Bi
KX e

9.8  Typical values of the Reynolds number for various an- Anjmal Speed Re

imals moving through air or water are listed below. For which *  (a) large whale 10 m/s 300,000,000

cases is inertia of the fluid important? For which cases do vis-  (b) flying duck 20 m/s 300,000

cous effects dominate? For which cases would the flow belam-  (c) large dragonfly 7m/s 30,000

inar; mrbulent? Explain. - (&) imvertebrate larva 1 mm/s 03

= - (e) bacterium O.'_Ol mm,/s 0.00003

Ineria imporfant if Rex/ (.o whale, duck, dragonfly)
Viscous effects deminals if Resl (i.e larva, bacterivm)
Boundary layer flow becomes {forbulent for Re on 1he

order of 10°1o /0°(;.e, whale and perhaps the dyck)
f The flow woold be laminar for the dragent)y, larva, and

bacteriom and perhaps the duck
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Q 13 - A viscous fluid flows past a flat plate such
that the boundary layer thickness at a distance
1.3 m from the leading edge is 12 mm. Determine -
the boundary layer thickness at distances of 0.20,
2.0, and 20 m from the leading edge. Assume
laminar flow.

For laminar flow & =CVX , where C is a constant.

Thus,
_1285m _  5105 on & =0.0105 VX where X~m,§~m

C=‘YT JI 3m
Xm| é&m |8 mm
0.2 0.004v0| 470

2.0 0.0/48 | /48
20.0 0.0470 | 470

AT

9% - If the upstream velocity of the flow in
Problem 9.13 is U = 1.5 m/s, determine the ki-
nemaue wscoslty of the ﬂmd i

For laminar flow d ==5]/ Jor ¥= VJ

Thus, - - iy
L.55)(12x19"m 6w
v = (25‘(),,3”,, ) _ ¢.45x/0 ¥y

9-10
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9.16 Approximately how fast can the wind
_ blow past a 0.25-in.-diameter twig if viscous ef-
fects are to be of importance throughout the en-
tire flow field (i.¢., Re < 1)? Explain. Repeat for
a 0.004-in.-diameter hair and a 6-fi-diameter

| smokestack.

Re =12 </ or U< "5 i viscaus effects are to be important
Mrwz/iom‘ the flow.
For standard air ¥/ =4571/0 v
Thes, ;
/) </._sg_)gL_ where D is the diameter in feel.

s

object [D,ff | U &
hvig 2.08x0Y 754107
hair s33x16% 0.47
smokestack- | 6 2.62x6°
q-12
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9.22  An atmospheric boundary layer is formed
when the wind blows over the earth’s surface.
Typically, such velocity profiles can be written as
a power law: u = ay”, where the constants 2 and
"n depend on the roughness of the terrain. As is
indicated in Fig. P9. , typical valucs are n =’
0.40 for urban areas, n = 0.28 for woodland or.
suburban areas, and n = 0.16 for flat open coun--
try (Ref. 23). (a) If the velocity is 20 ft/s at the
bottom of the sail on your boat (y = 4 ft), what
is the velocity at the top of the mast (y = 30 ft)? =
(b) If the average velocity is 10 mph-on the tenth FIGURE p9, 22.
floor of an urban building, what is the average - g e =
velocity on the sixtieth floor?

u = 1016

0.16

(@) u=C y®>", where Cis a constant
0.16

77"“’ %:’:(—é;-) or Uzs-ZO—i(sa#) —275.&

) u=C ya'l, , where C is a constant

Tb”s, Uz .ﬁ .40 : 60 0.4
‘E""(y') or uzglomb(—,—o— = 20.5 mpl)

a-17




@)
O

O

.45

cosity can be determined from u = gD*p, — p)/18 U.

9.45 A sphere of diameter D and density p, falls at a steady! oU fz

rate through a liquid of density p and viscosity u. If the Rey- -
nolds number, Re = pDU/p, is less than 1, show that the vis- e,/‘

1R
& (W L diameter D

For ck.;aJy flow Z1F; =0

47
or

D +hg =W , where kg =bvyant force = pg¥= py(-f)ﬂ(-g-)g
' W = weight = 0.g¥ = g ($)7(4]
and J=drag =G, 1p %Dz, or since Re<!

L =3mdiu
Thos,

sroups eg@)n(}) = ag(#)7(3)
which can be rearramged te give -

_ g b* a0
G 18V

9-36
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9.4¢  The square flat plate shown in Fig. P9 4bais cut into .
four equal-sized prices and arranged as shown in Fig. P9/"cb v,
Determine the ratio of the drag on the original plate [case ()]
10 the drag on the plates in the configuration shown ia (b).
:aumm laminar boundary flow. Explain your answer physi-

Y. :

——]
M .

)
EFIGQURE PB.Yg

For case (a): s

Lp=5eUC A where 6,,:-‘——.-.-’-_-”_9_0,,‘/,9,[3
i i R |
4'-’*(1/27'%:& 2t = o.cen U 1% 0!

For case (b): as ’ :
abg’é'evzcnf/q w/)ere Cpf=@' aﬂ/ ﬂ-’(?‘)(‘y.’):lz
Thus, S

G =t L = 4 (o.6640U% 17 £%) @
By comparing Eﬁ’g.r- (1) and (2) we see that
= 2.0 off,

In case (b) the boundary layer on the rear plafe is hicker than an
the front plate. Hence the shear stress is less on the rear plofe than
it is on thet plate in configuration (a), giving less drag for case ()
than for case (a), even thagh the fofal areas are the same.
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9.5D A rectangular car-top carrier of 1.6-ft
height, 5.0-f¢ length (fronc to back), and 4.2-&
width is attached to the t0p of a car. Estimate

=60mph =8

the additional power reguired to drive the car L’W" 85‘- Left
with the carrier at 60 mph through still air com- . #*
pared with the power required to driving.only the n 42

car af 60 mph. 9 g =5,

D=0y %pV°A. and P =V = power 10
From Fig.9.3/ with -gh f}ﬁ”— =3.13 we oblain Cy=13

”0060, ! 3 2
= /.3(-{)(0.00233 'S’#‘r YesfiN#26Xe8 &) = 80.5 Ib

Thys, from Eg (),

7 =(50 ) (505 1) gl = /204




9. G0

2 uh.-
9.66 A 22 in. by 34 in. speed limit sign i3 supported on 35 3!;.,'" d& I
2 3-n. wide, S-fi-long pole. Estimate the bending moment mp}, X . Xy -
in the pole at ground level When a 30-mph wind blows : v ji7m -
against the sign. (See Video V9.9) List any assumptions ! —= 17 ¥
used in your calculations. fid . :
3/n. 54 L 1, ﬁ’

IV PP R i
[ [ _j
: Lﬁ'l R

For equalibrivm, Z M, =0 or S

My = 2.5Hdp +(5+ I &, where \ ()’
o= drag on the pole and o] = drag onthe sim T

From Fig. 9.28 wilh [/D <0.1 for the sign, D
Cpe =/0 A . :
From Fis.9./9 if #s post acts as a sprare rod - 1 =

with sharp corners Gy, = 2.2 77»& with U= 30mp} = 494_&

b =4pU c A 7 J—(a 0023¢ £$) (44 L)), 9)( 22 m”ﬁ ) =22 75‘
and

_ (ﬂf zpvzcop Ap = % (0.00238 'T%L) (‘H‘ﬁ) (2. z)( 73. (5)H = 6. 35‘4
Thus, from Eq.(1)% “
My = 2.5 ff (6341) +( +1Z D (2270) = (62 #ib
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" 9.8l mmmmummamw
ummwmwhhmhamuwm.

" For equilibriom, M=40 whare o’

=G, U 4D
Since Re =YF = ff;i: . ;")-/ﬁxfa‘ , it follows from Fig. 22

* that C,= 1.2

© Thus, = 1.2 (£)(42355)(20%) (20m)(0.12m) = 708N
Hence, from Eq.()
M= 222 (708) = 3,080 Nm
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9.69  As shown in Video V9.7 and Fig. P9,6% a vertical
wind manel can be used for skydiving practice. Estimate the
vertical wind speed needed if a 150-Ib person is to be abie to
“float” motionless when the person (a) curls up as in a crouch-
ing position or (b) lies flat. See Fig. 9.30 for appropriate drag
coefficient data.

: For eqw'/c‘brium conditons g oA .
,{-Pv‘ﬁ B FIGURE P9.¢q
ﬂum W=rs601b and CpA = q #4* (see Fig. 9303
- Thus, ;
/601t = ()e. 00238882) U*(95%) where U~%
: -U-.-(/zz.f_ —-——ﬂ-n’;;’ )(5L) =8s. 2 mph '
Note: If the skydiver Gorled vp into a ball’, then GyA= 2.5 1
"~ (see F19.9.30) and U= /58 mph .
I —] AR : —in :
o . '[ _,.._:..;1::;_;;.,_
i Tl




9,74

9.74 . Estimate the wind force on your hand
when you hold it out of your car window while

driving 55 mph. Repeat your calculations if you
were to hold your hand out of-the window of an

airplane fiying 550 mph.

J=Cy4pV°A , where Us(sswb)(—%;%,,-) =go748

Assome your hand is #in. by éin. in size and acls like

a thin disc with Cy= i1 (see Fig. 9.29).

Thus, ;

& =(1.1)($ Yo.00236) (0078 Y (B H)( 4 H) = 142 1t

I{ yor hand is normal 1o the the lift forcs is zero.

For U=550mph =807 % (i.e, 0 10 old increase inT) the
drag will increass by a facter of 100 (te, B~ V™), or L=1421

Nots: Wo have asswmed that Gy is not a fonclion of U, That is,
it is not a fonction of either Re=3F or My = £.

q-65
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9,79  The United Nations Building in New York is approx-
imately 87.5-m wide and 154-m tall. (a) Determine the drag on
this building if the drag coefficient is 1.3 and the wind speed is
a uniform 20 m/s. (b) Repeat your calculations if the velocity

profile against the building is a typical profile for an urban area
(seerblem?!Dandeemndspeodhalfwayupthebmldmg - b —
is 20 m/s v

@ oLD=C,%pUA = 1.3(3) 123 f‘,?o)(zo?)’(lsm)(mj ’L
or
D= su N = s M -

(b) For an urban area, u=Cy**
Thus, with U=20% af y=8=77n

we 0. faln
? =2.52 o u=352 "% i) U~2 , y~m
The total drag js y=is¢

o= (dd = (G ou dA = é'pcbf(ssz Y (825)dy

y=0
154
,0 4 (123)(1.3) (3. 52)2(875) j yo edy 867( ) )(I.Slf) =47 x10° N
Thus,
=417 MN
9-69
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9.%%  Show that for level flight at a given speed,
the power required to overcome aerodynamic
drug deercases as the altitude increases, Assume
that the drag cosfficlent remains constant. This is
ont reason' why airlines fly at high altitudes.

For level flight X=W, where W=airplane weight = constant
: and X=C %+pUA
If Uis 1o remain constart, ther G must increase as p decregeas

(i.s, oltdude increases).

Alss, P=dU, whero £=G,#eV"A
or

Pr= Cp'i'(’vaﬁ + For constant U, %, and A, the power decreases
as alfifude increases ( p decreases).

9-7
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992 A mctanguisr wing with an aspect ratio of § is (0 genemate
1060 1b of it whin it flies at a speed of 200 ft/s. Detemmine the
length of the wing if its ift coefficicnt is 1.0.

ASFecf {’m(':‘o,l(’ = bz/‘t =6 i c
=b Lk
%. mymwy" b

The liFe csteﬁﬁww is given by,

(= 'Z;T_"_’Z

5(=CL_ %f‘l)"A where A=bc=6CT

j = CL i‘f‘U"(éC’)

1000 b = /0 {4)(0.00938 *9%:2) (200 ) (6¢)

bc®=2|.0

C=(87 Ff

b=(le) = 6(1.875)

b= /L3 Ft
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QB'IAPQperCﬁbmplu\eblsammmoﬂ'lSOlb a -

: aﬁﬁngspudofus:npa.mdawingmdmft’ Determine
the 1ift coefficient of this airplanc for theas conditions.

For equilibriom & =W=1750/b, whore X G tev A
Thes, with U=()!5 mph) {7}”%}7 —/59 £

= el 17501b
G Fevh T I, oozsa—,gi)(mgi)”(l 79£4%)

=0.288

9.95

-§ Q5  Alight aircraft with a wing area of 200 ft* and a weight
of 2000 1b has a lift coefficient of 0.40 and a drag coefficient
of 0.05. Determine the power required to maintain level flight.

For equilibrium X=W=2000/ = ¢, 4pU A
% 2000 /b = (0.40) % (0.00238 f%) U’ (200%)

M;lm/ysﬁ

Also, P=power =l U, where

=G, U =0.05) H0.00238 1) (85 ££)° (00f= 2501
WNote! This valve of o3 covld be obtained from

Tl)us,
D= 250“(/4‘4"#)33 ‘3’(/0"“—& 'mﬁ' = 45, 9#@

9-80
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-9.9% Awlnggenmahftrwbcnmng
through sea-level air with a velocity U. How fast
must the wing mave through the air at an altitude

of 10,000 m with the same lift coefficient if itis -
to generate the same Hft?

L=CteVA sowith £,G, end A constant

(PU )sea lonl 90 )o,oaan
Hence,

%
Ia,m ( -?i,l:f%-) ‘ea levsl 3.717!% fq'eq level
or

_Umpwm = 172 LL« level

9-93
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9.16) A Boeing 747 aircraft weighing 580,000
“ib when loaded with fuel and 100 passengers takes
off with an airspeed of 140 mph. With the same:
configuration (i.e., angle of attack, flap settings,
etc.) what is its takeoff speed if it is loaded with
372 passengers. Assume each passenger with lug-.
gage weighs 200 1b,

For steady flight XL=G $eVA=W

Let ( )go dencle conditions with 100 passengers

90 D3za with 372 passengers . Thus, with G, 0~ Gyrs,
”,” =ﬂ372 5 dﬂJ 6“ = 673 44 () gives

xan AN 580,000 Ib

Thus, Uz = /46 mph

o

2 = 580,000 +(972~ 1b % n
Zyoo =_rz’:'—l or Uy, = %OF % J?)(ML},W//J%‘HWW

w.

7.2

9.102 Show that for unpowered flight (for which
the Iift, drag, and weight forces are in equilib-
rium) the glide slope angle, 6, is given by
tanf = C’,/CL- :

For steady vnpowered flight V)_r'

T F, =0 gives &=Wsip0 ]
an
ﬁ&':O gives L= Wecocd
Thos,
L - Wsinb A T

Hence, 1an0 = %"-
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9467  Commercial sirliners nomally cruise at relatively
high altitudes (30,000 to 35,000 £). Discuss how flying a this
high altitude (rather than 10,000 fi, for example) can save fuel
COsts,

For level flight W=aircraft weight ==C,4pU"A
Thus, for given W, C, , andA the dymamic pressure
is constant, independent of altifvde. That is

6%y 67, Yy (B T

Hence, Uspes > Gyooo :
Also, since Hhadrag is B =Cy1pUA if follows that

N

- Hence, the aircrart can Fly fastor af high  alfituded with Hhe
s aenieot-dreg (el

I
5
L e o
: 5 _,
o — = 1. i
1 i 3
- ; | )
; i I Y
I i i i
i {- fias H
eSmlond (nt) ALESIL i S ey v,
1 I h
it I i P :
i 1
e
| : ;
i I
i
] : o
% i e e
! : £
<t ki B
| I
i
! i
i, R 3 g L
tacs | o0
: i i
| |
1 i
i b
peis L, S
i
| e Sl bl o] Mot e e oS g ot i8] ST s i e e

9-89



