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Abstract—The model of eddy viscosity published by the present author [Int. J. Heat Mass Transfer 26,

479-508 (1983) 27, 2415-2420 (1984)] has been applied to the analysis of the conditions in the near-wall

reglon of the pipe flow. On the basis of the coefficients of the model the value of a characteristic property

= (du/dr)y& t,y ~ 100 corresponding to the experimentally determined dimensionless pitch of the
horseshoe eddies on the wall in the developed flow was obtained.

THE MODEL of eddy viscosity published by the present
author [1,2] is based on the concept that there are two
prevailing stochastic eddy processes in the turbulent
transport. The first of them dominates in the turbulent
core of the flow, the second one applies in the near-wall
region. The present paper supplements the previous
publications by considering the phenomena in the
near-wall region of the flow. The quantities involved
are designated similarly to the previously used [1,2]
nomenclature.

There are three coefficients, A, o and a,, in the
mathematical description of the model of eddy
viscosity in a circular pipe:
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Values of these coefficients taken from ref. [1] are
presented in Table 1 and their physical meaning is
explained in refs. [1,2]. The coefficients « and «,
determine, among others, the dimensionless time
scales of turbulent processes—Zhukowsky numbers
Zh, and Zh,,,
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Flow in the near-wall region is characterized by
Reynolds friction number Re* = 2r, u*/v, where
friction velocity u* = . /t,/p = \/fﬁ u, represents
the characteristic velocity. When the Reynolds friction
number Re* is formally rewritten into the form of a
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product of two dimensionless similarity complexes
and further reduced to higher terms by the time scale
t,, of turbulent phenomena in the near-wall region
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the first part of the resulting expression is a double of

the inverse value of Zhukowsky number—the

dimensionless time scale of turbulent processes—and
the second part has the meaning of a relative length
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characterizing the size of turbulent structures in the
near-wall region. The stochastic processes in the near-
wall region can be therefore characterized by quantity

L. 3)

I = u*t,, (4)

with the dimension of length. This characteristic
length can be made dimensionless in the following way
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Calculated values of the dimensionless characteristic
I}, in the near-wall region are presented in Table 1.
For the fully developed turbulent flows the values of
I}, are slightly higher than 100.

With «, increasing (i.e. with the Reynolds number
decreasing) the values of [, increase moderately.
Using the data from ref. [2] the following limiting
value of this length at Re,; can be determined
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= 4x47.908 = 191.63. (5)
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coefficient of the eddy viscosity model
relative length, I/r,,
relative coordinate, y/r,

oritarian af hamachranicity o
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Reynolds number, 2r, u /v
Zhukowsky number, vt/r?

friction criterion of homochronicity,
u*t/r,

Reynolds friction number, 2r,u*/v
Fanning friction factor

length

radius

pipe radius

pitch

dimensionless pitch, su*/v

time

velocity

friction velocity, /1,/p

coordinate.
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NOMENCLATURE

Greek symbols

a.a,  coefficients of the eddy viscosity
model i
o addvy viccogity
[ UUU] VIOUUBILJ
v kinematic viscosity
T, wall shear stress
a? dispersion
P density of mass.

Subscripts and superscripts

s mean
w related to the wall

c corresponding to dispersion !
crit critical |
corr corrected

* related to friction

+ dimensionless

t turbulent.

The length scale [}, of turbulent structures in the
developed turbulent flow has to be substantially lower
than the geometric size of the channel. This
requirement can be taken as a qualitative criterion in
the determination of whether a given turbulent flow is
developed or non-developed. For the purpose of
comparison, the dimensionless radius of the pipe

can be defined. The values of r; for the individual
regimes are presented in Table 1. In the transition from
laminar to turbulent flow the dimensionless radius has

the value
r;,crlt = \/2R‘ecm = 67.75

so that r, < l,,.

(M

. _rwu* _ [fRe Re* 6 According to the present opinion the basic processes
WETTE 22 T ©)  in the viscous sublayer are formation and decay of
Table 1. Flow characteristics
aw
10°¢ 10-5 10-4 10-3

A 1317.8547 41601126 130.91019 40.833476
Ay 1317.8505 41599819 130.86907 40.705194
o I/fn = 0.318309886
n 0.5
(f/4)Re 828.88808 296.48076 107.66181 40.019964
f 0.002836367 0.003544305 0.004553146 0.006052886
Re 1168946.0 334588.29 94582.349 26446.865
N 8.86227x 10~ * 2.80250x 1073 8.86227x 1073 2.80250 x 1072
Zh,y = 0k 2.14602 x 107 2.14602 x 10-6 2.14602 x 10~3 2.14602 x 1074
I 103.97 106.44 109.26 113.57
(T/To)max 0.9781 0.9615 0.9321 0.8805
L cors 102.82 104.37 105.48 106.57
Ho,y 0.12543 0.35901 1.01429 2.83734
re = Re*/2 22010.54 7042.57 2256.42 727.46

Iﬂ*W = u*tO‘W

xu* f 7 du
+o= == =2 Re? ={— w
Iw 5 1 ReHo,,, 3 e*Zh .y (dr)wt"
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horseshoe eddies arising on the channel wall in the
developed flow with the dimensionless transverse
pitch s* = su*/v ~ 100 [3]. The model of turbulent
viscosity gives, therefore, the basic characteristic
length of the stochastic processes in the near-wall
region which is in accordance with the value of the
pitch of horseshow eddies determined experimentally
by the visualization technique. As the actual local
shear stress decisive for the phenomena in the near-
wall region is not known, the friction velocity (wall
shear stress) values were considered in the
determination of [* [equation (4)]. Better
approximation of reality can be obtained taking the
maximum turbulent shear stress 7, ,, in the definition
of u* instead of 1.

The corrected
characteristic I,

aw.corr

I;w,corr = l;w (%) . (8)

The corrected values [,

GW COIT

also presented in Table 1.

value of the dimensionless
is determined by the expression

and values of (z,/t,,) max ar€

CONCLUSIONS

Agreement of dimensionless quantity [, of the
vortex processes in the near-wall region determined on
the basis of the model of turbulent viscosity [ 1, 2] with
the experimentally determined pitch of the horseshoe
eddies on the wall, s* ~ 100, provides indirect
evidence that the model reflects the physical nature of
the turbulent transport, despite the fact that the model
does not explicitly specify this quantity.
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LE MODELE DE LA VISCOSITE TURBULENTE ET LOIS INHERENTES
DE LA TURBULENCE PARIETALE

Résumé—Le modéle de viscosité turbulente publié par I'auteur [Inz. J. Heat Mass Transfer 26, 479-508

(1983); 27, 2415-2420 (1984)] a été appliqué a I’analyse des conditions dans la région proche de la paroi

du tube. A partir des coefficients du modéle, la valeur de la grandeur caractéristique [}, = (du/dr),

* 1, ~ 100 correspond aux pas adimensionnel déterminé expérimentalement, des tourbillons en fer a cheval
sur la paroi, pour I’écoulement établi.

DAS MODELL DER TURBULENTEN VISKOSITAT UND DIE GESETZMASSIGKEITEN
DER WANDNAHEN TURBULENZ

Zusammenfassung—Das vom Autor im Int. J. Heat Mass Transfer 26, 479-508 (1983); 27, 2415-2420
(1984) verdffentlichte Modell der turbulenten Viskositit wurde zur Analyse der Verhiltnisse im wandnahen
Bereich der Rohrstromung herangezogen. Auf der Grundlage der Koeffizienten des Modells erhilt man

den Wert der charakteristischen Eigenschaft [}, = (du/dr), ...
“Horseshoe”-Wirbel im Wandbereich bei ausgebildeter

bestimmten dimensionslosen Teilung der

zu 100. Dies entspricht der experimentell

Strémung.

MO/JIEJIb TYPBYJIEHTHOH BSI3KOCTH M BHYTPEHHHUE 3AKOHOMEPHOCTH
TMPUCTEHHON TYPEYJIEHTHOCTH

ApHotamus—C 1noMOWIBIO MOIENH TypOyNeHTHOH BS3KOCTH,

NpPEUIOXEHHONH paHee aBTOPOM

[MexaynapoaHbii xypHan «Terno-u MacconiepeHoc» 26, 479-508 (1983); 27, 2515-2520 (1984)], npose-
ZleH aHaJIU3 YCJIOBHH TeYeHHs B NPHCTEHHO# obGiacTH. YCTaHOBIEHO, YTO B 00JIACTH pa3BUTON KOHBEK-

UHH XapaKTepHast BEJIMYHHA

17, = (dudr),, - ¢, ~ 100,

HMTO COOTBETCTBYET 3KCNCPHMECHTAJIBHO

noJly4eHHOMY Ge3pa3MepHOMY 3HAYEHHMIO Hara MOAKOBOOGPa3HbIX BHXpEH Ha CTEHKe,



