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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/


5/31/20235

2 3

2 2 0 0

3 20 0

3 2 20

2 0
AIR ABOVE LIQUID

7 0
12

Stagnation Pressure
12

H

H

Manometry

P P
P P P

P P

xP P

γ

γ

−
= →
+ ∆ =

− = =

= = →



5/31/20236

2

3 2 20

1

1

Stag

1

nation Pressure
12

2,

air

H
xP

Energy
z z

P

P γ

γ

− =

= = →

2 2
1 2 2

2 2air

V P V
g gγ

+ = +

[ ]0

2 2

1

0
1 2

3

2

2

3

1

12

2
2

2
H

H

air air

air

f

x
V

ft ftV g
s slbf

f

x

P
g

l

t

bf ft
t

γ

γ γ

γ

γ

   = • 

 

=

 


     
 



=





1 2

3

4

5

R
X

R
y

X

Y



5/31/20237

1 2

3

4

5

R
X

R
y

X

Y

5

5 4

5 4 4

5 4

5 4

4

X

0

MASS C

 Moment

N

um

( ) ( )

0 ( cos ) ( )

0

O SERVATION

( cos )
NO FRICTION

(cos 1
c

(co

)
( os )

s 1)
1

CV
n

ai

out out i in
out in

r

x
dM u m u m

dt
Rx V m V m

Rx m V V
V V V
Rx mV

m
Rx mV

m

Rx V

m

F

m A V

θ

θ

θ

θ

ρ

θ

←+

= + ←

= + ± − ±

− = + + − −

− = + +
= = →

− =

=

+ +

=

= +

=

−

∑ ∑∑  

 











 

[ ]2

1 2

3

0 3

TO TH

1
2

E LEFT

2

ai

H

r

lb
ft ftV g
s slbf

f x ft
ft

ft

γ

γ

   = •   

 







  


 






2

2 2
5

5

5 5

5 5

2
5 5

5 5

5

5

2

(cos 1) sin

0

( ) ( )

( sin ) 0

0 sin

sin

sin

CV
y out out in in

out in

y

air

air

y

air ai

ai

r

r

R A V i A V j

dMF v m v m
dt

R V m

A V

A V

R A V DOWN

ρ θ ρ

θ

ρ θ

θ

ρ θ

θ

ρ

↑ = + ± − ±

+ = + − −

= −

= −

=

+

   + +   

= →

∑ ∑ ∑



 





MATRIX EQUATIONS

5/31/20238

[ ]

{ } { } { }

1 2

3

1 32 CO

2

3

0 3

20 32
2

1

2

2
12

{

2

1} {0] {0]

1

1

{

air

UNKNOWN UNKNOWNUNKNOWN

a

H

ir

H

x y

E

tft ftV g
s sl

f

bf
ft

g
ftV R R x

l

s lbf

N

ft

QUAT

bf x ft
f

lbf
t

IO

γ

γ

γ

γ
   = •  



 
 
 

 
 




    
 
 

 
• 

   + + =  




     

   

 





1

1

NTROLLING INPUT

1

2

3

1

3

1

1

20 3

}

1
0
0

2
12

{ }

FORCING FUNCTI N

H

O

air

lbf
ft

a
a
a

g

F x
lbf
ft

γ

γ

=
=
=

 
•



 
 







 =  


    





MATRIX EQUATIONS

5/31/20239

{ }

{ }


{ }{ } { }

2

2

1 2 3

2

1

2

3

2

2

2

2

(cos 1)
(cos 1)

(cos 1)

(cos 1) 1 {0} 0

(cos 1)
1
0
0

2

air

air

UNKNOWN UNKNOWN UNKNOWN

air

air

Rx mV
AV

A V

A V Rx Ry

a

EQUAT N

A

IO

a
a
F

θ

ρ θ

ρ θ

ρ θ

ρ θ

= − +

= − +

= − +

+ + + =

= +
=
=
=



 



MATRIX EQUATIONS

5/31/202310

{ }


{ } { }

2
5

2
5

1 32
2

5

31 5

32

33

3

sin

sin 0

sin {0} {1} 0

sin
0
1
0

3

y air

y air

UNKNOWN UNKNOWNUNKNOWN

air x y

air

R A V

R A V

A V R

E

R

a

a

QUATIO

a

N

A

F

ρ θ

ρ θ

ρ θ

ρ θ

+ =

− =

− + + =

= −
=
=
=







5/31/202311

1

Matrix Equation
[ ]{ } { }
{ } [ ] { }
MATLAB/MATHCAD

A B
x A B

x
−

=

=

11 12 13 1 1

21 22 23 2 2

31 32 33 3 3

a a a F
a a a F
a a a F

φ
φ
φ

     
     =    
         



5/31/202312

1

2

2 3

0 3

2

3

1 0 0
1 0 0

2
12

{ }

(cos 1
0 1 0sin

)

H

y

air

a

ai

ir

r x

V
R
R

f

lbf g

x
lb
ft

A

ft

A

γ

ρ θ
ρ φ

γ
φ

φ
θ

 
 
 
 
 

 =   
     = =    
     =     

 
 
 
 

 
• 

 
 

  




 


 
 



 

 

−


+

“FINAL MATRIX SYSTEM EQUATIONS”


	MOMENTUM AND �SYSTEMS MODELLING�STUDY AID
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	MATRIX EQUATIONS
	MATRIX EQUATIONS
	MATRIX EQUATIONS
	Slide Number 11
	Slide Number 12

