Design of Machines and

Mechanical Systems
(PC-BTM711)

Module 3: Hydrodynamic Bearing Design



Session OQutcomes

Describe terminology of sliding contact bearings

Explain principles of working of hydrodynamic bearings

Discuss Friction co-efficient — Petroff Equation

Derive Reynold equation

Discuss Raimondi and Boyd Solution to Reynold Equation

Design hydrodynamic bearing after selecting key parameters



Principle of Hydrodynamic
Bearing Operation

https://www.youtube.com/watch?v=70Y170iaGSA

SPCE-MED 3



https://www.youtube.com/watch?v=7OY170iaGSA

QUIZ  advantages of Hydrodynamic Bearings

The advantage/s of hydrodynamic bearing is/are

\@/Iinimal wear and tear\/

¢ 2. High load carrying capacity athw/mediumJ
sm/ﬁ
¥ 3. Both of the above
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ouiz Fundamental Principles of Hydrodynami

Bearing Operation

The fundamental principle/s governing the operation
of hydrodynamic bearing is/are

\%:ormation of viscous oll wedge between shaft
and sleeve
Z.ﬁxternally supplied pressure to the oll
3. Both of the above
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Sliding Contact Bearings o
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Determination of Friction Coeﬁiciqnt
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 Petroff’s Equation (1883)
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Stable Lubrication (McKee’s

L -

Investigation, 1932)
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Bearing characteristic number Lhﬁp;;
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Oil groove

Bearing—.—,l/{ﬁ/m/h

Fluid

: !
* Assumptions NCWW' \frs(ﬂfdb m "7 element
* Lubricant obeys G of \_¢~

e Lubricantis

« Inwhr forces in thin film are negllmb_el*‘ﬂ.mu |

S ' of lubricant is constant o

. Pressure is constant acrossm i E"n) /// /
/

. Shaftandbearmgsare 'Ylggol-/ [

* Thereis contmuous supply of _LL |

* Noflowin_, direction fof 1D formulation VoA

J \\
\j&—%

Partial bushing

SPCE-MED 10
Ref: Shigley’s Mechanical Engineering Design, 9 edn.)



Reynold’s Equation (1D), (1886)

Qil groove

=] Fluid

Partial bushing

- Rotating journal

Flow of
lubricant

ly dz
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Reynold’s Equation in 2D

d (h3adp d (h3dp oh
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ox\ u dx 0z\ u 0z ox
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Raimondi & Boyd

Solution to Reynold

Equation (1958)
Table
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QUIZ Solution to Reynold’s Equation

The analytical solution to Reynold’s equation for
hydrodynamic bearings i 1S not yet determined.

ﬂ,,ao

1. True y
2. False”
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Dimensionless
Performance
Parameters
DDB T16.5

(Comtd) 5

Eccentricity

i () - axis of bearing
distance OO cceentrieity (mm) )

()" = axis of journal

i Radial clearance

¢ = radial clearance (mm)
¢=R=7 (16.9) R = radius of bearing (mm)
Q v = radius of journal (mm)

Eccentricity ratio

(16.10) £ = eccentricity ratio (dimensionless)

Minimum film thickness

(16.11) h, = minimum film thickness (mm)

Minimum film thickness variable ) !

(16.12) (ﬁ‘i) = minimum film thickness variable
¢ (dimensionless)

Sommerfeld number

& = Sommerfeld number (dimensionless)

1 = viscosity of the lubricant (MPa-s) or (N-s/mm"~)
(16.13) n, = journal speed (rev/s)

p = unit bearing pressure i.e., load per unit of the
—-—.___@jecled area (MPa) or (N."mmz)

7 el S——
/ / . ‘\(Unit bearing pressure J —11

W = radial load acting on bearing (N)

(16.14) = axial length of bearing (mm) i
| d = journal diameter (mm)

( Attitude angle !

s |

¢ = attitude angle = angle of eccentricity (deg).
Note (¢) = locates the position of minimum film thickness with respect to the direction of load.

Qg |Cocefficient of Friction Variable (CFV) —— |

(CFV) = coefficient of friction variable (dimensionless)

(CFV ¢
=BV ('I().IS) [ = coefficient of friction
[ g ] o ] I e
g+ 8 () Flow Variable (FV) |
@/ (FV) = flow variable (dimensionless)
(FV)= q (16.16) @ = flow of the lubricant drawn into ¢learance
ren,

space by journal (mm'/s)

AP QS = e



Dimensionless
Performance
Parameters
DDB T16.5

(Contd)

2

(FRV) = m@/ :

Flow Ratio Variahle (!’RV)‘

(16.17)

(FRV) = flow ratio variable (dimensionless)
©, = out-flow of lubricant from both sides of
bearing or side leakage (mm'/s)

‘lbmpentun Rln Variable (TRV)

(16.18)

(16.19)

an

P

(TRV) = temperature rise variable (dlmcmmnless)
p = density of lubricating oil (gm/cm ) |
(p=0.86 to 0.88 gm/cm )
(e specific heat of lubricating oil (ki’kg °C)
(C,= 16810 1. 76 kl/kg °C)
Af = temperature rise (°C)
f, = outlet temperature of lubricant (°C)

1, = inlet temperature of lubricant (°C)
e .

(16.20)

(PR) = pressure ratio (dimensionless)
= maximum pressure developed in lubricant film
(MPa) or (N/mm )
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