SUMMARY

MOMENTUM PRINCIPLE

DR. MUNZER EBAID
MECH. DEPT.

Dr. Munzer Ebaid



MOMENTUM PRINCIPLE

d(Mass),,, d

7 ——tCJ;de+é[SpV0dA

Multiply the above equation by velocity (V), we have

d(Mom),,, d
—=ECIVVde+CjSva-dA

dt

The momentum principle for a control surface
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MOMENTUM PRINCIPLE

3. Momentum Accumulation

The momentum principle for a control surface is given by,

ZF = a J‘Vde +Z(mv)out _Z(mv)i"
dt;, Ccs [

The momentum accumulation :%jv,on

The momentum accumulation for a steady flow = zero

The momentum accumulation for a stationary structure = zero
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MOMENTUM PRINCIPLE

Momentum Diagramme

control
surface

Momentum flow:

Z(mv)out o Z(mv)in = [rhvout Cos 9]’ + [mvout sin g — rhvin]j
CS CS
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MOMENTUM PRINCIPLE

The Momentum Equation for Cartesian Coordinates

d : .
X-direction: ZFX = ijPdQ +Z(mv)outx _Z(mv)inx
at ;, CS CcS

d : :
Y-direction: PNt L2 SN (I IVED Y (1
dt ey CS CS

d : .
Z-direction: ZFZ = E IVZde +Z(mv)outz _Z(mv)inz
cv CS CS
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VENES

A vane is a structural component, typically thin, that is used to turn a fluid jet
or be turned by a fluid jet. (example: a blade in a turbine)

For a vane or a blade, the following assumptions are considered:
1. Pressure forces are atmospheric.

2. Neglect changes in elevations.

3. Neglect viscous forces
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Example 6.6

As shown in the figure, a I-mdmmeter pipe bend is carrying crude oil (S = 0.94) with
a steady flow rate of 2 m’/s. 'Ihebandhasmangle of 30° and lies in a horizonta]

plane. The volume of oil in the bend is 1.2 m?, and the empty weight of the bend is 4
kN. Assume the pressure along the centerline of the bend is constant with a value of 75

kPa gage. Find the net force required to hold the bend in place.

/Bolted flange

Find the force required to hold the bend in place?
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This problem involves forces in the (L824

The momentum accumulation = (Since Flow is steady)
FCNRUCRCENCIERIEINE > £ =R, + pA— pAcos30

ZFy =R, + pAsin30
ZFZ =R, -W
From the momentum diagram, (/S s e)s () continuity( = pAV)
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2F = 2 (W) = (), = (v eos30) ~MII R+ pA— pAcos 30 = v cos 30 — v
ZFY = Z(mv)outv —Z(mv),.,,y =—(mvsin60) -0 Ry + pA sin 30 = —-mvsin 30

2.F2 = 2oz =2 V) =0 Note:

Resultant Force ZF = ZFX +2Fy +ZF2
The net force

The pressure force is

pA = (75 kKN/m?) (1t x 0.5° m?) = 58.9 kN
The fluid speed is

3
v=Q/A=-—LZM/8) _ _955m/s

(7% 052 m)
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The momentum flow rate is

iy = pQv = (0.94 x 1000 kg/m’)(2 m>/5)(2.55 m/s) = 4.80 kN
The value of R, is

R, = —~(pA + v)(1 - cos30°)
= —(58.9 + 4.80)(kKN)(1 — cos30°) = -8.53 kN
The value of R, is
R, = —(pA + mv)sin30°
= —(58.9 + 4.80)(kN)(sin30°) = —31.8 kN

The bend weight includes the oil plus the empty pipe:

W=~vy¥+4kN
= (0.94 % 9.81 kN/m’)(1.2 m>) + 4 kN = 15.1 kN

S0 R, = 15.1 kN. The net force acting on the bend to hold it stationary is

R = (-8.53 kN)i + (=31.8 kN)j + (15.1 kN)Kk <
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Example 6.7

Water flows through a 180 reducing bend, as shown. The discharge is 0.25 m*/s,
and the  pressure at the center of the inlet section is 150 kPa gage. [f the bend volume is
0.10 m?, and it is assumed that the Bernoulli equation is valid, what force is required to

hold the bend in place? The metal in the bend weighs 500 N.

Find the force required to hold
the bend in place?
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This problem involves forces in the [€#4] directions
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d .
The momentum accumulation = (Flow is steady)
From the force diagram, IV IRE - SESW. RIS, S

F, =R ~W,-W,
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Using Bernoulli's equation between section 1 & 2, we have

! 1 R +p A +p, 4, =m(v, —v,
p1+7zl+§pv12 =P, )z, +§PV22 x T P14y T Pady ( 2 1.

From Continuity equation between section 1 & 2, we have

3] can be found

v, = Q _ 025 m/s
Al m/4x%03°m
3
vy = g _ _035m f:a
Ay m/4%0:15°m

= 3.54 mss

2

5 = 14.15 m-s

Mass flow rate is given by

i = pQ = (1000 kg/m")(0.25 m’)
= 250 kg/'s

The net outward momentum flow rate is

(v, +v)) = (250 kg/s)(14.15 + 3.54)(m/s) = 4420 N S



Pressure at section 2 is given by the Bernoulli equation:

P{Pf-t%}
Pr=mt 5 +v(z; —22)

2 2
— 150 kPa + (1000)(3.54" = 14.157)Pa  9810)(0.325)Pa

2
= 59.3 kPa
R, is given by R, = — (A +prds) —m(vy +vy)
The net pressure force is
1A, +pady = (150 KPa)(m x 0.37/4 m”) + (59.3 kPa) (m 0.15%/4m")
=11.6 kN

The x component of the support force is
R, =—(p1A, +P2dy) —1(vy + Vi)
= —(11.6 kN) — (4.42 kN)
=—-16.0 kN

and the z component is
R, = Wy+ W,
— 500 N + (9810 N/m>)(0.1 m’)
= 1.48 kKN



Non-uniform Velocity

Distribution
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Example (6.9)

A stationary nozzle produces a jet with a speed v; and an area A.. The jet strikes a mov-

ing block and is deflected 90° relative to the block. The block is sliding with a constant
speed v, on a rough surface, Find the frictional force F acting on the block.

Find: The frictional force

acting on the block?
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This problem involves forces in the [&&4] direction

d .
The momentum accumulation = pm [[2%cleBl8] (Flow is steady)

From the force diagram,
>F, =—F
ZFZ =N - Wblock Dr. Munzer Ebaid

19



From the momentum diagram,

ZFX - Z(mv)out _Z(mv)in) =0 —(mV1) - —I'hV1

ZFZ = Z(mv)outz _Z(mv)inz =mv, -0=mV,
Ccs Ccs
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The mass flow rate is calculated using the velocity relative to the control surface-
{vj'—l’b),mm _

.ﬁ: = Mjfvj - Fﬁ}

Notice that i —> 0 as v, —> v;, which should be the case because is the rate at
w}ﬁchnmssiscmssingﬂwmnmjl surface,

The speed v, is relative to the moving reference frame, and so

1"1 — I-':II:—"l.-"b

Combining terms results in

F= ﬁﬂ"] 1= Mj[vj_vb:li
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i(m,,v,,) =(mv,+p,A,)-W —-D

dt

m, %vr =(pAv,’ +p,A)-W —D

The acceleration of the rocket

The term is known as the thrust of the rocket motor (T)
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Momentum - of - Momentum Equation

For rotational motion, the angular momentum of a system is given by,

_d(H),,s B M =The moment
- H,, = angular momentumof the system

2M==G

Using the Reynolds transport theorem which is

di;ys = % j bpdQ+ j bpV e dA

s = (MVN) g

Bsys = (H)

d(H)sys

d
= =Ecjv(v><r)pdo+i(vxr)pv-dA=ZM

ZM=% I(rXV)de+er(mv)out —er(mv),.,,
cv cS cs

Dr. Munzer Ebaid

23



Example (6.12)

Find: The moment the support system must resist?
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ANALYSIS:

d
The momentum accumulation = v, pdQ =0

From the force diagram,

> M =—(M, +0.15p,A, +0.475p,A, —0.2W)

From the momentum diagram,

ZM = Zrout X (MV) _Zrin x(Mv),,) =r, x(Mv,)+r,x(mv,)
Ccs CS



Equating the above Eqgns. we have

> M=—(M, +0.15p,A, +0.475p,A, —0.2W) =m(r,v, +r\v,)

M, =-3.6kNm
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THE END
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