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3.4, MODERN VARIANTS OF THE MIXING-LENGTH MODEL 75

where v, is the smallest value of y for which vy, = vr,. The values of vy in
the inner layer, v, and the outer layer, vz, are computed as follows.
Inner Layer:

pxd 211/2
ouU ov
=10 — — 3.110
- () ()] s
iz = KY [1 - p'V/'A‘} G111
Outer layer:
Vg, = aUeb% Fies(y36) (3.112)
Closure Coefficients:
_1/2
dP/dx !
k = 0.40, a=0.0168, AT =26 {l-&—y /;T] (3.113)
puz

The function Fy.., is the Klebanoff intermittency function given by Equa-
tion (3.108), U, is boundary-layer edge velocity, and &} is the velocity thickness
defined by

8
a;:/ (1-U/U.)dy (3.114)
0

Note that velocity thickness is identical to displacement thickness for incom-
pressible flow. The coefficient A differs from Van Driest’s value to improve
predictive accuracy for boundary layers with nonzero pressure gradient.> The
prescription for vy, above is appropriate only for two-dimensional flows; for
three-dimensional flows, it should be proportional to a quantity such as the mag-
nitude of the vorticity vector. There are many other subtle modifications to
this model for specialized applications including surface mass transfer, stream-
line curvature, surface roughness, low Reynolds number, etc. Cebeci and Smith
(1974) give complete details of their model with all of its variations.

The Cebeci-Smith model is especially elegant and easy to implement. Most
of the computational effort, relative to a laminar case, goes into computing the
velocity thickness. This quantity is readily available in boundary-layer computa-
tions so that a laminar-flow program can usually be converted to a turbulent flow
program with just a few extra lines of instructions. Figure 3.9 illustrates a typical
eddy viscosity profile constructed by using vy, between y = 0 and y = ym, and
v, for the rest of the layer. At Reynolds numbers typical of fully-developed
turbulence, matching between the inner and outer layers will occur well into the

log layer.

3However, the Van Driest value should be used in fully-developed pipe flow, for which the dP/dz
correction yields imaginary At.





image3.jpeg
au se "SMO[[0} SE oI SONISOOSIA IoAE] 19IN0 puE Jouul oY) pue

:“!3”" (601°€) uonenby Aq UaAIS st K11s0dsiA Appa Ay, “[apout JoAe[-0M] B ST SIY] ‘[opowt
cl YIIWS-199G2D) AU} 7T “SIABM HOOUS Yiia SMO[J 10} A[[e1oadse ‘smoly pajeredas
st s[o JO UOHP[MWIS [EOLIWNU UL SISLIE UOYO UONEMIIS SIY] "UIULIIdP 01 YNOLYIP
L are 2 pue %9 ‘¢ se yons sonadod 1ake|-Arepunoq d1eym suonendwoo ur asn
] 10§ poje[nuiioy sem [(8L61) Xewo] pue urmpeg] [opowl XewoT-urmpreq oYL
¢ [PPOIN XewoT-WMp[ed  Th'E
'njo
L "0gy ~ 1A Je 1 [im yutod
n Suryoyew ay} ‘0T ~ 923 Yorym 1oy Ioke] Krepunoq jus[ngin [eo1d4} e Surnssy
p-om) v ‘
j e ul e 9y gp00 & o ~ LA
g 103
puy am ‘*a pue ‘2 Fupenba oueH
m 11°¢) oy v = ,9°00 ~ “a
(o=19
l{llAA) 1ey} Os duo 0} 3S0[d 3q [[Im uonouny &ousngwje;u! Jjoueqary ayl “[ > g/ﬁ
dax ¢ Kes uBd> oM JeY) 20BJINS 2y} 03 Y3noua 2s0[d saf| os[e jurod Suryorewr ayy dUIg
g YL v .
(S11°¢) +fmy = fi+ny ~ Tnzﬁzy IS

snyp C(fv)/+n ~ fie/ne
sn s[a) [(66°¢) uonenbg] [jes ay1 Jo me ay ‘os|y -2[qiBiSau aq [[im uonouny

(NSO|
10 Surdwrep 1511 UBA oy} Ul wie) [enusuodxs ayy Iake| 5o[ Ay ut A1 03 jutod
anoym Suryorew Yy 109dxo om OUIS "SMO[0} SB Y/ JO AN[eA Y} AJBWINSS UBD IM
Jopout YnuS-192qa0) 2y} 4of 4150514 AP 16'C am3ig
Ln

wf \

_1_ I
FE31 1)

e
|

I Jouuy yh

W rE STAAON DIVIGIDTY € 4ALdVHO





