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3. Basic Water Resources 
Engineering

3.3  Hydro-kinematics and hydro-dynamics



Sub topics

• Classification of fluid flow; 
• conservation of mass (continuity equation)  
• momentum equations and their applications
• Bernoulli’s equation and its application
• flow measurement.



Classification of fluid flow

Viscous or Non-viscous Flow

Viscous flow has relative motion between fluid layers.
Flow of ideal fluid are non viscous



Classification of fluid flow

Steady or Unsteady Flow

Steady: A steady flow is one in which the conditions (velocity, 
pressure and crosssection) may differ from point to point but DO 
NOT change with time.

Unsteady: If at any point in the fluid, the conditions change with 
time, the flow is described as unsteady. 

𝜕(𝑓𝑙𝑢𝑖𝑑 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦)

𝜕𝑡
= 0, 𝑎𝑡 𝑎𝑛𝑦 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑝𝑜𝑖𝑛𝑡



Classification of fluid flow

Uniform or Non Uniform Flow

Uniform flow: If the flow velocity is the same magnitude and 
direction at every point in the fluid it is said to be uniform.

Non-uniform: If at a given instant, the velocity is not the same at 
every point the flow is non-uniform. 

𝜕(𝑓𝑙𝑢𝑖𝑑 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦)

𝜕𝑥
= 0, 𝑎𝑡 𝑎𝑛𝑦 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑖𝑛𝑠𝑡𝑎𝑛𝑡 



Classification of fluid flow

Combining the above we can classify any flow in to one of four type: 

1. Steady uniform flow. Conditions do not change with position in the stream 
or with time. An example is the flow of water in a pipe of constant diameter 
at constant velocity. 

2. Steady non-uniform flow. Conditions change from point to point in the 
stream but do not change with time. An example is flow in a tapering pipe 
with constant velocity at the inlet - velocity will change as you move along 
the length of the pipe toward the exit.



Classification of fluid flow
3. Unsteady uniform flow. At a given instant in time the conditions at 

every point are the same, but will change with time. An example is a 
pipe of constant diameter connected to a pump pumping at a 
constant rate which is then switched off.

4. Unsteady non-uniform flow. Every condition of the flow may change 
from point to point and with time at every point. For example waves 

in a channel.



Classification of fluid flow
Reynolds number (Re) is a dimensionless quantity that helps 
predict fluid flow patterns. 

Reynolds number =inertial force/ viscous forces

Mach number is the ratio of the speed of a body to the speed of 
sound in the surrounding medium. At 20°C velocity of sound is 
343 m/s.



Classification of fluid flow

Compressible or incompressible flow

Compressible flow: Density changes

Incompressible flow: 
Density remains same
Flow with mach number less than 0.3 is considered Incompressible 
flow.



Classification of fluid flow
Laminar flow or streamline flow in pipes (or tubes) occurs when 
a fluid flows in parallel layers, with no disruption between the 
layers.
 Reynolds numbers smaller than 2300



Classification of fluid flow
Turbulent flow is a flow regime characterized by chaotic 
property changes. This includes a rapid variation of pressure and 
flows velocity in space and time.  In contrast to laminar flow, the 
fluid no longer travels in layers, and mixing across the tube is 
highly efficient.
 



Classification of fluid flow
Pipe flow:

Laminar: 𝑹𝒆 < 𝟐𝟎𝟎𝟎

Transitional: 𝟐𝟎𝟎𝟎 < 𝑹𝒆 < 𝟒𝟎𝟎𝟎

Turbulent: 𝑹𝒆 > 𝟒𝟎𝟎𝟎
 
𝑉 is velocity, 𝑑 is diameter of pipe

𝑅𝑒 =
𝜌𝑉𝑑

𝜇
=

𝑉𝑑

𝜈



Classification of fluid flow
Open channel flow:

Laminar: 𝑹𝒆 < 𝟓𝟎𝟎

Transitional: 𝟓𝟎𝟎 < 𝑹𝒆 < 𝟐𝟎𝟎𝟎

Turbulent: 𝑹𝒆 > 𝟐𝟎𝟎𝟎
 
𝑉 is velocity, 𝑙 is characteristic length or hydraulic radius in 2D flow

𝑅𝑒 =
𝜌𝑉𝑙

𝜇
=

𝑉𝑙

𝜈



Classification of fluid flow
Rotational Flow vs Irrotational Flow:

In rotational flow, fluid particles move around their own axis leading to a non-
zero vorticity. In contrast, irrotational flow is defined by zero vorticity, i.e., fluid 
particles do not rotate around their own axis.

𝑣𝑜𝑟𝑡𝑜𝑠𝑖𝑡𝑦 = curl of vector = ∇ × 𝑣 =

𝑖 𝑗 𝑘
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧
𝑢 𝑣 𝑤

𝑣𝑜𝑟𝑡𝑜𝑠𝑖𝑡𝑦 =
𝜕𝑤

𝜕𝑦
−

𝜕𝑣

𝜕𝑧
𝑖 +

𝜕𝑢

𝜕𝑧
−

𝜕𝑤

𝜕𝑥
𝑗 +

𝜕𝑣

𝜕𝑥
−

𝜕𝑢

𝜕𝑦
𝑘



Classification of fluid flow
Rotational Flow vs Irrotational Flow:

𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
1

2
∇ × 𝑣 =

1

2

𝑖 𝑗 𝑘
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧
𝑢 𝑣 𝑤

𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
1

2

𝜕𝑤

𝜕𝑦
−

𝜕𝑣

𝜕𝑧
𝑖 +

1

2

𝜕𝑢

𝜕𝑧
−

𝜕𝑤

𝜕𝑥
𝑗 +

1

2

𝜕𝑣

𝜕𝑥
−

𝜕𝑢

𝜕𝑦
𝑘

For 𝜔 = 𝜔𝑥𝑖 + 𝜔𝑦j + 𝜔𝑧𝑘 = 0, 𝑓𝑙𝑜𝑤 𝑖𝑠 𝑖𝑟𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙



Conservation of mass
•The tube is having a single entry and single exit
•The fluid flowing in the tube is non-viscous
•The fluid flow is steady

mass inflow=mass outflow + change in mass in system
ሶ𝑚𝑖𝑛 = ሶ𝑚𝑜𝑢𝑡 + ሶ𝑚𝑐ℎ

ሶ𝑚𝑐ℎ = 0
ሶ𝑚𝑖𝑛 = ሶ𝑚𝑜𝑢𝑡

𝜌1𝐴1𝑣1 = 𝜌2𝐴2𝑣2

If flow is incompressible, 𝜌1 = 𝜌2

𝐴1𝑣1 = 𝐴2𝑣2



Conservation of mass

mass inflow=mass outflow + change in mass in system
ሶ𝑚𝑖𝑛 = ሶ𝑚𝑜𝑢𝑡 + ሶ𝑚𝑐ℎ

𝜕𝜌

𝜕𝑡
+ ∇. 𝜌𝑣 = 0

𝜕𝜌

𝜕𝑡
+

𝜕 𝜌𝑢

𝜕𝑥
+

𝜕 𝜌𝑣

𝜕𝑦
+

𝜕 𝜌𝑤

𝜕𝑧
= 0



Conservation of mass
Incompressible flow

𝜌 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

∇. 𝑣 = 0

𝜕 𝑢

𝜕𝑥
+

𝜕 𝑣

𝜕𝑦
+

𝜕 𝑤

𝜕𝑧
= 0



Conservation of mass
Steady flow and compressive

No change of fluid property with time

∇. 𝜌𝑣 = 0

𝜕 𝜌𝑢

𝜕𝑥
+

𝜕 𝜌𝑣

𝜕𝑦
+

𝜕 𝜌𝑤

𝜕𝑧
= 0



Conservation of momentum

෍ 𝐹 =
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚

𝑡𝑖𝑚𝑒

If flow is incompressible

෍ 𝐹 = 𝜌𝐴2𝑢2
2 − 𝜌𝐴1𝑢1

2

If flow is continuous and 

෍ 𝐹 = 𝜌𝐴1𝑢1 𝑢1 − 𝑢2 = 𝜌𝑄(𝑢2 − 𝑢1)



Conservation of momentum



Conservation of momentum



Bernoulli's Equation



Bernoulli's Equation



Venturimeter

𝑃1

𝛾
+

𝑉1
2

2𝑔
+ 𝑧1 =

𝑃2

𝛾
+

𝑉2
2

2𝑔
+ 𝑧2

𝑉2
2

2𝑔
−

𝑉1
2

2𝑔
=

𝑃1

𝛾
+ 𝑧1 −

𝑃2

𝛾
+ 𝑧2 = h

1

2𝑔
𝑉2

2 − 𝑉1
2 =

1

2𝑔

𝑄2

𝐴2
2 −

𝑄2

𝐴1
2 =

𝑄2

2𝑔

𝐴1
2 − 𝐴2

2

𝐴1
2𝐴2

2

𝑄 =
𝐴1𝐴2 2𝑔ℎ

𝐴1
2 − 𝐴2

2

Where,

ℎ = ℎ𝑚

𝛾𝑚

𝛾𝐿
− 1



Venturimeter

𝑃1

𝛾
+

𝑉1
2

2𝑔
+ 𝑧1 =

𝑃2

𝛾
+

𝑉2
2

2𝑔
+ 𝑧

𝑉2
2

2𝑔
−

𝑉1
2

2𝑔
=

𝑃1

𝛾
+ 𝑧1 −

𝑃2

𝛾
+ 𝑧2 = h

1

2𝑔
𝑉2

2 − 𝑉1
2 =

1

2𝑔

𝑄2

𝐴2
2 −

𝑄2

𝐴1
2 =

𝑄2

2𝑔

𝐴1
2 − 𝐴2

2

𝐴1
2𝐴2

2

𝑄 =
𝐴1𝐴2 2𝑔ℎ

𝐴1
2 − 𝐴2

2

Where,

ℎ = 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑖𝑒𝑧𝑜𝑚𝑒𝑡𝑟𝑖𝑐 ℎ𝑒𝑎𝑑



Venturimeter

𝑄𝑎𝑐𝑡 = 𝐶𝑑𝑄𝑡ℎ

𝐶𝑑  = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒



Venturimeter

𝑄𝑎𝑐𝑡 = 𝐶𝑑𝑄𝑡ℎ

𝐶𝑑  = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒
.jbh,





𝐶𝑑 , 𝐶𝑣 , 𝐶𝑐

Coefficient of velocity: 𝐶𝑣 =
𝑉𝑡ℎ

𝑉𝑎𝑐𝑡
 

Its value ranges from 0.95 to 0.99
For sharp edged orifices it is about 0.97

Coefficient of contraction: 𝐶𝑐 =
𝐴𝑣𝑐

𝐴𝑜𝑟𝑖
=

𝐴𝑟𝑒𝑎 𝑎𝑡 𝑣𝑒𝑛𝑎 𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑎

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑜𝑟𝑖𝑓𝑖𝑐𝑒 𝑜𝑝𝑒𝑛𝑖𝑛𝑔

Its value ranges from 0.61 to 0.69
For sharp edged orifices it is about 0.65

Coefficient of discharge: 𝐶𝑑 =
𝑄𝑡ℎ

𝑄𝑎𝑐𝑡

𝐶𝑑 = 𝐶𝑐 × 𝐶𝑣

Its value ranges from 0.61 to 0.65



Pitot Tube

𝑃

𝛾
+

𝑉2

2𝑔
+ 𝑧 = H1

𝑃

𝛾
+ 𝑧 = H2

H2 +
𝑉1

2

2𝑔
= H1

𝑉1
2

2𝑔
= H1 − H2 = ℎ

𝑉 = 2𝑔ℎ
𝑉𝑎𝑐𝑡 = 𝐶𝑣𝑉𝑡ℎ
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