Newton’s Second Law
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Momentum = Vdm = Vpd¥ for an element of mass dm

Momentum of the System B = [fdV =[Vpd¥
* Momentum per unit volume= 8 = Vp
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Component Equatiﬂns

Y, = [Vpd\:f+ [V.pV - hdA
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Signs

s I and V., V).V, have signs in a coordinate system

V = chsf) = + for outflow (0 <0 < 90)
= - for inflow (90 <0 <180)




Forces from Steady Flow through a Duct
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Force on the Fluid = Force Distributions on the Control
Volume Containing the Fluid
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Average pressure = [ pdA = pA on entrance and exit areas

Forces from duct wall:

Horizontal component of pressure = pdA sin 6

Horizontal component of shear stress = 7dA4 cos @

dA =2nRds dscos@ = dx
L

Resultant force R, = [(ptan@ +7)27Rdx L =length of duct
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S F, = [V,pV -AdA for steady flow
S

—Rx + plAl S pzz‘iz = _[ upuﬁﬁ— IHpHdA
A %

VV - i = —u at the inlet and +u at the outlet
ju*dA =xii* A where @ = ([udA)/ A

3 _2
R, = p1A) — prdy + pryiif 4y — proits Ay

ic={ju 2dA) | u 2 4= profile factor = 1 for uniform
= 4/3 for parabolic

One Dimensional Flow (k =1)
2 2
Ry, = p1A — prdo + PV 4 — pV3 Ay

Forces on the Duct
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F_ = force to hold the section of duct in equilibrium




Force to hold duct

Horizontal atmospheric pressure force = — p, (4 — 43)
For equilibrium of the pipe section

Fx +Rx ﬁpa(Al #A2)=0

Fx = _Rx +Pa(A1 "'AZ)
2
= —(py - pa) Ay + (s — Pa) Ao+ PVE Ay — VI 4

Example: Force F, to hold the duct.
Flow rate of water = ¢ = 0.1m’ /s

Areas: 4, = 0.01m> and 4, = 0.008m”
Gage pressures: p; — p, = 50kPa and py — p, = 21.9kPa
Velocities: V; = ¢/ A =10m/s and V5 = ¢/ 4, =12.5m/s

F. = —(50000)(0.01) +(21900)(0.008)
+(998)(12.5)2(0.008) — (998)(10)*(0.01)

F,=-753N
which points opposite to the positive x direction.

[f all other quantities in the momentum equation have the
correct signs, the momentum equation will give the correct
sign for the unknown force.



Example Force necessary to hold the pipe bend with
steady incompressible flow. Uniform flow at the
entrance and exit areas.
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Weight of the pipe bend = w,
Weight of the fluid in the bend = w,.

Atmospheric pressure is subtracted from all sides of the
control volume, then p; — p, and p, — p, are the net
pressures at the entrance and exit.

Y Fy=F,+(p1—Pa)4 — (P2~ Pa)4, c0SO
= [V, pV -AdAd =V p(-V1) 4 +(V; cos0)pV, 4,

F,. =—(py = pa) 4 + (P2 — Pa)4, cosO
- pVIZAI + PVZZAz cost

ZF}aszu(pZ_pa)AESingwwf_m}
= [V, pV - AdA = (V,sin0) pV, 4,

F, =(py — Pa)42 sin@ + Wy + W, + pV22A2 sinf



Example: What is the force on the vane for steady and
incompressible flow?

Neglect friction effects, the vane simply turns the fluid
while the speed of the fluid is constant

Jet submerged in the atmosphere, the pressure inside the jet
is that of the ambient at 4, and 4,, and the pressure on the

entire control surface is atmospheric.

zFx IFx = JprﬁﬁdA
=V,p(-V;)4; + (-V,c0s0)p(V; sin0) 4,

Aysin=d, V,=V; Ay=4;

F, = _prAj(lﬂzusﬂ)

where the force on the vane would be the opposite.

Vane is moving to the right with velocity V,, the velocity
relative to the vane would be V; =V,

Fy=—p(V; =V,)? 4;(1+cos0)



