
Theorical and experimental investigation of geothermal energy in 

Madagascsar : case of Vakinankaratra Region 
R. Faliniaina (1), R. Christian Kevin (2) 

(1) Ecole Supérieure Polytechniques d’Antananarivo (ESPA), B.P.1500 Université d’Antananarivo,   

E-mail : asafalyasa@yahoo.com ; Tel : +261343012444 
(2) Sciences et Ingénierie des Matériaux, ESPA, Université d’Antananarivo 

 

1. Introduction –In recent years, many projects based on carbon dioxyde minimization have been acheived 

massively. The aim of this work is to show that geothermal energy sources exist at the centre of Madagascar 

and can be develop to complement other sources of power as a renewable energy to minimize CO2 emissions, 

Experimental investigation on geothermal energy source were done, Antsirabe area has been chosen to 

partialy validate our proposed work.First, mineral and thermal characterization were first conducted in order 

to obtain a complete chemical data information. Next, multiphysic modeling using partial differential 

equation for geothermal application was developped. Specific program based on finite element method was 

performed to extract numerically velocity, and pressure distribution of thermal fluid. The pressure and 

velocity model coupling with diffusion model enabled us to follow the behavior of complex fluid. 

 

2. Experimental  
Mineral and thermal characterization were first 

conducted in order to obtain a complete chemical 

data information. 

Table I. shows the results of physico-chimical 

analysis of the Waters of SPA Center Betafo and 

characterizations were done in the laboratory of 

JIRAMA Mandroseza. 

We consider the finite element analysis of two-

dimensional flows of viscous incompressible fluids. These problems are governed by a set of coupled partial 

differential equations in terms of velocity components and pressure, termed the Stokes equations [1] 

The primary equations used are the following: 

Continuity Equation:              .(u) = 0            (1) 

Navier-Stokes Equation:  

.(u) = .[pI + 𝜇 ( u + ( u)T] + F          (2) 

Fourer’s law of Heat Conduction: 

q = -k T                              (3) 

Energy Equation: 

  +  +  = Q +Qted           (4) 

Then, we use the Garlekin method to formulate 

finite element model [2]. 

And the finite element formulation is : 

𝛼(𝑥)  –  + 𝛾(𝑥)𝜙(𝑥, 𝑡) = 𝛿(𝑥,𝑡)  (5) 

 
3. Results and Discussion  
MATLAB laguage is used for the developpement of a specific program. Generally the detailed algorithm is 

employed for matrix assembly. 

Results show that 

pressure, velocity and 

temperature varies 

differentially as a 

function of time and 

show that they are 

interdependent.

4. Conclusions – Geothermal clean energy was conducted in thus work. Our preliminary calculated results 

and chemical characterization demonstrate the feasabilty of the investigation. The  transformation of  Navier-

Stokes equation into a finite element model by the Galerkin method was developed. A practically  

manipulable and exploitable system with respect to the initial equation is thus obtained. The detailed and 

different step of our work will be present and discussed. 
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Table I. Results on experiments and comparison with the MAV  
((District of Betafo, Vakinankaratra Region February 2022) 
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