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Aero- and Hydrodynamic
Properties

——— e Tmece sy e oo

- pneumartic conveying and separation
- use of water to transport bio-materials
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Drag Coefficient

FL Fr

Flow about immersed object
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Lift Force. F; =1; (Ap. ps. V. |l. E)

e s e s e e e e e e o .

Drag Force. Fp=1; (Ap. ps. V. 1. E)

C; = lift coefficient
Cp = drag coefficient
Ap = prujecled area
py= fluid density

L = fluid viscosity

V = velocity
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Resultant Force

F, = yE2+F’

1

EIT..-;
F = CAp; B3

Fp = resistance drag
force. N

C = overall drag
coefficient

Ap = projected area
normal to
direction of
motion. m-

WV = relative velocity bet.
main body of
tluid and object,
nw's
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Laminar flow: fluid density variation 1s small

viscous action governs flow

profile or pressure drag 1s negligible

Turbulent flow: fluid compression governs tlow

frictional drag is negligible
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Frictional Drag
Re = Reynolds numnber

C=1(Re,...)
T T T d=effective dimension of the
def object, e.g. length of a
Re— plate. diameter of a sphere
Ll

0s = fhud density
1L = thud viscosity

For flat plate with laminar boundary layer
(Vennard, 1961; Prandtl, 1932);

1.328
Re’”

(e
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For flat plate with turbulent boundary layer
f‘iwennald. 1961: Prandtl, 193’3’)

0.455
Cs = 758
(lﬂg Re)

For transition region. where laminar tflow changes to
turbulent flow (Prandtl. 1932):

0.4535 1700

& = .
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V3 C; can be substituted to
F, =CoAp, — 7 this equation_

2 -‘-—--F——-P— 1-- —-ﬂ-—-+-

For plate-like malenals, Fp can be mulliplied by 2 o
account for two sides of the plate.

The equations for C; are for frictional drag of smooth
flat plates aligned with flow.

It the plate or circular disk 1s placed normal to the tlow.,

the total drag will contain negligible frictional drag and
does not change with Re.
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Profile or Pressure Drag
e i e o B = e i s = M i o . o A e B o

Blunt objects, e.g. sphere, when placed in a fluid
flow. trictional drag can be neglected because of the
small surface area for friction to act.

|

Exception: when Re < 1. Stokes Law applies:

Fp =3nuVd,

Fp = Drag force

1l = fluid viscosity
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"J thud velocity

dp diameter of spherical ﬂb_jE:EI

Equating the two equations for Drag Force. taking
A to be the frontal area equal to (ﬂf4}d1P

Cp

s =

tL
4

d

b e R

24
Re

 —

| —

P

1.* P

Py —— =3tuVd,

2

—~  ——— profile drag coefficient
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REYNOLDS NUMBER , Ng

Drag coetficient for spherical and disk-shape particles
(Vennard, 1961)

o para -5 ) IS DY pana (S en al A




™T T 11 T
- v, I FLAT PLATE
IE ® JCYLINDER —_—
G
E -
m -
h I-
§ o -
[ :-_- ;
E '_;_u:liu L L i L) 0 i b4 11 !1;“||:||||||
x 0 102 103 10* ok 0*

REYNOLDS NUMBER , Ng

Drag coefficient for cylindrical and flat plate particles
(Vennard. 1961)
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Terminal Velocity

_I.I-———F‘-——*-——__—-I-_—E——.ﬂ—l.l-——— e e o e —— . —

During free fall. it 1s the velocity at which the net
gravitational accelerating force, F, equals the
resisting upward drag force F..
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Under steady state condition, where terminal
velocity has been achieved:

Pp = P¢ - particle will move downward

P, < Pg - particle will move upward
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K, =l o mhen ey

—'—"I_.I—h——i!———*_-——__——._;.- o !— 'é—*—-‘!—d—#_-——* - i ==

substituting for F, and F,. the expression for
terminal velocity will be:

m g (pp _ pf) =CA p; Vo

Py 2

~

or = _},:
| 211:1Pg(pp —pf). ‘

pppf‘ﬁs‘p('ﬂ
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and

- 2m E(p )

_ — ‘-—--F——-r——ﬂ--——+——1-—-+-

Vv, t Pp pf*ﬁi

g = acceleration due to gravity, m/s-
1, = mass of particle, kg

p, = mass density of particle, kg/m’
p;=mass density of fluid. kg/m’

A, = projected area of the particle normal to the
motion, m-
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E_E‘f_l'f:]j

_'-___i‘___*-______- . !.—— .-l-__—-—__#'-__- L8 & g i

Lammar flow: C;1s generally negligible

Turbulent flow: C;usually negligible except for
streamlined bodies

Example: Derive the equation to determine the
terminal velocity of a sphere.

Hint: V. =1(d,. p,. ps C)

It assuming a laminar flow. then.

i f{dp‘ pp‘ pf" "'[}
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S e g s e et ] e i ot P P e g
For conditions of turbulent flow in the region where

10°<Re<2x10° and C = 0.44. the following equation
for terminal velocity applies (Lapple. 1956):

2 4 _%
d g
‘\"IT.[ :l?4l £ p[ﬁpp pf)
Pz

 —  m—
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For an intermediate region of 2<Re<10°, the drag
coefficient is given by:

18.5

L=
{Re)ﬂ.ﬁ

And the termuinal velocity by:
=~ 0.714 30.142 14
0.153¢" ™) (p, —p, |

t 0.286, 0428
P H
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Table 9.1 Comparsuive semmary of equatons of moton of spherei., dwks end circalar cylimden: [Adopind from Lapple, 19565

[afiniie circutar
Sphere Thin disk Thin dsk cylinder
(any direetion’ » (morrmalso face ') (paraliel 1o face") (mormmal axis'y
Reymedeh Mo equ dp'r'n_l.-'n d,l"n_f"q H‘.If'p_l-l'ﬂ d Vi
Frontal area A, (g (mid)ay Tl bl K
Mz, iy LB ) pplmatial L Pl mdMll Pl idhdiL
Dirag relagiomekaps
sireasziing [uw
Nl Fym Imnlid, B L, (163, {dwiK |mWL
ColMe= 2 Ga'w B3 LETL
Tarbulesr Figre
Cplaremge) 0,44 B F: - 1.1
My (range) I Q=2 P 2 | 00 - L g =2
Termmal velociy

dgd, (3, = pyl 2plip, = py} #dylpe — pyl F';%‘F[J
¥ 3wy %r 2wy T

" Darecoca of flow or motion,
L = Thickness of disk. lengih of md or cylinder, lesgih of flat plaie along direcoon of flow or matian
K o= 2,002 In Ny
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Drag coefficient for geometric and non-geometric shapes
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Terminal Velocity from Drag Coefficient-Revnolds
Number Relationship

—-P—— -r——ﬂ--— —+— -1-—--‘-—- -F——-P——ﬂ--— —+— —1-— -+-

CRe? or C/Re are first calculated and plotted against
Re

For spherical particles, combine the following:

- d,Vp;

. o :_4gdp(pp —p; )

L | 3p,C
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Terminal Velocity from Drag Coefficient-Revnolds
Number Relationship

For spherical particles:

4gpfd; (pp —P¢)

CRe’ =
31

€ 4gulp, —py)

Re 3p; V.,

CRe? — Slnpgpfgpp —Ps)
TP,
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Reynolds number, Re vs. CRe” for spheres.
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Reynolds number, Re vs. CRe? for plate-like, cube
and rounded bodies.
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Example: A single wheat kernel having a geometric
mean diameter of 4 mm and density of 1400
kg/m® is dropped to freely fall into a water
column at 21°C. Determine the terminal

velocity of the grain kernel.

Example: To estimate the diameter of starch granules.
their settling velocity in water at 21°C was found to
be 0.1 mm/'s. If the granule’s density were 1500
kg/m’. determine the average diameter of granules in
mum. If these granules were falling in air. what would
be their terminal velocity?
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Drop tube for deternuning time-displacement curves for seeds and grains
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Displacement-time graph for seed grains (Bilanski et al.
1962)
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Aerc:d}rnﬂ:mic pmpeﬂies u:nf g:raius (E.ilanﬂki et al 1962}

sample Leng'l:l'l Width Elepth Mass Terminal C  Re
(mm)  (mm) (mm) (mg) velocity (m/s)
Alfalfa 235 | 143 | 107 240 5.46 0.50  6.01
Flax 433 | 226 | 110 535 466 052 835
Whest RO 33~ 29 45 3R A SG 1 A .
Barley 881 | 320 238 3311 7.01 050 228
Small oats 960 | 244 | 207 1814 5.86 047 = 19.0
Large oats 1222 | 280 216 3357 6.34 051 248
Corm 1164 | 802 415 28577 1064 | 05 577
|| Sovbeans 777 | 677 588 20593 1351 045 628
Plastic spheres . 951 | 951 | 951 52618 1677 | 043 1085
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