
Summary / Objectives:

Energy Conversion

The rotary motion, high pressure steam engine was patented by James Watt in 
1781. The evolution of steam engines and high pressure boiler technology led 
directly to the development of the steam turbine coupled to an electrical 
generator by Charles Parsons in 1884. Since then, over the last 133 years, the 
world has been using steam turbines to convert heat into electricity in almost all of 
the world’s thermal power stations and in all of the world’s nuclear power stations. 
Specifically for the latter, steam turbines and the Rankine thermodynamic cycle in 
which they operate offer high efficiency for moderate steam temperatures, 
temperatures typical of first, second and third generation nuclear reactors. 
Generation IV reactors offer the potential to move away from the steam Rankine 
cycle to systems such as helium (or nitrogen) Brayton or supercritical CO2 gas 
turbine cycles to exploit the higher temperatures that some of the systems 
generate, to offer plant simplification and potentially higher conversion efficiencies. 
Non-steam cycles offer other advantages, particularly in connection with the 
sodium cooled fast reactor, such that the risk of sodium water reactions is 
massively reduced. Within this webcast, the basic thermodynamics and 
performance limits of energy conversion systems will be explained and each of the 
technological options proposed for the energy conversion systems of Generation 
IV reactors will be presented..
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The linkage between a nuclear reactor and its power conversion system :
The reactor must supply a flow of heat that is controllable and of sufficient 

quality to match the requirements of the power conversion system (or engine).
The engine must supply a stable flow of coolant to the reactor inlet that respects 
its material limits and neutronic requirements. A reactor is a temperature 
dependent heat source not fuel flow dependent as in a fossil fueled plant.

Heat engine for Gen IV reactors: There is no single optimal heat engine for all 
six types of Gen IV reactors. We need to consider how much mechanical power 
do we get for a given amount of thermal power, rejecting heat to the 
environment, and maximize the efficiency of the whole system.



Rankine cycle: Rankine cycle is well known for over 120 years now  and it is 
used as the way of generating electricity in the world power plant.  High 
efficiency is achieved because of excellent work ratio and bulk of heat
addition and heat rejection both occur as constant temperature processes.

Brayton cycle: In the case of high temperature power generation, turbine 
technology can be applied to power generation. For a good gas turbine 
cycle, the difference in height between 4 and 3 should be as large as 
possible between 1 and 2.



Combined cycles : Combined cycles have a good track record of use in many 
fossil fired CCGT power plants. Gas turbines and high-efficiency gas-to-gas 
recuperators are expensive. On the other hand, steam turbines are cheap and 
heat recovery steam generators are a low-risk technology.

Supercritical CO2 :This cycle is a gas turbine cycle using a supercritical fluid. 
This cycling technology is very well understood thermochemically  but needs 
to be checked for practicality in engineering. One of the biggest problems we 
face is that we must operate under very high pressure.




