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Abstract-Numerical predictions are compared with the experiments of turbulent swirling flow and mixing 
in a stationary pipe. Two kinds of turbulence models, the k-c two equation model and the stress/flux 
equation model, are employed in the present calculations. The axial and tangential velocity profiles and 
the characteristics of the retardation of mixing in the presence of the swirl can be predicted by the stress/flux 
equation model, whereas the k-6 two equation model fails in this respect. Comprehensible interpretations 
of the phenomena, especially of the retardation of turbulent transport of momentum and species (He) due 

to swirl, are presented. 

1. INTRODUCTION 

TIJRBULENT swirling flows are often encountered in 
many furnaces and combustors as well as in fluid 
machinery. In these flow fields, turbulent transport of 
heat, mass and momentum are significantly influenced 
by swirl. Swirl is known to have two contradictory 
effects, i.e. promotion and suppression of turbulent 
transport of heat, mass and momentum. This paper 
aims to obtain a better understanding and to establish 
the prediction procedures of the characteristics of tur- 
bulent swirling flow including mixing. Numerous 
experimental and numerical studies have been con- 
ducted in order to investigate the effects of swirl on 
heat, mass and momentum transport. 

The turbulent swirling flow produced in. a pipe 
rotating around its axis is one of the fundamental 
swirling flows where the swirls suppress the turbulent 
transport of heat [l] and momentum [2]. In these flow 
fields, characteristic phenomena due to the swirl, such 
as the laminarization phenomena [2] or the heat trans- 
fer deterioration [1] have been pointed out. The pre- 
sent authors showed that these phenomena can be 
predicted by employing the stress/flux equation model 
[3, 41. The dominant factors of the laminarization 
phenomena and the heat transfer deterioration were 
revealed by the calculations [3,4]. 

On the contrary, the authors studied the turbulent 
swirling flow in which the turbulent transport of heat 
and momentum are promoted by the swirl [5]. Exper- 
imental and numerical studies of heat and momentum 
transport in a concentric annulus with a rotating inner 
cylinder have been conducted, and the causes of pro- 
moting the heat and the momentum transport were 
elucidated [5]. 

Various computations of turbulent swirling flows 
were conducted using turbulence models with and 
without modifications related to the effects of the 

swirls. Launder et al. [6] and Leschziner and Rodi 
[7] calculated boundary layer flows developing over 
curved and spinning surfaces and strongly swirling 
free jets, respectively, introducing the swirl-related 
modifications into the k-E two equation model. Laun- 
der and Morse [8], and Gibson and Younis [9] com- 
puted swirling jets employing the stress equation 
model. However, there has been no report on the 
computations of turbulent swirling flow including 
mixing in a confined circular tube. 

It is known that the standard k-c two equation 
model fails to predict the turbulent swirling flow field 
in a confined tube [ 10, 111. Kobayashi and Yoda 
proposed a modified k-c model with the hypothesis 
of anisotropy and turbulence [1 11. As for the exper- 
iments of turbulent swirling flow with mixing in a 
stationary pipe, the phenomena of the retardation of 
mixing due to the swirl were revealed [12, 131. 

In the present study, numerical predictions were 
compared with the experiments of refs. [13, 141 of 
turbulent swirling flow and mixing of He with air in 
a stationary pipe. Two kinds of turbulence models, 
standard k-c two equation model and stress/flux equa- 
tion model, were employed in the present calculations. 
The applicability of the turbulence models is exam- 
ined paying attention to the retardation of turbulent 
transport of momentum and species due to the swirl, 
and the interpretations of the turbulent transport 
characteristics in relation with swirl are presented. 

2. ANALYSIS 

2.1. Basic equations 

The analysis is based on the time-averaged con- 
servation equations of mass, momentum and species 
in an axisymmetric cylindrical coordinate system, with 
and without swirl. There is no recirculating zone due 
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NOMENCLATURE 

CG, C;, CD constants in k--E turbulence 
model 

c,, cz, c,,, CEZ> c,, Cl0 CL, C2C, c, 
constants in stress/flux equation model 

CE,a Cfi,i, C,,,i convection terms in stress/ 
flux equation model 

D diffusion coefficient 
DE,i, Dm,h Dmsi diffusion terms in stress/flux 

equation model 
k turbulent kinetic energy 
M, M time-mean and fluctuating mass fraction 

of He 

P time-mean pressure 
PE,i, Pm,i, P,_,,, production terms of stress/ 

flux equation model 
Rm.e R,,, R,,i redistribution terms of stress/ 

flux equation model 
R distance from the central axis 
U, V, W time-mean velocity components in 

the X-, r-, B-directions 
u, u, w fluctuating velocity components in the 

x-, r-, &directions 
u+ non-dimensional velocity, U/U* 
u* friction velocity 

x,r coordinates 
x axial distance from the nozzle tip 
XD axial distance from the inlet cross section 

of calculations 

Y+ non-dimensional wall distance. 

Greek symbols 
a, jl, y constants in stress/flux equation model 
E dissipation rate of k 

A4 laminar viscosity 

Pt turbulent viscosity 

VI kinematic viscosity 

P density 
ok, CT,, o,,, diffusion constants in k-e model 

7w wall shear stress. 

Subscripts 
1 laminar 
t turbulent 
W wall. 

Superscript - 
time averaging. 

to the swirl and the boundary layer approximation is of species (He), respectively, p the fluid density, p, the 
applied. The basic equations are 

&rpU) +r(rpY) = 0 

p 
( 

i a 
+;s rpDg 

( ) 

laminar viscosity, D the diffusion coefficient, p the 
pressure. p and pi are evaluated from the con- 

(l) centration of species (He). An overbar (3 denotes the 
time average. The transport of momentum and species 
(He) by turbulent motion, represented by correlations 
between fluctuating quantities in equations (2)-(5) are 
evaluated from the turbulence models. 

(2) 2.2. The turbulence models 
The turbulence models employed in the present cal- 

culations in order to estimate the Reynolds stresses or 
the turbulent flux of species are the standard k-E two 
equation model [15] and the stress/flux equation 
model [16, 171. 

(3) In the k-c two equation model, kinetic energy of 
turbulence k and its dissipation rate E are calculated 

(4) 
from the following transport equations [ 151: 

(5) 

where x, r are the coordinates in the axial and radial 
directions, respectively. U, V, W and u, V, w are the 
time-mean and fluctuating velocity components in the 
axial, radial and tangential directions, respectively. M 
and m are the time-mean and fluctuating mass fraction 

+i[C;p, {(r:(F))‘+ (gr} - WE]. (7) 



The turbulent viscosity pt is determined from the 
relation b = pC,k*/s. The empirical constants in the 
k-c two equation model are adopted from refs. [ 15, 
18, 191 and are listed as follows : 

c, = 0.09, c; = 1.45, c; = 1.95, 

0k = 1.0, a, = 1.3. 

The turbulent transport terms puu, puW and pu? in 
equations (2), (3) and (5) are related to the gradients 
of the time-mean flow quantities and they are mod- 
elled as pi& = -uXJ/ar, pow = -&I( W/r)/& and 
pi%i = -~,/a,JM/&. Here, a, is the turbulent 
Schmidt number and takes the value of 0.7 in the 
present calculation. 

The stress/flux equation model adopted in the pre- 
sent study is that proposed by Launder et al. [16]. But 
for the diffusive transport term (the triple velocity 
correlation term), the present study applies the sim- 
pler form approximated by Daly and Harlow [20]. The 
flux equation model employed in the present study is 
that proposed by Launder [ 171. The stress/flux equa- 
tion model is composed of transport equations of six 
correlations of the velocity fluctuations (z, 2, 2, --- 
W, uw, VW), of the dissipation rate E and of three 
correlations of velocity fluctuation and mass con- -- 
centration fluctuation (urn, urn, ii%). These transport 
equations are described as follows in the axisymmetric 
cylindrical coordinate system, applying the boundary 
layer approximation : 

(8) 
2 Ug+ V~-2vW~=2iG$-C,~(&jk) 

+ j(a+/?)P 

aw W 
-C,~(?-~k)+2aiG~--2~yWT 

(10) 
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where 

P = -iEaUlar-Gra(w/r)/ar. 

(17) 

The empirical constants in the stress/flux equation 
model are adopted from Launder et al. [16], Hanjalic 
and Launder [21], Morse [22] and Launder [17] and 
are listed as follows : 

c, = 1.5, c, = 0.4, c, = 0.22, c,, = 1.45, 

C,, = 1.90, C, = 0.15, C,, = 3.8, C;, = -2.2, 

c2c = 0.33, c, = 0.11. 

2.3. The boundary conditions and the calculation 
procedure 

At the near wall boundaries, the boundary con- 
ditions are determined for the grid point in a turbulent 
region one mesh inside the wall. Near the wall region, 
the non-dimensional velocity U’(= U/U*) and the 
non-dimensional distance from the wall y+( = U*y/v,) 
are assumed to obey a universal relation U+ = f(y+) 
in a fully developed turbulent flow. Here, U* denotes 
the friction velocity (= (z,,,/p)“.‘), t, the wall shear 
stress, y the distance from the wall and vi = p,/p. The 
von Karman universal velocity distribution [23] is 
applied for the.relation, U+ = f(y+). In application 

of this relationship to the swirling flow, the composed 
velocity of the axial velocity component U and the 
tangential velocity W is used instead of U in the uni- 
versal velocity distribution relation noted above and 
in this case, r, becomes a composed wall shear stress. 
From these relations, the boundary conditions of U 
and W near the wall region are evaluated and the wall 
shear stress is also evaluated. The boundary value for 
the turbulent kinetic energy near the wall region is 
evaluated from the relation k = zw/(pCi5) derived 
from the local equilibrium assumption. 

In the calculation employing the k-e two equation 
model, the boundary value for the dissipation rate E 
near the wall region is obtained from the assumption 
of the local equilibrium of equation (6) and from the 
boundary value for k. 

In the calculation employing the stress/flux equa- 
tion model, the velocity‘fluctuation correlations 2, 
2 and w2 are evaluated dividing the turbulent 
kinetic energy k (= (3+?+~)/2) in the ratio 
1.05 : 0.42 : 0.53, respectively, which are estimated 
from the experiment [ 141. The boundary value for the 
dissipation rate E near the wall region is evaluated 
from the assumption that it is in equilibrium with the 
production term in the transport equation of k. The 
boundary conditions for uw are evaluated from equa- 
tion (12), with the approximation of a/ax<< ajar, 
V = 0 and neglecting the diffusive transport. The 
boundary values for the velocity fluctuation cor- 
relations Uv and VW near the wall region are evaluated 
from the wall shear stress of the axial direction com- 
ponent (z~~)~ and of the tangential direction com- 
ponent (z,~),, respectively, which are the components 
of the composed wall shear stress 7,,.. _- 

The boundary conditions of IV, urn, urn and wm 
near the wall region are that the gradients of M, urn, 
--. 
urn, wm m the radial direction are zero. 

The inlet profiles of U, W, k, 2, v’i, w2, M are 
evaluated from the experiments. uv, VW and uw are 
given by linear profiles connecting the boundary value 
near the wall region with the zero value at the central 
axis. The dissipation rate, E is determined from the 
turbulent kinetic energy k and the length scale. urn, 
urn and wm are evaluated solving transport equations 
(lS)-( 17), respectively, with other dependent vari- 
ables fixed in the initial profiles. 

The above differential equations are solved numeri- 
cally using a finite difference method based on the 
procedure developed by Patanker and Spalding [24]. 
Thirty grid points are located in the radial directions 
at non-uniform intervals. 

3. RESULTS AND DISCUSSIONS 

The effects of the swirl on the characteristics of 
turbulent flow and mixing in a stationary pipe were 
studied experimentally [ 13, 141. Turbulent swirling air 
flow was formed in a pipe of 60 mm i.d. and He was 
coaxially injected from a round tube nozzle of 7 mm 
id. installed at the central axis. The radial profiles 
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(a) (b) 

FIG. 1. Comparison of experimental and calculated axial velocity profile. Plots, Yamada’s experimental 
results [14]. Lines, predictions : (a) stress/flux equation model; (b) k-e two equation model. 

of axial velocity U and tangential velocity W were 
measured by a laser Doppler velocimeter (LDV) at 
the cross sections of 100, 300, and 500 mm down- 
stream from the nozzle tip [14]. The concentration 
profiles of He were measured on the axis and in the 
cross sections of 100, 200 and 500 mm downstream 
from the nozzle tip. The concentration of He was 
analyzed by a gas chromatograph after gas sampling 
by a probe. It was pointed out that : 

(1) the axial velocity U retains the radial profile 
depressed near the central axis at the downstream 
region in the swirling flow ; 

(2) the tangential velocity W becomes the solid- 
body rotational profile near the central axis and the 
free vortex profile at the outer region ; 

(3) the retardation of the turbulent mixing occurs 
due to the swirl as compared with the mixing in the 
non-swirling flow in the region more than 100 mm 
downstream from the nozzle tip. 

In the present study, numerical computations were 
conducted employing the k--E two equation model and 
the stress/flux equation model. The computations 
were compared with the above mentioned experiments 
to examine the applicability of the turbulence models 
to the swirling flow, putting the check points on the 
turbulent swirling flow characteristics and the retar- 
dation of the mixing due to the swirl. The causes of 
the characteristic phenomena due to the swirl were 
also investigated. 

In Fig. 1, the experimental and the calculated radial 
profile of the axial velocity U are compared. Plotted 
points in Fig. 1 (a) are Yamada’s experimental results 
[14]. XD denotes the distance from the inlet cross 
section of the calculation. The inlet cross section 
(XD = 0) of the calculation is selected 100 mm down- 
stream from the nozzle tip where the measured data 
are available and the density nonuniformity is not 
significant. The lines in Figs. l(a) and (b) are the 
predictions employing the stress/flux equation model 

and the k-e two equation model, respectively. R is the 
distance from the central axis. The inlet conditions of 
the calculations are equal to the experimental ones at 
XD = 0. The experimental axial velocity U (plotted 
points in the figure) retains the radial profile depressed 
near the central axis at the downstream region (Fig. 
l(a), XD = 200, 400 mm). However, the calculated 
axial velocity employing the k-c two equation model 
becomes flattened rapidly (Fig. l(b)). The rapid flat- 
tening is caused by the overestimation of the turbulent 
flux of the axial momentum. The axial momentum is 
excessively transported toward the central axis in the 
calculation employing the k-E model as compared 
with the experimental results. The calculation employ- 
ing the stress/flux equation model, however, can pre- 
dict the tendency of the measured axial velocity which 
retains the profile depressed near the central axis at 
the downstream region (XD = 200 and 400 mm). The 
experimental axial velocity U shows a protruded pro- 
file near the central axis whereas the calculation 
employing the stress flux equation model fails to pre- 
dict this experimental tendency. This disagreement 
seems to be small as compared with the overall agree- 
ment of the experimental and calculated profiles of 
the axial velocity U (Fig. 1 (a)). This overall agreement 
is caused by the fact that the calculation employing 
the stress/flux equation model estimates the turbulent 
transport of axial momentum toward the central axis 
less than that of the k-6 model. The causes for the 
retardation of momentum flux puv obtained by the 
stress/flux equation model as compared with that by 
the k-c model, can be investigated by evaluating the 
magnitude of the terms in transport equation (11) of 
uv. 

The radial profiles of the magnitude of the terms in 
equation (11) at the cross section of XD = 200 mm 
are indicated in Fig. 2. The marks in the figure 
PE,j, RE,i, Cz,i, DE,i (i = 1,2,. . .), indicate the terms 
in equation (1 l), which are shown beside Fig. 2, 
respectively. 
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FIG. 2. Calculated radial profile of the magnitude of the terms in the transport equation of Uv. 

Pii6,i is the production term. P=, , (= -&U/i%) is 
concerned with the radial gradient of axial velocity U 
and takes a negative value in the region where the 
axial velocity shows a depressed profile (au/& > 0). 
Then P=, , has a tendency for the axial momentum to 
be transported toward the central axis and for the 
axial velocity U to recover the depressed profile. 
The redistribution term R,,, (= a&YU/&) has the re- 
verse effect against the production term P=,, 

(= -&U/ar). But the coefficient tl takes the value 
0.76, which means that Rz,2 never overcomes the effect 
of P=,,. Particularly, in the case with the swirl, Pm,* 
(= @W/r) including the tangential velocity com- 
ponent has a sign opposite to Pa,,, which retards the 
turbulent transport of axial momentum toward the 
central axis. Rs,4 (= &%U/ar) has the same effect 
but it is much smaller than that of P=,*. According to 
these considerations, the stress equation model con- 
tains the production term Pz,2 (= iiiW/r), which con- 
tributes to predict well the axial velocity profiles 
obtained in the experiments. The same term C, 
(= Uw W/r) is contained in the convection terms. 

In Fig. 3, the predicted radial profiles of the tan- 
gential velocity Ware compared with the experimental 
values. Plotted points in Fig. 3(a) are the experimental 
results of Yamada [14]. The lines in Figs. 3(a) and (b) 
are the calculated results employing the stress/flux 
equation model and the k-a model, respectively. The 
inlet conditions of the calculations (XD = 0) are equal 
to the experimental ones at XD = 0. The experimental 
tangential velocity W retains a solid-body rotational 

profile near the central axis and a free-vortex profile 
at the outer region (Fig. 3(a)). The experimental tan- 
gential momentum increases slightly in the down- 
stream region which might arise from experimental 
errors. The measured tangential velocity profiles show 
clearly the solid-body rotational profile near the cen- 
tral axis and the free vortex profile at the outer region. 
These characteristic profiles of tangential velocity are 
obtained in other flow conditions, where CO, is 
injected from the nozzle instead of He [14]. The cal- 
culated tangential velocity employing the k-E model 
becomes a solid-body rotational profile rapidly in 
almost all flow regions. That is to say, the tangential 
momentum is rapidly transported toward the pipe 
wall in the calculation employing the k-8 model and 
the solid-body rotational profile without the free vor- 
tex region becoming stable. 

The calculation employing the stress/flux equation 
model, however, can predict the experimental tend- 
ency, that is, the tangential velocity retains the solid- 
body rotational profile near the central axis and the 
free vortex profile at the outer region in the down- 
stream region (XD = 200 and 400 mm). The causes 
of the good prediction are elucidated by investigating 
the magnitude of the terms in the transport equation 
of VW which prescribes the profile of the tangential 
velocity W. 

The radial profiles of the magnitude of the terms in 
the transport equation of uw (equation (13)) at the 
cross section of XD = 200 mm are indicated in Fig. 4. 
The marks in the figure P=,(, R,,, CG,i, D,,i 
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FIG. 3. Comparison of experimental and calculated tangential velocity profile. Plots, Yamada’s exper- 
imental results [14]. Lines, predictions : (a) stress/flux equation model; (b) k-E two equation model. 

(i = 1,2, . . .) denote the terms in equation (13), which 
are shown beside Fig. 4, respectively. 

In the region where the tangential component W 
shows a solid-body rotational profile, the turbulent 
transport of the tangential momentum in the radial 
direction, pvw, becomes nearly zero in the present 
calculation. Therefore, the solid-body rotational pro- 
file tends to be retained in the downstream region. 

In the region where the tangential velocity W shows 

a free vortex profile, the production terms P,_,,, 
(= -i&J W/C%) and PE,p (= $3 W/h) take positive 
values, which have the effect of transporting the tan- 
gential momentum toward the pipe wall. The redis- 
tribution term R,,, (= - yk(J W/h- W/r)) has a 
similar effect to P,-,, , and PV?G,Z. Rm.2 (= c& W/h) 
and I(vsS (-a? W/r) take negative values, which 
never overcome the values of P=,, and PG,2, respec- 
tively. On the other hand, C, (= -(7-G) W/r), in 

9g72: *(vv a -2 

rE 
G’” - U2)-4W2~] 

FIG. 4. Calculated radial profile of the magnitude of the terms in the transport equation of VW. 
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FIG. 5. Comparison of experimental and calculated con- 
centration of He along the central axis. Plots, experimental 

results of ref. [ 131. Lines, predictions. 

the convection terms, takes a negative value, which 
has the effect of transporting the tangential momen- 
tum toward the central axis. Other terms in the trans- 
port equation VW are smaller than these terms. The 
free vortex profile retained downstream is considered 
to be caused by the negative term -(u’- w2) W/r, 

including the anisotropy between 7 and w2. 
In Fig. 5, the experimental and calculated con- 

centrations of He along the central axis are compared. 
Plotted points in Fig. 5 are the experimental values of 
ref. [13]. The lines in Fig. 5 are the predicted ones 
employing the stress/flux equation model and the k- 
E two equation model. X denotes the distance from 
the nozzle tip. The calculation starts from X = 100 
mm (XD = 0). As for the non-swirling flow, the cal- 

(a) 

culation employing both the k-c turbulence model 
and the stress/flux equation model can predict the 
experimental concentration of He. As for the swirling 
flow, however, the experimental results show the 
retardation of turbulent mixing as compared with the 
case of the non-swirling flow. The calculation employ- 
ing the stress/flux equation model predicts the con- 
centration profile and the retardation phenomena 
fairly well, whereas the calculation employing the k- 
E model fails to predict the phenomena. In Fig. 6 the 
calculated radial profiles of the concentrations of He 
employing the stress/flux equation model (Fig. 6(a)) 
and the k-8 model (Fig. 6(b)) for the swirling flow are 
compared with the experiments [14], respectively. The 
calculated profiles of He concentration using the k-c 
model are flattened more rapidly as compared with 
the experimental values, whereas the calculations 
employing the stress/flux equation model predict the 
experimental ones fairly well. The calculation employ- 
ing the stress/flux equation model estimates the tur- 
bulent transport of He in the radial direction pvm less 
than that of the k-E model. In order to investigate the 
cause of the retardation of the turbulent mixing due 
to the swirl, the radial profile of the magnitude of the 
terms in the transport equation of urn, equation (16), 
at the cross section of XD = 200 mm are indicated in 
Fig. I. The marks in the figure Pfi,i, R,,,, C,,,i and 
D,,i (i = 1,2, . .) indicate the terms of equation (16) 
which are shown beside Fig. 7, respectively. 

P,,i are the production terms. Pm,, (= -&TM/ 
ar) is concerned with the radial gradient of the 
time-mean concentration of He and contributes 
significantly to the production of urn. Pm,, has an 
effect on the concentration of He to diffuse in the 
radial direction. Particularly, in the case with the swirl, 
P,,, (= TiGGW/r) becomes a negative production 
term, which reduces the magnitude of urn and has an 
effect to retard the turbulent transport of He. R,,, 
(= - C,,Wm W/r) has an effect to produce urn. But the 
coefficient C,,. takes the value 0.33 and so it never 

-30 -20 -!O R om 10 23 32 

(b) 
FIG. 6. Comparison of experimental and calculated radial profile of concentration of He. Plots, Yamada’s 
experimental results [14]. Lines, predictions : (a) stress/flux equation model; (b) k-c two equation model. 
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overcomes the effect of Pu*,* to suppress urn. Other 
terms in the transport equations of urn are smaller 
than these terms. Hence, the negative production term - 
Pm,z (= wm W/r) in the stress/flux equation model 
predicts the retardation of the turbulent mixing due 
to the swirl. The same term C,, (= wm W/r) is con- 
tained in the convection terms. 

4. SUMMARY 

Computations on the turbulent swirling flow and 
mixing in a stationary pipe were conducted to inves- 
tigate the applicability of the turbulence models and 
to study the causes of the swirling flow characteristics 
and of the retardation of mixing due to the swirl. Two 
kinds of turbulence models, the stress/flux equation 
model and the k-c turbulence model, were applied 
and the computations were compared with the exper- 
iments. The results obtained in this study are as 
follows. 

(1) The calculation employing the stress/flux equa- 
tion model can predict the experimental turbulent 
swirling flow characteristics such that the axial vel- 
ocity profile retains profiles depressed near the central 
axis in the downstream region and the tangential vel- 
ocity profile becomes the solid-body rotational profile 
near the central axis and the free vortex profile at the 
outer region. The calculation employing the k-e two 
equation model fails to predict these characteristics. 
The success of the prediction employing the stress/flux 
equation model comes from the effects of the terms 

uw W/r and - (u’- w’) W/r in the transport equations 
of uv and VW, respectively. 

(2) The stress/flux equation model can predict the 
phenomena of the retardation of mixing due to the 
swirl as compared with the non-swirling flow, whereas 
the k-e two equation model fails to predict it. The 
negative production term wmW/r in the transport 
equation of urn plays important roles on the sup- 
pression of the turbulent mass transport in the radial 
direction. 
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PREDICTION NUMERIQUE DES CARACTERISTIQUES D’ECOULEMENT ET DU 
RETARDEMENT DU MELANGE DANS UN ECOULEMENT TURBULENT 

TOURBILLONNAIRE 

R&sum&Des predictions numeriques sont comparees avec les experiences, sur un ecoulement turbulent 
tourbillonnaire et sur le melange dans un tuyau fixe. Deux sortes de modeles de turbulence, le modile k-6 
$ deux equations et le modile a equation contrainte/flux, sont employ& dans ces calculs. Les profils de 
vitesses axiale et tangentielle et les caracteristiques du retardement du melange en presence du swirl peuvent 
dtre predits par le modele contrainte/flux, tandis que le modele k-e ne le peut pas. Des interpretations de 
ce phenomene sont present&es, specialement sur le retardement du transfert turbulent de la quantite de 

mouvement et des especes (He) dti au swirl. 

NUMERISCHE BERECHNUNG DER STRt)MUNG UND DER BEHINDERUNG DER 
MISCHUNG IN EINER TURBULENTEN WIRBELSTROMUNG 

Zusammenfasaung-Numerische und experimentelle Ergebnisse fur eine turbulente Wirbelstriimung und 
deren Mischungsvorglnge in einem Rohr werden verglichen. Zwei unterschiedliche Turbulenz-Modelle 
werden in den vorliegenden Berechnungen untersucht. Bei der Bestimmung der axialen und radialen 
Geschwindigkeitsprofe und der Behinderung der M&hung in Gegenwart von Wirbeln ergeben sich bei 
der Anwendung des k-s-Zwei-Gleichungsmodells Fehler. Interpretationen der Phanomene, insbesondere 

der Behinderung des turbulenten Impuls- und Stofftransports infolge der Wirbel, werden vorgestellt. 

=IHCJIEHHbIR PACYET XAPAKTEPHCTHK TEgEHHX ki 3AME&JIEHHR CMEIBEHMX B 
TYPBYJIEHTHOM 3AKPyrlEHHOM HOTOKE 

Amma8a_llpoeeneHocpanHemie wzneHHbM pacwroe c 3ncnepme~TanbHbmm naHHbm4H no ~yp6y- 

neHTHoMy 3axpyveHHordy no~ony A ctdememno B Henoaearmrol rpy6e.llpu pacgerax m.nonb30namicb 

ma Nina hfoneneii Typ6yneHTHocm: ne~apaMeTpmecxan ~0xe.m k-e A hfoLfenb ana HanpmxemiG 
FWkonbnca. rlomuaeo,mo rrpo&ms oceeoii E TaHrempianb~ofi cxopocm H xapaxrepsicrmcH 3aMen- 

JIeHHX CMeIUeHIIS IlpH HaJIA¶SfA 3aIQyTKR MOEHO pacC'UiTaTb TOnbxO C IIOMOIIWO BTOpOg MOLIeJE%. 

&Ho nOnpo6HOe o6wmseme Ha6monaemx RBneHd, B OCO~~HHO~TH 3aMennewma Typ6yneHTHoro 

nepeHOcaxOnH¶~~mAneHHna~~~~,BbuB~HOrO3~py~Oii. 


