


Fig. 4. Selected particle trajectories for the water level H = 0.283 m
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RESEARCH RESULTS AND DISCUSSION 

In a homogeneous steady turbulent flow, the deter-
mined coefficient of turbulent diffusion Ki characteriz-
es the transport capacity of the flow and is associated 
with the second-order momentum – see: equation (9).

In the study of turbulence, the instantaneous and 
spatial characteristics of vortices formed in the flow 
were estimated. Such characteristics can be determined 
on the basis of Lagrange’s autocorrelation function. 
These functions were calculated for selected particles, 
introduced both to the main channel and to the des-
ignated floodplain. The coordinates of these particles 
were determined every 0.04 seconds throughout the 
entire channel. The observation of selected particles 
made it possible to determine their trajectory in the 

surface zone of flowing water. The recorded positions 
of particles from the moment of their introduction to 
the test channel are shown in Figure 4. A tendency was 
observed for particles from the floodplain to approach 
the main channel. This is due to the large difference in 
water velocity in the main channel and the floodplain, 
and the momentum transfer between them. There is 
a limited momentum transfer zone between the main 
channel and floodplains (Guan et al., 2002) and prob-
ably when a particle reaches this area, it will change 
its trajectory. In the conducted experiments, some par-
ticles introduced into the floodplains flowed into the 
main riverbed. Selected curves illustrating the course 
of changes in the autocorrelation function for floating 
particles are presented for the main channel in Fig-
ure 5, and for floodplains in Figure 6.

Fig. 5.  Examples of Lagrangian autocorrelation function for the longitudinal and transverse velocity for selected particles 
released in the main channel at water level H = 0.283 m
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As follows from Figures 5 and 6, the values of au-
tocorrelation functions drop quickly over time, and 
then oscillate irregularly around zero. Lagrange au-
to-correlation function reset times and length scales 
for the main channel take values from 1.0 s to 1.83 s, 
and from 3.3 cm to 5.2 cm, respectively. These scales 
within the floodplains range from 0.56 s to 1.12 s, and 
from 1.3 cm to 3.4 cm. respectively. It should be noted 
that these scales reach higher values in the main chan-
nel than in the floodplains.

The analysis of selected particle trajectories in the 
experiment provided the necessary data to determine the 
vortex length L and turbulent diffusion coefficients K in 
the floodplain and in the main channel in Lagrange’s 
approach (see: Table 3). In the main channel, the vor-
tex length values are two or three times greater than the 

vortex length LE values obtained using Euler’s method. 
Also in the floodplain, vortex lengths calculated on the 
basis of Lagrange’s functions are twice as large as those 
calculated for the Euler function (see: Table 2).

On the other hand, the values of diffusion coeffi-
cients in the main channel determined on the basis of 
the Lagrange autocorrelation function KL are also much 
higher than the diffusion coefficients calculated for the 
Euler function (see: Table 2 and Table 3). The situation 
in the floodplain is quite different; there, the values 
of turbulent diffusion coefficients in both calculation 
methods are closer to each other in relation to the calcu-
lation results from the main channel. This may indicate 
that, in the analysed case, the most intense process of 
mixing impurities in the surface zone occurs definitely 
in the floodplain area – rather than in the main channel.

Fig. 6. Examples of Lagrangian autocorrelation function for the longitudinal and transverse velocity for selected particles 
released in left the floodplain at water level H = 0.283 m
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Table 2. Turbulence characteristics calculated on the basis 
of ADV probe measurements for the water level (Euler’s ap-
proach) H = 0.283 cm

Dosing 
position

ν  
[m/s]

σ/ν
[-]

TE
[s]

LE
[m]

KE
[m2/s]

le
ft 

flo
od

pl
ai

n 0.387 0.076 0.391 0.150 0.00165
0.393 0.081 0.365 0.133 0.00136
0.396 0.088 0.445 0.150 0.00231
0.391 0.080 0.387 0.142 0.00155

m
ai

n 
ch

an
ne

l

0.417 0.039 0.300 0.125 0.00083
0.415 0.039 0.303 0.126 0.00081
0.415 0.039 0.290 0.120 0.00079
0.412 0.038 0.291 0.122 0.00077

Table 3. Turbulence characteristics calculated on the basis 
of particle trajectory analysis for the water level (Lagrange’s 
approach) H = 0.283 m

Dosing 
position

ν  
[m/s]

σ/ν
[-]

TL
[s]

LL
[m]

KL
[m2/s]

le
ft 

flo
od

pl
ai

n

0.374 2.16 0.62 0.232 0.00200
0.393 2.01 0.66 0.259 0.00208
0.379 2.39 1.09 0.413 0.00395
0.384 1.99 0.59 0.226 0.00280
0.370 2.17 1.12 0.422 0.00366
0.375 2.11 0.98 0.368 0.00310
0.386 1.91 0.56 0.216 0.00265

m
ai

n 
ch

an
ne

l

0.438 2.52 1.36 0.597 0.00602
0.424 2.26 1.00 0.424 0.00383
0.443 2.66 1.17 0.518 0.00551
0.427 2.58 1.45 0.619 0.00638
0.439 1.96 1.37 0.601 0.00471
0.431 2.70 1.34 0.591 0.00638
0.441 2.06 1.73 0.762 0.00628

CONCLUSION

The Lagrange function is more related to individual 
particles of the fluid, which is related to the fact that it 
directly describes particles simulating the pollutants in 
the surface layer of water in this experiment. In addi-
tion, Lagrange’s approach is formally simpler, but the 

data needed in this formal framework is more difficult 
to obtain experimentally (more difficult than obtaining 
the relevant data in Euler’s framework). 

Analysis of test results obtained in laboratory con-
ditions using the PIV (Particle Image Velocimetry) 
technique based on particle trajectory (in Lagrange’s 
approach), in comparison with the results of calcu-
lations of turbulence characteristics based on mea-
surements with the ADV probe (in Euler’s approach), 
presented in Tables 3 and 4, show significant differ-
ences between the results obtained. Specific parame-
ters: turbulence intensity, vortex length, and values of 
turbulent diffusion coefficients, calculated on the ba-
sis of Lagrange’s autocorrelation function, are much 
higher than the values calculated according to Euler’s 
function. Only in the case of the calculated values of 
turbulent diffusion in the floodplain are the results of 
the same order in both presented methods. Their val-
ues indicate a greater intensity of mixing in the flood-
plains, in relation to the main channel.
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WSTĘPNA ANALIZA TRAJEKTORII CZĄSTEK STAŁYCH W KORYCIE O DWUDZIELNYM PRZEKROJU 
POPRZECZNYM

ABSTRAKT

Cel pracy
Celem przeprowadzonych badań było określenie parametrów zdolności transportowej strumienia za pomocą 
współczynników dyfuzji turbulentnej z wykorzystaniem techniki obrazowej i porównanie ich ze współczyn-
nikami uzyskanymi w wyniku pomiaru sondą pomiarową ADV w korycie o przekroju złożonym.

Materiały i metody
Badania modelowe wykonano na fizycznym betonowym modelu prostoliniowego odcinka koryta z syme-
trycznymi terenami zalewowymi o złożonym trapezowym przekroju poprzecznym.  Na modelu wykona-
no badania ruchu cząstek wykorzystano cyfrową technikę rejestracji obrazu z analizą ruchu dozowanego 
wskaźnika (cząstek stałych) (PIV – Particle Image Velocimetry), umożliwiającą wyznaczenie podstawowych 
parametrów charakteryzujących proces ich transportu w przypowierzchniowej warstwie wody w korycie.

Wyniki i wnioski
Wstępna analiza wyników badań uzyskanych w warunkach laboratoryjnych przy wykorzystaniu techniki 
PIV (Particle Image Velocimetry) na podstawie trajektorii cząstki (w ujęciu Lagrange’a) i porównaniu wy-
ników obliczeń charakterystyk turbulencji na podstawie pomiarów sondą ADV (w ujęciu Eulera), pokazują 
znaczne różnice pomiędzy otrzymanymi wynikami. Określone parametry: intensywność turbulencji, długo-
ści wirów i wartości współczynników dyfuzji turbulentnej obliczone na podstawie funkcji autokorelacyjnej 
Lagrange’a są większe niż wartości obliczone według funkcji Eulera. 

Słowa kluczowe: trajektoria cząstki pływającej, koryto o dwudzielnym przekroju poprzecznym, współczyn-
nik dyfuzji turbulentnej


