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Introduction 

Turbulence is a much studied subject in Fluid Flow. Though we are able to predict some of its behavior 

numerically, other features remain somewhat obscure. In particular, at what point does a laminar flow 

transition into turbulence. In this note we will make some assumptions as to the nature of the 

phenomenon and then using a Least Squares Finite Element Method (LSFEM, Jiang [1]) implemented in 

the MPACT code [2], we carry out a simulation to gain some further insight. Here we follow methods 

similar to those used in linear fracture mechanics by Rice [3] where we use a balance of energy for pre 

and post fracture conditions which includes the work due to crack growth. Here, because of the nature 

of the viscous flow, we consider a balance of the rate of work prior to turbulence and post turbulence 

initiation conditions which include the transition of one or more elements (volume) to turbulent flow. As 

in Fracture Mechanics, the balance of rate of work is easily established by numerical analysis of the 

whole flow system. 

Theoretical Considerations 

When we increase the velocity of flow, the equivalent stress increases to a point where the fluid system 

can no longer support any further increase in stress so that the laminar flow morphs into a turbulent 

flow. We assume it turns into local eddies of random and high frequencies that are subsequently 

dissipated. We assume that turbulence initiation takes place in the elements in the regions of max 

equiv_stress. One for each region to maintain symmetry of flow. The chosen elements are assumed to 

have reduced flow with no memory of the applied stress caused by the flow. Its assumed to have a 

reduced shear rate modulus that is a tenth or less of its original value, in order to keep up the mean 

flow. Note that the mass and volume of these elements are maintained even though most of the flow is 

assumed to be turbulent. 

First we calculate the work rate Ps of the stresses sig and the velocity vector v at the input boundariesfor 

a surface dA 

Ps=∑sig.v dA                                                                                              (1) 

Then we change the shear rate modulus and obtain a new work rate Pt 

Pt=∑sig.v dA                                                                                               (2) 

This gives the increment in the work rate, 

ΔP = Pt - Ps                                                                                                                           (3) 

hence for the volume of fluid  ΔV  turning turbulent we have, the turbulent constant  

T= ΔP / ΔV                                                                                                                                (4) 
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The turbulent constant is assumed to be a constant determined from experiment. 

Estimates of dispersion 

One of the reasons for simulating turbulent behavior is to gauge the effect of the spread or dispersion of the turbulent flow. In 

traditional CFD, the model uses the kappa theory of Boussinesq. Here we use a much simpler conductivity theory and we adopt 

the constants used for thermal flow. We assume that 10 units of the Turbulent constants are generated at the nodal boundaries 

of the two transitioning elements. We then follow the transport and dispersion in the fluid flow. An example of this is given in 

the following case study. 

Case Study 

Water flow in a channel is obstructed by a rough cylinder. The channel is 240 X 160 mms. With an input 

speed of 6mms/sec This results in equivalent stresses as shown in Fig.1 

 

 

Fig.1 sig_equiv. for initial flow of 10 units/sec 



The input work is calculated from the averaging of the input sig_xx. 

This is obtained from the FE inquirer in the Mpact model program. The FE enquirer allows the nodes in 

an edge to be selected and then a stress product to be summed. It is designed to extract values such as 

those given by eq.(1). It is shown in Fig. 2 with the selected nodes shown at the input edge. 

 

 

Fig. 2 sum of sig_xx at entry 

Next we change the shear rate modulus for the two elements deemed to have the largest equivalent 

stress and obtain a new equivalent stress plot in Fig. 3. 

 



 

Fig 3 equiv_stress for modified shear rate modulus for two elements 

Finally we obtain the average sig_xx from the enquirer 

 

 

 

This gives the change in work rate caused by the initiation of turbulence. 

dP= Pt-Ps=(36.2-27)*160*6/33=267.6 

each of the elements has an area of 25, so dvol=2*25*1(thick) and the material constant for initiation of 

turbulence is ie 

T=dP/dV=5.35 

Fluid transport and dispersion due to conductivity. The fluid transport and dispersion was carried out 

with the Temperature simulator added to the fluid flow for the post turbulence model. A temperature of 

10 units was specified at the nodes surrounding each of the two turbulent elements. The resulting 

temperatures are given in Fig.4 

 

 



 

 

Fig. 4 transport and dispersion of turbulence 

The arrows at the nodes plot  the velocities at the nodes. Because the solution is a steady state solution, 

the spread and value of the ‘Temp’ ( representing the turbulence) is as expected. The almost stagnant 

flow behind the circular obstruction, allows the full applied ‘Temp’ at the nodes to collect at this 

backwater. Finally, we note that this solution needs to be scaled in time to represent the quick decay of 

the turbulence due to the high frequencies and viscosity. A first estimate of this may be made by 

multiplying the ‘Temp’ value by its mean distance from their source nodes and determining the scaling 

constant from experiment. 

The analysis was repeated with a tenth of the conductivity rate. No significant changes were observed. 

Discussion and conclusions 

We have demonstrated a viable method of estimating the dissipation rate in two elements required to 

initiate turbulence. The method recommends itself for its simplicity. Much more work requires to be 

done to compare it with experiments and to integrate it with what is known about turbulence. 
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Appendix A. Details of model, .dat file 

data_version 1.768 

data_title Data generated by Mpave Server Ver 2.1b 

field_dimension 2 

facematerial 0 0 

facematerial 1 1 

bc_geometry 0 9 1 

bc_geometry 1 9 2 

bc_geometry 2 9 3 

bc_geometry 3 9 0 

bc_type 0 bc_nodefixed 

bc_type 1 bc_nodefixed 

bc_type 2 bc_nodefixed 

bc_type 3 bc_nodefixed 

bc_type_variables 0 vely 

bc_type_variables 1 velx vely 

bc_type_variables 2 vely 

bc_type_variables 3 velx vely 

bc_type_values 0 0.00000000 

bc_type_values 1 10.000000 0.00000000 

bc_type_values 2 0.00000000 

bc_type_values 3 0.00000000 0.00000000 

bc_timetable 0 0.00000000 0.00000000 1.0000000 1.0000000 

bc_combined_set 0 0 0 0 0 0 

bc_combined_set 1 1 1 1 1 0 



bc_combined_set 2 2 2 2 2 0 

bc_combined_set 3 3 3 3 3 0 

material_type 0 flow_field 

material_type 1 flow_field 

prop_mass_density 0 0.0011410000 0 

prop_mass_density 1 0.0011410000 0 

prop_viscosity 0 18.400000 0 

prop_viscosity 1 1.8400000 0 

sys_analysis_field flow_field 

sys_analysis_type dynamic 

sys_timestep 0.00000000 1.0000000 0.00000000 0.10000000 

sys_timestep_solver direct direct 

sys_timestep_controls 0.020000000 15 

sys_timestep_automatic 1.0000000e-005 1.0000000 

 


