1.060 Engineering Mechanics I1 Spring 2006

Recitation 5 - Problems

March 16th and 17th
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Figure 1: Horizontal elbow and nozzle
in Problem 1. Figure 2: Diffuser in Problem 2.

Problem 1

Figure 1 shows a horizontal elbow and a nozzle combination. The flow in the elbow of
diameter d; = 300 mm is @ = 90 [/s. The nozzle has a diameter d; = 100 mm and
discharges into the atmosphere.

a) Given that the pressure at section 1 is p; = 70 kPa, find the xz-component of the total
force on the flange bolts (F}).

b) Determine the head loss associated with the flow around the 180°-bend.
(NOTE: 11 =1 liter =1 dm?® = 0.001 m?).

Problem 2

Figure 2 illustrates a classic fluid mechanics experiment. A flow of water, p = 1000 kg/m?,
exits vertically from a diffuser —a smooth contraction from diameter D; = 3 e¢m to Dy =
1 ¢m— into the atmosphere a short distance, 5 cm, above a horizontal plate. The horizontal
plate is sufficiently large to completely deflect the flow so that this leaves the plate with a
purely horizontal velocity. The pressure immediately before the diffuser (10 ¢m above the
exit) is measured by a mercury manometer (p,, = 13.6 p).

a) How are the velocities Vi, before the diffuser, and Vj, at the diffuser exit, related?
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b) Why is it reasonable to apply Bernoulli principle without headloss to relate conditions at
the manometer pressure tap and the jet exit?

c) If the fluid velocities of interest are of the order of 5 m/s or greater, why would it be
reasonable to neglect elevation differences of the order of 10 ¢m or smaller?

d) For a manometer reading of Az,, = 10 ¢m estimate the pressure, p;, at the entrance of
the diffuser.

e) Use Bernoulli, neglecting elevation differences and headlosses, to estimate the jet velocity,
Vb, at the exit from the diffuser.

f) Estimate the total vertical force exerted by the jet impacting on the horizontal plate.

g) If gravity (i.e., elevation head differences) and losses are neglected, obtain an expression
for the velocity, U(r), and thickness, h(r), of the fluid on the plate, as a function of the radial
coordinate, r.

(NOTE: This is an old test problem).

Problem 3

The vertical velocity distribution in a wide rectangular duct of height H can be expressed

w(z) =U +d/(2)

where —H/2 < z < H/2 is the vertical coordinate, U is the depth-averaged velocity, and
u'(2) is the velocity deviation with respect to the average. |u/(z)/U| is much smaller than 1
for most of the depth, as represented in Figure 3.
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Figure 3: Vertical velocity distribution in a rectangular duct (Problem 3).

a) What is the discharge in the duct (per unit width into the paper)?

b) Show that the momentum coefficient is K,, = 1+ 62, where

1 pH2 (4
52 — 7/ ) dz <1
™ HJ (U) v

c) Show that the energy coefficient is K, = 1 + €., where €, ~ 352,.
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RECITATION 5 - SOLUTIONS

_Progien W

H: Fere M@J ,(,(3 Fhe M:}

on ot Cackal Golume ((.\/-)
! L
T———) i ’ P. L ﬂ\ﬂ 5
x| re o
57 @ I
HPL .',--__—-—*-._._‘:;[ }
DT
&) ( :
&’i&m"(‘g Q= V; Ay <V, A= 0090 ™s
v{ dOOCIO . {/243"\4/3
_:_1!_ 0(3?_
V, 0010 _ 444 ™y
A a1*
L'

Fan fhe ks atfaned: 1,2 30 ken= 100002, 1, ficf=0

@M«M oj ﬁ‘&@« Wmﬂﬂ\ J&DLJ }(}“’ .
0:-=7MP + 7:«;% ¢ 7 oll A %)‘“% o CV.

n-0K21 )= HP £ MLt O — H
4t e (P e (PR pa A= Comn T
By actw ed wgadin frincpk, s 6ﬂr\/ b e “;If‘_f
(Fx & Hhe fae exghd by the CV on e lh)




L

Hy= Byt ZAH fous

Z, f f_’.;l/l_,ln 2 1/2
ty I = 4t % ‘Fj:; t ZAR L,

ZAJ+£mef(0+ #0000, (293" 4
= 2-98

l

= (0525 m

VLY A 'V 9({ M Deadlnns :

) fecdlos dee B frtn
2) Heaﬂm dug T Cunxtmfme ondl %MJ«M

i e 907 covnen,

3) leadloy due B the el




_ PROBlEH N2

N . At
Cobsasy: V= Voo 2 V= Vo g =0 5 -

/@) Flow 45 WW§ [()J@.J(-g X T2T%) %ﬂ,.t @2’9@)/4&

We M}{dt bocclte] i Lo, . dnel r.j)\ g:; r@[aixxja
shit (rpod 1o D), 20 ve n meghel fein oo

¢ i
) e Az o e m?byﬂ : l—\g— > A2
Ve 5™ = V/2925)5.00 = 115 s > 42 2 (0 & O

Wy?((h\é‘A%: 10 om ﬁ«wd’m@ +Wﬁ’t A \/094 }:;L o
odo \T3 (VIG5 E07 ~ V75 ) = # 20 6 = £43 .

4) Faon  tcatedin 'u.d'«t(), mz,{cfwj dntn d%me fetwees
I (fa- 1) 7 420 = (15%-1)-10% 990"+ 1235 kP~

4

° Vi *fz9) + M) * 2= V"l/[zJ) £ /4% ¢ go%

h
i -2 L L, 185kt y
Voz(/“ {%L)} - f =>—Yi~{2 fOJ Oblqi :50 ﬂ/j
\\(Do/pf)l’ = f.... [___)

303




v _— e -

Defed o/ poid R

J«(ﬂ)[ f,/{ —— Uf)

Wy T

Well Akl }(ew
H?Maf«t prmang

Thefsa , Vg 2 Ulz)= Vo= 50 ™5
Do b oty
@>V, B, = Vg Ag = Ul) 2t dh(e)  (aeded '?7‘(""‘(/{442)
hx)e ot T out o0

—
—_

. UR)ne ne t

(5..)




_PROBEHN N*3

Q- U - = U (H {) H [J/vy\ bmf oo dth

—_—
p——

— /w\jﬁ* ﬂ‘f f/@f@‘«)

jil ) j; (U-HA

U H

) b, be
: —2’- [UH+ ZU[ la’dzﬂtj o' 0{“]:
Uh i TR
=0
ﬂ{u'ha«? u
_ l H/z Evid z
= 44 EJ .{:{_,) dz = 1+ J
U
Ly, )
- /bw\ﬂ
ol He §° gl

C) Wi
- fﬂilsdﬂ — J:H/z_ [Um']jdgz:

et 2 '_.____________._.—---—-

= U A PH

" " by
< -5’_ [USHf SUZJH W' dz + BUJ 7 ”’(Z*j u”ofz]:
G I -

-t
-0 .
Y (2 W (
- /14:, 3“"’} _ ._a_g
( dz + =
\bw

" (L) ez ¥ 44357

=3d" 30[&'3)«351

Hz




