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INTRODUCTION   

Most cities around the world have drainage systems to collect rain runoff, wastewater, and sewage. The ‘effluent’ 

flowing through these pipelines usually contains biological and chemical contaminants. Though, standard water 

treatment routines are thought sufficient to remove most of the biological contaminants in both drinking and 

wastewater [1], in 2003, it was a sewage leak  that caused a SARS outbreak (a type of coronavirus) in Hong 

Kong. Worryingly, in Chennai, a densely populated metropolitan city in India, authorities have detected the 

presence of Coronavirus-COVID-19 RNA in sewage samples collected as part of a preliminary study[2].Several 

such instances have also been reported around the world. Though no known cases of COVID-19 have been caused 

by sewage leaks [1], COVID19 which is closely related to SARS, could also potentially cause outbreaks such as 

the one experienced in Hong Kong [3][4]. Though, WHO has emphasised that wastewater should be treated in 

well-designed and well-managed centralized wastewater treatment plants, the incidence in 2003, has clearly 

established that the standard treatment protocols are not sufficient to remove SARS-CoV-19 from drain lines.  

 

Coronaviruses’ survival in water is found to be dependent on: (a)Temperature (b) Light exposure (c) Organic 

matter (adsorption of virus onto organic matter) and (d) Presence of antagonist microorganisms [5]. Organic 

matter tends to act as incubation zones for coronaviruses. One such organic matter, and a potential incubation 

zone for coronavirus inside pipelines, are ‘biofilms’. Biofilms are thin, slimy bacterial growths that line the pipes 

of many aging drinking water and sewage systems. These biofilms are found to release 58% of the bacteria in the 

distributed water [6]. Simple hydrodynamic means to prevent biofilms’ growth, such as using fast flowing water, 

have been found ineffective [7] as biofilms can withstand high shear stresses especially in dead-ends. Traditional 

cleaning agents are also known to be ineffective and do not clean or sterilize microbes located in the inner layers 

of the biofilm [8]. A recent study has identified a class of fluids known as enzyme fluids [9][10] to be effective 

for removing biofilms in pipes. These enzyme fluids are specifically being highlighted here, as these fluids are 

organic and thus will be safe for human use. In principle, any cleaner fluid which is thought appropriate can also 

be used.  However, any of these specialised cleaner fluids tend to be expensive  and need to be used prudently. 

The best way to ensure minimal use of these fluids, and to achieve effective cleaning of large pipelines is to 

ensure that the cleaner-fluid (CF) is transported effectively to the location of the biofilms, and allowed to be in 

contact with the biofilms for a sufficient amount of time so as to ensure its effective removal. The present study 
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Supplement 
 

I. Methodology Details 

 
Table 1: Model parameters for simulation 

Details of the 
domain: 

26mm width and 8m long 2D simulation 
Dual inlet with water from the vertical limb and CF horizontally 
Initialization of the domain with water (Although change of initialization with CF 
resulted in same flow pattern generation) 
Vertical limb is placed 200mm away from the horizontal inlet section for CF entry 

Details of the mesh 
: 

Structured mesh generated, Hexahedral mesh elements 
Wall refinement applied close to the walls with a bias factor 10 

Material Properties  

Viscosity CF : 16.8 cP (Low)  612 cP (Medium)  5000 cP (High) 
Density of CF: 998 kg/m3 or 860 kg/m3  
Viscosity of water: 1 cP, Density: 998 kg/m3 
Transient simulation continued till the flow time when the flow regime appears to 
be stabilizes 

Boundary 
Conditions 

Superficial velocities of CF and water for inlets 
Outlet is provided with pressure-outlet boundary (fluids ejecting to atmospheric) 
No slip boundary conditions for walls. No wall contact angle is considered. 

Model features 

Eulerian Multifluid multiphase model which solves momentum equations for 
individual fluids in every computational cell and along with a suitable interface 
sharpening scheme 
Implicit method (due to the offer of unconditional stability) 
  
Anisotropic drag for fluids interaction 
Continuum Surface Force Surface tension model with 0.045 N/m as the constant 
parameter for CF (low viscosity)-water interaction, 0.036 N/m for (medium 
viscosity)-water interaction, and 0.02 N/m for (high viscosity)-water interaction 
Turbulence is modeled using k-w SST model 
  

Discretization 
schemes 

P-V coupling: SIMPLE 
Gradient: Least squares cell based  
Volume fraction: Geo-Reconstruct  
Momentum , Turbulence: Second order  

Validation against Charles (1961) 
 

Boundary Conditions and Initialization of Domain 

Here the superficial velocities of CF and water have been chosen as the inlet boundary conditions. But in the 

practical cases, it needs to be noted that the velocity profile would have already attained the developed stage 

sufficiently early before entering the domain of interest. Hence developed velocity profiles for CF and water 



have been generated by performing separate simulation in a rectangular channel for single fluid (of length 

large enough to cover the developing stage and ensuring developed profile condition at the outlet), and 

exporting the velocity profiles from outlet of that domain to the present domain to be used as regular boundary 

conditions in the normal simulation cases. (Respective constant velocities have been used at the inlet of that 

rectangular channel to get corresponding developed profile at the outlet). These profiles are formed by suitably 

selecting the laminar/turbulent model for the single fluid based on the analysis of the Reynolds number. It 

was observed that for most of the studied cases, the CF velocity profile (horizontal) was laminar in nature and 

water profile (vertical) was turbulent in nature. The density difference of the fluids was observed to aid in a 

natural stratification of fluids during the flow development (gravity being applied in the negative Y direction) 

with the lighter phase occupying top region (close to upper wall) and the heavier one close to the bottom wall, 

below. Initialization of the domain has been tested individually using both the fluids-CF and water. But it 

could be observed that the solution generated was independent of the type of initialization (followed by 

patching with the fluid) carried out either with CF or with water. Hence water initialization has been followed 

for all the cases for uniformity. 

Validation of computational results against experimental data and Mesh Independence 

To make the results generated independent of the number of meshes (or no of elements) utilized, a grid 

independency study has been carried out for different mesh cases (from coarse to finer). Optimum no. of 

meshes for the case has been identified by comparing the variation of some hydrodynamic flow parameter 

like pressure, volume fraction in the axial direction for different mesh cases. Below table shows the various 

meshes generated along with mesh sizing parameters utilized.  

Table 2: Mesh cases generated for the grid independency study 

Mesh Case No Inlets and Outlet no of 
divisions (Edge 
sizing) 

Face sizing parameter 
(mm) 

No of elements 
(lakhs) 

I 25 1.2 1.91 
II 30 1 2.45 
III 35 0.85 3.81 
IV 40 0.75 5.79 
V 45 0.65 7.29 

For the different sets with varying number of mesh elements (from coarser to finer), the flow parameters 

corresponding to Case L1 (low viscous CF-water, superficial CF velocity: 0.015 m/s and water velocity: 0.03 

m/s) have been adopted for the simulations. The results obtained for the particular constant flow time (since 

being transient flow-Here 38 sec is the flow time reached by each set of simulation) have been compared to 

identify the optimum grid set which saves considerable computational time without a compromise on the 

accuracy.  



shows the various hydrodynamic parameters, that were compared against the experimental data obtained from 

Charles (1961). The major flow parameter being compared here is the pressure gradient in the axial direction 

(the direction of flow). The data extracted from the experimental paper is listed alongside the pressure gradient 

values obtained from the simulation. The pressure gradient taken from the simulation here is an averaged 

figure for the duration of flow in which the flow more or less appeared to be stabilized. 

Table 3: Comparison of hydrodynamic parameters for different mesh cases (from the results obtained after 

simulation of Case L1) 

Case L1 with different 
meshes 

Average 
Pressure 
gradient in 
the flow 
direction 
(Pa/m) 

Experimental 
Pressure 
gradient for 
Case L1 

Average CF 
fraction in the 
flow direction 

Average water 
holdup 

Mesh-I: 1.91 lakh elements 12.2 10.2 0.387 0.613 
Mesh-II: 2.45 lakh elements 11.7 10.2 0.39 0.61 
Mesh-III: 3.89 lakh 
elements 

11.2 10.2 0.411 0.589 

Mesh-IV: 5.79 lakh 
elements 

10.7 10.2 0.415 0.585 

 

 

Fig 1: Variation of (a) averaged pressure (b) averaged CF fraction 

 

The table shows the values of pressure gradient and water holdup calculated for the meshes considered. This 

data should be read along with the graphs shown nearby. The graphs represent the variation of averaged 

pressure (in the axial direction) and the averaged CF fraction for different mesh cases. On comparison, the 

absolute values for the different cross sections in the domain have been found to nearly coincide for the 
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mesh cases Mesh-3(3.89 L elements), Mesh-4 (5.79 L elements) and Mesh-5 (7.29 L elements). For the 

lower mesh sizes (coarser) the deviation in these values was large, and this deviation from Mesh-3 onwards 

was considerably small for finer meshes. By comparing other validation data also (pressure gradient and 

water holdup), Mesh-3 was giving sufficiently accurate results with no appreciable gain being expected in 

terms of accuracy for Mesh-4 and Mesh-5. Hence for the purpose of facilitating remaining simulations, 

Mesh-3 with a total of 3.89 lakh hexahedral elements has been chosen as the optimum one. 

The cases L2 and L4 have been simulated both using VOF as well as Eulerian VOF multiphase models. In 

both the cases, it could be noticed that the VOF model under-predicted the pressure gradient values, possibly 

due to the application of a shared momentum equation leading to deviation from actual flow representation. 

For those cases where the experimental flow pattern showed more of a large scale configuration (flow 

structures greater than the mesh dimensions with little dispersion), the VOF method could predict the pressure 

gradient value better.  


