External Flows

Thursday, February 12, 2026 12:01 PM

Review

Circle of Flow Calculahons
SR
 forces, SHresses, pressures ¢ veloci iy, Volumelric /mass fowrotes

Pinertiatsrress  Propestes U o Q
F Co C c dimensioniess

) fe:Bl:
pipes Spneres plate Pe- M

imernal §lows
Po P. o .
U difference N pressuse
— (] 3o | .
Jes e flow

PM ¢ — dry
£=Frichion Yoctor
£ (Re) - radio OF Friction Givess v inevial

sumdirectional and confined
-exrernal flow

Q
fluid doy\o,muc. force

—_— @ — F= drog force: oz\ gbjzc.; n divechion
of £lwid §low

N _\f»—

o 35 Velocity relative Jothe object

Cp= dmg coefSicient

Cp = fxn (Re) ; dimencionless

Drng Force

. 2 effects.
1." form drag’ :pressuse difSerence
2. friction dfag" * V1Scous Sheowr Stress
L= resutt of sliding over the surfoce of

the object
- Orooy Coefficient, Cp
_Fo . fora . NO*
Stvess = _A—;. ) gphere A,z v

FolAs . fora 8 Fo

L Puz ) gphere " ™ putp?

‘Cp’'n Different Reaimes - Sphere

1. Re ¢ 1 ,Co=%Re Siokes Tegyme, Viscous stresses dominate
Fo=‘3ﬂ,AMD

2. 0-\LBe¢.'-l-)03, Cos D.‘).%-rbﬁ" ge,wscw.s* mevrdial

2 350« Re<10%, Newton's Regime, CpZOM4S, inertial

U, 2-10° ¢ Re <4105, Eiffel’s, Co fans

5.Re?10%, Cp=0.- L

Lon%C ‘ﬁ\mder (L» D}

FD , AJ, Fp / L
2 - 2 a
u, 3 fu pUTD
Ayr=
- Disk (thickness neojab\e)

o Cp=T2fl. -8 Fo
——H Pu'& 1\' urp

'ID‘/

Co=

‘Flot Plate |
U 2D sl £ sy gz BL=bowndary lauer
N (x)= BL +hickness

(-————)
sheor rate= W —velocity gredient
—J

{Tuws) = ONEvagR sheor StresS vesy) \arge

{Tw)= Fo/ Aw ; Aw1s welted area
g&

=Y A
— _,
o> AL m Py {2,
frichional drag form drag
_<{Tw? . 2Fp
IPUT putAn
C¢ = fxn(Re)
o Cg= 1.328Re"* (Lexy)
Lsif all \amvay and Be 2100
ussS
aCe¢- (\:gle\z g~ l;»_e- (Lsx)
1§ Yarbulentond laminay
o8 =1050 for Rey=2-10°
aB = 8300 for Rey = 3-10°

Termimal Velocity
-steady state velocity bolancng forces of
mohon ond d\‘ub?o«.e
e.q. sphere falling

DETF;

O=Fg2Fa+Fp
0=-p("*%)g+p("% g+ Frur02Co
arearvange, Sole for W

a CD 1S a gx'\ Ue 22. So fﬂ\ O(' u‘. °|S$u.e'.
L don’t know what Yeqme ewher,
so don’t know rvelalonship (linear ,reciprocal, ete.)

eol 3T [ =5 (312 Lol 52

CDRQZ = %( l) (ﬂ) —= dimensionless’

L______l
Ar ArchimedesS #

1.0<Ar c20, he= g, Stoves
2.20¢Are 2:(0%, jtevctive approach
3. 240%¢Ar ¢ 10'°, Be= (2Ar)"*, Newtor's (Cp= const)



