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Abstract-Mass transfer in aqueous, turbulent flow through a sudden pipe expansion is simulated with a 
low Reynolds number (LRN) k-E eddy viscosity model. The predicted wall-mass transfer rates are tested 
against experimental dam, obtained with electrochemical measurements (Re = 2.1-13 x 1O’and SC = 1460). 
LRN modifications to the turbulence model in the near-wall regions, coupled with the turbulent Schmidt 
number concept, enable successful predictions of wall-mass transfer rates to be obtained. For the speciSc 
case of a high Schmidt number fluid, the mass transfer boundary layer is much thinner than the hydro- 
dynamic boundary layer. Furthermore, even low levels of turbulence in the near-wall region are shown to 

have significant influence on the overall wall-mass transport. 

t. INTRODUCTION 

IN PRACTICE it is often found that corrosion in aqueous 
solutions is mass transfer controlled [ 1, 21. However, 
mass transfer in complex flow geometries is strongly 
influenced by the local hydrodynamic conditions. In 
a recent erosion~orrosion study [3, 41, the effect of 
separated flow on mass transfer rates in aqueous solu- 
tions was studied by analysing the experimental mass 
transfer measurements of Sydberger and Lotz [5]. 
Measured wall-mass transfer rates were correlated 
with the turbulence levels predicted with a k-t eddy 
viscosity model (EVM) for flow through a sudden 
expansion. The correlation obtained from this set of 
experimental results, was then successfully used [3] 
to predict the measured corrosion rates of Lotz and 
Postlethwaite [6] for a similar flow geometry, 
Although the specific results obtained so far appear 
encouraging, there was some concern regarding the 
generality of the hydrodynamic model. The 
implementation of the k-c turbulence model at the 
wall used the wall function (WF) approach which is 
strictly incorrect for separated or recirculating flows. 

In an attempt to obtain a more general model for 
prediction of wall-mass transfer rates in separated 
flow, the hydrodynamic code was revised to include a 
low Reynolds number (LRN) k-6 model. Unlike the 
WF approach, a LRN closure attempts to model the 
turbulent transport across the entire near-wall region. 
This is especially important for predicting mass trans- 
fer at the wall. In the present paper the LRN 

k-a model is used to predict wall-mass transfer rates 
downstream of a sudden expansion in an aqueous tlow 
system. Unlike the previous research noted above, 
particle transport was not included ; instead the study 
focused on mass transfer in single-phase flow. 

In the past two decades, flow through a sudden 
expansion has been the subject of extensive exper- 
imental and numerical investigation, primarly because 
it represents a generic flow configuration for sep- 
aration and the associated recirculation, which in turn 
have a significant effect on a large number of heat and 
mass transfer devices and processes. One of the first 
numerical studies was the work of Gosman et nl. [7], 
in which they presented predictions for flow through 
an axisymmetric sudden expansion using a k-E model. 
They compared their results against the experimental 
findings of Back and Roschke [8], and reported good 
agreement for the reattachment length. Recently, 
Gould et al. [9] compared the results of predictions 
made with a k-c model with their own simultaneous 
two-component LDA measurements in the incom- 
pressible turbulent air flow field following an axi- 
symmetrical expansion. They found good agreement for 
the mean axial velocity, turbulent kinetic energy, 
and turbulent shear stresses, but poor agreement for 
the normat turb~ent stresses. In an extensive related 
study, Yap [lo] evaluated the performance of several 
turbulence models for near-wall flow by computing 
momentum and heat transfer in several recirculating 
and impinging flows. In particular, the author used 
both a k-c EVM and an algebraic stress model (ASM) 
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C,‘?G3C,, constants in the k-c model of s axial coordinate 
turbulence Y distance from the wall 

E constant in the universal velocity Y+ nondimensional distance from 
profile the wall. 

J;Of!>.f2 constants in the LRN turbulence 
model Greek symbols 

k kinetic energy of turbulence, ii& I- diffusion coefhcient 
m species mass concentration E dissipation of kinetic energy of 
P pressure turbulence, 24psi,so 

Pk production of turbulence p dynamic viscosity> 
Pr Prandtl number & turbulent viscosity, C~~‘t~~2)~~ 
Y radial coordinate P fluid, density 
Re Reynolds number ffiv,(Tk,~,,~, turbulent Prandtl-Schmidt 

Re., turbulence Reynolds number, ( pYJk)/p numbers 

Re, turbulence Reynolds number, (pk*)/pa ib general variable. 

s source term 
SC Schmidt number Subscripts 

a, n components of the fluctuation velocity eff effective value (molecular + turbulent) 
vector k kinetic energy of turbulence 

U, Y components of mean velocity vector t turbulent value. 

to predict the hydrod~~ics and heat transfer for 
flow downstream of a sudden axisymmetric expan- 2., _ nriain 

2. THE MODEL 

sion. Near the walls, he considered the use of wall 
functions, a low Reynolds number model, and a one 
equation model of turbulence, the latter two being 
employed with a fine near-wall grid. The best agree- 
ment between predictions and experiments for hydro- 
dynamic and heat transfer data was obtained with an 
ASM/LRN model Ill]. Initially the predicted heat 
transfer rates were 5 times higher than those mea- 
sured ; this led to the use of an extra source term in the 
dissipation equation, which resulted in significantly 
improved rest&s. 

A number of detailed ex~rimental (LDA) studies 
of flow through a sudden expansion have recently 
been published, [12-151, which appear to have 
resolved the problem of measurements in the near- 
wall region. However, very few have been conducted 
with a liquid flow medium. The experimental advan- 
tage of using air is one obvious reason. For modelling 
purposes liquid flows introduce additional com- 
plications, since their high Prandtl-~hmidt numbers 
prevent equating the heat or mass transfer boundary 
layers with the hydrodynamic boundary layer. Fur- 
thermore, the body of published work is directed 
either towards studying purely hydrodynamic aspects 
of the flow or dete~inin~ the effect of the hydro- 
dynamics on heat transfer. Mass transfer studies, such 
as the numerical study on mixing of helium in tur- 
bulent swirling flow in a pipe (Hirai et al. [16]) and 
the experimental investigation of Sydberger and Lotz 
on the effect of separated aqueous how on mass trans- 
fer in pipes, are rare. The present study is one of the 
first to consider the appli~tion of a LRN model to 
predict wall-mass transfer in a separated flow. 

In the present study, mass transfer in water flow 
through a sudden expansion was modelled by a con- 
trol volume method. The turbulence model is based 
on the standard k--E EVM model of Launder and 
Spalding (TEACH) 1171. The mass transfer is 
modelied by simultaneously solving a full mass trans- 
port equation, with the flow equations and by assum- 
ing an analogy in the mechanisms of turbulent 
momentum and mass transport, via the turbulent Sch- 
midt number concept. 

A solution is sought for a set of elliptical partial 
differentia1 transport equations that all have the same 
form (in cylindrical coordinates) 

where @ = Ei, V, k, E, m,. . . . 
The governing equations for flow and mass transfer 

are represented in Table 1. 
The effective viscosity perr and diffusivity &are the 

sum of the molecular and turbulent contributions 
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Table 1. Conservation equations 

1979 

Conservation of 

Mass 1 0 0 

Axial momentum 

Radial momentum 

Turbulent kinetic energy k 
PeK 

oli 
pk-P& 

Turbulent dissipation rate /&I7 E 
0, 

~we'fiPd*f2pd 

Species M P&T 0 

Following ref. [18] we used a set of well established 
constants 

C,, = 0.09, C,, = 1.44, C,, = 1.92 

bk = 1.0, 6, = 1.3, 0, = 0.9. 

The value of the turbulent Prandtl-Schmidt number 
0, = 0.9, which is of special importance in mass trans- 
fer studies, is, according to Kays and Crawford [19], 
constant throughout the bulk of the fluid, especially 
for fluids with high molecular Pr-Sc numbers. 
Measurements have indicated that very close to the 
wall (in the viscous sublayer) the value of CT,,, approxi- 
mately doubles, however, the exact variation remains 
to be definitively determined. 

2.2. Boundary conditions 
Since the set of partial differential flow equations 

(1) is elliptic, it is necessary to define boundary con- 
ditions for all variables on all boundaries of the flow 
domain: inlet, exit, walls and symmetry axis. At the 
inlet, the mean and fluctuating velocity can be taken 
from measurements, while zero gradients can be set 
at the axis and the outlet. Near the wall two basic 
approaches have been widely used: universal wall 
functions (WF) model and low Reynolds number 
(LRN) models (e.g. Jones and Launder [20]). 

The WF approach, although the less demanding of 
the two, from the aspects of required memory and CPU 
time, is known to perform worse than the LRN 
approach for recirculating flows [lo]. The ‘universal’ 
velocity profile determined for simple near-wall shear 
flows, which is employed in the WF approach, is in- 
appropriate when separation or flow reversal are pre- 
sent. More importantly, for aqueous flows where the 
Schmidt numbers are of the order of 1000, one can 
expect that the thickness of the mass transfer diffusion 
controlled boundary sublayer is an order of magni- 

tude smaller than the thickness of the hydrodynamic 
viscous sublayer [21]. Thus the WF approach, which 
bridges over the viscous sublayer with a universal 
velocity profile, misses important features of the mass 
transfer boundary layer deeply embedded within it. 
Instead, a turbulence model is required which can 
penetrate deep into the hydrodynamic boundary 
layer, at the same time accounting for the changes in 
the turbulence structure due to the wall. This suggests 
that a LRN approach, which enables the extension of 
the k-e turbulence model all the way to the wall, 
should be used in the case of modelling mass transfer 
in aqueous flow. 

Pate1 et al. [22] have made a comparative test of 
seven different low Reynolds number models. Only 
three models emerged as ‘successful’ when tested 
against experimental data for flows dominated by 
proximity to the wall. One model was that of Lam 
and Bremhorst [23] and this has been adopted in the 
present study. From a physical point of view it is more 
appealing than the other two recommended models, 
since it operates with the dissipation rate E itself rather 
than with a ‘dissipation variable’ selected for the sake 
of computational convenience. More recently, other 
studies, e.g. ref. [24], have proposed improved LRN 
models. These models are essentially similar to that 
of Lam and Bremhorst except for the specific choice 
of the ‘damping functions’ f,, f, and f2. The model 
of Lam and Bremhorst was selected for this study, 
since it contains the essential features of a successful 
LRN model and has been used in a number of other 
studies. 

In the model of Lam and Bremhorst, the damping 
functions, which are responsible for the modification 
of the turbulence field in the near-wall region, are 
given by 

f, = [l-exp(-O.O165Re,)]* 
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Table 2. Important geometric, hydrodynamic and numerical parameters 

Outlet Reynolds number 21000 42 000 84 000 130000 
Inlet diameter [mm] 20 20 20 20 
Outlet diameter [mm] 40 40 40 40 
Length [mm] 400 400 400 400 
Inlet velocity [m s- ‘1 1.71 3.38 6.75 10.45 
Outlet velocity [m s- ‘1 0.42 0.84 1.68 2.62 
Number of x grid-points 80 81 83 86 
Number of y grid-points 26 28 29 30 
Last grid-point wall distance [pm] 5 3 2 I 
Number of iterations 757 870 863 1146 
VAX 6320 CPU time [min] 62 82 89 117 
Total error of prediction [%] 0.1 0.1 0.1 0.1 

0.05 ’ 
.fl = 1+ f ( > )r 

f2 = l-exp(-Re+) (2) 

where 

Re, = pyJk and Re, = @f. 
P W 

At the wall the boundary conditions used for k and E 
are 

aE 
k=O, %=O. 

2.3. Numerical procedure 
The conservation equations for mass, axial and 

radial momentum, species, kinetic energy of turbulence 
and its dissipation rate, are solved numerically using 
the SIMPLE algorithm, by Patankar and Spalding 
[25]. The numerical parameters, as well as the geo- 
metrical and hydrodynamical parameters of the flows 
simulated, are given in Table 2. 

The criterion for convergence was that the total 
normalised residual be less than 10e3. Convergence 
of the solution algorithm was stable, except for the 
finest grids tested (near-wall node spacing < 1 pm), 
when the damping functions (2) caused instabilities 
which resulted in very slow convergence or even diver- 
gence. A remedy was found by activating the damping 
functions only after reasonable convergence (residual 
< 5 x the convergence criterion) was reached without 
them. This proved to be very efficient and caused the 
otherwise divergent solutions to converge using the 
finest grids, and accelerated the convergence of the 
algorithm for coarser grids. Physically, this is equi- 
valent to ignoring the influence of walls on turbulence, 
until we get a ‘reasonably’ converged solution for the 
mean flow. This reasonably converged solution was 
very close to the final solution, as far as the mean flow 
pattern is concerned, since the flow being simulated 
is not entirely dominated by wall effects. Thus after 
activating the damping functions, modification of the 
flow parameters occurred only in the vicinity of the 
wall, which did not cause instabilities in the overall 
solution. 

For purely hydrodynamic LRN models it is usually 
adequate to place the first node adjacent to the wall 
somewhere in the viscous sublayer (Y+ < 5), typically 

Y + x 1. However, in the case of mass transfer at high 
Schmidt numbers (SC E lOOO), the thickness of the 
diffusion mass transfer boundary layer is approxi- 
mately one tenth of the viscous sublayer. Therefore, the 
first node was placed at y+ z 0.1. The final solution 
fields have shown that only at these distances from 
the wall does the level of turbulent transport of mass 
become negligible compared to the molecular diffu- 
sional component. 

3. RESULTS AND DISCUSSION 

The experimental study of Sydberger and Lotz [S] 
on the effect of separated, turbulent, aqueous flow on 
wall-mass transfer rates, was numerically simulated. 
They used electrochemical measurements to deter- 
mine wall-mass transfer rates for a system with a 
Schmidt number of 1460. Among the variety of 
geometries investigated, we have selected the sudden 
pipe expansion flow geometry and obtained predic- 
tions for four different Reynolds numbers, in the 
range of 2. l-l 3 x 1 04, for which measurements were 
available. In the paper, the authors omitted reporting 
specific measurements on most of the figures and 
instead presented only the best-fit lines. This is unfor- 

(a) 

04 

0.00 0.05 0.10 0.15 0.20 0.25 

x/m 
FIG. 1. Predictions for (a) the flow streamlines and (b) 
corresponding turbulence kinetic energy field. Water flow 
through a sudden pipe expansion; 4. = 20.0 mm; do,, = 
40.0 mm; nin = 1.71 m SK’; u,,~ = 0.42 m ss’; Reou, = 

2.1 x 104. 



Calculation of wall-mass transfer rates in separated aqueous flow tyar 

FIG. 2. Predicted flow streamlines and measurements and FIG. 4. Predicted flow streamlines and measurements and 
predictions for the mass transfer coefficients. Water flow predictions for the mass transfer coefficients. Water flow 
through a sudden pipe expansion; cii, = 20.0 mm; d,,, = 
40.0 mm; rin = 1.71 m SK’ ; vout = 0.42 m SK’ ; Re,, = 

through a sudden pipe expansion; d,. = 20.0 mm; d,,, = 
40.0 mm; vin = 6.75 m SK’; v,,~ = 1.68 m SK’; Re,,, = 

2.1 x 104. 8.4 x 104. 

tunate as some subtle features of the measured curves, 
which were not associated with measurement errors, 
were lost. For example, there are clear indications 
that the second (smaller) local maximum in the mass 
transfer coefficient curve, obtained in our predictions 
(Figs. 2-9, was also present in the measurements. 
Unfortunately, the local maximum was smoothed out 
by the best-fit curve. 

Predictions for the flow streamlines and the cor- 
responding turbulence kinetic energy field, are shown 
in Fig. 1 for the Reynolds number Re = 2.1 x 104. 
From the turbulence kinetic energy field (Fig. l(b)), 
the major source of turbulence can be clearly identified 

OO!o 0.3 

FIG. 3. Predicted flow streamlines and measurements and 
predictions for the mass transfer coefficients. Water flow 
through a sudden pipe expansion; di, = 20.0 mm; d,,, = 
40.0 mm; vi0 = 3.38 m SK’ ; vout = 0.84 m s- ’ ; Reout = 

4.2 x 104. 
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downstream of the expansion in the bulk flow at the 
point of maximum shear. The turbulence thus created 
is transported by convection and reaches the prox- 
imity of the wall, creating a local maximum in near- 
wall turbulence in the region near the reattachment 
point. 

Measured and predicted wall-mass transfer rates 
expressed in terms of the local mass transfer coefficient 
are compared in Figs. 2-5, for four different Reynolds 
numbers. The local values of the mass transfer co- 
efficients were computed on the basis of the predicted 
local wall-mass flux and the overall concentration 
difference between the bulk solution and the wall. The 

OOI 3 

FIG. 5. Predicted flow streamlines and measurements and 
predictions for the mass transfer coefficients. Water flow 
through a sudden pipe expansion; d,, = 20.0 mm; d,,, = 
40.0 mm; vi,, = 10.45 m s-’ ; v,,, = 2.62 m SK’ ; Reout = 

13.0 x 104. 
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(4 

Effective viscosity 

Y+ 1 Motndumtmnsfer 

1- 1 

0.00 0.03 0.06 o.oQ 0.0 02 c 4 

Cont. of Fe(CN)~/SvtZ Axial velocity /(m/s) 

FIG. 6. (a) Transport coefficients, (b) concentration and (c) axial velocity vs wall distance. Water flow 
through a sudden pipe expansion. Location: redeveloped flow downstream of the reattachment point. 

d,.=20.0mm;d0,,=40.0mm;n,,= 1.71 ms-‘;v0,,=0.42ms-‘; Re,,,=2.1x104. 

predicted profiles follow the shape of the measured 
curves. The discrepancy is largest for the highest 
Reynolds numbers, where the smallest effect of the 
additional turbulence created by the separated flow 

conditions is expected, because of already high levels 
of near-wall turbulence. Furthermore, the predictions 
are closer to the measured values in the region after 
the reattachment. This can be explained by the fact 
that the model of turbulence adopted is not strictly 
valid in the recirculation zone of the flow. Both the 
measured and predicted profiles far downstream, 
asymptotically approach the value obtained from the 
widely accepted straight pipe correlation of Berger 
and Hau [26]. When the higher value of the turbulent 
Schmidt number was used in the predictions for the 
viscous sublayer, cr, = 1.7 [19], the maximum dis- 
crepancy between the measured and predicted values 

in the region after the reattachment was reduced from 
80% to lo%, while the discrepancy for the maximum 
mass transfer coefficient was reduced from 120% to 
50%. The maximum wall-mass transfer rates occur 
close to the reattachment point and coincide with the 
local maximum in turbulent momentum and mass 
transport. The location of the predicted maximum 
was upstream from the measured values, which can 
be attributed to the overprediction of turbulent trans- 
port in the recirculation zone. 

Turbulent transport overrides the diffusional trans- 
port of mass in the bulk flow by several orders of 
magnitude. It is only very close to the wall in the 
viscous sublayer, where the turbulent transport is 
damped, that the two mechanisms have comparable 
effects. This can be seen in Figs. 6 and 7 which show 
the predicted momentum and mass transfer transport 
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6) 

Effk&ive viscosity /(kg/ins) 

EfSctive diflbivity x lO”~m*/s) 

0.00 0.03 0.55 0.59 -0.15 -0.10 -5.05 0.a 

Cont. of Fk(CN)~M Axial velocity /(m/k) 

1983 

FIG. 7. (a) Transport coefficients, (b) concentration and (c) axial velocity vs wall distance. Water flow 
through a sudden pipe expansion. Location: recirculation region upstream of the reattachment point. 

4. = 20.0mm;d,,, = 40.0mm; uin = 1.71 ms-‘; u,,, = 0.42ms-‘; Re,,, = 2.1 x 104. 

coefficients ,u.s and Den, and the corresponding vari- 

ables U and m, in the near wall region for 
Re = 2.1 x 104, at two locations: in the redeveloped 
flow region and just before the reattachment. 

The transport coefficients (Figs. 6(a) and 7(a)) are 
shown on a log-log scale, because of the large range 
involved. Figure 6 shows predictions downstream 
of the expansion where fully redeveloped turbulent 
flow can be assumed. Figure 6(a) shows that far 
away from the wall (v > 1 mm) the value of the 
effective viscosity is 100 times larger than the molec- 
ular value ; thus the flow is dominated by turbulent 
transport. As we approach closer to the wall (y z 
200 pm) the magnitude of the effective viscosity 
approaches the value of the molecular viscosity, indi- 
cating that the turbulence is gradually being damped. 
Consequently a line can be drawn (y z 150 pm) that 

denotes the edge of the viscous sublayer, in which 
region the flow is controlled by viscous forces. In 
terms of the standard wall coordinates, this is very 
close to y+ = 5 as expected [27]. The predicted axial 
velocity profile on a semi-log scale is shown in Fig. 
6(c). The profile has the well-known universal shape : 
linear in the viscous sublayer and logarithmic in the 
law-of-the-wall region. 

Similar conclusions may be reached for mass trans- 
fer. The effective diffusivity in the bulk flow is 5 orders 
of magnitude higher than molecular diffusivity (Fig. 
6(a)), indicating that turbulent mixing is very intense. 
Concentration profiles obtained for the bulk are flat ; 
changes are only noticed when the viscous sublayer is 
approached (Fig. 6(b)). In the outer part of the vis- 
cous sublayer the turbulent viscosity is less than 1% 
of the effective viscosity, indicating that very little 
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turbulence is retained. Nevertheless, the effective 
diffusivity is still 100 times larger than the molecular 
diffusivity. This suggests that the residual turbulence, 
which is not significant from the momentum transport 
point of view, is very significant from the mass transfer 
point of view. This behaviour is to be expected for 
fluids with large Schmidt numbers. Turbulent mass 
transport is reduced as the wall is approached, becom- 
ing insignificant some 5 pm from the wall ( y+ z 0.2) 
when mass is transported exclusively by molecular 
diffusion. The thickness of the molecular diffusion 
controlled mass transfer sublayer S, x 5 pm, com- 
pared to the thickness of the viscous sublayer 6 z 
1.50 pm, is very close to the ratio suggested by Levich 
[2l], i.e. 6, = &/,SC~.~“. The predicted concentration 
profile, which in analogous fashion to the velocity 
profile exhibits the linear and logarithmic portions 
is shown in Fig. 6(b). Note that both regions are 
embedded in the viscous sublayer of the momentum 
boundary layer. 

Figure 7 contains similar info~ation to Fig. 6, 
for the region of the wall just before the reattach- 
ment point. Due to the increased turbulence in this 
region, both the hydrodynamic and mass transfer 
boundary layers are thinner, but still retain a similar 
ratio. The velocity profile, in the region above the 
viscous sublayer reflects the flow reversal associated 
with the recirculation. 

4. CONCLUSIONS 

Mass transfer in aqueous, turbulent, recirculating 
flow was simulated with a LRN k--E EVM model. The 
predictions were tested against ex~rimental data 151 
for flow through a sudden pipe expansion (Re = 2. l- 
13 x lo4 and SC = 1460). Good agreement was 
obtained over the whole range, without any ‘tuning’ 
of the transport equations or turbulence model. 

For flows with high Schmidt numbers, the mass 
transfer boundary layer is completely embedded 
within the viscous sublayer. Low levels of turbulent 
transport in the viscous sublayer, insignificant from 
the hydrodynamic point of view, override the diffu- 
sional mass transport throughout most of the hydro- 
dynamic viscous sublayer. Thus, the diffusion con- 
trolled mass transfer sublayer is much thinner than 
the viscous sublayer. Although not initially intended 
for application in the viscous sublayer, modifications 
to turbulence models for near-wall regions, coupled 
with the use of the turbulent Schmidt number, enable 
successful predictions of mass transfer rates in corn; 
plex turbulent recirculating flow even for high 
Schmidt numbers. 
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DANS UN ECOULEMENT D’EAU, A 
L’AIDE DUN MODELE k-e A FAIBLE NOMBRE DE REYNOLDS 

R&IIII&-L~ transfert de masse dans un ecoulement turbulent d’eau a travers un Blargissement brusque est 
simuli par un meddle a viscositb turbulente k-c P faible nombre de Reynolds. Les flux de masse calcules 
sont testes avec les donntes exp&imentales obtenues par des mesures Blectrochimiques (Re = 2,1-13 x lo4 
et SC = 1460). Les modifications LRN du modele de turbulence dans les regions proches de la paroi, 
coupltes avec le concept de nombre de Schmidt turbulent, donnent des predictions correctes des flux de 
masse obtenus. Pour le cas particulier d’un fluide a nombre de Schmidt eleve, la couche limite de transfert 
de masse est plus mince que la couche hydrodynamique. Par consequent, msme des niveaux faibles de 
turbulence dans la region proche de la paroi ont une influence sensible sur le transfert par&al de masse. 

BERECHNUNG DES STOFFTRANSPORTS IN EINER ABGELGSTEN WASSRIGEN 
STROMUNG MIT HILFE EINES k-s-MODELLS FUR KLEINE REYNOLDS- 

ZAHLEN 

Zuaammanfasaung-Es wird der Stofftransport in einer wlthigen turbulenten Striimung durch eine pliitz- 
lithe Rohrerweiterung mit einem k-s-Modell fiir die Wirbelviskositit bei kleiner Reynolds-Zahl simuliert. 
Der berechnete Stofftransport an der Wand wird mit Hilfe von Versuchsdaten iiberpriift, die mit elektro- 
chemischen Messungen gewonnen worden sind (Re = 2,1-13 x IO4 und SC = 1460). Durch LRN-Modi- 
fikationen am Turbulenzmodell in den wandnahen Bereichen, gekoppelt mit dem Konzept der turbulenten 
Schmidt-Zahl, kann der zu erwartende Stofftransport erfolgreich vorausberechnet werden. Fur den 
Spezialfall eines Fluids mit groBer Schmidt-Zahl ist die Grenzschichtdicke fiir den Stofftransport sehr 
vie1 kleiner als die hydrodynamische Grenzschichtdicke. Weiterhin wird gezeigt, dal3 sogar eine nur gering- 

fiigige Turbulenz im wandnahen Gebiet den gesamten Stofftransport signifikant beein&&. 

OI-IPE~EJIEHHE CKOPOCTEH MACCOI-IEPEHOCA HA CTEHKE I-IPH COPBAHHOM 
I-IOTOKE BOHbI C HCHOJIb3OBAHHEM k-e MOJ@IJIM HPH HH3KMX HHCJIAX 

PEHHOJIbflCA 

~HCIIOJlb30BaHHeM k-E MOAenATyp6yAeH~OiiBn3KocrHCHA3KHMHYHCnaMAPe~HOAbACa 
onwbmae~ca ~acconepex0c npsiryp6ynerrr~os4re~erimreoaar BO B~e3aw0pacru~p~1101AeMcn ywxre 

rpy61.t. Paccmrramrbre cropocr~ Macconepewza 0~ cTeMul cpaBHaBa50xa c sncnepsib4eHnnbHbmiH 

~~~~,nonyneH~cno~o~~onel;~pow~~necrax~3~epeHaii(Re= 2,1-13 x l@nSc = 1460). 
MOAH~HKWH&i MOAeJIE C HE3XEMH WCJlabtR Pei&HOAbAIX IIpEMeHHTeJIbHO IC Typ6yJIeHTHOCTH B IIpHC- 

IZHH~~[ 06nacrmx ~roM6mta~cro~empr~Typ6yAe~Horog~cna~~~zrrrano3sonalo~y~0ane~~0- 
pHTeJlbH0 Ol'IpeAeJlHTb CKOpOCTE MaccoU~HOCa Ha CTeHKe. B Cnygae 6onbmoro PHCAa mMHATa AJIJI 

x=ocTA Ten~~onoii norpa~~wb& cnoii MaaxnepeHoca Habnioro ToHbrue riiAp0AHHawiwxxoro. 

lTora3aHo.9~0 Aaxe m3IuIe yp0e~e qp6yAeHm0cni B upacre~oilo6nac~n 0~a3-w~ cyuwzr~e~- 


