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Conservation 
of Momentum

SUMMARY
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Challenging

This Photo by Unknown Author is licensed under CC BY-NC-ND

WHAT PATH WILL YOU FOLLOW?

https://creativecommons.org/licenses/by-sa/3.0/
https://bytheirstrangefruit.blogspot.com/2015/03/american-promise.html
https://creativecommons.org/licenses/by-nc-nd/3.0/
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Class 12: Conservation of Momentum

Newton’s 2nd law of motion:

( )

( ) ( )

;  if m=constant in time.

System

F ma

d mVdVF m
dt dt

d mV d Momentum
F

dt dt

=

⇒ = =

⇒ = =

∑

∑

∑














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Class 12: Conservation of Momentum

Recall Mass Conservation:

0sysdM
dt

=

Reynolds Transport Theorem:

sys

CV CS

dM d d V dA
dt dt

ρ ρ= ∀+ ⋅∫ ∫


Mass was carried away by each fluid particle 
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Class 12: Conservation of Momentum

Recall Mass Conservation:

sys

CV CS

dM d d V dA
dt dt

ρ ρ= ∀+ ⋅∫ ∫


0sysdM
dt

= ⇒

Momentum Conservation:

Momentum is carried away by each fluid particle 

( ) ( )sys

CV CS

d Mom dF Vd V V dA
dt dt

ρ ρ= = ∀+ ⋅∑ ∫ ∫
   
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Class 12: Conservation of Momentum

Momentum Conservation – how do we use it?

( ) ( )sys

CV CS

d Mom dF Vd V V dA
dt dt

ρ ρ= = ∀+ ⋅∑ ∫ ∫
   

a. Select governing principle

b.  Select control volume

c.  Assess all the forces acting on the control volume

d.  Assess transport terms

e.  Assess storage of momentum terms

f.  Put it altogether

g.  Finish calculations for unknown
2/20/2024 6
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Class 12: Momentum Conservation – how it works?

( ) ( )ˆsys

CV CS

d Mom dF Vd V V n dA
dt dt

ρ ρ= = ∀+ ⋅∑ ∫ ∫
   

( ) ( ) ( )( )ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ
x y z

CV CS

dF i F j F k ui vj wk d ui vj wk V dA
dt

ρ ρ+ + = + + ∀+ + + ⋅∑ ∫ ∫


Equate x, y and z components:

( )ˆxCV
x

CS

dM
F u V n dA

dt
ρ= + ⋅∑ ∫



x-component:

( )ˆyCV
y

CS

dM
F v V n dA

dt
ρ= + ⋅∑ ∫



( )ˆzCV
z

CS

dM
F w V n dA

dt
ρ= + ⋅∑ ∫



y-component:

z-component:

dA1
V1

180oθ =

Dot Product

A B= A B cosθ•
 

INLET
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WHEN is MOMENTUM IMPORTANT ?

2/20/2024 8

When fluid boundaries forced:1)INLET/EXIT DIRECTION 
CHANGE:2) AREA CHANGE:) PRESURE CHANGE, 

Fluid FORCES resist, and external REACTION forces must be 
applied to force fluid to COMPLY.

This Photo by Unknown Author is licensed under CC BY-SA

RESISTANCE IS FUTILE

https://en.wikipedia.org/wiki/File:Continental-continental_destructive_plate_boundary.svg
https://creativecommons.org/licenses/by-sa/3.0/
https://youtu.be/TRjMJklb3xU


WHY/WHEN?
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 WHEN do we need Manometers and Fluid 
Statics?

 WHEN do we need Mass Conservation ?

 WHEN do we need Mass Continuity ?

 WHEN do we need Bernoulli & Energy 
Conservation 

 WHEN do we need Momentum Conservation 



Constant Properties
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

Momentum STORAGE
Mom

CONTROL VOLUMENET FORC

u

ES @  SURFA

ent m OUT Momentum I

E

N

C

( ) ( )xCV
x out out in in

out in

dM
F u m u m

dt

→+

= + ± − ±∑ ∑ ∑


 

 





( ) ( )yCV
y out out in in

out in

dM
F v m v m

dt
↑ = + ± − ±∑ ∑ ∑ 

( ) ( )zCV
z out out in in

out in

dM
F w m w m

dt
= + ± − ±∑ ∑ ∑ 



‘u+/-’,’v+/-’,’w+/-’ are velocity VECTOR quantities

( )ˆ ˆ ˆ
CS CS CS

u V n dA Au V n dA m V n dAρ ρ⋅ = • = •∫ ∫ ∫
  


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Class 12: Momentum conservation - Example
Problem #1: Water flows steady through the elbow at 14kg/s and exits to 
atmosphere. Determine the magnitude and direction of the anchoring force 
(Rx) needed to hold the horizontal elbow in place as shown in Figure below.

14m kg s=

2

31000H O kg mρ =
Solution:

( )( )1 3 2
1

2
2

14
14 1.24

1000 113

20

m kg s
m kg sV m s
A kg m cm

mV m s
A

ρ

ρ

=

= = =

= =







1 1

( ) ( ) ROAD MAPCV
out inx

x x

out in

CV

dM
u m u mF

F P A

dt

dM

dt
R

= + −

=

±

=+

± →∑ ∑∑

∑

 



2 2 1 1

2 2 1 1 1 2 11

1 21

21

1

( ) ( )

( ) ( ) ( ) ;

( )
x x

x x

V m V m

VF P A R

F P A R

m V m m V V m m m Q

m V V

ρ

+

= = −

± ±

= + +

= − +

− =+

= +

−

− = =∑
∑

 











  

Momentum Conservation (ROAD MAP):
Rx
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Apply Bernoulli:

Class 12: Momentum conservation

( ) ( )
( )( ) ( ) ( ) ( )

2 2
1 1 1 2 2 2

2 2
1 2 1 2 1

2 23 3
1

1

1 2 1 2

1 2

9810 0.3 1 2 1000 20 1.24

203

p z V p z V

p z z V V

p N m m kg m m s m s

p kPa

γ ρ γ ρ

γ ρ

+ + = + +

⇒ = − + −

 ⇒ = + − 
⇒ =

( )( ) ( )( ) ( ) ( ) ( )

2 2
1 1 1 1 2 2

22 2

( )

203 113 1 100 14 1.24 20

2.3 297.4
2.6

x

x

x

x

m AV
R P A V A V A

R kPa cm m cm kg s m s m s

R kN N
R kN

ρ

ρ

=

= − − +

 ⇒ = − − + 

⇒ = − −
⇒ = −


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Class 12: Momentum Conservation - Example

Problem #2:  Water flows steady through elbow as shown in the 
Figure below. The pressure just upstream of the flange is 10kPa 
(gage) and the velocity is 3m/s. The jet exits to the atmosphere 
and the velocity is known to be 4m/s. Determine the forces on the 
flange.
Solution:

1 1x x

y y

F F p A

F F
→

↑

= +

=

∑

∑

Momentum conservation:
No storage 0

( ) ( )CV
x out out in in

out in

dMF u m u m
dt

→ = + ± − ±∑ ∑ ∑ 

CV
y

dMF
dt

↑ =∑ ( ) ( )out out in in
out in

v m v m+ ± − ±∑ ∑ 

2/20/2024 13
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Class 12: Momentum Conservation - Example

Inflow: dA1
V1

180oθ =

A1=3cm2

V1
x-direction:

y-direction:

[ ]

[ ]

1 1 2 2 1 1

1 1 2 1

1 1 2 1

1

1

3

1

2

21000 (

0 ( cos30 ) ( ) ;
( cos30 ) ( )

(

0.0003) 3.0 0.9

cos30 )

0

( ) ( )

( )

.9 (4.

CV
x out ou

x

x

t in in
out i

x

x

n

m m mF p A V m V m
F p A m V V

F p A V V

F

AV Q

kg m kgm AV m
m s s

Q
k

dMF u m u m

g
s

p A

dt
ρ ρ

ρ

ρ

+ = + ± − ±

+ = −

+ = + −

= = = =

= = • • =

+

+ =

= + ± − ±

+ +

∑ ∑ ∑
 







  

 

2

0 cos30 3.0 ) 0.42

0.0003 2.58 (fluid X reaction force0.42 10,0  on bo00 lt)x

m m N
s s

m NF N Pa •

=

−−

−

= =

CV
y

dMF
dt

↑ =∑ )( ()out out
u

in i
o it

n
n

v m v m+ ± ±−∑ ∑ 

20 1.6 (fluid Y reaction force on bolt)sin30 0y outF Nm V= + =−

( )
Putting It All Together

ˆ ˆF= 2.58 .- i+1 6j N

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A nozzle is attached to a vertical pipe and discharges water 
steady at ?kPa at 0.1m3/s as shown. Determine the anchoring 
reaction forces required to hold nozzle in place. 

The nozzle has a weight of 200N and the water volume is 
0.012m3.

15

2
1

2
2

1

2

3

3

3
20

0.02
0.01
40,000
?

200
0.012

0.1 /
9800 /

nozzle

water

H

DATA
A m
A m
P Pa
P
W N
V m
Q m s

N mγ

=

=
=
=

=

=

=

=
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FREE BODY DIAGRAM

16

3
3Water Weight= N m

m
γ •∀ Nozzle Weight = 200N Rx

V2

V1 Ry

P1A1

P2A2

2/20/2024



ROAD MAP
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3

1 1 2 2

1
1

2
2

Mass Conservation  Change in Diameter

Q=A V =A V 0.1

5 /

10 /

m
s

QV m s
A
QV m s
A

→

=

= =

= =



1

2 2

t

1 1 2 2

p

20 20
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im or ant for multi-branch flows

2 2
1 1 2

2 2
2

1
0

2 0

Bernoulli Change in pressure and velocity along streamline
assume z small

2 2

2
40,000 3

H H

H
H

P V P V
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P V VP
g

m m

m
m

Pa

γ γ

γ
γ

→
∆

   
+ = +   

   

   −
= +  

   
= −

 





7,462
2,538

Pa
Pag=
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Y MOMENTUM
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( ) ( )
( ) ( )
( ) ( )

2

1 1 2

2

2 12

2 2

2

1

1 1 2 1 1

1 1 2 1 1

1

1 1

2

2

2

2

20

n

s

s

sin

si

)

sin

in

sin

in

(

in

)

s

(

w N

w N

w N

w N

CV
y out out in in

out in

y

y

y

y

P A W W

P A W

dMF v m v m
dt

R P A m V m

R P A

W

m V m

R P A m V m
m m m Q
R P A

W

P A W

A

V

P W

V

W

V

θ

θ

θ

θ

θθ

θ
ρ

− − −

− − − −

− −

↑

+

=

=

+ ±

±

+ +− −

− − −

= + ± − ±

− + − ±

= ±

= +

= =
=

∑ ∑ ∑ 

 

 

 

  

2 1sin )(Vm Vθ −− 

V2

V1 Ry

P1A1

P2A2

3
3Water Weight= N m

m
γ •∀ Nozzle Weight = 200N
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X MOMENTUM
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2 2 2 2

2 2 2 2

( ) ( )

cos 0 ( cos ) 0
( cos ) cos

CV
x out out in in

out in

x

x

dMF u m u m
dt

R P A V m
R V m P A

θ θ
θ θ

→+

= + ± − ±

+ − = + ± −
= + + +

∑ ∑ ∑ 





V2

V1 Ry

P1A1

P2A2

Rx
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SYSTEM MODELING
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2

1 1 2 2 2 1

2

2 2
1 1 2

2 20
2

2

0

2 2 2

2 2 2

2 1 1 2 1

}

3 k
1. ( co

 Equations/3 

sin ( sin )
s

2
Matrix Equa

w

t

s ) cos
cos ( cos )

2

3

Un no n

ion
[ ]

.
in ( si

s

{

.

n )
y w

H

y w

x

x

N

N

H

R P A P A W W m

m

P V V

V V
R P A P A W W

R

V

P

V

g

A

R V P A
m

V

A

m

P

x

γ

θ

θ θ

θ
θ

γ

θ

θ

θ
= − − − − −

+ = −

+

 −
= + 

+

−



= + +
− = +



− −









1

{ }
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MATLAB/MATHCAD
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x A B−

=

=
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System Modeling
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1

2 2 2

1 1 2 1

2 2

2

2 1 1
20

0

2

2

Matrix Equation
[ ]{ }

c

{ }
{ } [ ] { }
MATLAB/MATHCAD

sin
os ( cos )

( si
1 0
0 1
0 0 1

n )

2

w N

H

x

y

H

x

R
R

A V m
P A W W m V V

A

P P V

B
x A B

A

V
g

θ θ
θ

γ

θ

γ

−

 
 
 
 − − − − 
  − +  

−   
   =  
  



   



=



=





[ ]
[ ]

2

2 2
1 1 2

2 20
2

1

2

2 2 1 2 1

2

0

21

n

0 cos ( cos )

0 1 sin ( si )

0 0 1
2

x

H

x y

y w N

Hx y

R R P A P A W W

V

m V

P

R R P A

R P V V
g

m

V

R

θ θ

θ θ

γ
γ

+ + =

−

 −
= 

+ = +



− −

+ 


− −

+ +




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W

1

2

33

A vertical jet of water with a nozzle exit 
velocity of 15 ft/s and a diameter of 1” 
suspends a hollow hemisphere as 
shown. Determine the WEIGHT.

Control
VolumeDEFINE 

CONTROL 
VOLME

2/20/2024
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ROAD MAP
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W

1

2

33

1 2 3

2

1 1 2 2 3 3

1 3

1

Mass Conservation Change in Area
m m m
A V =A V =A V
Bernoulli Change in flow/pressure/height along streamline
1-3
P 0

Q

P P
P
γ

= =

=

→

=
→

= =

  

2
31

1 2
PVz g γ+ + =

1 2

2
3

3

2
1

3 (no friction)( , )

2

22V z V

Vz g

VV z gg
 
 ∆
 
 

=

+ +

= −∆
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Road Map
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W

1

2

33

1

3 3 2 2 3

2

3

1

2

2

2

1

2
1

3

Y Momentum (neglect weight 

BER

w

NOULLI

(no fr

of ater)

( ) ( )

0

i

( ) (

n

) ;

i

0

o

2

ct )

( , ,

Mass Conservation
m

22

m m

CV
y out out in in

out in

V

z

dMF v m

W

W A V

v m
dt

V m V m V V
W mV

VV z gg

↑ = + ± − ±

− = + − − + =
− = −

 
  =

=




=



∆


= −∆

∑ ∑ ∑ 

 



  

1
3

1

2
1 1) ) .94 /

4

2(

.02

22 slugs ft

W lb

AV
V z ggρ ρ
 
  → =
 
 

=

= −∆

How would problem change if we 
included weight of water?2/20/2024



Two steady water jets strike each other as shown in space. Neglect gravity 
and determine V, theta, exit diameter.

25

31 2 3

3 3

Mass Conservation Multiple inlet/exit streams

Three Equations, M , , 0
, ,

in out

x y

mm m
m m m

M m
Unknown

V

s V D

A

θ

ρ→

→

=

+ =

=
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→

∑ ∑

∑

 

 







3 3 1 1

1 1

3 3

Y Momentum

( ) ( )

0 0 ( sin ) ( )

sin
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y out out in in

out in

dMF v m v m
dt

V m V m
V m
V m

θ

θ

↑ = + ± − ±

= + + − +

=

∑ ∑ ∑ 

 





3 3 2 2

2 2

3 3

X Momentum

( ) ( )

0 0 ( cos ) ( )

cos

CV
x out out in in
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dMF u m u m
dt

V m V m
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θ

θ
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= + + − +

=

∑ ∑ ∑ 

 





2 2 2 2

3 3

3

1

2

1

2

1 1

3 1
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tan

n
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s
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n
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V m
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m
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V
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θ
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θ
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 
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 
 






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






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COMBINE
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Air flows as shown. A force of 12N is required to hold plate in 
place. Find gauge pressure reading

2/20/2024
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1 2

CV #1 CV #2

1. Conservation of Mass: Change in Diameter
2. Bernouli: Steady Inviscid Flow/Change in Velocity/Pressure Along Streamline
3. Conservation of Momentum: Exit/Inlet Fl

Fundamantals Driving Problem Road Map

ow to CV, External Applied CV Force
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“…Learning within a 
PROCESS results in deeper 

and a more enriched learning 
and understanding….”

Dr. K. J. Berry
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FUNDAMENTAL PRINCIPALS DRIVING ROAD MAP
Manometry ( P)
Conservation of Mass
Conservation of Energy--Bernoulii
Conservation of Momentum

∆

Thi  Ph t  b  U k  A th  i  li d d  CC BY NC

http://www.automoblog.net/2007/05/11/should-old-people-be-banned-from-driving-revisit/
https://creativecommons.org/licenses/by-nc/3.0/
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Water flows steadily from a 1m Dia. tank as shown and strikes the cart that weighs 
100N. If the fluid is inviscid and if the coefficient of friction for the wheels is 0.3, 
determine V1, V2, and the tenson in Rope B first, then Rope A.

Show and execute Road Map.

Control
Volumes

2/20/2024
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