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Abstract:  Heat and mass transfer studies in a calandria based reactor is quite complex both due to geometry 
and due to the complex mixing flow. It is challenging to devise optimum operating conditions with efficient 
but safe working range for such a complex configuration. Numerical study known to be very effective is 
taken up for investigation. In the present study a 3D RANS code with turbulence model has been used to 
compute the flow fields and to get the heat transfer characteristics to understand certain design parameters of 
engineering importance. The angle of injection and of the coolant liquid has a large effect on the heat transfer 
within the reactor.  
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1.   Introduction: 
The present study is to analyze the fluid flow and temperature distribution and to establish an adequate theoretical basis for the 
reactor model under consideration and thereafter to investigate the optimum design parameters of a calandria based reactor using 
the advanced CFD tools. In an earlier numerical investigation extensive study of fluid flow has been carried out and the findings 
have been validated with the results obtained from the laboratory experimental model[1]. Further to this validation, in the present 
study, numerical experiments have been carried out to investigate the optimum design parameters that could affect the 
performances with the constraint of safe working limits of the practical reactor configuration. During initial study, it was 
identified that there are two possible flows inside the calandria vessel influencing the convection, buoyant flow [2, 3] formed by 
internal heating and momentum driven convective flow created by the jet from the inlet nozzles. It is well established that 
enhanced heat transfer is achieved when forced convection is dominating indicating that the coolant injection should be 
adequately large.  However the higher jet velocities that could act as ‘hammers’ crossing the safe pressure limits on the fuel 
channels set the working limits of the jet velocities.  In the present study, nominally strong jet, chosen within such working limit 
but delivers far higher forced convective fluxes than the natural connective fluxes.  This study has identified another parameter as 
the jet inlet angle and effect of this parameter is studied in this investigation. 

2.   Problem Statement: 
A section of the reactor that encompasses a single inlet jet that is a repetitive structurally over the length of the reactor (Fig.1a 
&b) is considered as the basic control element of study for the computational domain. The fuel channels that are embedded in the 
reactor and submerged in the coolant fluid provide a disturbance to the free flow of the jet offering enhanced mixing and thereby 
enhance the heat transfer. The fluid is considered as incompressible and is in single phase. The flow is simulation uses the 
standard N-S equations for mass, momentum and energy and the turbulence is simulated with the k-omega model known to have 
given the most acceptable results in the validation made in the earlier investigation [1]. A no-slip and adiabatic wall conditions 
are imposed at the wall of the calandria vessel. On the walls of the fuel channels, no-slip associated with a present heat positive 
flux (enabling heat flow from the fuel channel to the surrounding coolant fluid) is imposed. The numerical code uses an industry 
standard CFD code solving 3D RANS equations with a second order upwind scheme.  The solution sought is for steady state and 
a diminishing residuals falling by decades is set as the criteria for convergence.  For a clarity the main equations considered for 
the solution is provided below.  

The Continuity Equation: !!!
!!!

= 0 

The Momentum Equation: !
!"

!!! +
!
!!!

!!!!! = −
!!
!!!

−
!
!!!

!!" + !!!!!!!!!  

The Energy Equation: !
!"

!ℎ +
!
!!!

!!!ℎ = −
!
!!!

!! + !!!!!ℎ!  

3.   Results and Discussion: 
The solutions are obtained for different parametric cases.  As described in the previous sectionthe parameter studied 
is the variation in the angle of the inlet jet.  The angular shifts of 15° is provided, starting from one extreme position 
that makes the inlet jet radially injecting the coolant while the other limiting being 14° off from being tangential to 
the calandria vessel.  The plot shown in Fig. 2 gives a temperature distribution over a horizontal line taken over center of the 
calandria for a same injection rate of the coolant but with different angles of injection.  The inlet temperature of the coolant is 
kept constant for all the cases.  Oscillatory behavior is clearly due to the increased heat flux that occurs closer to the fuel 



channels.  The differential temperature at each of the crests indicates the heat transfer occurring spatially and could be easily 
interpreted due to the intensity of convective flux of the coolant at that point.  One can see that this differential temperature is 
shown to have tendency of being larger at the extreme angles and is lowest near the 45° of the jet inlet injection angle.  It can also 
clearly made out that the differential temperature is lowest in the case of jet angle 45°.  In Fig. 3, this aspect is brought out more 
clearly. From the plots in Fig.3 the normalized peak temperature in the entire domain of computation as a function of injection 
angle, shown at different assigned conditions of thermal dissipation, bring out that at the jet injection angle around 45° the lowest 
peak temperature is noticed indicating the most effective heat transfer between the fuel channels and the coolant fluid. In another 
parametric analysis, a study made with change of positions and number of outlets was made and it was found that the normalized 
peak temperature had little impact as could be seen from Fig. 4 and is explainable since outlets being the downstream elements of 
the flow have much less impact the flow structure in the calandria and hence on the heat transfer. The observations summarizes to 
point the strong optimization parameter turns out to be injection angle and the study suggests that the optimal angle for injection 
to be 40°-45° that could maximize the utilization of the reactor for its capacity. 

3.   Conclusions and Future work: 
The paper provides the summary of an extensive numerical investigation that shows up an important design optimization 
parameter with an optimum angle injection of the coolant that enhances the capacity utilization of the reactor by a large factor 
with no perceptible increase in the cost. The work could be continued with different positioning of the inlet ports for further 
optimization studies. 
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Fig. 2. Temperature distribution over horizontal line 
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