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#cc) BODIES

FLUTD Flow ABQUT 7%

A boda imersed (na  paung streamy (07, aZfema/ﬂe/a/a éada
moving - thiough a still f/ufa/) experienteS o foree. If the
br}da /3 maw'na fhfaujl, Mmoo G wheous //w'cl, shear and pressure
Jorees act  on  the bodly -
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The  resultant (,{arr—c/ F, can be resolied into componenls  pocllel
and ~ pecpendicular to  the directin of motwr.  The component of
/Wc& Pargllel  to the direcdvn é/ mgtion 13 the dfc,a /‘;rce , /3)
and the fg/'&e corponent  Pecpendicala r to the direction of motion
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There  are \/era f’“ cazes 10 whith  the f/ft‘ and J/raa can
be  delermined ‘7'”“/(7’("“‘”3' Flow seperatiog peokbrts the
qng,lyh'cac determingion.  There fore : /v, most  shepes (;j ptecest,
the Uft and affcfj are defermined  €xpesimenially.
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Since  the pressure. ?faa/;’mf /s zero, the total dfﬂ; -
equa[ fo the cction dfﬂg. Thus
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For lamminar flow vver a (‘/’//az‘ plate | the shear stress céffiaeat
way 3;980 ba_

L* Ve (e,
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For 4 baundwa [aaf" that 1 ;hr‘f:&/{; Gmibior anid unde/‘?ae)
ffa”jff”i?i‘l at Some jOqu’;lM on the f’/al!el ch :Ln‘r'bu/[/;f J/f?

Caﬁf/,.o-mf Sl be adyujfﬁ/ to  account ﬁf the laapnar //JL/
gvec  the ptial 'fftfﬁﬂ). In  thiy e
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FLow OvER A FLAT PLATE WORMAL Ty THE Flow: PEESSuRE DR4G

in J/JLJ over . a /Imle p/gf& Normal fo the f/yz,J, the (,Ja//
Shear stress  does not  contribute 4o the d/ad /ﬁf(ﬁ.

The  drag i Jven b
Bl i F o
Surface.

For thig 2‘”"14’7 the //&L/ separelts jfaﬂ) the e/f,u uj fhe
p'afe-} therefore o/raJ coe#tf'mf cenmdlt b€ deferrmyg ) mm/gﬁm//y.
The vaciadion u(f (y  vith  #he ratn of plate  width 1o heisht
blh) 1 shewn in Ej 9. 1.

The dfaj cae/ﬂ'ci'rﬂf / or all 06(75'015 with S}Iaf,) g
/3 ebsenffqlla /n depen de gt w/ I?eanehlj number  ( Jwr Re > 1:/"(;?2)
becauwe the Sepacaton /JU"””L& are f/)tt’(/ 5(7 7he famz/fy w/
The object. Dra(j cae/ﬁ'c,‘mt}, ;‘7/ a few selected vbjeds are
goven m Table 9.3, Note thyt, bhe d“}f coe f frcrent /ur’
j/w oNer  an  mmessed wbg?c! wua/ly ’s base) v the
fronfal areg ( 0r PfO}etﬂ,I-QrJ areq ) JJ the (,bd ect.
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Examgfél " thm/ /edmgu/ar I lustrc Sgn ¢on top 0} q
dfh'vfr? van /s piacec/ as Shoun i the iayme. The Sf'j/)
Measures 60 cm bta 1SUcm, Estimgte the extry pover
/€7uffPJ to drive the van N g avr ot 72 bm/h //
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¥ 2
Fo = 000315 (06 x15) % Ly 12420 =1.3372 0

The Powér /z?u{m/ to gvercome this q/ olmJ /3y the /)mcfuca‘
U} the dm{j /.9{(&. and the Van 5/}?4?5[_

W,= F -V = 1339000 22678, W/

W, - 26386 ¥ 9 93¢ hp '
o /)

\/e now wﬂjr'di{ /ﬂfu/ard—/ac,’n‘? S/gﬁ
A’)[Je(,ll reto = —@— = dJ g5
h 0-6

Frgm FfJ 910 5 the dfaa' Coé€ /}’Ct"f”'?f Cl): 4'2

Thuw /5)

I\

2
125 (0.6x1.5)xd¥t.2420 = 759.24/
The pover ﬂ’gwfﬂf’a’ to overcome ths air a//ad P
Wy = Ry -V = 2592x20 = 51951/

W, = 3104~ 4,95 po
4

The extry power f07u/'n’o’ to dove the van 7; the 3!25!)
facej J’orwma/ rather than SIIJE’LJC(J_Q i i

L)

Wy =\ = 695 - 0.036 = 4944 hp.
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FLOW ovER A SPHERE AND CYINpER : FRI¢TIon Awd PRESSURE DRAG

In the case of [lo over a sphece and cfy/mdﬂf') bath
fn‘ch'.g,, and pressure dra(ﬁ tonterbuie to  total dr/g Ofa;
cocfficient of a sewoth  Sphee a5 a  fJundion J‘V’f 7

)5 Shawn  un /:rg 9.14,  Also 1o F;j 912, presure dote-

n&/;l_s Aumb-gr

bution argund  a  smooth sphere. 13 shoun ﬂr /ﬂﬂl)?qu; turbulogt
and  1deql (ﬂ‘“‘/'

T he d/a(j cac/ﬁ'u'em{s ~¢f:ruf G cirewlar c(ybhder 15 plotted
n F;'a. 9.43.

E'Xamplpf' The Smosth 5[7/7”2 Shown i the 0#5”/6' j’)aj

ue,Jht W and hangs by a L\/e;'dl;ﬂt’fé wire o [mj//? da
A~ wind  0f l/e/ac,'fg V. blows over the sphee. Develp
an expressign re/a/,’nJ the drg gpe/ﬁ'z,’mt C a;{ the sphere,
the Ve/auiy \//,, and  the cmd/e G. The ar &fmszfd s 8
and  the 5p}w/& diometer 15 D. lse the rgw//,};‘j € xpressii 1)
to calculate  the an{j/e g /ar a 1Scm diameter sphec<,
w?;?hmfc’ 3§A} a Wind Ve/ac;t:; u"] j7n7/m and a 60 cm wire
((The dengyty vf aic §= jZ’tj}m end  kinematiy Vljéa,)jfd if wr, V= 1.515 35°

Given /j'
Wz 35N
D =3%cwm
V. =17 m/fsn
I 60 tm
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US,-nJ the (’ffee-— 6301(7 dfazimm} We ?gf
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2 ///
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e | y y
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Fig. 9.8 Variation of drag coefficient with Reynolds number for a smooth flat plate parallel to the
flow.
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Fig. 9.10 Variation of drag coefficient with aspect ratio for a flat plate of
finite width normal to the flow with Re, > 1000 [141.

Table 9.3 Drag Coefficient Data for Selected Objects (Re = 10%)8

Object Diagram Cp(Re = 10°)
g o
Square prism b/h == 2.05
b/h=1 1.05

:

Disk ® %17

Ring 1.20f

Hemisphere (open end ok 1.42
facing flow) / ®

Hemisphere (open end @ 0.38
facing downstream) /

C-section (open side 2.30
facing flow) /

C-section (open side 1.20
facing downstream)

“ Data from [14].
b Based on ring area.
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Fig. 9.11 Drag coefficient of a smooth sphere as a function of Reynolds number [3].
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Fig. 9.12 Pressure distribution around a smooth sphere for laminar and
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turbulent boundary-layer flow, compared with inviscid flow [1 6].
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Fig. 9.13 Drag coefficient for a smooth circular cylinder as a function of Reynolds:
number [3].



