Problem review 1 (10/02/2006)

1.5T A 25-mm-diameter shaft is pulled through
a cylindrical bearing as shown in Fig. P1.57. The
lubricant that fills the 0.3-mm gap between the
shaft and bearing is an oil having a kinematic
viscosity of 8.0 x 10-* m?/s and a specific gravity
of 0.91. Determine the force P required to pull
the shaft at a velocity of 3 m/s. Assume the ve-
locity distribution in the gap is linear.

251 A large, open tank contains water and is connected to
a 6-ft diameter conduit as shown in Fig. P2.5}. A circular plug
is used to seal the conduit. Determine the magnitude, direction,

and location of the force of the water on the plug.

3,45 Water flows through a converging—diverging nozzle as
shown in Fig. P3.45, Determine (a) the volumetrc flowrate, &,
through the nozzle and (b) the height, h, of the water in the Pitot
wbe inserted into the free jet. Viscous effects are nepligible.

4.23  Asavalveisopened, water flows through
the diffuser shown in Fig. P4.23 at an increasing
flowrate so that the velocity along the centerline
is given by ¥V = wi = V(1 = e-) (1 — x/0)ji,
where uy, ¢, and  are constants. Determine the
acceleration as a function of x and ¢. If ¥V, =
10 ft/s and € = 5 ft, what value of ¢ (other than
¢ = 0) is needed to make the acceleration zero
for any x at r = 1 s? Explain how the acceleration
can be zero if the flowrate is increasing with time.
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1.5 7 A25-mm-diameter shaft is pulled through
a cylindrical bearing as shown in Fig. P1.57. The
lubricant that fills the 0.3-mm gap between the
shaft and bearing is an oil having a kinematic
viscosity of 8.0 x 10~*m?/s and a specific gravity
of 0.91. Determine the force P required to pull
the shaft at a velocity of 3 m/s. Assume the ve-
locity distribution in the gap is linear.

Bearing Lubricant

gl' - 0.5 m |
FIGURE P1.57

Z F:‘ =p = = = =
Thus
© P=TA
where A=rmD = /ﬁha/f /c’ngfh " bfa‘r/'ng) = 77'01
and (velocity of shaft) v
T‘/‘ ( Gap widtn) —/‘1:-
So ﬁui

p-(# £ )roL)
Since. p=Vp = HIENL,, o4 ),

P- (502002 a2 16° 22)/32)f1)(0,025m)(0.50)

(0.0003m )

= 8L N
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2.5/

251 A large, open tank contains water and is connected to

Open

a 6-ft diameter conduit as shown in Fig. P2.5). A circular plug Plug
is used to seal the conduit. Determine the magnitude, direction, [T
and location of the force of the water on the plug. & 6ft
| » 4
B FIGURE P2.5\
Jb Vi 2_
Fo= dh A =(626 ) (at)(FNett) = 24 200
Txe 7 (5’ -F'i-') ¥
= = 4 = = (3.l
;( - A %c where T Ye %
Thus
) b
T (34¢
; - 4( ) + 124t = /2,79 M
T T sy (20)* =

The force of 21, 200lb gcts /215 FE below The
Water Surface and I perpendicalar fo The plug
Surface as shown.
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3.45

3.45 Water flows through a converging—diverging nozzle as ‘1
shown in Fig. P3.45. Determine (a) the volumetric flowrate, O, h
through the nozzle and (b) the height, h, of the water in the Pitot 0 \: l

3

tube inserted into the free jet. Viscous effects are negligible, -

il [T
"]1 1 tj Mercury

BFIGURE P3.4
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(0 From the Bernouvlli equation,
ptteV bz = pidoVl ¥z, where 2,22, and p, =0 (1)
/q/.w, £r= fo” 3,';9 h,,; - X/'/w /’),,20 , where o =0 so fhat
pr =136 (62.416/H°) (% £4) - 52.44/1;/#3(% fi) =167 /4>
In adah'{/on}( AV =M Vo or V= (%)z\/z =(%)2V2 = 4,
Heﬂcel Eq. (1) becomes
167 b/fi* 44 (1945 Igs /1) (%) = L (1.9%slugs /#13) V2

U

or
V,=3.391t/s . ,
This, Q=R Vo = F (75 1) (339fifs) = 0.0739 /5

(6) Frem the Bernovll; equation
ot 7 pV:-tJ'Zz = P +7p Vo +dz, , where ,=0,2,=0, V=0, and 7,=0
Ths,
teVe =fs, where g, = ’h so that

#(1.9%slys /1) (3.39 fi/s) =(62.418/1°) h
or |
h=0.179f =2./4y,
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4.23  Asavalveisopened, water flows through : M
the diffuser shown in Fig. P4.23 at an increasing W 7/
flowrate so that the velocity along the centerline ’ “ L
isgivenby V = ui = Vy(1 — e) (1 — x/0)i, u u =3Vl — e~
where u,, ¢, and { are constants. Determine the - ~ —— — -
acceleration as a function of x and ¢. If V, = u=Voll —e=ch

10 ft/s and € = 5 ft, what value of c (other than
¢ = 0) is needed to make the acceleration zero:
for any x at r = 1 s? Explain how the acceleration
can be zero if the flowrate is increasing with time.

'FIGURE P4.23

d=3+VIV  With w=u(x,t) | y=0, and w=0

this becomes | {
&‘:(g—;lz—i—w'})%)? =@l | where a:l/o(/—e'c)(/—{-)
Thus,

O = V(1= F)c € vy -6 “Hu-$)-£)
or
( T)I:C ci %(/ —ci)]

If QX'O for apy)(aff 1s wemyst /)ac/e
[Ce “'%g(l—e":tf]:O - With V=10 and =5

ce ’C—-—'gg(l-e ’6)2'-:0 The solvtion (/‘007‘) of this eym//aﬂ

s C= 0.%90 5

For the above conditions the local 4cce/8ra7‘/0ﬂ (3% >0) s
precisely balanced by the convective deceleration (3% <0),

The flowrate ipcreases with time, bot the Flvid flows to an
area of lower Ve/ac/{y.




