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1.1 The force, F, of the wind blowing against a building is given by
F = CppV?*A/2, where V is the wind speed, p the density of the air,
A the cross-sectional area of the building, and Cpis a constant termed
the drag coefficient. Determine the dimensions of the drag coefficient.

F=CeViAr

or

Cy=2F/e VA, where F=MLT™
o= ML
VelT™

Thus, A=L*

Co 2MLT™2) /LM NLT " D] =ML T°

Hence , C, is dimensionless.
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1,10  According to information found in an old hydraulics
book, the energy loss per unit weight of fluid flowing through
a nozzle connected to a hose can be estimated by the formula

h = (0.04 to 0.09)(D/d)*V?/2g

where  is the energy loss per unit weight, D the hose diameter,
d the nozzle tip diameter, V the fluid velocity in the hose, and
g the acceleration of gravity. Do you think this equation is valid
in any system of units? Explain.

£ = (0.04 4 009)(£)" ¥ Va

[EL]e fousteoo) [ )L E]
[t ] [0.04 bo.09][L]

Since each Ferm in The egaa,#/a'n must have The
Same a’/}nenszo}u/ The Constant +evm (0.04% 4 0. 09) must
be di/mensionless. 771“5 The zf’j‘zm.?f/a;y /5 & Generval

homogeneous e /ké.rfm;, That s Valid 1n any system
dyc Units, Yes

L

1.11 -The pressure diiference, Ap, across a -

' partial blockage in an artery (called a stenosis) is

~cosity (FL*T), p the blood density (ML), D'|

the artery diameter, A, the area of the unob-
structed artery, and A, the area of the stenosis.

approximated by the equation
Asz"—V+K(——1) pV?
D A,

where V is the blood velocity, x4 the blood Vis-

Determine the dimensions of the constants K,
and K,. Would this equation be valid in any sys-
tem of units?

Ap = ky/ﬁt—y'f‘ Ku| B '](OV ) :
0= i U] ) )
e = ] [red + (k) (re]

Since each term must have The same J/.IWGMS['D}'!SJ

[( and K are dimensionless. 7719(5 the egudﬁarl

IS a genem/ haﬁmyf#mw:& €6gua1[70t4 1715;1‘ would be
| t/a/:c/ /h i L'onsf;:‘r’m‘ sgs%em of units. Yes.

|-10
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2.8

2.8 Sometimes when riding an elevator or driving up or down a
hilly road a person’s ears “pop” as the pressure difference between
the inside and outside of the ear is equalized. Determine the
pressure difference (in psi) associated with this phenomenon if it
occurs during a 150 ft elevation change,

s = S'sh =0.0765 3 H‘ (fﬁzﬂ)
- ”"5 (/‘)“7" m* )

=0, 07?7/333!

2.9

2.9 Develop an expression for the pressure
variation in a liquid in which the specific weight
increases with depth, h, as y = Kh + y,, where
K is a constant and y, is the specific weight at the
free surface. ~
=1

d Z, Y
—f——& ( Eg 24) | **;

f L redf ¢ o ¢ v e/

Ghel

2-6
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2.106 |

2.106 A 2-ft-thick block constructed of wood
(§G = 0.6) is submerged in oil (§G = 0.8). and 6 ft oil
has a 2-ft-thick aluminum (specific weight = 168
Ib/ft") plate attached to the bottom as indicated
in Fig. P2.06. Determine completely the force
required to hold the block in the position shown.
Locate the force with respect to point A. 0.5 ft

Aluminum

. 10 ft -,l
FIGURE P2.10%

5o
for é’gﬂ;/f'!m.um : www-

L Cepdicat = O : A1

Jo 7‘1147" A /f:q I’/T//F'I/IIJ/fT
F=W,F * W~ o F I Fee
* — 5t
Where ! —>
W, = (Séw_){‘a’ ) A L ~ wood
i v a ~ aluminun
- ]
= (O.L) ((92‘!_“‘;23) (“i)(lo{{;xq.ﬁ:,‘ Z-Ft)-_' 1500 b £ dovie do hold Block

W, = (lbg—’_ﬁig )(O.S-th 1oftx 2£¢) = 1bgo b
Fou T (56, ) (3, ) ¥, = (0.8)(62.4 By Y5) (104t #4524 2 £) = Zooo Ib
.= (scvm.,)(zf,,w) ¥ = (08)(ezy f2,)(0.5¢t x t1oft x 248) = 497 IL

Thus,
F= I5c0lb —2000lb + 16801b- 499 /b = (8] b upward
Also,
Z MA"O
So That
OF = (2e8)(We-Foy) + (58t) (We - R )
o

»
£ (6811) = (—'§- -F'i)(lS‘OO - 2600 lk) +(s+t) (168016 = 499 Ib)

and
/Q = (.22 £t 4o vight of Pmﬁf A

—

2-/06
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3.76

,__41.9,_2 wiia. . L ‘i

Stopper

0.4-in. diameter
holes

3.76 Water flows into the sink shown in Fig. P3.76 and Video
V5.1 at a rate of 2 gal/min. If the drain is closed, the water will
eventually flow through the overflow drain holes rather than over
the edge of the sink. How many 0.4-in.-diameter drain holes are
needed to ensure that the water does not overflow the sink? Neglect
viscous effects.

I FIGURE 3.76

® Ve
ﬁ+i‘.’:’i+z,=£- s t7Z; Wbereﬂ, P Oaﬂdzg_r-f?p =0

& ¥ 2g
Thus, "
> " 110.2 -
z, = ‘_2/; or Vo=\242 =[2(3z.2£i) L2 )] =250
Also,

Q=nhV,=nC -E dy V, , where n=nvmber of holes required,

d =0.%in., and C = contfraction coef.
"‘0 6l (see F':g 3.14)

Thus, w:'z‘/;

_ (L min \ /231 in.’ I -3 ﬁ”
Q= 2 mm 603 )( 194/ ) 1728 in? ) #48X10°
p= %8 _ # (446 0107 H¥/s)

T dt Vo ﬂ‘(o.el)(g)#)igz(z_”f%) = 3,30
Thos iﬁa/&f are needed.

3~7%
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4.5! Air flows from a pipe into the region Disks
between two parallel circular disks as shown in “
Fig. P4.51. The fluid velocity in the gap between ¢ R
the disks is closely approximated by V = ViR/r, / s 1
where R is the radius of the disk, r is the radial — = |
coordinate, and V, is the fluid velocity at the edge % I %\Pipe
of the disk. Determine the acceleration for r =
1,2, or3ftif V, = 5ft/sand R = 3 ft.

Nt

r

!

W

= SAAAY

FIGURE P4.51

el A 2 N . .
a=a,n+as8, where q, =*-%5- =0 since K= (e, 1;};9 §1;;~fasm1:nes
gV 3V R are stralg

Also, a,=V 55 =V3F, where V= __V;

Since V=54 and R=3f , V= /?5 éiJ where r~1f

Thys,
a ,_(_V_OE)(__V_OB) __ VR*_ _ (S‘gﬁ)z(.?ﬁ)z___ 225 # gy
R T PH T s
ﬁ{!":/f?lj @:—225%

Al r=2f q,=-28,14

Atr=3ft, g;=-g33f,

Y-H7
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5. 83 (con’t)

The velocity Priangle for Flow just domonstveam of the volor /s
sketched below #or +he arithmetic mean vadws . oy
ncompressible flow Vi, = V.. For mean raduis flw U=Y.
Thus Tor relative #ow fzﬂngem‘ fo the blade we obtamn the
velocity friangle sketched —below.

v, %
/ V¥

With the triangle we conclude That

6, I W@z = Y-V _dn¥ = 522?-@;3.)%?50; 2.2

Also ’
5 ~/ Ve -1 i
g = Tan ‘”) = fan' [22 )] _ 36.2°
Vi (3 m
V. (3 2 :
W il i (DL gy
cos 45° Cos Y5 °® o
VZ = VXl = (3 ’_::-' - 372 {4_,,
Cos @, cos 36.2°

Ustrig he 56250}@:7 and ﬂdﬁ—a’c’ﬁvmx}gj Cortvd! volume showp,
above 1 the first Stetch of Hhis  solution and £g. 5.5¢ we
can calcnlgle the energy added v each -éy of ya_m//»ie.

Wepaft = Y Vez. = ﬁz?)(zzg)ﬂﬂ—).: o M

N e %9 . ..’”; = 4
This s The actunal érﬂwﬂ?t' of Energy Ofe/:'va.“:diasm as0hneE. .
However, not all of it is absorbed é/ ﬂ,aja_go/;}:e/ some. Cis Joct.

c- 82
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6.2.8

6.28 Consider the incompressible, two-dimensional flow of a non-
viscous fluid between the boundaries shown in Fig. P6.28. The vel
locity potential for this flow field is

gmat =
BEFIGURE P6.28
ra) U= _MJ=B¢ =
3 = & 2k

fo determine ¢ /;n‘eq'rdée w7 "es/occ-z[ #o g o obtesis

fdsf’= .ﬁhfy

9 W= 2xy + £ 0¢) )
Similar/
3} 1> -~ é__?(t = aé_f =2y

So That

dy = /25 odx
or fg: ij-fyc;_{j) €2
To  satisfy both EZS. (1) gnd (1)

¢ = ZXy + £
wWhere C 15 an arbifrary Constant  Since Y=o a/anj Y=o
C =0 and ,

(//?- Z.X-_‘j c3)

(-b . -
) The o/:scharﬂe/ g, Pssing Through any Surface Connecting
The Hwo wa//_sj such as AB (see #gure) 13

i = %“ ¥s
me EZ .[3)) 5&- = G e {7% = »fot _lfL' A T$ 7[0//0105
That

2’: Z/CL- jb-

62§
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7./0

7.10 The excess pressure inside a bubble (discussed in Chapter 1)
is known to be dependent on bubble radius and surface tension. Af-
ter finding the pi terms, determine the variation in excess pressure
if we (a) double the radius and (b) double the surface tension.

Given Ap-"f(RJO‘)j where A/O-‘-z%—'- YL} ,R2L, and

LT?-
- F _m
U. = — = 7:-5.

Consider the (MLT) ynits sothat
k-r=3-3=0 since there 3 variables and 3 dimensonNs.
According to this there shovld be k-r=0 pI terms/?

Hovever, if we consider the (FLT) units we see that it fakes
only Fand L, Tis not needed, so that r=2,

Hence) k-r=3-2 =/, so 0/7/)/ //0/ ferm is needed.,
Thal f:) 77 = constant

To defermine T, consider

7 =2p R%® or »

Aﬂ?RaVb :':f‘;-l-a (2£)sz L—z-m'b

This:
F: 1t+tb=0
L: a-bh-2<0

or b==| and a=b+z <1
//ence 7 =4 R or ég_@ =Cj where 5‘“”«?7{407‘.

Aﬂ? = —R— (1)
(@ If Ris dovbled , ap 15 redveed by half. (see £9.01)

(b) Tf T is dovbled, ap is dovhled. (See £q. ()
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8.9
x (m) (£0.01 m) p (mm H,O) (=5 mm)
8, q The pressure distribution measured along 0 (tank exit) 520)
a straight, horizontal portion of a 50-mm-diam- 0.5 :127
eter pipe attached to a tank is shown in the table 1.0 351
below. Approximately how long is the entrance 1.5 288
length? In the fully developed portion of the flow. 2.0 236
what is the value of the wall shear stress? 25 188
3.0 145
3.5 ' 109
4.0 73
4.5 36
5.0 (pipe exit) 0

The entrance length extends to the fully developed portion in
which fﬁ =constant. Approximate 3@- o 3‘%‘3 to obtaip the Tollowipg *

From X= | tox=()m Sp, mmb0 | Sx %J 5”-%9’39
o 0.5 ~73 o.5 ~/86
0.5 1.0 -76 0.5 ~/ 52
1.0 L5 -63 0.5 126
/.5 2.0 =£2 0.5 -]o#
2.0 2.8 - 48 0.5 -9é
2.5 3.0 - #3 0.5 - 86
3.0 3.5 —~36 0.5 -72
3.5 440 . 0.5 -72
40 #5 w37 0.5 - 74
45 5.0 —-34 a.5 -72

Within the error on d&p, the pressure gradient is constant
for X23,m  Thus, 4, ~3m.

For X>3m 9 -‘% = 72 _’f’%i/ﬁg Since | mm #,0 x d;,za——'(/'xlﬁan)(‘?é?m'”%)

— N
Aﬁ = mm #..0 4?,80-,9,‘:. r N —25’0,71,)%49»
= 72 A Y 3 oo ) = 705”,;
Since AP0 = 4§’£ it follows that

D ;
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/2.9%

12.4% Do the head- ﬂowrate data shown in Fig. 12.12 appear

to follow the similarity laws as expressed by Egs. 12.39 and
12.407 Explain.

The data 1w Fig. /202 show tne effect of Changig  impeller
dtameter o1 fieaq- Howrate Characterstics Aecording  to The
Similarity laws expressed by Eg. /2.34 Gnet Lg. /2 ko

Qf._ = ._D_’,.B '
2
j___;_,al = “g“:L (Ebp’ /2.9"0J
4z 3

Thuys , 4s the digmeder I5 Increased  FFomr b Ao T fe .
”71< ’f’/ok/mée /4 Creases 4CCam’/hj fe !:7. /2,39 as

(From boig. 1o 7. ) @ <2020, = (12:)0, = 1570

&Lt
and

Crom b &2 212.) @ =22 )0, = 2376,

Sfm//w/y From £9. /2.40

(oom bin 40 7) (B2 ) S = 280 ) = 130

and

(From i to in.) /. - (Z/f};) o = L78he,

771#5/ for any  Given point | sucn ao (A) there G= 120 gpm dnd

//% = 250 [.S'ee /i‘,'g’_ /2,02 on  followng paJe) fo, The é.“/ff-
digmeter /m'/oe/zof; The  Correspondinis  predictest Point  would be

£ (/3) lhere
a er 6‘92 - (/,.5'7’)//20},9”’) = /?/ f}’m

= (1.36) (250 #) 7 Bio 12

( Con £

/2~ 42
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