Computational Fluids Dynamics of air and water flows subjected to turbulence and confronted with cold fronts in a three-inlet-Y-junction duct followed by two 90-degree elbows connected by a straight section of adjustable length (C-shaped elbow) 
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ABSTRACT: 
The objective of this study is to analyze the turbulent flows of air and water in a Y-junction conduit with three inlets connected to two 90° elbows linked by a straight section of adjustable length (C-shaped elbow). It mainly assesses the influence of varying the length of the straight section between the two 90° elbows. The analysis focused on four key sections: the plane (x, y, z=0) of the conduit, after the mixing zone (at 70 mm), just upstream of the first bend, and at the outlet of the conduit. The realizable k-ε viscous turbulence model, coupled with the energy equation, was used for the numerical resolution using ANSYS FLUENT 2024R2. Three distinct cases were simulated according to the length of the straight section: case I (L= 20 mm), case II (L=50 mm), and case III (L=100 mm). The study revealed that the elbow in C, made up of two 90° elbows connected by the straight section, acts as a turbulence amplifier, whose intensity depends on the thermophysical properties of the fluid, such as its density, thermal conductivity, and kinematic viscosity. The straight section connecting the two 90° elbows plays a key role in reducing disturbances related to the double curvature on the velocity and temperature fields. A good sizing of this straight section significantly improves the flow stability and the thermo-hydraulic performance of the duct. 
Keywords: Ansys Fluent, Air and water movement, C-elbow, CFD,  Heat and mass transfer, realizable k-ε turbulence model, Straight section, Y-Junction,
1. Introduction
Ensuring satisfactory thermal comfort and acceptable indoor air quality relies on a good mixture of airflows at different temperatures. In HVAC (heating, ventilation, and air conditioning) systems, it is therefore essential to precisely control the flow of hot and cold air. This principle also applies to water mixtures at different temperatures, as in water treatment processes and the design of wastewater treatment plants and hydraulic engineering applications. The shape and configuration of ducts (pipes, channels, vents, etc.) significantly influence fluid dynamics. When it comes to dividing or combining flows, T- or Y-junctions are used. These elements, in addition to obstacles such as valves, turbines, pumps, elbows, elbow-junctions, contractions, expansions, and meters, generate pressure losses that can compromise the overall efficiency of the installations. To study these effects, numerical approaches by CFD are commonly implemented using software such as Ansys Fluent or OpenFOAM, in addition to experimental methods [1-16].
Athulya A. Sa et al. [1] proposed a multiphase flow model through the T-junction and the phase redistribution phenomenon at the junction using ANSYS FLUENT software. They drew the following conclusions based on this study: the largest amount of air pocket is formed in the lower part of the bypass arm, phase separation can be neglected in the bypass arm due to the effect of gravity and by analyzing the multiphase flow, they found that considering the fluid alone, phase separation is greater at the outlet than at the junction.
Nimadge Mr.G.B. et al. [2] aimed to study the steady and incompressible flow of a fluid through a T-junction and to familiarize themselves with CFD by focusing on losses in piping systems, as the working fluid through the pipes plays an important role in the operation of industries such as chemical industries, petroleum industries, etc. They prepared an experimental setup to obtain the reference data when the fluid passes through the T-junction of the pipe. These same data were then used as a reference for numerical analysis by CFD using software such as ANSYS FLUENT.
Khan Wasim et al. [3] conducted a numerical analysis of the plug formation phenomenon during gas-liquid two-phase flow through a T-junction microchannel by developing a two-dimensional (2D) model of the microchannel using ANSYS Academic Research CFD 18.2 software and the volume of fluid (VOF) method. Their numerical results were found to be consistent with experimental observations. They evaluated the plug length, pressure drop, and velocity variations inside the plugs as a function of flow conditions. The impact of contact angle (0°–155°), viscosity, and surface tension on the two-phase flow interaction parameters, as well as the effect of gas and liquid superficial velocities, was analyzed in detail. They observed that at low capillary number (Ca), the generated liquid film was very thin, visible only with fine mesh near the walls. DOROSHENKO Yaroslav et al. [4] modeled in 3D the elbow and T-junction of a gas pipeline, especially in areas where multiphase flow exhibits complex movements and direction changes. Using the Lagrangian approach (Discrete Phase Model - DPM), they developed numerical modeling methods with ANSYS Fluent R17.0 Academic to analyze the behavior of multiphase flows. Their model is based on the solution of the Navier-Stokes equations and the discrete phase continuity and motion equations, integrating the Launder-Sharma two-parameter turbulence model (k-e), with appropriate initial and boundary conditions. The results allow a detailed study of the erosive wear of the elbow and T-junction and neighboring segments, as well as an evaluation of their strength and lifetime. Particle velocities, their impact angles, and the diameters of condensed droplets and solid particles at the collision site were calculated. This research contributes to a better understanding of the erosive wear mechanisms in gas pipelines. RAID AHMED MAHMOOD [5] conducted a CFD simulation to predict and visualize the two-phase flow separation in the vertical T-junction by comparing the numerical results with experimental data to validate the accuracy of the results. The junction geometry was designed using the ANSYS design module, according to the dimensions of the experimental section, then meshed with ANSYS Meshing before simulation in ANSYS 17.1.
Chiriac Eugen et al. [6] performed a numerical analysis on a three-inlet Y-junction microchannel, comparing the results from ANSYS Fluent and Open-FOAM under identical inlet and boundary conditions. They examined three main parameters: velocity amplitude, pressure, and vorticity amplitude, and used a microchannel fabricated by soft lithography in PDMS (Polydimethylsiloxane) to validate the simulations. This comparison aimed to evaluate the ability of the two numerical codes to model the flow mixture in a microchannel.
Makarem M. A. [7] proposed a computational fluid dynamics (CFD) simulation to study CO2 capture in a microchannel using aqueous mixtures of monoethylamine (MEA) and [Bmim] BF4 enriched with TiO2 nanoparticles. Their analysis focused on the hydrodynamics, mass transfer, and CO₂ absorption performance in steady-state T-shaped microchannels by solving the Navier-Stokes and continuity equations integrated into a two-phase laminar flow module with mass transfer between heterogeneous phases. They examined the effects of [Bmim]BF₄ (up to 10%) and TiO₂ (up to 0.1%) mass fractions on CO₂ loading, bubble formation, and velocity fields under various gas/liquid holdup conditions. Their study revealed that a mixture containing 10% [Bmim]BF₄, 3% MEA, and 0.04% TiO₂ achieved a maximum purification rate of 79.62%.
Taha Enas Salman et al. [8] analyzed, by CFD simulation using ANSYS FLUENT 2020R1, the influence of turbulent parameters on the flow dynamics within a T-junction connected to a Venturi tube via a pipe. Using the conservation equations and the standard k-ε turbulence model, they studied the velocity distribution, pressure drops, turbulent kinetic energy and turbulent dissipation rate. Their results revealed significant differences in velocity and pressure drop, while turbulent characteristics showed similar trends.
SAID Mohammed et al. [9] numerically simulated two-phase liquid/liquid flow within a rectangular T-junction microchannel using the volume-of-fluid (VOF) method with ANSYS Fluent, combined with adaptive mesh refinement and the symmetry assumption to limit computational costs. Their study focused on plug dynamics and flow patterns, identifying six distinct flow regimes during water injection into a continuous silicone oil phase. They found that decreasing the flow rate and viscosity ratios increased the liquid film thickness, which influenced the flow velocities of both the liquid film and the plug.
Bushra Khatoon et al. [10] coupled a numerical approach with an experimental approach to evaluate the hydrodynamics and mass density transfer in a crossed T-junction microchannel for a two-phase gas-liquid flow system. The CFD model of CO2-water flow, developed with ANSYS-FLUENT 2021 R2, was validated by experimental comparisons. The results show that the total volumetric mass transfer coefficient (range 0.1–0.8 l/s) increases with gas velocity but decreases with increasing film thickness and temperature (T = 298.15 K and 303.15 K). Increasing bubble velocity enhances this coefficient, while a thicker film reduces it, under the predominant influence of surface tension.
Wang Fuzhang et al. [11] numerically studied the dynamics of unsteady air and water in a three-inlet T-shaped duct, focusing on the cold front problem. Using Ansys Fluent 2022R1, using the feasible k-ε viscous model, the authors observed the flow behavior at different positions before and after the bend, as a function of inlet velocities. The convergence study of the results included the examination of the independence of the residuals and the mesh. Three cold front formation scenarios were analyzed under different inlet velocities. When the velocities of cold air/water and warm air/water were identical, the cold front remained imperceptible at the beginning, despite the higher air velocity. It was shown that the optimal average vortex kinetic energy per unit mass occurred near the T-junction, not due to the previously formed cold fronts, but as a result of the pressure recirculation at the elbow, which affected the flow velocity from the two inlets (inlet 2 and inlet 3).
Nevertheless, similar to Wang Fuzhang et al. [11], we propose a CFD numerical model and a comparison between the air and water dynamics through a Y-junction duct (not a T-junction unlike Wang Fuzhang et al. [11]) with three inlets followed by two 90° elbows connected by a straight section of adjustable length (C-shaped elbow). This will focus on the effects induced by the modification of the length of the straight section connecting the two 90° elbows on the flow and the overall dynamics, including the velocity field, pressure, temperature and turbulence. We will observe how these quantities evolve at a distance after mixing, before bends and after bends, as well as their influence on the formation and development of cold fronts. Particular attention will be paid to the comparison of behaviors between air and water.    
2. Mathematical Formulation 
2.1 Description of the physical model and simplifying assumptions:
In this work, we considered two circular aluminum ducts of 40 mm diameter, where it was assumed that air and water circulate separately in each of the ducts in a Y-junction shape with three inlets followed by two 90° elbows connected by a straight section of adjustable length (C-shaped elbow). As shown in Figure 1, the mixing zone is located 70 mm from inlets 1, 2 and 3 in each of these ducts. The geometric structure in 3D mode, presents a circular surface (CS1) located 30 mm from the mixing domain, another circular surface located 100 mm from the mixing domain (CS2) and an outlet located 20 mm from the duct elbow (CS3). The hot fluid (air or water) is injected into the domain through inlet 1 with a velocity InV1=10 m/s and a temperature of 30 °C, while the cold fluid inlets are located through inlets 2 and 3 with velocities InV2 = InV3 =3 m/s at 5 °C respectively. A high velocity at inlet 1 and low velocities of the cold fluid (air and water) at inlets 2 and 3 will promote an extended cold front according to Wang Fuzhang et al. [11]. Table 1 presents the physical properties of the fluids (air and water) used. 
To carry out this work, we admit some simplifying hypotheses such as: incompressible and Newtonian fluids (water and air), quasi-constant physical properties, absence of phase change and fully turbulent and permanent flow.
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Fig. 1. : Illustration of the geometric model (a three-inlet-Y-junction duct followed by two 90-degree elbows connected by a straight section of adjustable length (C-shaped elbow))
Table 1 : The physical properties of the fluid considered : air and liquid water
	
	Air
	liquid water

	Density ρ : [Kg/m3]  
	1.225
	998.2

	Viscosity  µ : [Kg/(m.s)]
	1.7894-× 10-5
	1.003× 10-3

	Thermal Conductivity k : [W/(m.K)]
	0.0242
	0.6

	Specific Heat Cp : [J/(Kg.K]
	1006.43
	4182



2.2. Governing equations: 
Although RANS models have limitations, they remain among the most reliable for simulating turbulent flows, particularly due to their treatment of near-wall turbulence and their ability to describe flows at high Reynolds numbers. Based on the averaging of the Navier-Stokes equations, they assume that turbulent fluctuations are decomposed into an averaged part and a fluctuating part. RANS models provide satisfactory results for simple cases of interaction, separation, or recirculation. However, their resolution requires a closure model. The feasible k-ε closure model is relevant for analyzing the velocity distribution in curved flows, as it accounts for rotation, vortices, streamline curvature, and turbulent dissipation, modeled by specific equations [12-15].
The continuity (1.a) and momentum (1.b) equations of the averaged Navier-Stokes model, known as RANS, are as follows:

      (1)
The feasible k-ε closure model is estimated by two equations (2) and (3):
· L’équation de transport de l’énergie cinétique turbulente (k) :

                 (2)








Where the physical quantities are: density (), mean velocity component ( ), molecular dynamic viscosity (), turbulent viscosity (), turbulent Prandtl number for k (), production of k due to shear (), production of k due to buoyancy (), dissipation rate of k (), contribution of expansion in compressible flows ().
· The dissipation rate transport equation (Ꜫ) :

   (3)

Where the physical quantities are: Turbulent Prandtl number for ε (), strain rate modulus S,
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· The energy conservation equation can be expressed as follows::

              (4)    
In Eq. (4): 
· T represents the temperature, 
· 
λeff is an effective coefficient that includes the contribution of turbulent mixing in addition to molecular conduction and can be expressed as: , where k and Cp are the thermal conductivity and specific heat at constant fluid pressure and µt is the turbulent viscosity. 
· Prt is a turbulent Prandtl number, we will take: Prt= 0.85.  
3. Numerical Modeling and Validation
Since an exact analytical solution of the equations of our system is practically unrealizable, we opted for a numerical resolution. We used the finite volume method, which offers a good compromise between computational cost, computational time, and stability, especially for cases of complex geometry problems [16]. The QUICK scheme is chosen to discretize the convective terms because it mitigates the effects of numerical diffusion and guarantees an accurate representation of the gradients, an essential advantage for turbulent flows or flows with strong gradients [16]. For the Pressure-Velocity coupling, we adopted the coupled scheme. In order to ensure the reliability of the results (accuracy, speed and stability of the results), the numerical simulations were conducted with convergence criteria set at 10-6 for all the main equations (continuity, momentum, k-k turbulence and energy). A mesh independence study was carried out and was satisfactory. All calculations were performed using Ansys Fluent 2024R2 code.
A comparison of our results with those of Wang Fuzhang et al. [11] was satisfactory and allowed us to validate them.
4. Analysis and discussion of results 
Each incoming flow, whether hot or cold, is characterized by its own physical parameters such as inlet section, temperature and velocity, which results in distinct thermophysical properties for each inlet. These differences directly affect the overall quantities such as mass flow rate and total heat transfer rate at each inlet for air and water. Therefore, directly impacting the hydrodynamic and thermal behavior of the flow in the duct. Tables 2 and 3 summarize the mass flow rate and total heat transfer rate for air and water respectively at each inlet.
Table 2: Mass flow rate [kg/s] 
	
	Inlet 1 [kg/s]
	Inlet 2 [kg/s]
	Inlet 3[kg/s]

	Motion of air
	0.01539380400259
	0.00461814120078
	0.00461814120078

	Motion of water
	12.5437511472533
	3.763125344176
	3.763125344176


Table 3: Total heat transfer rate at the inlets [W]: 
	
	Inlet 1 [W]
	Inlet 2[W]
	Inlet 3[W]

	Motion of air
	77.4639308116332
	-92.9567169739598
	-92.9567169739598

	Motion of water
	78,686.9509467201
	-1,049,159.34595627
	-1,049,159.34595627


The meeting of the jets from the three inlets or combination of their physical quantities (mass flow rate or total heat transfer rate or momentum, etc.) at the mixing zone of the junction causes shocks and collisions (softer than those of T-junctions) responsible for intense hydrodynamic and thermal interactions, disturbances and increased turbulence in the duct. To analyze these phenomena, the velocity, temperature distribution and turbulent kinetic energy profiles were examined in the (x ,y, z=0) plane and at sections CS1 (i.e. the circular surface 30 mm after mixing), CS2 (i.e. another circular surface 100 mm from the mixing domain, before the first bend) and CS3 (i.e. the circular surface of the duct outlet, located 20 mm after the second bend) for different lengths of the straight section connecting the two 90° elbows, corresponding to three cases: case I (L= 20 mm), case II (L=50 mm) and case III (L=100 mm) are presented according to the contours of Figures 2 to 19. It is observed that the mass flow rate at inlet 1 is higher than those at inlets 2 and 3 (Table 2). However, at the intersection, the main horizontal jet undergoes a disturbance due to the interaction with the two inclined jets coming from the two inlets (inlet 2 and 3). This interaction generates a mixing zone characterized by significant velocity gradients and a small increase in local velocity, especially at the outlet of the mixing zone. An acceleration of the flow is also observed just after the junction (mixing zone) and before the first bend, following along the radial direction where the maximum velocity is located at the duct axis (Fig. 2-7). In the C-shaped elbow, consisting of two 90° elbows separated by the straight section, the centrifugal effects associated with the secondary movements (Dean vortex) induce a deviation of the peak velocity towards the inner wall of each of the two 90° elbows. It is found that increasing the length of the straight section between the two 90° elbows promotes a progressive homogenization of the velocity field and a reduction in the velocity peak in this region (the straight section). 
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FIG. 2: velocity distribution across the domain of air dynamics - - Case I (L= 20 mm)
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FIG. 3: velocity distribution across the domain of water dynamics - Case I (L= 20 mm)
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FIG. 4: velocity distribution across the domain of air dynamics - Case II (L= 50 mm)
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FIG. 5: velocity distribution across the domain of water dynamics - Case II (L= 50 mm)
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FIG. 6: velocity distribution across the domain of air dynamics - Case III (L= 100 mm)
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FIG. 7: velocity distribution across the domain of water dynamics - Case III (L= 100 mm)

A sufficiently long straight section allows for a restructuring of the velocity profile before the second bend, contributing to the attenuation of gradients and a smoother transition of the flow. On the other hand, when the straight section is too short (case I, L = 20 mm), the disturbances generated by the first bend interact directly with those induced by the second, thus reinforcing the instabilities by leading to a heterogeneous distribution of the velocities. These hydrodynamic interactions add up and overlap in the second bend, accentuating the flow imbalances.
Figures 8 to 13 confirm the configuration in which inlet 1 carries a hot fluid, while inlets 2 and 3 introduce cold fluids. The interaction between these cold flows on the hot flow induces the formation of marked thermal transition zones, called cold fronts, which emerge from the mixing zone of the junction and develop along the duct axis. The formation of these clearly visible cold fronts is a key phenomenon in thermal mixing processes, due to strong temperature variations induced by the physical properties of each inlet (such as the total heat transfer rate). Although the hot flow of inlet 1 dominates, the axial zone of the duct remains relatively unaffected by the initial disturbances, even after the collision within the junction. This results in a predominance of high temperatures in the center, while the peripheral zones undergo a progressive cooling. The lengthening of the straight section between the two 90° elbows contributes significantly to better homogenization of temperatures, promoting more efficient thermal mixing (especially if the fluid is conductive like water) and dissipating cold fronts. Conversely, a short straight section preserves temperature gradients, associated with persistent vortex structures and local recirculations likely to trap heat, thus generating local thermal heterogeneities. The analysis also shows that CS2 has a significantly more homogeneous temperature distribution than CS1, reflecting a favorable evolution of the thermal mixing. The two 90° elbows generated secondary flows of Dean vortex type, which considerably intensify and improve the thermal uniformity of the mixture in CS3.  
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FIG. 8: Temperature distribution across the domain of air dynamics - Case I (L= 20 mm)
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FIG. 9: Temperature distribution across the domain of water dynamics - Case I (L= 20 mm).
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FIG. 10: Temperature distribution across the domain of air dynamics - Case II (L=50 mm).
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FIG. 11 : Temperature distribution across the domain of water dynamics - Case II (L=50 mm).
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FIG. 12: Temperature distribution across the domain of air dynamics - Case III (L=100 mm).
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FIG. 13: Temperature distribution across the domain of water dynamics - Case III (L=100 mm).

Figures 14 to 19 present the distribution contours of turbulent kinetic energy, a quantity that evaluates the intensity of turbulence and the degree of disorder of the local vortex motion within the flow. At all three inlets, zero turbulent kinetic energy implies a laminar or highly ordered flow regime. It increases immediately and slightly after the mixing zone. This slight increase is attributed to the complex interaction between the jets of inlet 1 and inlets 2 and 3 at different velocities, creating velocity gradients and a low shear rate. The Y-junction generates less intense, more moderate, and more controlled turbulence than the T-junction due to the non-perpendicular collision of the jets, which promotes flow continuity and a smoother transition.
In the first bend, when the straight section is short, the turbulent kinetic energy remains locally high. This is explained by the vortices inherited upstream, due to turbulent interactions that have not had time to dissipate. Localized peaks of turbulent kinetic energy then appear, indicating undamped turbulent interactions. In the second 90° bend and complete bend C, there is a superposition of the turbulent effects from the two 90° elbows. This accumulation leads to a local intensification of the turbulent kinetic energy, reflecting increased disorder. On the other hand, if the e is long, we observe a progressive attenuation of the turbulent kinetic energy thanks to the mechanisms of turbulent diffusion and dissipation and the fluctuations become weaker and more homogeneous from the first 90° bend, thus reducing the residual turbulent intensity transmitted to the second 90° bend. Consequently, the turbulent kinetic energy in the latter remains under control, without excessive amplification. It is clearly observed that water flows present a higher level of turbulence than those of air. This difference is mainly explained by the physical properties of water: its higher density, a lower kinematic viscosity, which favor the development and maintenance of more intense turbulent structures.
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FIG. 14: Turbulent kinetic energy across the domain of air dynamics - Case I (L= 20 mm).
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FIG. 15 : Turbulent kinetic energy across the domain of water dynamics - Case I (L= 20 mm).
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FIG. 16: Turbulent kinetic energy across the domain of air dynamics - Case II (L= 50 mm).
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FIG. 17:Turbulent kinetic energy across the domain of water dynamics - Case II (L= 50 mm).
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FIG. 18 : Turbulent kinetic energy across the domain of air dynamics - Case III (L= 100 mm).
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FIG.19 : Turbulent kinetic energy across the domain of water dynamics - Case III (L= 100 mm).
5. Conclusion:
Our article studied air and water flows through a three-inlet Y-junction duct followed by two 90° elbows connected by a straight section of adjustable length (C-shaped elbow). We focused on the influence of cold fronts, the fluid in question, and primarily on the influence of the length of the straight section connecting the two 90° elbows. For this, our analysis is carried out on the velocity profiles, temperature distribution and turbulent kinetic energy in the plane (x,y,z=0) and at sections CS1 (i.e. the circular surface 30 mm after mixing), CS2 (i.e. another circular surface 100 mm from the mixing domain, before the first bend) and CS3 (i.e. the circular surface of the duct outlet, located 20 mm after the second bend) for different values of the length of the straight section connecting the two 90° elbows with three cases: case I (L= 20 mm), case II (L=50 mm) and case III (L=100 mm). We found that: the results showed us that:
• The straight section connecting the two 90° elbows acts as a buffer zone essential for flow stabilization. It helps mitigate the combined effects of the two successive elbows on the velocity field. If it is too short, the disturbances are accentuated; correctly dimensioned, it significantly improves the overall performance of the system.
• This straight section also plays a crucial role in the dissipation of dynamic disturbances, the attenuation of cold fronts, thermal homogenization, and the reduction of turbulent kinetic energy. An insufficient length promotes thermal and hydrodynamic disturbances, while a well-chosen length optimizes heat exchange and turbulent behavior.
• The C-bend, consisting of two 90° elbows connected by the straight section, generates more disruptive hydrodynamic effects than those induced by the Y junction. Compared to the latter, the C-shaped elbow generates more pronounced hydrodynamic disturbances. 
• In our device, this C-bend functions as a turbulence intensify in the flow, although the dynamic and thermal response of the fluid (air and water) varies according to its physical properties, notably its density and kinematic viscosity. 
This highlights the importance of appropriate sizing of the straight section, acting as a buffer zone to stabilize the flow in the conduit and optimizing its thermo-hydraulic performance.  
NOMENCLATURE

Latin letters
Cp: Specific Heat, J/(Kg.K)
D : Main pipe diameter, m
g : Acceleration of gravity, m.s-2
K: kinetic energy of turbulence, m2.s-2
P: Pressure, Pa
Sij :Strain rate tensor
t : Time, s

: Filtered temperature, K-1
u, v, w : Velocity components, m.s-1
u’, v’, w’: Fluctuating velocity components, m.s-1

i : Filtered velocity component in xi direction, m.s-1
u : Parietal Friction Velocity
x, y, z: Cartesian coordinates, m
Pr:  Laminar Prandtl number
Prt : Turbulent Prandtl number
Greek letters
: Thermal diffusivity, m2.s-1
: Coefficient of thermal expansion, K-1
: Thermal conductivity, W.m-1.K-1
: Kinematic viscosity, m2.s-1 
' : Density, kg.m-3
: Dynamic viscosity, kg.m-1.s-1
α : Thermal diffusivity, m2.s-1
 : Thermal conductivity, W.m-1.K-1
ν : Kinematic viscosity, m2.s-1
 : Density, kg.m-3
ij: Laminar stress tensor, Pa 
ij: Subgrid scale stress tensor, Pa
µ: Molecular dynamic viscosity, kg.m-1.s-1
µt: Turbulent dynamic viscosity, kg.m-1.s-1
: Molecular kinematic viscosity, m2.s-1
t: Turbulent kinematic viscosity, m2.s-1
ε: Turbulence kinetic energy dissipation rate, m2.s-3 
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