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Momentum Equation

Reynolds Transport Theorem

dB

b = velocity; B = system momentum

s _ d [bpd¥ + [bpV-A

df df cv CS

—

dB dM .

dt oy

=4 [Vodv+ [VoV-A
CS

Vector equation -- 3 components, €.g., x

> F, _d [updv + [upV-A

at cy

CS

SyS Sys
p— p— F
dt dt 2

—_—

V=uf+vj+wl§



Ex (6.3)

T=15°C
Given: Figure p=20 m/s

Find: (a) Force acting on bottom of the tank
and (b) the force acting on the stop block.

Solution:

SF, _4 [updv + [upV-A
dt cy CS

F=3upV-A
CS

= -V cos70° p(—VA)
F = pAV? cos70°

=(999)* (7 *0.03* /4)(20%) cos 70°
=97 N




Ex (6.3)

2 F, _d [vodV + [vpV-A
dt cy s

N-W=3vpV-A
CS

= —V'sin70° p(-VA)
N =W + pAV?sin70°

=(20+0.02*999)9.81+282.5sin70°
=658 N

u=—-Vcos70°




Given: Figure |

Find: .I.{orizontal force required to hold plate e I i._ 1
In position | I
Solution: Q=0.4 m’/s
olutio y — ' F
N [ V/ B | |
pA=75 kPa I_ —_I
v=ri
2 2 d -
p_A_|_ZA_|_VA :pB _|_ZB_|_V_B ZFXZE J‘Mpd\VI'F jMpVA
4 2g ¥ 2g cv CS
2 ~—F = V-A
Pa_Vp CZSM'O v
y 28 =Vp(-VA)

Ve = 284 = 2%75000/999 =12.3m/s F =pQV =999*0.4*123=4.9kN
o



HW (6.12)

g,




Ex (6.17)

Find: External reactions in x and y
directions needed to hold fixed vane.

Solution:

> F, _d [updv + [upV-A
dt cy s

F=SupV-A
CS

=V1p(-V14) +(=V, c0s307) p(V1 4;)
F ==V, p(V; 4)-V, cos30° p(V, 4)

=—p0(V; +V, cos307)

=—-0.9*1000*0.2(28+27c0s30°)
F,. =-9.25kN (to the left)



Ex (6.17)

> F, _d [vod¥ + [vpV - A
dt cy Cs

Fy, = SvpV-A
CS

=(-V,5in30°) p(V, 4;)
=—pO(V, sin307)

=-0.9*1000*0.2(27sin30?)
F), =-2.43kN (down)




Ex (6.34)

D=30 cm
Vol=0.10 m*
W=500 N
Given: Figure = P
Find: Force applied to flanges to hold pipe :: ,_:) )
in place P=100 kPa, gage
Solution: Continuity equation «~ D

y
0= =V4, Q=0.60 m3/s b ‘

V=0/4=0.6/7*03%/4)=849m/s

Momentum
SF, _d [updv + [upV - A
dt cy cs

Fy+ p1A;+ pydy =V1p(-V14) Vo p(VaAdy)
F, =-2(100,000)(7 *0.32 /4)— 2*8.49%1000%0.6
F,=-24325N

Y F, _d [vpd¥ + [vpV-A
dt cy cs
Fy=Wy—W; =0

F, =500+0.1%9810 =1481N



HW (6.37)
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Ex (6.72

Given: Water jet, 6 cm diameter, with v,
velocity 20 m/s hits vane moving at 7 m/s.

Find: Find force on vane by water. : |
Solution: Select CV moving with the vane at | o
constant velocity. The magnitude of the Vl I >
velocity along the vane is constant / 1| —
y= ; x

VA =V, =V -V,)4

.. d .
ZFx:i [updv + [upV - A YF,=— [vpdV+ [vpV-A
dt ¢y s dt cy cs

—F, =WV -=-V)pl-(V-V)A41-V -V,)cos45° p[(V —V,)4,] Fy, =V =V,)sind5° p[(V ~V,) 4]
=(V =V,)” pA(1 + cos 45°) —(V —V,)? pdsin 45°
= (20— 7)*(1000)(7 * 0.06% / 4)(1 + cos 45°) — (20— 7)2(1000)(17 *0.062 / 4)(sin 45°)
F,=8157N F,=3379N



HW (6.80)
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HW (6.98)

:

—> <— Diameter = 8 cm
| Diameter = b cm
- 100 cm—»|
8 cm Y |
—— |
- 130 cm :!

Elevation view

4 m/s

Plan view

7 m/s



HW (6.101)
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Sluice Gate

Find: Force due to pressure on face of gate © i 7
| | — X
i |
Solution: :I:Z:Z S } Sluice gate Pressure
i ; T distribut
Assume: v, and v, are uniform (so pressure is I | stribution ™
1 |
hydrostatic) . |
[ }"_ Fg > |-
| | I @ ul
| \—A—‘
| L EE T
(a) ()

SE =% [updv+ [upV-A
dt cy cs

2 Ey =vipl-vid ]+ vy 0[vr4;]
D14) — pr Ay — Fg = pO(vy —vy)

(J/yzlylb) _(7,3/22)/2[)) —Fg = p0(vy —vy)

Fg = pO(v; —v)) + - (3f = »3)



