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Recap
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Reynolds transport theorem (RTT) for a fixed, nondeforming control volume (CV)

This relation permits to change from a system 

approach to control volume (CV) approach.
where

etc.) enthalpy, momentum, (mass, fluid ofproperty anysyst =B

basis) massunit (per  fluid ofproperty intensive=
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Similar expression adopted by other books:
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Conservation of linear momentum

Newton’s second law of motion for a system is

𝐵 = 𝑚𝐕 momentum  ∴  𝛽 =
𝑚𝐕

𝑚 
= 𝐕

Time rate of change of the linear 

momentum of the system

( ) ( ) +=
CSCV

sys ˆ dAVd
dt

d

dt

md
nVVV

V 




RTT takes the form of 

Sum of external forces acting on 

the system=

( )
 ==

 volumecontrol
 theof contentssys

sys
FF

dt

md 

V

Since when a control volume coincident with a system at an 

instant of time, the forces acting on the system and the 

forces acting on the contents of the coincident control 

volume are instantaneously identical.

),,(ˆˆˆ wvukwjviu =++=V


Consider, momentum as a system property
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Conservation of linear momentum

For a control volume (CV) which is fixed and nondeforming, the Newton’s second law of motion 

takes the following form:

( ) +=
CSCV

 volumecontrol
 theof contents

ˆ dAVdρ
dt

d
F nVVV




Time rate of change of 

the linear momentum 

of the contents of the 

control volume (CV)

=
Net rate of linear 

momentum through 

the control surface 

(CS)

Force contents of the 

control volume (CV) +

( ) ( ) +=+
CSCV

ˆ dAVdρ
dt

d
FF BS nVVV




In fluid mechanics, there are two types of forces are to be considered, 

 (i) surface force, FS which acts on the surfaces on the CV (pressure and viscous shear stress)  

               (ii) body force, FB which acts on the mass content of the CV (weight, electromagnetic force, etc.)

Then,

This is known as the momentum equation

Or equation of motion in integral form 

applicable for fluid dynamics.

** Vector equation
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Conservation of linear momentum

The momentum equation is a vector equation. Considering 3 components in Cartesian coordinate system 

(x, y, z), the momentum equation in integral form comes as:

( ) ( ) +=+−
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dt

d
FFx

xx BS nV
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Momentum Principle

The above expression could be simplified considerably if a flow system has only one entrance and one 

exit and if the flow is steady:
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Using continuity:
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
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Then:

Note that the momentum equation is a vector equation which represents three scalar equations:
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This is the fundamental principle which drives the turbomachinery 

(propulsion nozzle in jet engine, turbine, compressor cascade etc.)

(mass flow rate)
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Applications of Momentum Principle

Pipe Bends:
Analyzing the force on a pipe bend involves understanding 
how the fluid's momentum changes as it navigates the 
bend, influencing the forces on the pipe itself.

Nozzles and Jet Impact:
The principle is crucial for determining the force a jet of 
fluid exerts when it impacts a surface, whether it's a plate 
or a curved vane, like in some types of turbines.

Moving Vanes:
In turbo machines, understanding how a jet of fluid 
interacts with moving vanes is vital. The momentum 
principle helps determine the forces acting on the vanes 
and the work done by the fluid.

Jet Propulsion:
The same principle applies to jet propulsion, where the 
change in momentum of the exhaust gases provides thrust. 
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Problem # 1

Water flows steadily through the 90° reducing elbow as shown in figure. 

At the inlet of the elbow, the absolute pressure is 220 kPa and the 

cross-sectional area is 0.01 m2. At the outlet, the cross-sectional area 

is 0.0025 m2 and the velocity is 16 m/s. The elbow discharges to the 

atmosphere. Determine the force required to hold the elbow in place.

Solution:

( )CV
CS

ˆF dA=   V V n

( )

( ) ( ) ( )

( )

2 1

1 1 2 1 1 1 1 1

1 1 1 1 1

:
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x x x

x x x x x

x

x F m V V

R p A m V V m V V A V

R V A V p A





→ = −

 − + = − = − = −

 = +



From continuity equation:
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xR
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from steady flow momentum principle:
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Problem # 1    cont…

Then

( )3(119 10 )(0.01) 1000 4 0.01 (4)
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Now, along y-axis:

Rx

Ry

R

θ

So, the magnitude of resultant force is
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Problem # 2

Determine the magnitude and direction of the anchoring force needed to hold the horizontal elbow and 

nozzle combination shown in place as shown in figure. Atmospheric pressure is 100 kPa (abs). The 

gage pressure at section (1) is 100 kPa. At section (2), the water exits to the atmosphere.

Solution: from steady flow momentum principle;

( ) =
CS
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ˆ dAF nVV



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Problem # 2    cont…

Then,

( ) ( )2 1: 0 0 0 0y y y yy R m V V m R − = − = − =  =

Now, along y-axis:

So, the magnitude of resultant anchoring force is
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   
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Problem # 3

The 6-cm-diameter 20°C water jet strikes a plate containing a hole of 4-cm 

diameter. Part of the jet passes through the hole, and part is deflected. 

Determine the horizontal force required to hold the plate.

Solution:

2 2 3

1 1 1 (0.06) (25) 0.0707 m /s
4 4

Q d V
 

= = =

2 2 3

2 2 2 (0.04) (25) 0.0314 m /s
4 4

Q d V
 

= = =

( )CV
CS

ˆF dA=   V V n

( ) ( )

( )

( )

2 2 3 3 4 4 1 1

3 4

:

(1000)(0.0314)(25) (0) (0) (1000)(0.0707)(25)

982.5 N (to left) Ans.

x x xout in

x x x x x

x

x

x F mV mV

R m V m V m V mV

R m m

R

→ = −

 − = + + −

 − = + + −

 =



from steady flow momentum principle:

cv

xR

yR③

④

①

②
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Problem # 4

(a) The jet engine on a test stand admits air at 20°C and 1 atm at 

section 1, where A1 = 0.5 m2 and V1 = 250 m/s. The fuel-to-air ratio 

is 1:30. The air leaves section 2 at atmospheric pressure and higher 

temperature, where V2 = 900 m/s and A2 = 0.4 m2. Compute the 

horizontal test stand reaction Rx needed to hold this engine fixed.

Solution:

3

1

101325
1.205 kg/m

(287)(273 20)

p

RT
 = = =

+

1 1 1 1 (1.205)(0.5)(250) 150.6 kg/sm AV= = =

The fuel-to-air ratio is 1:30;

2

1
150.6 1 155.6 kg/s

30
m

 
 = + = 

 
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Problem # 4

( )CV
CS

ˆF dA=   V V n

( ) ( )

( )

( )

2 2 1 1 ,

:

(155.6)(900) (150.6)(250) (0)

102.4 kN (to right) Ans.

x x xout in

x x x fuel f x

x fuel

x

x F mV mV

R m V mV m V

R m

R

→ = −

 = − +

 = − +

 =



from steady flow momentum principle:
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Problem # 4

(b) Suppose that a deflector is deployed at the exit of the jet 

engine of Prob. 5(a), as shown in Figure. What will the 

reaction Rx on the test stand be now? 

( )CV
CS

ˆF dA=   V V n

( ) ( )

( ) ( )

( )

2 2 3 3 1 1 ,

:

155.6 155.6
( 900cos 45 ) ( 900cos 45 ) (150.6)(250) (0)

2 2

137.6 kN

137.6 kN (to left) Ans. (b)

x x xout in

x x x x fuel f x

x fuel

x

x

x F mV mV

R m V m V mV m V

R m

R

R

→ = −

 = + − +

    
 = −  + −  − +    

    

 =−

 =



from steady flow momentum principle:

2xV

2 yV

3 yV

3xV
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Water at 20°C flows through the elbow as shown in Fig. and exits to the atmosphere. The pipe 

diameter is D1 = 10 cm, while D2 = 3 cm. At a weight flow rate of 150 N/s, the pressure p1 = 2.3 atm 

(gage). Neglecting the weight of water and elbow, estimate the force on the flange bolts at section 1.

16L 3 T 1, Dept. of ME ME 321: Fluid Mechanics-I (Jan 2025)

Problem # 5
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Water flows through the elbow with a velocity of 4 m/s. Determine the horizontal and vertical 

components of force the support at C exerts on the elbow. The pressure within the pipe at A and B is 

200 kPa. The flow occurs in the horizontal plane. Assume there is no support at A and B.

17L 3 T 1, Dept. of ME ME 321: Fluid Mechanics-I (Jan 2025)

Problem # 6
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Problem # 7

Water is discharged from the 50-mm-diameter nozzle of a fire hose at 15 liters/s as shown in Fig. The 

flow strikes the fixed surface such that 3/4 flows along B, while the remaining 1/4 flows along C. 

Determine the x and y components of the resultant force exerted on the surface. Assume steady flow.

Hints:

Ans:

Neglect elevation difference and existing free surface 
at point A, B and C gives, 
VA = VB = VC
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