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Potential flow <> Boundary layer flow
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Potential flow: 82| H&f0| =2 XS (MHSSE R Al JtsS)

incompressible & zero viscosity @1 ideal fluid H=2 =2 of &
- Newton GStQ 2 J|= JtsS

(circulationsL} eddiesJt 81 = irrotational flow,

frictionO| S 4 heat dissipationO| {3

Boundary layer flow: D&l & ™
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(coupling of velocny-gradlent and shear-stress fields,

onset of turbulence,
formation and growth of boundary layers
separation of boundary layers from solid boundary)
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Velocity at wall: zero (no-slip boundary condition)

One-dimensional flow: A flow that has only one velocity component

(ex. Steady flow through straight pipe)
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Laminar Flow (&&

«—— At low velocities, fluids flow without lateral mixing, cross-current and eddies.

Velocity gradient (or shear rate): ST J| 20| (8 &5

du :
. — (or
dy (or y)

Shear stress (& &S =)
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Rheological Properties (REH=24)

Newtonian & non-Newtonian fluids

or shear thinning

T (mogsy

Binghom plastic

Shear strass, =

or shear thickening

_— (M3}

Dilatant

0 Velocity gradient, du/dy
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Time-dependent flow
Thixotropic: shear stress (7) decreases with time for a given shear rate (du/dy)

Rheopectic: shear stress increases with time for a given shear rate

Viscosity (& &), #

- shear stress 2t shear rate 1 = 2| J| 2], shear stress2} shear rate2+ 2| H| &l &b ==

7 = u—1/ : Newton’s law ----- (3.3)

& T O &2l Pa-s (kg/m-s), P (poise: g/cm:s), cP (1 Pa:s=10P =1,000 cP 2| 2t }H|)

(22 EX: 2 1cP)

Kinematic viscosity (S& &, or 28 & &)
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Viscosity models

Newtonian fluids:

Power-law fluids:

du”

r=K— =K

dy

n-1 . .
du K: flow consistency index
dy n: power-law index (or flow behavior index)

n=1, Newtonian fluids (K = )

n<1, pseudo-plastic (shear thinning) fluids

n>1, dilatant (shear thickening) fluids

Bingham plastics:

T—TH = diu
0 dy
du_y
dy

at 7 >z, 7, yield stress

at 7 <,
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Turbulence (LHF)

Pressure drop (Ap)

2

v atlowflowrates
oC
v athighflowrates

* An experiment by Osborne Reynolds

— TG — ]

colored
water

straight line, no cross mixing
—> laminar flow

turbulent

wavy and gradually disappeared
-> turbulent flow
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Reynolds number, Re : a dimensionless group

Re - DVp _DV _— (3.10) D: tube diameter.
u 1% \V/ . average velocity
p- density
LL: VISCOSity
In a pipe flow, v: kinematic viscosity

Laminar region at Re<2,100

Turbulent region at Re>4,000
Transition region at 2,100<Re<4,000

Turbulent flow consists of eddies

/a ) energy dissipation

/_B ) largest -- dimension of stream

\_9 9 smallest -- 10-100 UM
9
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- Deviating velocity (B Xt 5)

P o
o
o Ui -
In one-dimensional turbulent flow,
, . . cf.) In laminar flow,
U =u+u V. =V =W
u=u v,=0 w =0
U, Vi, Wi: instantaneous velocities (=25 &)

u, v, w: average velocities (22 =%
u’, v’, w’: deviating velocities (or fluctuating velocities) (B XtE& or Hs=5 %)

r

time average of v 2udt=0
0
. time average of mean square of u’: tl 50 (u)?dt = (u")*
0

Isotropic turbulence (S & 7). (u')? = (v')? = (w')?
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- Reynolds stress (or turbulent shear stress), 7,

< HRUHMN=E S5 20 M 2 shear forceJt =X (deviating velocity =)

[etAd 8453 0120 FItE R R M S (Reynolds S 5)=

- Eddy viscosity, E,

CHSOHSH LG HEHEDH 2AHUNM e 8

(eddy viscosity E = shear viscosity u 2t R AtoHH &2l &)

- Total shear stress in turbulent flow

& viscous stress @} turbulent stress2| &t
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Boundary Layers (& A 5)

: The part of moving fluid in which the fluid motion is influenced by a solid boundary
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bulk fluid velocity
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Development of boundary layer flow in pipe

E‘nundnr}r layer
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- Approximate length of pipe to reach fully developed flow, for laminar flow:

X;: transition length

Xt
5 =0.05Re D: diameter of pipe

ex.) ID 50 mm, Re=1,500 - x,=3.75m

2=t
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Boundary layer separation and wake formation

Direction of low

Varying velocity
i 5
— - = Uniform
——r——— —-_‘_—_EE_-—-—-—-—-—-fu-emiw
T—Ur‘uil’mnrm velocity i -
la) flow parallel with plate
separation point
(M &)
—p—— qﬁhhﬁ""'ﬂ—-—
— == ’Z)-a’—}% ___ = eddy (0l Cl)
) = vortex (2+F)
i wake (25
. . * Eddi
stagnation point — " _
(HHE) [t} flow perpendicular to plate

Related problems:

(Probs.) 3.1, 3.4, 3.5,3.9and 3.12



