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INTRODUCTION  
  

The third stage of Indian nuclear power programme envisages use of thorium as fertile material with 233U, which 
is proposed to be obtained from reprocessing of spent fuel of Pu/Th based fast reactors in the later part of the second 
stage of the programme.  In India, thorium based reactors have been designed in many configurations, from light 
water cooled designs to high temperature liquid metal and molten salt cooled options. Another option, which holds 
promise, is the molten salt-fuelled reactor, which can be configured to give significant breeding ratios. A crucial part 
for achieving reasonable breeding in such reactors is the need to reprocess the salt continuously, either online or in 
batch mode. India has recently started carrying out fundamental studies so as to arrive at a conceptual design of 
Indian Molten Salt Breeder Reactor (IMSBR).  

 
DESCRIPTION OF LOOP-IN-TANK TYPE CONCEPTUAL DESIGN 
 

Presently various design options and possibilities are being studied from the point of view of reactor physics and 
thermal hydraulic design. This paper summarizes the conceptual design studies for the Loop-In-Tank type IMSBR 
option and associated areas for R&D. 

The Loop-In-Tank design is aimed at minimising the amount of fissile material (i.e. 233U) required for IMSBR, 
thus allowing for larger deployment capacities as compared to a traditional liquid metal cooled fast reactor operating 
on the 233U/Th based fuel cycle. The IMSBR is being designed to operate in the fast spectrum with the fuel and the 
blanket being in the form of circulating molten fluoride salts. In addition, one of the major design goals is that the 
design should take into account all the features so as to facilitate locating such reactors close to population centres in 
a densely populated country like India. Thus the Loop-In-Tank concept considers the entire primary circuit to be 
contained in a nickel lined steel vessel which serves to contain the fuel salt in a remote possibility of any leakages 
from the primary circuit. In addition to this, the design also avoids use of chemically toxic components and uses 
supercritical carbon-dioxide for the power cycle, which minimises the water requirement and also leads to higher 
efficiencies for electricity generation. 

The paper covers various design aspects, starting from the design goals, the methodology for selection of fuel, 
blanket and coolant salts, the selection of structural materials and the design calculations for the primary heat 
transfer circuit and sizing of the pumps. The general layout of the reactor is shown in Figure-1 and 2.  

 
 

 
Figure 1: Elevation view of Loop-In-Tank IMSBR 

concept 

 
Figure 2: Cross section view of the Loop-In-Tank 

type 
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RESULTS AND DISCUSSIONS 
 

The conceptual design of the reactor has been carried out from first principles. The selection of the salt was done 
on the basis of neutron absorption cross section, irradiation stability, thermodynamic compatibility and melting 
point. The thermal design was aimed to minimise the fuel salt inventory in the reactor. Tables-1, 2 and 3 present the 
salient results from the design effort. Initially a shell and tube type heat exchanger was proposed, but in view of the 
large inventory of 233U required, the design calculations were repeated for a Printed Circuit Type Heat Exchanger 
(PCHE) using the heat transfer correlations in Ravindran, et. al [1]. The initial design of the pump was carried out 
using the method outlined in Lobanoff and Ross [2]. During the design, the in-service inspection and serviceability 
aspects were also taken into account. The various R&D areas have been identified, which includes salt preparation 
and salt chemistry, reprocessing, materials, reactor physics codes, among others and will be briefly covered in the 
paper. 

 
Table 1: Design parameters for Loop-In-Tank type 
concept 

 Attributes Parameter 
1 Power 850 MWe 
2 Thermal efficiency 45% 
3 Active core 

diameter/height 
2m / 2.05m 

4 Core inlet/outlet 700 / 800 °C 
5 Fuel salt LiF-ThF4-UF4 
6 Blanket salt LiF-ThF4 
7 Secondary salt LiF-NaF-ZrF4 
8 Flow rate (primary) 10.9 t/s 
9 Flow rate (secondary) 6.3 t/s 
10 Velocity (core) 0.85 m/s 
11 Fuel salt inventory (total) 41.1 t  

(2.7 t of 232U) 
12 Pressure drop 18.3 bar 
13 Pumping power 5.4 MW (at 

90% eff.) 
 

Table 2: Design parameters of the PCHE type Fuel Salt 
Intermediate Heat Exchanger in the loop in tank type 
IMSBR concept 

 Attributes Parameter 
1 Rating 507 MWt 
2 Type Printed circuit 
3 Flow Counter current 
4 Diameter of semicircular 

channels 
0.5 mm 

5 Number of channels 3,998,000 
6 Primary inlet/outlet 800 °C/700 °C 
7 Secondary inlet/outlet 600 °C/750 °C 
8 Heat transfer coefficient 

(primary side) 
14,470 W/m2/K 

9 Heat transfer coefficient 
(Secondary side) 

12,971 W/m2/K 

10 Fuel salt inventory 0.320 t 
11 233U inventory 0.021 t 

 

Table 3: Design parameters of primary fuel salt circulation pump 
in the loop in tank type IMSBR concept 

 Attributes Parameter 
1 Type of pump Single stage overhung 

cantilever centrifugal type 
2 Specific speed 1371 
3 RPM 430 
4 Impeller diameter 1156 mm 
5 Impeller eye diameter 504 mm 
6 Impeller width at outlet 70 mm 
7 Number of impeller vanes 6 
8 Volute area 663 cm2 
9 Cutwater diameter 1225 mm 

 

CONCLUSIONS 
 

 A conceptual design of the Loop-In-Tank type IMSBR design concept has been presented. The design 
methodology covering all the important aspect of the design has been outlined. The R&D areas required for further 
study have also been identified. Detailed studies are underway to arrive at a more detailed design. 
 
REFERENCES 
1. P. Ravindran, P. Sabharwall, and N. A. Anderson, Modeling a printed circuit heat exchanger with RELAP5-3D 

for the Next Generation Nuclear Plant, Tech. Rep. INL/EXT-10-20619, Idaho National Laboratories, 2010. 
2. V.  Lobanoff and R. Ross, Centrifugal Pumps : Design and Application. Gulf Publishing Co., 2 ed., 1992. 


