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A Turbulent Hybrid Model 
to Simulate a Partially 
Pressurized Flow

Wahiba Mokrane

Abstract

People often experience unpleasant situations related to 
water supply or wastewater network dysfunction. For 
example, a wrong procedure of filling a discharge pipe 
or a sudden thunderstorm may modify the flow structure. 
Over or under pressures will induce overflows, cavita-
tion phenomenon, or pipes bursting. In this background 
and through the present work, we initially attempt to 
simulate the transient pressure profile along a partially 
filled pipe. Flow is modeled by a turbulent hybrid model, 
including near and far from the wall domain. However, 
for calculus, the volume of fluid VOF method is used 
first, then coupled to level set one LSCVOF. Numerical 
results reveal that the pipe is fully pressurized when the 
VOF method is used and when the LSCVOF is applied. 
Furthermore, simulation results present a good correla-
tion compared to the stationary state, which is more 
important as the level set is associated. Therefore, the 
most recommended method to simulate transient flow 
through the partially filled conduit is the LSVOF one.
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1	� Introduction

To simulate the transition from free surface flow, investiga-
tors propose several models (Kerger et al., 2009; Konozsy, 
2019). However, many factors influencing this phenomenon 

make mathematical modeling difficult (Mokrane, 2021). 
In the present work, we use a turbulent hybrid model that 
considers both near and far from the pipe wall zone. This 
consists of a combination between the K-omega and the 
K-epsilon models (Kerger et al., 2011).

2	� Methods

A transient flow, through a partially filled pipe initially, 
may be governed by the Navier Stokes equations. We 
choose a turbulent hybrid model, said sstk-omega design-
ing shear stress transport k-omega. This model comprises 
the K-omega one available in sub-layers near the pipe wall 
and the K-epsilon available away from the pipe walls. On 
the other hand, we first use the volume of fluid (VOF) as a 
computational method. Then Level set (LS) method is asso-
ciated with the VOF one as a coupled level set—the volume 
of fluid method (CLSVOF).

Hence, the curvature problem generated when the inter-
face is tracked using the VOF method may be eliminated 
thanks to the LS. Furthermore, numerical results are com-
pared in each case to experimental data. Finally, the most 
appropriate procedure will be recommended.

3	� Results

3.1	� Results Issued from the VOF 
Method

In this case, the turbulent hybrid model sst k-omega is 
solved thanks to the volume of the fluid method. Numerical 
results and experimental ones are shown in Fig. 1, where 
Pvof indicates static pressure values obtained when the VOF 
technique is used, and Pexp designs the experimental result.
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Computed results ‘Pvof’ are issued from the vol-
ume of the fluid numerical method. Data presented in 
Fig. 1 illustrate a high negative correlation with experi-
mental results. This reveals a linear monotone relation-
ship between numerical and experimental results, which 
develop differently. This will be augmented by a numeri-
cal solution obtained through a lap of time and exceeds 
500 Pascals. Hence, this means that the pipe is entirely 
pressurized.

When the CLSVOF method is used, numerical results of 
the static pressure plot, depending on those of the stationary 
state, show a high negative correlation value, according to 
Fig. 2. This reflects a linear monotone relationship between 
numerical and experimental results, which evolve in two 
different directions. Also, all numerical solution values 
express a completely pressurized flow.

To examine the convergence of the VOF and the 
CLSVOF techniques, results are plotted in Fig. 3, and a 
high positive correlation is detected. However, the CLSVOF 
method has displayed the highest correlation coeffi-
cient value with the experimental results and is the most 
recommended.

3.2	� Results Issued from CLSVOF Method

In the second step, the coupled method is used to compute 
the turbulent hybrid model solutions, and results are pre-
sented in Fig. 2, where Pvoflsm indicates static pressure val-
ues obtained thanks to the CLSVOF method.

3.3	� Results of Correlation Between VOF 
and CLSVOF Results

Here we present the correlation between the volume of fluid 
method and the coupled one to the Level set method. This is 
shown in Fig. 3.

4	� Discussion

Numerical results and solutions of the turbulent hybrid 
model ‘sst k-omega’ are plotted on experimental results cor-
responding to a stationary state. This concerns static pres-
sure values presented in Figs. 1 and 2.

Fig. 1   Results of the volume of 
fluid computation (VOF)

Fig. 2   Results of the CLSVOF 
method
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5	� Conclusions

To simulate transient turbulent flow through a partially 
filled pipe, the hybrid model sst k-omega permits consider-
ing all flow zones near and away from the pipe wall. Hence, 
choosing an adequate procedure to solve this mathematical 
model is necessary. Therefore, the present work applied dif-
ferent numerical methods, the volume of fluid one, firstly, 
then coupled with the level set one.

Compared to experimental results, numerical solu-
tions have revealed that the coupled method designed by 
CLSVOF is the most recommended. However, a high con-
vergence is found between the two approved techniques 
through a high correlation between numerical solutions 
issued from the cited methods.
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Fig. 3   Correlation between VOF 
and CLSVOF results
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