  𝑝𝑥∗

∗  

𝑝𝑥
∗  ℎ0

3ℎ∗3
𝜇𝑈

ℎ0
2 = 6𝜇𝑈(ℎ0ℎ

∗ − ℎ0ℎ𝑚
∗ )   

ℎ∗3𝑝𝑥
∗ = 6(ℎ∗ − ℎ𝑚

∗ ) 

Note at ℎ𝑚
∗  𝑢 = (1 −

𝑦

ℎ
)𝑈 =

𝑈

ℎ
(ℎ − 𝑦) 

ℎ𝑚
∗ =

2𝑞

𝑈ℎ0
= 𝑞∗ =

ℎ𝑚
ℎ0

  𝑞 = ∫ 𝑢
ℎ𝑚

0

 𝑑𝑦 =
𝑈

ℎ
[ℎ𝑦 −

𝑦2

2
]
0

ℎ𝑚

=
𝑈ℎ𝑚
2
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𝑑𝑝∗ =
6

ℎ∗3
(ℎ∗ − ℎ𝑚

∗ )𝑑𝑥∗ = 6(ℎ∗−2 − ℎ𝑚
∗ ℎ∗−3)𝑑𝑥∗ 

𝑑𝑝∗ = 6[(1 − 𝐴𝑥∗)−2 − ℎ𝑚
∗ (1 − 𝐴𝑥∗)−3]𝑑𝑥∗ 

Let 𝑥 = 1 − 𝐴𝑥∗ = ℎ∗   𝑑𝑥 = −𝐴 𝑑𝑥∗  ∫𝑥𝑛𝑑𝑥 =
𝑥𝑛+1

𝑛+1
 𝑛 ≠ −1 

𝑑𝑝∗ = −
6

𝐴
[𝑥−2 − ℎ𝑚

∗ 𝑥−3]𝑑𝑥   

𝑝∗ = −
6

𝐴
[
𝑥−1

−1
− ℎ𝑚

∗
𝑥−2

−2
] + 𝐶 = 6𝐴−1 (ℎ∗−1 −

ℎ𝑚
∗

2
ℎ∗−2) + 𝐶 

ℎ0ℎ
∗ = ℎ = ℎ0(1 − 𝐴𝑥

∗) = ℎ0 [1 −
ℎ0 − ℎ1
ℎ0

𝑥

𝐿
] 

ℎ(0) = ℎ0   ℎ = ℎ0 − (ℎ0 − ℎ1)
𝑥

𝐿
 

ℎ(𝐿) = ℎ1 

ℎ∗ = 1 ⇒ ℎ = ℎ0,  𝑝 = 𝑝0  ∴ 𝑝∗ = 0 

0 = 6𝐴−1 (1 −
ℎ𝑚
∗

2
) + 𝐶 

𝐶 = 6𝐴−1 (−1 +
ℎ𝑚
∗

2
) 

𝑝∗ = 6𝐴−1 [1 − ℎ∗−1 +
ℎ𝑚
∗

2
(−ℎ∗−2 + 1)] 

𝑝∗ = 6𝐴−1(ℎ∗−1 − 1) − 3𝐴−1ℎ𝑚
∗ (ℎ∗−2 − 1) 
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𝑝∗ = 0 at ℎ∗ = 1 − 𝐴 = 𝑎, i.e., ℎ = ℎ0 − (ℎ0 − ℎ1)
𝑥

𝐿
 such that 

ℎ(𝐿) = ℎ1,  𝑥∗ = 1    ℎ∗ = 1 − 𝐴,  𝑝 = 𝑝0,  𝑝∗ = 0 

0 = 6𝐴−1 (
1

𝑎
− 1) − 3𝐴−1ℎ𝑚

∗ (
1

𝑎2
− 1)    

3ℎ𝑚
∗

𝐴
(
1 − 𝑎2

𝑎2
) =

6

𝐴
(
1 − 𝑎

𝑎
) 

ℎ𝑚
∗ (1 − 𝑎)(1 + 𝑎) = 2(1 − 𝑎)𝑎 

ℎ𝑚
∗ =

2𝑎

1 + 𝑎
=
2(1 − 𝐴)

1 + 1 − 𝐴
 

ℎ𝑚
∗ =

2(1 − 𝐴)

2 − 𝐴
 

𝑝∗ = 6𝐴−1 (
1−ℎ∗

ℎ∗
) − 3𝐴−1ℎ𝑚

∗ (
1−ℎ∗2

ℎ∗2
) 

= 6𝐴−1ℎ∗(1 − ℎ∗) − 3𝐴−1ℎ𝑚
∗ ℎ∗2(1 − ℎ∗2) 

= 6𝐴−1ℎ∗ [(1 − ℎ∗) −
ℎ𝑚
∗ ℎ∗

2
(1 − ℎ∗2)] 

= 6𝐴−1ℎ∗(1 − ℎ∗) [1 −
ℎ𝑚
∗ ℎ∗

2
(1 + ℎ∗)] 

𝑝∗(𝑥∗) =
6𝑥∗

1 − 𝐴𝑥∗
[1 −

1 − 𝐴

2 − 𝐴
 × 

2 − 𝐴𝑥∗

1 − 𝐴𝑥∗
] 

ℎ𝑚
∗ = 1 − 𝐴𝑥𝑚

∗ =
2(1 − 𝐴)

2 − 𝐴
 

 

 

 

(1 − 𝑎)(1 + 𝑎) = 1 − 𝑎2 

(1 − 𝐴)(1 − 𝐴) = 1 − 2𝐴 + 𝐴2 

ℎ∗ = 1 − 𝐴𝑥∗ 

ℎ∗ − ℎ∗2

𝐴
 

1 − ℎ∗

ℎ∗𝐴
=
𝐴𝑥∗

𝐴ℎ∗
=

𝑥∗

1 − 𝐴𝑥∗
 

ℎ∗(1 + ℎ∗) = ℎ∗ + ℎ∗2 

=
1 + ℎ∗

ℎ∗
=
2 − 𝐴𝑥∗

1 − 𝐴𝑥∗
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ℎ∗ = 1 − 𝐴𝑥∗ and ℎ∗3𝑝𝑥∗
∗ = 6(ℎ∗ − ℎ𝑚

∗ ) 

and ℎ𝑚
∗ =

2(1−𝐴)

2−𝐴
 from 1st integration equation 

 𝑝𝑥∗
∗ = 0 when ℎ∗ = ℎ𝑚

∗  

∴ 2
1 − 𝐴

2 − 𝐴
= 1 − 𝐴𝑥𝑚

∗  

𝐴𝑥𝑚
∗ = 1 − 2

1−𝐴

2−𝐴
 =

2−𝐴−2(1−𝐴)

2−𝐴
=
2−𝐴−2+2𝐴

2−𝐴
 

=
𝐴

2−𝐴
 i.e. 𝑥𝑚

∗ =
1

2−𝐴
 

1 − 𝐴𝑥𝑚
∗ = 1 −

𝐴

2−𝐴
 =

2−𝐴−𝐴

2−𝐴
 =

2(1−𝐴)

2−𝐴
 

2 − 𝐴𝑥𝑚
∗ = 2 −

𝐴

2−𝐴
 =

4−2𝐴−𝐴

2−𝐴
 =

4−3𝐴

2−𝐴
 

𝑝𝑚
∗ =

6(2 − 𝐴)

(2 − 𝐴) 2(1 − 𝐴)
[1 −

1 − 𝐴

2 − 𝐴

4 − 3𝐴

2 − 𝐴

2 − 𝐴

2(1 − 𝐴)
] 

 

𝑝𝑚
∗ =

3

1−𝐴
[1 −

4−3𝐴

2(2−𝐴)
] =

3

1−𝐴
[
2(2−𝐴)−4+3𝐴

2(2−𝐴)
] 

𝑝𝑚
∗ =

3𝐴

2(1 − 𝐴)(2 − 𝐴)
 

4 − 2𝐴 − 4 + 3𝐴 =  𝐴 
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𝐴 =  0 walls ∥ 𝐴 =
ℎ0−ℎ1

ℎ0
 

Couette flow 𝑝 = constant =  𝑝0 

 

𝐴 > 0 but very small 

𝑝𝑚
∗ =

3𝐴

4 (1 −
𝐴
2)
(1 − 𝐴)

 

=
3𝐴

4
(1 −

𝐴

2
)
−1

(1 − 𝐴)−1 

=
3𝐴

4
(1 +

𝐴

2
) (1 + 𝐴) ≈

3𝐴

4
 

𝑥𝑚
∗ =

1

2
(1 −

𝐴

2
)
−1

=
1

2
(1 +

𝐴

2
) ≈

1

2
 

𝑑𝑝∗

𝑑𝑥∗
> 0 𝑥∗ < 𝑥𝑚

∗
⏟            

Poiseuille flow opposes Couette flow and vice versa

and 
𝑑𝑝∗

𝑑𝑥∗
< 0 𝑥∗ > 𝑥𝑚

∗  

 

Process: fluid dragged into converging channel via viscous shear forces 

piles up to create high pressure 𝑥∗ =
1

2
 after which 

𝑑𝑝∗

𝑑𝑥∗
 changes sign 

and pushes flow towards exit. 
𝑑𝑝∗

𝑑𝑥∗
 between center and either end 

induces Poiseuille flow towards both ends of the bearing, which 

subtracts Couette flow first half and adds second half. 
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𝑝𝑚 − 𝑝0

μ𝑈𝐿/ℎ0
2 =

3𝐴

4
+ 𝑂[𝐴2] 

𝑝𝑚 − 𝑝0 =
μ𝑈𝐿

ℎ0
2 ×

3𝐴

4
 

𝑝𝑚 − 𝑝0 =
3μ𝑈𝐿

4
(
ℎ0−ℎ1

ℎ0
3 ) =

3𝜇𝑈𝐿

4

(1−ℎ1/ℎ0)

ℎ0
2  

 

Shows importance ℎ0. 

 

SAE oil with 𝑈 = 10 m/s, 𝐿 = 4 cm, and ℎ0 = 0.1 mm. 

𝑝𝑚 − 𝑝0 of order 
μ𝑈𝐿

ℎ0
2 ≈ 2.5 × 10

7 Pa ≈ 250 atm 

i.e., very high force to slipper block, which enables it to support large 

load without block touching wall. 

 

Stokes flow is linear and ∴ reversible.  If reverse wall motion 𝑈 <

0 then Δ𝑝 <  0, i.e., will cavitate and form vapor void in gap (G. I. 

Taylor, film low-Re hydrodynamics) ∴ flow in expanding narrow gap 

may not support large loads and provide good lubrication. Issue for 

rotating journal bearing where gap contracts/expands as rotor rotates 

and often leads to partial cavitation.   
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Squeeze film lubrication: viscous adhesion. 

Wringing together smooth surfaces relationship crankshaft bearing, i.e., 

power stroke piston causes 𝑉(𝑡), which dominates over hydrodynamic 

journal-bearing effects, whereas separating smooth surfaces by pulling 

normal to increase gap height is difficult, although sliding is easy. 

Assume 𝑉 =
∂ℎ

∂𝑡
 and 𝑈 =  0 Also w and 

∂

∂𝑧
= 0 

Take 𝑥 =  0 such that bearing pad ends at ±
𝐿

2
 

Reynolds pressure equation: 
1

𝜇

𝑑

𝑑𝑥
(ℎ3

𝑑𝑝

𝑑𝑥
) = 12

∂ℎ

∂𝑡
= 12𝑉(𝑡) 

∴
𝜕𝑝

𝜕𝑥
=
12𝜇

ℎ3
𝜕ℎ

𝜕𝑡
 𝑥   𝑢 =

1

2𝜇

𝜕𝑝

𝜕𝑥
(𝑦2 − 𝑦ℎ) at 𝑥 =  0 =  0 and 

maximum at x = ± 𝐿/2.  Thus, all flow into or out gap must cross 

the ends 

𝑝 − 𝑝0 =
12𝜇

ℎ3
𝜕ℎ

𝜕𝑡
[
𝑥2

2
]
−𝐿/2

𝑥

  

=
12𝜇

ℎ3
𝜕ℎ

𝜕𝑡
[
𝑥2

2
−
𝐿2/4

2
] =  

12𝜇

ℎ3
𝜕ℎ

𝜕𝑡
[
𝑥2

2
−
𝐿2

8
]

=
12𝜇

ℎ3
𝜕ℎ

𝜕𝑡

1

2

𝐿2

4
(
𝑥2

𝐿2/4
− 1) 

𝑝 − 𝑝0 = −
3𝜇𝐿2

2ℎ3
𝜕ℎ

𝜕𝑡
[1 − (

𝑥

𝐿/2
)
2
]   𝑝 ∝ ℎ−3 Very large pressure 

𝑝 − 𝑝0 =
3𝜇𝐿2

2ℎ3
𝑉 [1 − (

𝑥

𝐿/2
)
2

] 
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𝑊 = ∫ (𝑝 − 𝑝0)
𝐿/2

−𝐿/2
 𝑑𝑥  load capacity per unit span 

=
3𝜇𝐿2

2ℎ3
𝑉∫ [1 − (

𝑥

𝐿/2
)
2

] 𝑑𝑥
𝐿/2

−𝐿/2

 

𝑥′ =
𝑥

𝐿/2
   𝑑𝑥′ =

𝑑𝑥

𝐿/2
   

𝐿

2
𝑑𝑥′ = 𝑑𝑥 

 

∫ (1 − 𝑥′2)
1

−1
 𝑑𝑥′ = [𝑥′ −

𝑥′3

3
]
−1

1

=
2

3
− (−1 +

1

3
)⏟      

−2/3

 =
4

3
×
𝐿

2
=
2𝐿

3
 

 

𝑊 =
3𝜇𝐿2

2ℎ3
𝑉 ×

2𝐿

3
= 𝜇 (

𝐿

ℎ
)
3

𝑉 = −𝜇 (
𝐿

ℎ
)
3 𝑑ℎ

𝑑𝑡
  𝜇 =

𝑁𝑠

𝑚2
   ( ×

𝑚

𝑠
=
𝑊

𝑚
) 

 

∫ 𝑑𝑡
𝑡2

𝑡1

= −
𝜇𝐿3

𝑊
∫

𝑑ℎ

ℎ3

ℎ2

ℎ1

     ∫ℎ−3𝑑ℎ = −
1

2
ℎ−2 

Δ𝑡 = −
𝜇𝐿3

𝑊
[−
1

2
ℎ−2]

ℎ1

ℎ2

 

Δ𝑡 =
𝜇𝐿3

2𝑊
(
1

ℎ2
2 −

1

ℎ1
2) 

 

Δ𝑡 = time of approach for film gap to reduce from ℎ1to ℎ2. Δ𝑡 → ∞ 

and ℎ2 → 0, i.e., takes infinite time squeeze out all the fluid! 
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Journal Bearing 

  

Rotating shaft, journal, radius 𝑅1, in bearing housing radius 𝑅2.  

𝐿

𝑅1
< 0.5 = short 

𝐿

𝑅1
> 2 = long 

aspect ratio  

journal offset bearing distance 

𝑒= eccentricity 

𝑐 = 𝑅2 − 𝑅1 = clearance 

𝜀 = 𝑒 𝑐⁄  = eccentricity ratio = measure clearance film height 

with min = 𝑐 − 𝑒, max = 𝑐 + 𝑒  

Rotates CCW such that drags fluid wide to narrow passage, which 

creates high pressure support journal. Amount of load determines 𝑒 

and 𝑐.  Physics similar double slider. Converging/diverging passages 

similar double slider with reversed motion expanding half of since 

lubrication equations reversible solution is velocity profile reversed 

and 𝑝 = −𝑝 . However large −𝑝  implies cavitation. Therefore, 𝑝 

assumed constant or other approximations. 

 


