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. Pasge= P~ Pa
Overview
* Linear Momentum Equation continued...

* Net Pressure on a Closed Control Surface
- use of gage pressure

* Numerical Example
 Calculating bolt attachment forces in a nozzle.




Net Pressure Force on a Closed Control Surface

* In the application of linear momentum equation, we often have pressure forces on the
control surface.

Pressure acts normal to a control surface (c.s.) and inward.

Since the unit normal vector n points outward, the net pressure force (acting inward) on
a control surface is:

Foress = fc_s_p (—m)dA  where pis the absolute fluid pressure.

This integral could be difficult to evaluate for complex c.v. shapes.

Luckily, there is a “trick” to allow us to work in gage pressure. You will see that this makes
the calculation the net pressure force much easier.
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Net Pressure Force on a Closed Control Surface

* Consider an arbitrarily shaped closed c.s. in a with uniform pressure (p_) on its surface.

* If the pressure is uniform, we know that:

Foress = fc.s. Pa (—M)dA =10

* For a closed surface, there can be no net pressure force, no
matter how complex the shape.

* How do we know this?

Nature takes care of the force balance for a closed surface.
If this were not true objects would move spontaneously!
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Net Pressure Force on a Closed Control Surface

* Now consider a control volume with a non-uniform pressure distribution on the control
surface.

Foress = fc.s.p (—n)dA

* This problem can be simplified by subtracting the
uniform pressure, p,.

Foress= fc.s.(p —Pg) (—n)dA = fc.s. Pgage (—n)dA

* This is equivalent because fC_S_ pe, (—m)dA =0

* We can integrate only the regions with gage pressure
that remain. Simplifies the calculation greatly!



Example 3.6 (from textbook)
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* The inlet of the nozzle has a fluid pressure of 40 psi (absolute). The nozzle discharges to

atmosphere at p,=15 psi.

* Press. distribution in Fig. (a) can be converted to Fig. (b), in terms of gage pressure.

* If the inlet diameter is D,= 3 inches, the net pressure force is:

Jet exit pres

40 Ibifin’ abs § § T 15 Ibifin® whs

Fyress = fc.s. Pgage (—n)dA

Thus, net pressure on the control volume: —

Fyress = 25 — 2= (3in)?= 177 b >
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* Given this “trick”, we can now solve a linear momentum problems more easily!
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Example
Water at 20°C flows through a vertical nozzle at a Q/_\
steady flow rate of 0.60 litres per second. The D = 16.0
nozzle inlet and outlet diameters are D,;=16.0 Q1=_0 60 I/r:m
mm and D,=5.0 mm. The nozzle has a mass of water _ap
2 . . p,;=464 kPa (gage)
0.10 kg and the water contained in the nozzle has |
a mass of 3.0x10-3 kg. The gage pressure at at T

section 1 is p;=464 kPa. The nozzle discharges
to atmospheric pressure.

Calculate the force in the flange bolts required

-
| o o
|
|
|

hold the nozzle in place. |

p,=0 kPa (gage)

@ D,=5.0 mm
1

Important!: You can set p=p,,,, where the flow discharges to atmosphere.
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Example
P F./2 F,/2

* Free Body Diagram P A
- F, is the bolt anchoring force T ¢ ¢ ¢ ¢ ¢ ¢ ,L T
- Wy is the weight of the nozzle @

- Wy is the weight of the water in the
nozzle (between (1) and (2))

- p;A, is the pressure force at (1)

- p,A, is the pressure force at (2)

* All pressures are expressed in gage.

* So, the net pressure force can be
calculated by integrating the gage
pressure at (1) i.e., p;A,
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Example
* For steady flow, the linear momentum equation with one inlet (1) Fal? BiA, Fai2
and one outlet (2) is: T 4 ¢ ¢ ¢ # # J, 1

®

z F == m2V2 - ThlVl

Note the x co-ordinate in the downward direction.

Applying linear momentum:

—Fy+ Wy + W, + p1A1 —pA;, = myu, —my uy

Conservation of mass: my =m, =m=pQ (Q= 0.6 litres/s)

Solving for the bolt anchoring force, F,



Example

Fy = +Wyx+ W, +p14; —pA; —m(u; — uy)

» Stop here for a moment. Does this make sense?
- weight of the nozzle and water increases F, @
- p, increases F,, p, decreases F,
- change in momentum of the water reduces F, @
(u,>uy, like the action of a jet engine)

e Substituting numerical values:

= pAyu; = pQ = (998 22)0.6% (1073 ""73) = 0.599%
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Example
* Fluid velocity at (1):

uq

[2%)

. Weight of nozzle: Wy = myg = 0.1 kg (9.81 g) ~ 0.981 N

. Weight of water: Wi, = m,,g = 3 X 10 3kg (9.81 S%) — 2.94 x 1072N

40Q

2
T D}

40Q

- =
T D3

3
4 (0.6 X 10737

1 (0.016mM)2

3
4 (0.6 X 10737

1 (0.005m)2

=298~
S

= 30.6=
S
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Fa= +Wy + W, +p1dy — padA; — (U — )

D;=16.0mm r
Q=0.601l/s =
p,=464 Pa (gage) LL o

lx. i D,=5.0mm
p;= 0 Pa (gage)
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Example

* So, the bolt anchoring force is: Fo= +Wy + W, +p A, — pod; — mi(u, — uy)

2
F, = 0.981N + 2.94 x 10™2N + 464 x 103Pa m D = 16.0 mm
Q=0601/s (i)
~0 - 0.5992(30.6% - 2987 p=464 kPa (gage) |

F, = 0.981N + 0.0294N + 933N —1654N =778N (ans.)

* The bolts will be in tension (even with the acceleration of the water).

D,=5.0 mm
p;= 0 kPa (gage)
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Full Scale Visualization of Wing Tip Vortices
https://www.tumblr.com/tagged/fluid-dynamics

END NOTES
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