4. Boundary Layers— /nternal Flow
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Moody Diagram
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Boundary Layers— cxiernal Flow
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Discuss which type of forces are important here
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Boundary Layers— v/ shear stress

vy dimension
A
boundary plate

(2D, moving) velocity, u
du L

* Laminar flow: T = ,ua

* T isforce per unit area

shear stress, T

gradient, @

fluid 9

boundary plate (20, stationary)
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Drag with pressure gradient:

Viscosity not e —
AN S - Boundary layer separation
important ¥ i e £ = Yy
oIS o pppm—— Ep— - Viscous effects
— / J &
K —— D g ortant
_,:’ - — / — /
S ,*-—\r-\ "-"—:;sz’__
Boundary layer —_~ -Wake

:;’ : reg:r,xn
4 \

~ Separated region




3. Boundary Layers— rrandt/’s Bl equations

a_u + a_v =0 Assumptions:
dx 0dy v<Ku
ou ou dU 10t ou  ou
—tv—~U—-—+— K —
Yox T dy dx pady dx < 0y
T = Tigm + Tturb Re. — % > 1
SY
B Jdu
flam = 5y p ~ p(x)
e B dp _ . dU
Tturp = —PUV = Mt@ dx p dx
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Boundary Layers— 7urbulent Flow close to Wall
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(Reference: Y. Cengel, Fluid Mechanics: Fundamentals and Applications)
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Turbulent Boundary Layer

defect

30}~  Viscous sublayer buffer layer| inertial sublayer layer

Turbulent BL consist of 3 distinct
~| regions:
uy=~clny,+ B -~ 1. Wall layer: Viscous shear dominates

2. Quter layer: Turbulent shear dominates
3. Overlap layer: Both types are important

integral scales

B
inertial scales
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Turbulent Boundary Layer

In the near-wall region, the mean velocity is independent of the free-stream flow «far»
from the wall.

It depends on distance from the wall y, density p, viscosity 1 and wall shear stress 7,,

Definitions:

Friction velocity: u, = /%W -> Not a real flow velocity, but has the dimensions [LT ~1]

uzy
vV

Local Re-number: Rey SN y+ —
%

I IMPORTANT non-dimensional parameters in CFD: u™ = . and y" =




Turbulent Boundary Layer

Need to consider this when .
making a mesh:
1. Choose to model the whole BL: {:’I’,’””,”: _
g’— an .ﬂ“pé'f
y*t<1(5)
| | = 0 =
2. Use wall functions to bridge the 3
region between the inner-wall Buffer layer
. Vise. sub-layer
layer (laminar) and the log-layer )
+
(turbulent): y™ > 30
Wall function approach Fine near-wall resolution
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Boundary Layers— £stimate y+

1. Compute the Re,, number (x-boundary layer length)

2. Estimate skin friction coefficient. Ex. Schlichting:

Cr = [21log1o(Re,) — 0.65]7*> for Re, < 10’

3. Calculate wall shear stress:

1
Ty = Cr -Eono

4. Friction velocity:

_ [tw
Up = ?
5. Wall distance: 23’{ .
. yu
pU;
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