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3.9 Momentum Equation

The momentum equation is commonly used to calculate the forces (usually on support
dv

systems or connectors) induced by the flow.
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3.9 Momentum Equation
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Momentum-flux correction factor: B=-
A,

The momentum EﬂUEFiDﬂ for steady one-dimensional flow is

> F=>pmV - Y pmv

v" we would find that f ranges from about 1.01 to 1.04.
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3.9 Momentum Equation
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The momentum equaiion for steady one-dimensional flow is
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What is Momentum?
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P=mv

P = 30kg+2.0m/s
P = 60kgm/s

How is Momentum Calculated?
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3.9 Momentum Equation
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Force exerted by the jet on a stationary plate
(Symmetrical Plate)

[
Plate is Curved and Jet strikes at tip

F, = 2paV2cos 0

Fig. 174 Jet striking cwrved fixed plate at one end.

Force exerted by the jet on a stationary plate
[

Plate is inclined to the jet ¢/

Fy=paV? sin o

F,=Fysing

F, = Fy cosb

Jet siriking stationary inclined plaie
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3.10 Fixing and moving vanes
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Impact of Jet
J Case - II: When Object is Moving with velocity ‘v’
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Therefore, in general
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Take +ve sign when § < 90°
Take -ve sign when g > 90°
Put Vw2 =0 when 8 = 90°

» https://www.slideshare.net/RambabuPalaka/impact-of-free-jets-60682698

» https://www.slideshare.net/RambabuPalaka/impact-of-free-jets

Force exerted by the jet on a moving plate
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3.11 The moment theory for propeller
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3.11 The moment theory for propeller
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Q/ Prove the n,=59.25 % for propeller ?

https://s2.smu.edu/propulsion/Pages/propeller.htm
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Examples

Example,: The Force to Hold a Deflector Elbow in Place A reducing elbow is used to deflect water
flow at a rate of 14 kg/s in a horizontal pipe upward 30° while accelerating it (Fig. 6-20). The elbow
discharges water into the atmosphere. The cross-sectional area of the elbow is 113 cm? at the inlet
and 7 cm? at the outlet. The elevation difference between the centers of the outlet and the inlet is
30 cm. The weight of the elbow and the water in it is considered to be negligible. Determine (a) the
gage pressure at the center of the inlet of the elbow and (b) the anchoring force needed to hold the
elbow in place. The momentum flux correction factor (8)=1.03

Sol.,: Properties:density of water is p,, = 1000 kg/m3 .
Note: The continuity equation for this one-inlet, one-outlet, steady-flow system is m; = m,= m=14
kg/s. Noting that m =pAV, the inlet and outlet velocities of water are

. m 14 ka/s
(@): v,=—-= 391’ — = 1.24m/s
pAr (1000 kg/m?)(0.0113 m?)
I 14 kg/s
WV, = = = 20.0 m/s
* phA; (1000 kg/m?)(7 x 10~ * m?) FIGURE 6-20 Py
P, Vi P: Vi e o ::’;_f
g N 2q Th= Qg * 20 tn _i FR" S ::_-::-:=-=”';':’(/;:.f“"{ 30cm
V2 V2 D= mv, il |
|:I_|:I}= ( 2 +I}_I) E-: .-'”H
1 2 = PY 2 2 — 4y F{__—X _____ =

Py — Pam = (1000 kg/m®)(3.81 m/s?)

(20 m/s)? — (1.24 mis)? )( 1 kN )
* ( 2(9.81 m/s9) +03-0 1000 kg - m/s*

P, gage = 202.2 KN/m® = 202.2 kPa  (gage)

12



Examples
Sol.,: (b)
(£) The momentum equation for steady one-dimensional flow is
E F — E Emf _ E}gm\}} FIGURE 6-20 ? P
ok in l_

FH: + P1. gage’aﬂ = Emv_a CO5 I'-'.iI — ,Bl"r'll".ﬁ

Solving for Fg, and Fg,, and substituting the given values,
Fre = Br(V; cos 8 — V) — A

|:]1.|§|i||-;|e

= 1.03(14 kg/s)[(20 cos 30° — 1.24) mfs]( 1 I-u; IN ma’sz)

— (202,200 N/m?)(0.0113 m?)
=232 — 2285 = —2053 N

1N
kg - m/s®

Fre = BV, sin & = (1.03)(14 kg/s)(20 sin 30° m/s) (1 ) =144 N

13



Examples

Example;: A 90° elbow is used to direct water flow at a rate of 25 kg/s in a horizontal pipe upward. The diameter
of the entire elbow is 10 cm. The elbow discharges water into the atmosphere, and thus the pressure at the exit is
the local atmospheric pressure. The elevation difference between the centers of the exit and the inlet of the elbow
is 35 cm. The weight of the elbow and the water in it is considered to be negligible. Determine (a) the gage
pressure at the center of the inlet of the elbow and (b) the anchoring force needed to hold the elbow in place. Take
the momentum-flux correction factor () to be 1.03. ; Properties:density of water is p,, = 1000 kg/m3 .

Sol.;:

Analysis (a) We take the elbow as the control volume. and designate the entrance by 1 and the outlet by 2. We also

designate the horizontal coordinate by x (with the direction of flow as being the positive direction) and the wvertical
coordmnate by z. The continuty equation for this one-inlet one-outlet steady flow system 1s m; =m, =m =30kg/s. Noting

that m = od¥ . the mean inlet and outlet velocities of water are

m " B 25kg/s

ed  o(zD?/4) (1000 kg/m’)[7(0.1m)" / 4]
Noting that 77 = V5 and P; = P,y the Bemoulli equation for a streamline going through the center of the reducing elbow 1s
expressed as

=3 18m/'s

V=V, =F=

7 N .
i+—1+:1=—'+ ~+z, =+ R-R=pglz,-3) > B_.=pe(z—-7)

pe g cg g

Substituting,
R ... =(1000 kg/m’ )(9.81 m/s" )(0.35 m]|

LEN |3 434 10V/m® = 3.434 kPa = 3.43kPa

1000 kg-m/'s” |

o)

35cm | |
/ _.*"
©) ”
Water \ /
25 Kgi's ( j -

FIGURE P6-22
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(6) The momentum equation for steady one-dimensional flow isZﬁ'=Zﬁ#ﬁ—Z ,Bmf’ We let the x- and z-
out in

components of the anchormg force of the elbow be Fp, and Fp.. and assume them to be m the positive directions. We also
use gage pressures to avoid dealing with the atmospheric pressure which acts on all surfaces. Then the momentum
equations along the x and y axes become

Fpy + P gage sy = 0— fm(+V) = —pmV Sol.;:
Fg. = pm(+V,) = pmV |
Solving for Fr, and Fg.. and substituting the given values, X 2
F 35cm
Fa, =—PmV =P oo 4 e
IN o
L _ 2 2 Water
=—1.03(25 kgfs](llsmfs}[—lkg_ml} (3434 N/'m = )[7(0.1m)~ / 4] 25 ks
=-109N
Fr = BtV =1.03(25kg/)(3.18 m/s) ——~ | —819N
B - - llcg-rmfs2 -
1 o2 2 7 1Ry 1 819
and  Fy =|Fa, +F§, =(-109)? +819% =136N, &=tan ot 23701430
A _




Examples

Example,: A reducing elbow is used to deflect water flow at a rate of 30 kg/s in a horizontal pipe
upward by an angle 8 = 45° from the flow direction while accelerating it. The elbow discharges
water into the atmosphere. The cross sectional area of the elbow is 150 cm? at the inlet and 25 cm?
at the exit. The elevation difference between the centers of the exit and the inlet is 40 cm. The
mass of the elbow and the water in it is 50 kg. Determine the anchoring force needed to hold the

elbow in place. Take the momentum-flux correction factor to be 1.03. 25 e {
SOII4: __'EEI;
150 cm? 40cm
-
Water =
Solution A reducing elbow deflects water upwards and discharges it to the atmosphere at a specified rate. The O -
anchoring force needed to hold the elbow 1n place is to be determined.
FIGURE P6-25

Assumptions 1 The flow 1s steady, frictionless, one-dimensional, incompressible, and irrotational (so that the Bemoulh
equation 1s applicable). 2 The weight of the elbow and the water in 1t 1s considered. 3 The water is discharged to the
atmosphere, and thus the gage pressure at the outlet is zero. 4 The momentum-flux correction factor for each inlet and
outlet 1s given to be = 1.03.

Properties We take the density of water to be 1000 kg/m’.

Analysis The weight of the elbow and the water in it 15
W =mg =(50kg)(9.81 mfa':j =490.5 N =04905 kN

We take the elbow as the control volume, and designate the
entrance by 1 and the outlet by 2. We also designate the
horizontal coordinate by x (with the direction of flow as being
the positive direction) and the wertical coordinate by z. The
continuity equation for this one-inlet one-outlet steady flow Water
system 1s 7y =1ty =m =30kg/s. Noting that s = odF . the 30kg/

mlet and outlet velocities of water are
m I ka's
= =20m's

pd; (1000 kg/m>)(0.0150m?) i
_om 30kgls
© oy (1000 ke/m?)(0.0025m?)

F]. =

=12m/'s




Examples

The momentum equafion for steady one-dimensional flow is

Sol.,: SF - Spnd - 3 anv

Taking the center of the inlet cross section as the reference level (z; = 0) and noting that P; = P,y the Bernoulli equation
for a streamline going through the center of the reducing elbow 1s expressed as

2 2 T, 3 {172 172 3

i+Ii+:1=P?+F'2+:2 —}ﬁ—R:;g“? F1+:1—31|—> .F{gﬁge—,ng‘g—ﬁ+:2

2 : 2 : ' 2

PE 2g g 2g L 28 J . <8 /

Substituting,
; o o g
2 el ) f5)- 4
B ,uge = (1000 keg/m®)(9.81m/s”) (12mfsy ~Qmls)y E L] — 73.9KN/m’ = 73.9kPa
’ | 2(9.81m/s7) N 1000 kg -m/s™

The momentum equation for steady one-dimensional flow 1'5‘}— F= by ﬁmﬁ; -% ,El‘ml'_’ . We let the x- and z- components
- =
of the anchoring force of the elbow be Fg, and Fz.. and assume them to be 1n the positive directions. We also use gage

pressures to avoid dealing with the atmospheric pressure which acts on all surfaces. Then the momentum equations along
the x and z axes become

‘FRI +‘P1gage"il = ﬂ?ﬁrFl COs S_mprl aﬂd ‘ka - = ﬁi’f;’: ‘::i.ﬂ g
Solving for Fg, and Fg.. and substituting the given values,

1kN
1000 kg -m/s’

Fp = Bm|V,cos8- If'::l] — B pzeh =1.03(30 kg/s)[(12c0s45°-2) m-’s]|

.

]—{?3.9 EN/m” )[D_Dlﬁﬂ m*)

——0.908 kN
o _ [ 1kN
Fr. = BV, sin 8 +W = 1.03(30 keg/s)(12sin45° m/s) — |+0.4905kN = 0.753 kN
. 1000kg-m/s~
— Fp. _
Fp = JFJ%‘, +Fz =,/(-0908)% +(0.753)* =1.18kN. &=tan’ & —tan’ 0153 _ 397
Fp, —0.908

Water
30kg




Examples

Example;: Water Jet Striking a Stationary Plate; Water is accelerated by a nozzle to an
average speed of 20 m/s, and strikes a stationary vertical plate at a rate of 10 kg/s with a normal
velocity of 20 m/s (Fig. 6-22). After the strike, the water stream splatters off in all directions in the
plane of the plate, and B=1. Determine the force needed to prevent the plate from moving

horizontally due to the water stream.

Sol.;:

h In
L . _I_,."
Analysis We draw the control volume for this problem such that it contains jm |
the entire plate and cuts through the water jet and the support bar normally. |
The momentum equation for steady one-dimensional flow is given as |

|
|
|
_____ —
SF=SemV- S pmv L. ﬁ.l:

ok in

FIGURE 6-22

Writing it for this problem along the x-direction (without forgetting the nega-
tive sign for forces and velocities in the negative x-direction) and noting that
Vi ,=V,andV, , = 0 gives
—Fr =0 — gmV,
Substituting the given values,
TN
kg - m/s’

Fo = AV, = (1)(10 kg/s)(20 rm's‘_l(1 ) — 200 N

18
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The momentum equafion for steady one-dimensional flow is

e sdediony vine of Loy (= godis P loso ke S
s Vo = 120myg —_‘E‘ i
_ xampleg: B Q
SOI.G. Q1_QO C'Q ﬂ-ﬂ'ﬁ [
ETY = Fava SO0t PGy @105 o) :
-fGv 58, i

V,2Va=Vz=zl/ (open Sys )

PzPi=Ps= alm

(Voz o-E@0, @

(A3 =z¢-u

$6- PVG[o-6 o5, 0.y CosOs - (o8 |
Vzltemi€C (P =c-08m/l

Q,=0.4 Q,

9!-'7 ¢ f @1:5:' s é%;zq.; [ L
Zhez - g4yo N —> ©3 /ﬁ\gﬁ F Fi :
E=vFix+F
bz Gl <— o / — J
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Homeworks:

Hw,: A 90° elbow is used to direct water flow at a rate of 25 kg/s in a horizontal pipe
upward. The diameter of the entire elbow is 10 cm. The elbow discharges water into the
atmosphere, and thus the pressure at the exit is the local atmospheric pressure. The
elevation difference between the centers of the exit and the inlet of the elbow is 35 cm.
The weight of the elbow and the water in it is considered to be negligible. Determine (a)
the gage pressure at the center of the inlet of the elbow and (b) the anchoring force
needed to hold the elbow in place. for the case of another (identical) elbow being
attached to the existing elbow so that the fluid makes a U-turn. Take the momentum-flux
correction factor to be 1.03. ; Properties:density of water is p,, = 1000 kg/m3 . Answers:

(a) 6.87 kPa, (b) 218 N
OF
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Homeworks:

Hw,: A reducing elbow is used to deflect water flow at a rate of 30 kg/s in a horizontal
pipe upward by an angle 8 = 110° from the flow direction while accelerating it. The
elbow discharges water into the atmosphere. The cross sectional area of the elbow is
150 cm? at the inlet and 25 cm? at the exit. The elevation difference between the centers
of the exit and the inlet is 40 cm. The mass of the elbow and the water in it is 50 kg.
Determine the anchoring force needed to hold the elbow in place. Take the momentum-
flux correction factor to be 1.03.

21




Homeworks:

Hw,: A 100-ft3/s water jet is moving in the positive x-direction at 20 ft/s. The stream hits
a stationary splitter, such that half of the flow is diverted upward at 45° and the other half
is directed downward, and both streams have a final speed of 20 ft/s. Disregarding
gravitational effects, determine the x- and z-components of the force required to hold the
splitter in place against the water force. Note: you have to solve the question in Sl units.

Fi L
100 fis m—

X

FIGURE P6-29E

45°
45°

20 fi's

/

_—splitter
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Exams and Grading Policy:

** The distribution of Fluid mechanics degree for the students in
course-1 as following the table:

Qu(lzz)z e Project (1) | Assignments (H.Ws) X:ﬁf{f; Lab(gz)ltory
10% 0% o7 10% 15%
g ~ —~ 7 a
£F 3 H AL
M| @ 7 - 2 - | 55| &8¢
B = = 7 B | 2.2
a o O ) )
5 5 2 5 4 10 9 6
% | % % % % % % %

23



»Note: Solve all three Homeworks
and sending me the answering
next week on Thursday 13 March
2025.

I hope everything is clear for all

students
+*Good luck
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