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Applications of Momentum Equation

Initial Setup

1.RTT:

DBsys _ d Ay + Ve - dA
Dt dr CV/)’p Csﬁp_R A

where, Vg =V — Vs and d4 = ndA.

If CV is non-deforming and flow is steady (9/dt = 0),

d d
T CVﬁPdV = Cva(ﬁp)d‘r‘ =0
If CV is fixed (i.e., E=O),
Va=V

Also, if flow is 1D at discrete CS’s,

| pov-da =y @i =) B

where,

m=pV-A=pQ =pVA (V= |Z| if V is normal to 4)
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2. Linear momentum equation:

Simplified RTT for 1) fixed CV, 2) steady flow, and 3) 1D flows at discrete CS’s:

255 N s — Y (B

Let,
B=mV
p=_y
dm —
Then,

DBSyS
I F
b= ) F

Thus, a simplified momentum equation becomes

Y E= ) (), ~ > i),

or, in component forms:

D= (t)ue = ) ()i
PRADICONEDY (N
DB =D Uidoue = ) (i

where,

m = pQ = pVA
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1. Jet deflected by a plate or vane (Lecture note Ch5, page 12)

Consider a jet of water turned through a horizontal angle

£ CV and CS are

for jet so that F,
and Fy are vane
reactions forces
on fluid

1) Bernoulli equation

VZ 4
e A U e
Y 29 Y 29

Since p; = P, = Parm = 0 (gage) and assume (V2,VZ) > 2g(z, — z,),

2) Continuity equation
p1ViAs = p,V24A;
Sincep; =p, =pandV; =V,,
~ A=A,
3) Momentum equation

x-equation:

> B = (pVA) gue = (pVA)in

b= (1)t ) - 04, (it

=Q =Q

o= PQ(sz - le)
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y-equation:

DB = (eva),,, — (heva),,
5= (05,) (s ) () (s
=Q =Q
=01, -11,)
For the given geometry,
le = Vl' Vly = 0, sz = _V2 cos @ 5 sz = _VZ sin @

Note: F, and F, are the forces exerted by the vane on the fluid and —F, and —F, are the forces on the vane
by the fluid (Newton’s 3" law: Action and reaction)
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P5.66-simplified) Air (p=2.38><10'3 slugs/ft’) jet of velocity V=175 ft/s
strikes a curved vane as shown below. Determine the horizontal
component of the anchoring force to hold the vane fixed in place.
Neglect the weight of the air and all friction.

{Fixed vane

V=175 ft/s \
—_— r2—in. dia.

I

Free
air jet

X-momentum equation:
E = (me)out - (me)in

Since V; = V, = V from the Bernoulli equation and A; = 4, = A (= wD?/4) from the continuity

equation,
E, = (=Vcos0)(pVA) — (V)(pVA) = —pV2A(1 + cos )
Thus,

7(2/12)?

Fx

—(2.38 x 1073)(175)?2 ( ) (1+ co0s30°) = —2.971b

~ F, = 2.97 1b (to the left)
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3. Forces on Bends (Lecture note Ch5, page 16)

Consider the flow through a bend in a pipe. The flow is
considered steady and uniform across the inlet and outlet
sections. Of primary concern is the force required to hold the
bend in place, i.e., the reaction forces Ryand Ry which can be
determined by application of the momentum equation.

AVi= WV, =@

?lA\ ‘f’L‘ALU"é + Qﬁ = QQK\’I\‘-\/\*\

20N
ce
old

Continuity equation:

p1V1A1 = pVoA,

Since p; = p, = p (i.e., incompressible),
V1A, =V,A, = Q (= constant)

X-momentum equation:

2 E = (me)out - (me)in

P1 gage — D2 gageAZ cos6 + R - (sz) (,0 V2A2> (Vxl) (,0 Kl_f_})
Q =Q

“ Ry = pQ(sz - Vxl) - pl,gageAl + pZ,gageAZ cos 6

6
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y-momentum equation:

> B = (W), - ),
Wy = Wy + Pagagedasin® + Ry = (1, ) (” @) - (%,) (” ‘iﬂ)
=Q =Q
~ R, =pQ (1/3,2 - Vy1) — D2,gaged2 c0s 0 + Wp + W,
For the given geometry,

le = Vl' Vly = 0, sz = Vz COSQ;sz = _VZ sin @
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Example) Water at 20°C (p =998 kg/m?) flows steadily through a
reducing pipe bend, as shown below. Known conditions are p; = 350
kPa, D1 =25 cm, V1 =2.2 m/s, p, = 120 kPa, and D, = 8 cm. Neglecting
bend and water weight, estimate the total force that must be resisted
by the flange bolts.

X-momentum equation:
Z E = (me)out - (me)in

pl,gageAl + pz,gageAZ + Fp = (_VZ)(mZ) - (Vl)(ml)

where,
. . m(0.25)? kg
m =1, =my, = pA,V; = (998) (2.2) =107.8 —=
4 m3
V, = (Al) V, = (D1)2 Vv, = (0 25) (2.2) = 21. 5
27 \4, D,/ * \o.os B
Thus,

Fg=—m; +V,) — pl,gageAl - pZ,gageAZ

7(0.25)? (0. 08)2

- (20) = —149kN

! )— (250)

— —(107.8)(2.2 + 21. 5)(1000

~ Fg = 14.9 kN (to the left)
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4. Force on a rectangular sluice gate (Lecture note Ch5, page 17)
The force on the fluid due to the gate is calculated from the x-
momentum equation;

s I g e

/ OL&.» W,LN\ Gmmhisn w\w\\
—3 N, ;___? Fow= W adan 'J(,t e
S
F‘ / ' — ‘ C)\ I O . — R
/o .

%‘(}Sw &* @, ,,;\ 7-\ ‘\A_ -
’ ‘k Ny= o bnsk PV s E e R

oy Saviva
FOPDT oy

X-momentum equation:

2 Fx = (me)out - (me)in
Fi = F, — F, + Fgy = (V) (P Kzf_g) - (V) (P %)
=Q =Q

Few=F,—F + 53 +pQ(V, —Vy)
=0

where,
__ - Yb ,
F; =pjA; =yh4d; =y ( )(}ﬁ ) = 23’1

y yb
F,=vy (72) (2b) = =-¥3
Thus,

yb Yb ,
Few > — Y5 —7371 +pQ(V, = V1)
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Note that
poQ_Q
Ay b
,oQ_ @
A,  yob
Thus,

vb pQ%?/1 1
FGW=7(y22_y12)+T< )

10
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P5.62-simplified) Determine the magnitude of the horizontal
component of the anchoring force required to hold in place the sluice
gate shown below.

L5 Tt

Flow rate (per unit width, i.e., let b = 1 ft):
ft3
Q = Vid; = (H(10)(1) = 40—

Gate force (b = 1 ft):

Q?/1 1
- <YZ J’1)

vb
Fow =7(y22 —}’12)+T

or

_(624)(1)
Gw —

(1L94)(40) (1 1
e (o 1g) = — 1290

((1.5)% = (10)) + 15 10

“ Fgy = 1,290 Ib/ft (to the left)

11



