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Unsteady Flow
ÅFundamental of unsteady flow

ÅPractical approach

ÅTransitional wave principle

ÅWater hammer

ÅWater hammer effect

ÅWater hammer protection

ÅUnsteady flow equations

ÅRigid water column theory

ÅElastic Theory



Fundamentals of unsteady flow

Å Steady fl ow : the value of al l fluid pr opert ies, as we ll as
flow properties at any fixed point, are independent of time.

Å Unsteady flow : a fluid or flow property ïor more - at a  
given point in space (locally) varies with time.
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Fundamentals of unsteady flow

Unsteady flow may be:

1 . No n - Per iodic flo w : shut dow n, start up,
closure processes for hydraulic components.

2. Per iod ic flo w : perio dic inject ion of the Air-
Gasoline mixture in spark ignition engines.

3. Rand om flo w : occurs in turb ulent flow and is  
absent from laminar flow.

35Monday, December 5,2016 Flow in pipelines



Fundamentals of unsteady flow

Mathematically  

For steady flow

For Quasi -steady flow  

For unsteady flow

ÅQuasi - steady flow : the change of any property
at any point with respect to time is so small or
behaves in slow rate and could be neglected .

ÅFor simplicity of flow analysis, it could be
assumed as steady (or quasi -steady) flow in
some applications .

µf =0.0
µt

µf º0.0
µt

µf 0̧.0
µt
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Fundamentals of unsteady flow

ÅApplication in practice

1. Start up operations

(transition from zero velocity to steady state operation)

2. Shut down operations

(transition from steady state velocity to static equilibrium  

state (v=0.0))

3. Hydraulic component closure (valves)

(transition from steady state operation to zero velocity in  

small periods)
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Water Injection System
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Calm Buoy System

Å Calm Buoy

Å In a typical SPM buoy / terminal application, the loading buoy(s)
is anchored offshore and serves as a mooring point for tankers to
load / offload their gas or fluid product for transfer between the
onshore facility and the moored tanker . Although the SPM buoy is
clearly a key component, a number of other components are
integral to such a system



CALM Buoy Body



Pipe Line End  

Manifold

the terminal underÅ Installed on the seabed and which interfaces  
buoy hoses with the sea line .

CALM Buoy Body



ü A Buoy body
ü Turn table
ü The buoy fluid product circuit
ü The anchoring system
ü The floating hoses
ü A Pipeline End Manifold (PLEM)
ü Onshore/offshore pipeline
ü Main bearing
ü Central pipe swivel

CALM Buoy Body



Water Hammer

Å is a pressure surge or
wave resulting when a
fluid in motion is forced
to stop or change
di recti on sudd enly
(Momentum Change) .

Å Water
com monly

hamme r
occurs when

a valve is closed
suddenly at an end of a
pipeline system, and a
pr essure wave
propagates in the pipe .
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Water Hammer
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Practical approach

Aircraft tankvalve

Aircraft tank valve  
closes in 2-5 seconds.

Vent
box

High levelshut-off

If aircraft tank valve fails to close, vent line is  
designed to handle 50 psi

Vent Tank

Aircraftmanifold
Overflow

Aircraft coupling  
maximum 120psi
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