Non-uniform Velocity
Distribution

08/1.2/2010 Dr. Munzer Ebaid



Example 6.8

The drag force of a bullet-shaped device may be measured using a wind tunnel. 'I‘l'-lh
tunnel is round with a diameter of 1 m, the pressure at section 1 1s 1+5kjf’ag&gﬂ.lhfﬁ
pressure ion 2. i and air density is 1.0kg/m’ At the inlet, the ve-.
locity is uniform with a magnitude of 30 m/s. At the exit, the velocity varies 1[]1331"5";;5%
shown in the sketch. Determine the drag force on the device and support vanes. Megl RS
viscous resistance at the wall, and assume pressure s uniform across secaons 1 and 2.2

Support vanes @ Pz

fﬁ\

Velocity is / Velocity

- iIsn't
Uniform ( Uniform

INd: The drag force on the device and the vanes?
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€1\l v, =30m/s, p, =1.5kPa gauge, p, =1.0kPa gauge, p, =1.0,kg/m®, D=1m
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This problem involves forces in the [€3] direction

% N2 eEX¢ (Flow is steady)

V

Fo =Fs +Fs,
The drag force is balanced by the forces on the support vanes

ZFX — plAl - pzAz _(F31 + Fsz)

From the force diagram. pIIZHESN SR WE o

From the Momentum Diagram,

>.F :%E[VPdQ+E[V,0VOdA:ivpVodA
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IV'OV e dA = Ivzpvsz =Ipv2dA
cs A2 A2

The velocity at the exit is variable and changes linearly with radius (r),
so the function for

D/2
> Fe= 2 (Mv)g, = (Mv),) = | p{vm(%ﬂzﬂdr —mv
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D/2
D F =2 (Mv) g = (Mv),) = | p{vm (Lﬂ 27rdr — i,

o

0

D/2
—F + P A —PA, = I p|:VmaX (rrﬂ 2ardr —mv,
0

(v

max

D/2
r
-F, =(p, - p,)A+ I p{vmax(r—ﬂ 2ardr — (pAvlz)
0 0

D/2
The term j p[vmax(rLHZﬂrdr = AV,
0

0

0.5
(> 0.5 mz}{ﬂ{] m/s) = J Voux (77 0.5)2wr dr
0
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which can be solved to show that v, = 45 m/s, Evaluating the exit momentum flow

/ BIVES
2 ®
L, pvsdA = pJﬂ vm{rfﬂ.ﬂ}zimdr
= (1.0 kg/m’)(45% m*/s")(0.5* m?)(5/2)
= 7952 N
The drag force is

Fn"'Al(Fl—Pz}*"”"Wr_L pv; dA

2

=3927N+T068 N-7952 N
=304 N
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Example (6.9)

A stationary npzdﬁm 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 & 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 [&8¥F4] direction

d s (Flow is steady)

The momentum accumulation = at
cVv

From the force diagram,
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From the momentum diagram,

ZFX = Z(mv)out _Z (mv)in) =0- (mvl) - _mvl

CS
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R S I S e e I I I R M
The mass flow rate is calculated using the velocity rﬁlativﬂmthecnnmlsmfﬂ:f'
{'l"j'—'l."b),m S0 _
= pA;(V;—Vy)

Notice that i1 —> 0 as v, —> v;, which should be the case because isﬂnrate.ﬂ_l
;w}ﬁchnmssiscmssingﬂmmnm{ surface,

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

]-"1 = l-':ll:—'l-'b

Combining terms results in

F= fiﬂ’l == M_f[.vj_ '!-'b:]z
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Example (6.10)

Consider a rocket of mass m, traveling at a speed v, as measured from the ground. E:s-r_l
haust gases leave the engine nozzle (area A,) at a speed V, relative to the nozzle of the'
mckﬂt,andmﬂlapmsmfthatlsmghﬂr&mnlnﬂalalnmpimpmsumbyanammmt._
_p T The aerodynamic drag force on the rocket is D. Dmvﬂanaquauﬂnfﬂrﬂzﬁmlm‘&»f
unu-::rfﬂmrncket

Find the accelerating

d
(;/tr of the rocket?

mv, = m(V,—v,)
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ANALYSIS

o We select a control volume moving with the rocket.

e We select a reference frame fixed to the launch pad.

This problem involves forces in the direction

From the force diagram, ZFZ =p.A, —-D-W

From the momentum diagram,

ZFZ :i Vzde +Z(mv)outz _Z(mv)inz

d
The momentum accumulation = EIVdeQ # 0
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In this development, we assumed that all parts of the rocket were traveling at the same
speed v, The outward momentum flow is rizv,,, where v, 18 relative to the stationary ref-
erence frame: |

Dr. Munzer Ebaid




d\ir = (pAeVe)Ve + peAe)_ D-W

M, SV, = (A, + p,A) W ~D

The acceleration of the rocket &

The term [f NS W] i< known as the thrust of the rocket motor (T)
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Force on a Rectanqular Sluice Gate

—

Sluice gate Pressure

distribution\

ANALYSIS;

e Velocities near the upper part of the gate are quite low, therefore,
the pressure distribution is approximately hydrostatic.
e Velocities near the lower part of the gate are quite large.

d
¢ The momentum accumulation = at Vv, pdQ =0
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—_— Force ne
hold the

Sluice gate Pressure

distribution ™_ stationa

shear

From the force diagram, ZFX =pA —PA, - F, —F

From the momentum diagram,

Z Fx — Z (mV) out _Z (mv)in) = (mvz) - (mV1)

CS

Z |:x — ﬁAl — EAZ o |:G - |:viscous — m(Vz _Vl) — /OQ (VZ _Vl)
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Sluice gate
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Pressure

dlstrlbutlon\

A
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END OF
| ECTURE (5)
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