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Research Summary 

Development of Nunerical Models to Study Fluid Flow and Heat Transfer in Open 

Cell Foam 
Project A 

The improved thermal-hydraulic properties of open cell foams, such as low overall density, high specific 

surface area, moderately high effective thermal conductivity, considerably high tortuous flow path, and 

allowing flow with comparatively lower pressure drop attracts researchers to investigate their performance 

for various applications. Beforehand knowledge of the effective thermo-mechanical properties of porous 

foams allows the designer to improve the performance of systems that use them for different purposes. We 

focus on development of numerical models to calculate such effective thermos-mechanical properties of open 

cell foam. Brief discussion on some of the numerical models, developed so far, is as follows: 

A.1 Development of a zonal method based unit cell model to calculate radiative properties, i.e., 

extinction coefficient (β) and scattering albedo (ω) of the representative open cell foam 

structures. 

A combined analytical-numerical model is developed to 

determine radiative properties of representative porous 

media using pore structure modelling along with 

radiation interaction with the solid matrix. The genetic 

algorithm (GA) code based on inverse method is 

developed and integrated to the FVM code. The obtained 

results of recurrence relationships are used in the FVM-

GA code to determine extinction coefficient and 

scattering albedo of an equivalent homogeneous 

participating medium. Effects of solid reflectivity and 

pore density on the radiative properties of the porous 

media have been studied using the proposed model. 

A.2 Development of voxel information based numerical model to calculate radiative properties, i.e., 

extinction coefficient (β) and scattering albedo (ω) of open cell foam structures : 

The numerical model is based on direct solution of the 

standard radiative transfer equation integrated with the 

inverse method based Genetic algorithm. The numerical 

model was developed in FORTRAN language where the 

standard radiative transfer equation, in a three 

dimensional porous domain was solved using the finite 

volume method. The actual structures of open cell foam 

were obtained using the CT scan images. 

A.3 Development of a numerical model to calculate effective thermal conductivity of the 

representative open cell foam structure: 

𝑇𝐸𝑎𝑠𝑡  
𝑇𝑊𝑒𝑠𝑡  

𝑇𝑇𝑜𝑝  

𝑇𝐵𝑜𝑡𝑡𝑜𝑚  

The numerical model is based on Cartesian coordinate based blocked-off region 

approach, integrated with the finite volume method of the coupled conduction-

radiation heat transfer equation. The variations in the total effective thermal 

conductivity of a tetrakaidecahedra unit cell structure as functions of porosity, 

thermal conductivity of the solid phase and average temperature of the medium are 

presented. For this purpose, the governing energy conservation equation is 

numerically solved using the blocked-off region approach based on the finite volume 

method. The model was developed in collaboration with Dr. Miguel A.A. Mendes of 

Instituto Superior Tecnico, Universidade de Lisboa, Portugal and Prof. Subhashis Ray 

of Institute of Thermal Engineering, Technische Universitat Bergakademie Freiberg, 

Germany. The developed FORTRAN code was run on a super-computing facility 

(HPC) of IIT Delhi with total of 120 processors. 

A.4 Numerical estimation of volumetric heat transfer coefficient and thermal dispersion of 

representative foam structure. 

In order to estimate the volumetric heat transfer coefficient 

and thermal dispersion coefficient of the representative foam 

structure, pore level simulations were carried out in the 

commercial solver ANSYS-Fluent. The required mesh files 

were generated in ICEM tool. The employed numerical 

models are further utilized to determine the functional 

dependency of Nusslet number and dispersion coefficient on 

Reynolds number, Prandtl number, and porosity. 



 

 

  Project B Development of Numerical Model for Cancer Treatment : Application to 

Radiation Therapy 

One of the important applications of the numerical modeling of heat transfer in porous media is laser-

induced photothermal therapy where cancerous cells embedded inside biological tissue are destructed by 

inducing local hyperthermia using laser source. Since the successful destruction of the cancerous cells 

requires specified exposure time, a concrete understanding of light propagation inside the tissue phantom 

is essential. 

We developed a Monte Carlo ray tracing based statistical model to simulate 

radiation transport in biological tissue mimicking phantom. Both Snell’s law 

and Fresnel’s reflection are used to incorporate the optical interface 

treatment at the common interface of refractive index discontinuity. The 

effects of (i) nature of scattering, (ii) absorption and scattering coefficients, 

(iii) tissue layer thickness (iv) refractive index and (v) laser source on 

quantities such as reflectance, transmittance and fluence rate distribution 

are investigated. The developed model is further extended to investigate 

radiation transport in multi-layer tissue phantom with two blood vessels 

into consideration. 
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Thermal investigation of two-dimensional tissue phantom, irradiated with 

short laser pulse, is carried out by importing the dosimetry data into Fourier 

conduction model. The multi-time scale approach, presented in the current 

study shows temporal variation of temperature at two distinct points, 

located at the top surface and at the centre of the tissue phantom. Two 

different numerical approaches, namely Monte Carlo technique and 

discrete ordinate method, tested in the present work show an excellent 

agreement. 

 B.1 

 B.2 
Combined Conduction-Radiation Model for Thermal Investigation of Laser Irradiated Tissue 

Phantom 

Monte Carlo Ray Tracing based Statistical Model to Study Light-Tissue Interaction : 

Project C Development of Numerical Model for Heat Transfer through Fabrics : 

Application to Firefighter Protective Clothing 

Flame 

Fabric 

Air gap 

Sensor 
Numerical simulations for heat transfer through fabric, exposed to fire is 

carried out as part of a study of the performance evaluation of thermal 

protective. The radiation modelling in air-gap is carried out using the finite 

volume method. The absorption of thermal radiation in fabric is modelled 

using Beer’s law. The temporal increase of temperature of the sensor is 

calculated with the lumped capacitance method. The simulated 

temperature of the sensor is compared with the experimental data and 

good agreement is found for smaller air gaps. 
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